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SUMMARY

A large amount of a nucleic acid-protein complex was extracted from
tuna spermary. The extraction process and effects of this complex on
cellular immune responses, anti-fatigue, learning ability and antioxidative
activity were investigated in this study. The nucleic acid-protein complex
separated by 10% NaCl solution was named DW-DNA, which was
composed approximately of 56.5% nucleic acid and 2.8% yield and by
ultra filtration was 82.4% nucleic acid and 2.0% vyield. As for using
modified acid hydrolysis method, the extract was composed of above 89%
nucleic acid and 2.2% vield. When fed to ICR mice, DW-DNA increased
the number of peritoneal exudate cells by two-folds compared with that
in the controls. The ratio of polymorphonuclear leucocyte (PMN) cells
infiltrated into the peritoneal cavity increased from 2% to 40% after oral
administration of DW-DNA. As for nonspecific immune responses, the
acid phosphatase production and superoxide anion secretion by activated
macrophages increased by 16-fold and 1.3-fold, respectively, in the
DW-DNA treated mice compared with the tumor controls. Administration
of DW-DNA to the BALB/c mouse increased the first and second
antigen specific IgM and IgG. The production of IgG2a and interferon
gamma (IFN-r) in splenocytes culture supernatant was increased by such
treatment which indicates Thl response was enhanced by DW-DNA
administration. The anti-fatigue effect of DW-DNA was determined by
testing persistance in malnourished mice on a rota-rod and swimming
time in weight-loaded rats. The persistance time on the rota-rod

increased by 30.7%, 12.2%, and 53% in mice fed DW-DNA at the
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concentrations of 50, 100, 200mg/kg, respectively. The swimming time
increased significantly (p<0.05) by 15.4%, 21.7% and 28.7%, respectively,
in mice fed DW-DNA at the same concentrations. Effects of DW-DNA
on antioxidative activity were investigated. CCls—induced lipid peroxidation
in rat liver was supressed to maximum 50% and DW-DNA has hydroxyl
radical and superoxide anion scavenging effect. In case of mutagenesis of
Salmonella Typhimurium TA102 induced by tert-butylhydroperoxide was
suppresed to 249, this shows DW-DNA has anti-mutagenesis effect. The
protective effects of the nucleic acid complex from tuna spermary on
NO-induced oxidative damage and cell death were investigated.
Administration of the peroxynitrite donor 3-morpholinosydnonimine
(SIN-1) (45mg/kg ip.) increased the levels of serum nitrate/nitrite and
PGE2 (cyclooxygenase end-product), which was attenuated by DW-DNA.
In another experiment, DW-DNA inhibited ¢ X174 DNA strand scission
induced by the NO donor sodium nitroprusside (SNP).

These results indicated that the nucleic acid—protein complex can be
mass-produced using ultra-filtration and may act as an immunomodulator

, anti—fatigue and antioxidative agent.
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A 18 FIARJLZNE JAEAD 2 JAEFEL) F5

1. A& AAT

T ojFolA ol vy o]&Eo] iG] tios WA= o]FQl
Zxje] BAE At ARSA FAY F J5AH 2usle] Wsaie] Hushd
A HARNEA 9 YirEAL] & AR o|gslgr)

2. YiEd @ AAEPEAS] 2

olF2] FaFEel A v WUEUELL F&317) 95t Fu - o)
A 821 B titt F&P0E ol §E: Alkali lysis®], A7M4Esd, @
deFad Eu ohlel AVIEE FEED Sl ezt (Ultra Filtration)H&
ol-g3le] #Fo FEPE AWYsIALh

Alkali Lysisijell &3t $&2 Tris-SDSE MEuhg F3ly ¥ ddPelssd &
€8 =4 AASIL ethanol & o]-§sle] YIS Feit F o o A=
€ A YAEFELS BARH: EANEYNMY A& 43t 22
stddTh E3F o] WHE 383t shsob 2 e B oAl HClx e Ahg
o]-83te] F&3e AWSEME S AMsto] YAEUEAE FEsl4ch. 4P
Y2 SDST A JFA AN SEEE Q89S MW ¥ st
of #&shs Whjolw Wby H2F Foljael durael UEA & A] o143}
€ BHeR de o gEvl £ AdoMe o WHE $83le HRWE NaCl&
H7rstol TR ¥ AL Adsle] AEe] Exizhe Y4 YEES S
F AR W o e AX A #2 50l ethanol & HIlsle] Wit A
AES 43 BABEE 7B €28 £d ¥+ 42 ¢ 243t QAERELS 4
Atstgich. Ateloiapy e dx AL A2Y FYAE 5o Elol ¥y o %
H3 A3 ofe Az W e 9 ey Bd 3& ol FEun ¢
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£ A7|E4EA o]E &3t B FFo] FHEshed HA WdF BRATU BLE
HEA|Zl F mpaslal 10% NaCl §9& H7iste] 7td Eaid % dHEelsty 4
Sdg 25lx, A5 AEE W] o8 ol Az 2 FHE AASE U
A Molecular Weight Cut Off (MWCO) 27| grelozute o]gste] Helsla Az
ol Haste] ditEEAS FESIGIT

919} Ze WHoE oFe FL2RE FYAEA U YPUEFEHE FE3]
Zzke] 2B Uyt £&, gy, JePdEdy W EAYSE SHULEH
A2 F&hUE At

3, WA gRANE AY Scale-up

A HUY A FadyS uiEoR B A7HAY HF FRA it
A cjeAARS 917t Scale-up AF-E $13] FAHH Scale-up parameterE& %3}
32 AN Y AP AYstgch WA JarFRHE AIA Lehid, X
BEo] d8l7} choppingdt ol FA4LE EYSl 71EFY WHoR AEUEH
& 32&3= 233 3280 EYdHo dE ESEOIY 7Et BEEES A A
7] 9%t oA, Qi HEUE 3R AL 5F5IEY 55 FES
& AR D FEA] HJUES ARAV L a5t A2 % B3R LE U
£ 4 oty o8 ¢ 217}8) parameterE-& MAZAL, & A7 HoidAd
()54 FeBe] X AAE A FAFHoA A BR-FA dujnkE o] g3t
qarstgla, vl UF systend QxIste] itk 27128 Scale-up AFE U3
st

A 24 AARPEA 74 2 5S4 #F A7

1. ¥k &4
7}, HPLCE °]-8% 3T &4
of 100mg?] A 2E AWs] Yol test tubeo] Yl 20ml2] 10% NaCl £ 4l
1.0N NaOHEZ # 718t ¥ boiling water batholA] 2A17t E¢t ZE71d3le] &3l
- 22 -



WA g F o] FEESE FRTE ol&ste] 20mlE F&3pdch FEI AR
3mlE test tubeo] Wil 100mM dAtA3e) (pH 5.3) 4mlel 0.0IM ZnCl, Iml ¥
0.01% nuclease P1 €] 2mlE Y& % 60°C water bathoj]d 2A17F HQF WF-SA|Z
th Hd F FF5E ol 8ste] 1mlE FE3I 0.45m filter® o] 2}3to] o] of
FEE HPLCO| FQiste] EEEAR njg] 2P EFTJA3} vlaste] FPsiae
n, WAke] Fuke dAMP, dTMP, dOMP, dOMP 7}2}] deoxyribonucleotided 3}s}oq
Axrstoict.

1}. Diphenyl amine%]

AEIEA Y DNA TEFE Giles) Meyero] &3] RUH Burton?] ¥Whyell ule}
+435tgict, A 70% Ethanol X% Petroleum ether® xjZAA3lo] AAZH
diphenyl amine 1g& glacial acetic acid 100mlo] 5o 213} H2S04 2. 75m1 & 7}3}
of Alpg A2 F AE§ Znlof 9] diphenyl amine AJef& 7tste] 100T
oA 10&:7t 71483 vhg P2sia] B E = spectrund 595nmofA] FF o w
F24 3 nlaLste] gedsioich
r}. STS(Schmidt-Thanhauser-Schneider)'

2 BT AR oF 400mgd BHs] At Wzba 8l E i3] JzbshAA
HA3A 2 X InlE 23] 10% Perchloric acid(PCA) 2.5ml& H7}ste] fQAlEe|%t

¥ BAES T o &3l B2 59 88 YRow siolck o)F HA
He EtOH : Ether(l : 1) 2&slo] AW 2&sa W 2xlo] 0.3N KOH
2.0mlE 1812t WEEAF|5L 6N HCLZ} 60% PCAE WHGAIA A&ty d& A%
A& RNA HEoZ it @2 Zaloll 5% PCAE H7ste] 90°C, 1587 WE-gA]F)
A AR A2 AEY& DM HESE siodrh o]EE g 260nme]
spectrophotometer’doll Al FAsle] A FHEZS o83l FHsigen F ¥
S 71823 HE, RNA HE 4l DNA ¥ &9 §ho g Aabksict.

2. gAY Bz 2y
H AEREEY o X% EXE s 3] ditFgoz Jde
OI%E]% Gel Permeation Column(GPC)E o]&-3} BHAy& Alxjsleic). A3 §&

2 FAAFI Y e AAE 2E557] 93l Bio-RadAbe] Automated Econo
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System& A}23}4%+=u] Peristaltic pump®} resin® 2= Sepharose CL-6BE o]-&-3}
93, 70cm(length) X 20mm(i.d)%] column3} 50mM Tris-HCl (pH 7.0, 150mM NaCl)

£ eluent® o]83}o] 0,5ml/ming {408 A319c).

3. T2epy Y 4

AlE ¢F 150mgS AU3] o} ALAH = Semimicro-Kjeldahl & o]-&3}H
43kt ARE B3 SepaFo] Y E3EAAE HUIE vk EsistE A
ofl A 7id3tsdct. ¥ F 50 ~ 100ml®] Eol24E 73te] EAAF|a H-&3}a
VA A2 E3e 10 ~ 50ml-E X35t FE-E NaOH 84S 20 ~ 40ml FQIg F
oF 10 ~ 1587 ZHFsidct. UAH NH:E 0.05N 4F REgYog FAsla L
& theAol uleh #gE Fsigich

0.IN 334} 1ml = 1.4007mg N

AAsekmg) x 3.19
3 (%) = X 100

100 - AZZak(%)
A28 222 (ng) x °

100

A 3@ YLAEIJEA S AT

1. g 9 Ay "o nA= 43

7. nhere] BRAXZO] I Hg
Meeda §2] ol wheh B AL 48 FFssch 45792 IR npea
(8, 20 - 25 £)& B4 hZZT DI-DME Foitt 4 NE FlZo2 rgle
W, 7 Zubch 1zekeld AMESHATE AlE S0mg/hg/dey@ $4 IR mbpo] 13] 3
FReY 1, 2 4 % 7o) VUFES A3 YTPOE NN BB Y
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J PBSE M| 3lo] EIh) ME(peritoneal exudate cell, PEC)E Rgic}. 4,000
rpnoll A 3E-%] 3% WHAHsiaL dE M Fo| PBSEY 10w & J}sle] F HA
M X 48 hemocytometer® Agltt. Al71e] Ezh) MEYE 4T, 4000rpno)] A 35
7t A Ee)8lo] cell pelletd €51 o]& 0.1mé PBSo| FEIAX]A slide glassilto]
2k, AzAZch Ax¥"E ey HES absolute methanol & Y ¥ Giemsa ¢
A A F(ICN biomedical Inc.)o.& 2-3E7F ¢As4cr}. 95% ethanolE ©AslaL 2
ZA1F ¥ dnjAow #|ASgcl. Differential white cell countd A}33}o]
PMN, lymphocyte, monocytel] 3%F-& 100%2 3}o] 2z} AREZHY] v &S WEEE U}
ehigict.

L v Y A AR ofdt 2§

IR §4 w28 34 vIRZ(NT), B A& FAZNST), SI80ME(5x10°
cell/muse)§ Aolol o} olARt @ DAF(TE) L PATLE olUsn ARE
Foit g AIZ B TSP 4FOT prgder, 2 Zujc} 20m el uhpsg
AHE-8EL N3t NSTolli= PBSE, T @ TSTol: SI80MIEE ol A4Sl 2417 F
FE AR S0mg/kg/dayE 19 13] 1097 A4H 28 FEFo St MR o]
F A7, 14, 21 2 2890 7} AyEnict 4npely w)gE HEsiolrh. wlAAE
104£0]] FITC-conjugated rat anti-mouse Ig 3} 10448} FACS staining buffer (1%
BSA, 0.1% tween 20, 0.02% NaN3) 80448 71315l 4°CollA 1A]3t Bt ukg-AlFcl,
PR A59E AAZ F, cell pelletd fixing solution (1% p-formalde
hyde, 0.88% NaCl) 10042} PBSN 600 8¢ ¥ Er3] flow cytometer(Becton Dickinson
Inc., USA)E B Z4=E Fsialct

CD4" T ¢u}3LE FITC-conjugated rat anti-mouse CD4 antibody (Serotec Ltd,)
2 EAsiglen, 08" T ¢Ju}-7+= FITC-conjugated rat anti-mouse CD8 antibody
(Serotec Ltd. )&, macrophage®] 3l Mac-1& FITC-conjugated rat
anti-mouse Mac-1 antibody (Serotec Ltd. )&, Ig|3, B ¢up3: FITC-

conjugated rat anti-mouse CD19 antibody (Serotec Ltd. )& HA{3}¢ic}.

ol YA AHXE g 3lo] cf¥t 2§

Di-DNA7} macrophage®] ¥ABlo] nlxi ojikg olmy] 9lstel By
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macrophage 2 €| H8]E|:= acid phosphatase?] & &3¢t ICR &4 np-$
25 A4 URZ(NE), B AR FAZINSTE), o t2H(TE) L & A& Fo

T(TST) 2 4782 BFsigich 2} dygnict sute]e] nheAE ALEstgTh N
2} NSZoll& PBSE, TE Y TSTol: SISMES o|4sta, 244/t FHE N ¢ T
ol A A4S, NS B TSTEoll: AR 50mg/ke/dayS i 13 547 o
stalch 3 F AR FojYdERE 544 M= @ nptAE AR HPHOE A4
7151 PBSE) SmE H7 ulol Fojste] JPPA BARA|T thE FAPIE ERME
£ 23] W& 3)eslgict. B AEE 4,000rmol A 3EZ 33 (A ANHslm
tissue culture disholl 1x10° cell/m¢o] ¥ =F 7}3F ¥ 37C, 5% CO; incubatord]
A 2212 wfe} F plateo] FAEA] 42 MEE PBS §WoE AHsle] A
2% macrophageltd 23lgltt. 41704 @& macrophageo] 0.1% Triton X-100
£ 1004E 7}8F & 0.02M p-nitophenyl phosphate/0.1M citrate buffer(pH 5.0)
E 0.5m¢ 7}13] 37C, 5% CO; incubatorolA] 1A]ZF ¢t Whg-A|F1 F 1,500rpnoljA] 5
w3 diEE F 82 AZ Yol 4T 4ol 0.2M borate buffer(pH 9.8) 1me% 7}
sto] RE3S FZAIN F 405mol N FHEE FF3Hglch Macrophaged] /g2 t}
& Aol wet Aabstalct

Acid phosphatase activity (p-nitrophenol zmd/10°nacrophage/60min)

=1.15 X 0D 405nm

38, macrophage?] 3 F-EF UolE: E rIE AERA BYH
macrophage2-E] #H|E]+= superoxide anion(o]¥F SOAg} 3o org 2A3}y
th &, A7)9 wHoe g UL macrophaged] 10M glucose, 80uM ferricytochrome
C % 0.2mg/ml opsonized zymosang ¥h8-3t PBS 2-98& 1.5m¢ 7}3t3L 37C, 5% CO,
incubatorofl 4] 907 ekt ¥ 1,200rpnoll A 1087 QAR 3lo] A& AR AL
WA AT A S-S FAXZ F 550molA FHEE &A3}9c). Macrophage
25Y feld S0AYS thE Aol wat Alastsch

SOA (nmal/10° macrophage/90min) = 15.87 X OD at 550nm
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2. AERE F¥o U3t A3
7. B A7 B

BALB/c up9-AE A5 el oste] XAzl F FAdHOFE wAE # &3]
o] 100 mesh "gojollA Hadlil & MEZ FHdS duielstacl. RBCE A A
3}7] 918t pelletE RBC lysis buffero] Y3l 37%o)A SEEQr vkl =
washingdlo] F9lt}l. B lymphocytentS A7) $|8] complement mediated cytotoxi
city(CMC) W& o]-&31giv}t. ¥H¥-Le] splenocyte suspensiong 4L ¥ nlg &
13| & hybridoma culture supernatant® @32 4CoA] 1A]7F E9F Hk&3talv),
AFE-%l hybridomaZ-2 J1j.10 (anti-Thyl.2 mAb), F4/80 (anti-Macrophage), GK1.5
(anti-Cb4), 3,168 (anti-CD8), PK136 (anti-NK cell), 33Dl (anti-Dendritic
cell)o]il ©]EE& culturedtil FHWst Al7]o] supernatantE o] 4504 RS}
olrizt ARg-stelch. @12 F- cell& 1500rpmof A 527t 42 3ol hat‘vestﬂ
3L, o]7]oll rabbit complement 1 bottle(Cedarlane)2  10ml2] cytotoxicity
mediumo]] Wol 5¢l ¥ 0.4bum filter® o] 3}3}o] cell pelleto] @o] suspension
ZJelE qhEddoh. olgA AEH cell& 37TolA 3087 wRgsle] T cell,
Macrophage, Natural killer cell, Dendritic cell& #|A3}4r}. HemocytometerZ
o] &3t cell& FHEIZE ¥ 1 X 10%/wello] E=F 34 3}o] 96well round bottom
plateo] cultured}git}, sample 4,000ug/ml-€] 2v#] dilutiond}e] 15ug/mlZ}R]|
B A sto] 48217, 72A] 7t wja¥dh] Z}7io] wello]l [methyl-"H] thymidine sp. act.
2uCi #& Jlstel 37T, 5% CO; wid7lolA  mixwt 6A17HE-Qr wigsiglch.

Multicell harvesterol] glass membrane filterZ 7|9 ¥ol&4E 73] dAslA

5.3

2 oujokst A wkgNS filter o) 713} free [methyl-H] thymidineo)
A3l AAE wizbA] o8 W MAg F #zhe] filterE vialo] Wil $43 A
ZA1Zch  Lumagel &9& 2ml¥ J}sle] EWIA %2 A B liquid

scintillation counter® &3 3}git},

. b #71 vtelelol helo] ulX = A
AlE2E 1mg/0.5ml 0.1mg/0.5ml, 10mg/0.5ml ¥ 1mg/0.25ml2] =27} EHEE&
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4] 60Co) A PBS buffero] ztzt &4t} Tl mle]?] female BALB/c n}-$AE ¥
T2 g 3t ZFPFATY ulfLolt 1mg/0.5m18] ARE 0.5ml% o]EUNALE
T W B3R stk BRI npf2ols 1mg/0.25n12] AEE 0.25ml
A olEA g T H HFFA slAcl tizFols 0.25012] PBSE 2 W
o EAFa sty mAgte R Fojdka] 3 Fof AU Ovalumin (OVA)
solutiong 20ug/u}$A2] 5% complete Freund’s adjuvant (CFA)oll 1:12] ]
&8 FE3l H5ZFFAL srh 104 Foll capillaryd o]-&3te] sz
serung W& Fol ELISA WS ol &alol Ovao] Holmsl WHE ZAsialrt. OvA
500ng/well& 96well ELISA plateo] coating¥t ¥ 1% BSA blocking buffer@
150ul/wel1® Y31 Al&o]A 3087t blocking 3}3l, 0.1% BSA dilution buffer®
serum& o8] HEE dilution¥t F 100ul® wello] Y3 4TH|A overnight ¥HZ
stogt). 7}zbe] plated Goat-anti-mouse IgGl-AP, Goat-anti-mouse IgG2a-APS
1:20000.2 3]M3le] Y Moja 217t wkE3tylch -Plateg PBSE ofed
washing3t Fo] alkaline phosphatase #.42] substrategl pNPPE Yol NS &
015}3L microplate reader& o]-£3}o] 405nmol|A FU=F ZAStgct. IFN gamma
o] FFL v|AAMEE ol§slglct. FFYIYP LR XARRE npfioA HFARLE
A3l o] & OVAZ} 100ug/ml Q1 widejollr] 72x]3kEot wiaystslch. 72X ¥ A%
& harvestd}il A5 9] cytokine &AL sandwich ELISAY& Al&-314ict.

. 438 84 47 Ave Aol HAE G

NEE T 22 serung U ¥ 0VAo] Hol¥ 1g68] FHE& #I3iA VAR
o8 H A oA serumE immuncaffinity columng ©]&3le] A3
polyclonal anti-OVA antibody& 1000ng/mlt-&] 2uj4 3] A slo] standard@ A}E-3}
gct. Ztzte] plated Goat-anti-mouse IgM-AP, Goat-anti-mouse IgG-AP&E 1:2000
L% A3t Pl Ao 2A|7F wk$-33cl. Plated PBSE o2 washing¥t
%o alkaline phosphatase 42| substratell pNPPE Yol WAL stz
microplate reader& o]|-&3}e 405nmojx] EREE ZA5lodcy. 3 ovaol Tt T
cell?] W& UolR7] #3lo ©olF 2| ulfLAZHE spleend @ol T cell
proliferation assay& A A|5}¢ic]l. BALB/c ul$-AE 75 ©iHol 2]3te] XALA]

A F RgHoz ulgg F2sto] 100 nesh W9lolA BB UA @ HE ¥
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TS QA E st RBCE A A3t 913t pellet-& RBC lysis buffero] Wi
37CollA 5% Hot WkS¥ F washingdle] Frt. M ZS$E 5X10° cells/wello] X
& ukRo] 96well round bottom plateo] Y31 OVA solution® X|F%EE7} 500,
100, 20ug/ml 2 00] H=& Yol 96A17H5¢r wjksidcl wl & ¥ 18
A+ H thymidineS do] wjorslalsl, MEE automatic harvesterZ o]-&-35}o]
harvest 3}¢it}. T cell proliferationZ Z} welloA %9994 2] incorporation

AL E liquid scintillation counterd o]-&3}o] &4 3}¢lt}).

3. FAYTol U AAY ARG A7

7t SHEAo] ¥ A9y AUrge) fx 9 &4

AFe ZFFot AP Fol g3 f=d A9y Agukgel] nxe S
QofR 12} 659 2] female BALB/c uh-9-AE ARSIt ol migle] nfeaAE ¥t
FoR slo] AEE 1ng/0.5m18] %7} FEE 60Co|A] PBS bufferd] bz} 5o
0.5m1#¥] o]FtH o= iyl W HEFo stgrt vl ulf-2olEs PBSE 0.5nl
% AFEe sgrt. B 2 5d Fo] FAHYILF 100ul¥]  intradermal
injectiond}lgit}. XECIE XL O T intradermal FA}8} L R-9JollA] subcuta
neousFALE FAlol AASHAT FAPE FAL F 247t 48A7 T2A|7be] 2z}
FAL ¥-919] swollen F-3]|& &gsiglch A3 wkgo] DI-DNAY] Bafof oj&o
E & dojueAE doli] ¢l3te] flot A AUE &S Helste nlastyd
th AlZE 0.1mg, Img, 10mg/0.5ml PBSol & ¢l Fof 0.5m1% o]ENALE r}
R M AR siodct iz nlfiol= PBSE 0.5n1% AEFo slgct §
A%t x| 5 Foj FAYILE 100ul?® intradermal injectiond}git}. Tl =z
HOE intradermal FAl} ZTHE H-9JollA] subcutaneous FAE HE-Alo] AAEIY
Th A Al F 24X 48417 7241 Zho Zhzh Fa}l 92 swollen H¥E
&stolt. A ¥ e & vlasts] flste] alol uigt AlQy HY
S-S zabslgley, Y PLE filter plateo] 50ul/well®] 96well ELISA plateo]
coating¥t ¥ 1% BSA blocking buffer® 150ul/well®] Wil AlLojA 3087
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blocking 3}3, 0.1% BSA dilution buffer® dilution®™ serum& 100ul %] welloj
W3 4Co|A overnight ¥F23lolrt. ZZ}e] plate& Goat-anti-mouse IgM-AP,
Goat-anti-mouse IgG-APES 1:20002.8 3F]A3te] Y1 Ao 24]7F w23t g
alkaline phosphatase & /42] substrate?l pNPPE dof WS Qs
microplate readerZ o]-&3}o] 405nmo|A] FHEE ZA 5]

v, Ay 2paikge] FoME 4
Ay uinkge] £ MEE FA517] flvte] A 8E Fosta, FoI¥ A 5
d Fo) okAYEILE 100ul®] intradermal FAFSIQICE. FARRER] 72A1 7t Fof FA}

F-9lol swollen& HAs}iL np¢AE ZFEIYPLE AAIRE F swollen F&2& 3
& V32 mesh® & Zrolx| Ficoll-Hypaque && o]&3lo] wha- kg Ha|ste]
th 2e)® AEE flow cytometerd o]g3to] AMEE EAsigirt. EMA] A18H
L= hybridomaEg J1j.10 (anti-Thyl.2 mAb), F4/80 (anti-Macrophage), GK1.5
(anti-CD4), 3.168 {(anti-CD8), PK136 (anti-NK cell), 33D1 (anti-Dendritic
cell)o|3 o]&& culturedtl w3t Al7|o] supernatantE do] 4TolA R @3}
ATist AMGSGTE olFol AAW NSO TR MEE PaA Gt TIAA
X (Macrophage)& +@lslgich. olFA Ee|H Macrophaged] MEHEHo| UFHE of
9l oY moleculed flow cytometer BPHOE FEA3iglct. A c)Al Moleculel]
2% & activation markerq] CD40, CD54, CD80, CD86, MHCIIZ 3}3 o]Z&o tiit
biotinylated antibody(Pharmingen)& Yo 1A[7Hs¢t 4Co)A uEE3Ielt}t. Facs
mediags Y3 4,000rpno 2 A1E-8]d}o] washing¥t F-o] avidin-FITC(Pierce)Z&
Y3 4ColA 3087 WH-g3tgT). Facs media® @3l 4,000rpme 2 UAE ] 51
washing¥t ¥o) pelleto] paraform aldehyded ‘do] fixingA]F]3L LA Facs tube
2 &7 PBSE 343 ¥ Flow cytometer® +2A]8}ict.

tlh. X4y agkgo] ¢ 4

FHY o] it M2y HYWrEe] A=L& vAMXE proliferation assay}
cytokine assay® B7I8tlct. FAYILE FAY A 7U Fol| v{FHEE Aol 5
x10°/well &L 5x10%wello] E|=F wjoFslqlr}. wigdde] FHPFLE x}FAA

Zm wjokslil, HF 204175t *H Thymidine® pulsedto] 96X F M EF 43
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3}3l proliferation HEE beta-counterd ©]-&3lo] ZA3}aL njor 72A17F Fof
AEqE& o] cytokine assayoll ARE3IGITE AF9 F2| cytokine FHF-2
sandwich ELISA ¥PH-& Al&3sigivt. @A 8 [L-4 ©rEE AHE Img/ml T 343}
o] 96-well plateo]] 100ml/wellE coatingdlo] 4 Coj|A] overnight incubation &}¢1
T}, 0.05% Tween-20-PBS(Showa Chemicals INC. )% 3-53] AMA3}z, H|So0]d A
2 4WI9E] 1% BSA & 200ml/well® 37°ColAl 1-2A17} blockingdtgit}., 0.05%
Tween-20-PBSE. 3-53] AMHslil SAsliial she= ARE AP v&R 3M3lY
7k wello] 50-100 ml® FF3le] A2ofA 242t Ei= 4To|A overnight
incubationdt¢]tl{(dilution buffer: 0,1%BSA in 0.05% Tween-20-PBS). 0,05%
Tween-20-PBSE  3-53] AM|#$}5L Biotinylated anti-IL4 AbE dilution buffer®
lomg/ml 2 3]A3to] 100 ml/well® FEFgF F A-2oA 247 ek WX F
0.05% Tween-20-PBSE. 63 M slo9lrt. Streptavidin-HRP (Pharmingen, 13047E)E
dilution buffer® 1:10002.% 3]4g} ¥ 100 ml/well®] EFF F 37ToA 0%
Zb A sl 0.05% Tween-20-PBSE 63] A8} OPD 1T (SIGMA, P-6912) +
Phosphate citrate buffer (SIGMA. P-4809) 14.7 ml + H202 (SIGMA, H-1009) 7.35
ml (2F) 84E 7} wellw 100 ml%) 2323 F 30587 v Hu}. 12.5% AL
50ml/well®] F-3te] whEE& FAAIZ F 490mmolA  FHEE  FAHAc)
(Microplate Leader: Molecular Devices, THERMO max), EFEA|EZ:= 2|23} IL-4
g sl EESE FHE L vhE AW, IFN-gamma, IL-252]

cytokinelr & W o g Aaksigict,

gt A|d¥y Aqinkge] PAFojo] H g

YHETEA AT AdE AUEES dovE WA nixe 48E o
oli7] fl8te] 9it T2 WH2R UXMMREE ET F UV B hPer 4
2E Fosla, Fo3 A 5d Fol GHPFE 100ul¥ intradermal FAFSIHTH
FAPEEA] 72A] 7 Fof FA} Heo] swollend ¥QISISL o] ¥-2]o intracellular
pathogen® & &#] % Listeria monocytogenesE =& r}oFs|A slojr] Fabsle] 72b
A AP A 242 Foll swollen F91E A7t Uz, Fdsigd
pathogen?] <& Giemsa staining& E3lo] F}12Eldlglon gy} U wWHow
A ke EA8telct
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% surviving organism = {counted pathogen in treated mouse / counted

pathogen in untreated mouse} X 10

A 4A gz 2 5sd G4 mdo U@ A7

1. 2% Yy2rz 97

% 92 #5310 FHL mouseE HUFEE 3o Worsoff o] E3le] A
Alstdcth, &, 100cm(Zo]) X50cm(E) X50cm(0])2] A ZHE 10~12m %
o FES AFE AT, IEIVL HUZR FHol mert EFe A ATE
EAsto] B AA Ao R gt AlRE 297 Fojsta, cthyd thA] Fo3)
3 I4TE A oA 308 Foll AT 12& snfelg 3t Algs A
Hap 308 Ho F7FoIsta, ti2Foe FPANE Fosloact tzgEREE
chi 53t A 20] =44 oxymetholoned A3}l

p

35t 52 F9AS A¥

Miura 52| wWhfol ulebd AAs1gct. &, mouse?] 228|o] A|Z&] 5%ol 3)9s}
t BAlE F3MIlal FRAES Ak &, £+2& 35 £ 1TE 312 A&
19 134 297 g A8 308H0d FF FAY ok, mouseF Fo] gol 2
FEA FIAFL, B Fol 1027 JteiekE wizbx| o] A1 F33icl 12 8
ntel & AAldta, dizole FPAREE Foisidrt URUERE WthiFd L
2ol=AQl oxymetholoned AME3}gIT}.

3. 44Y A4 FE A9 A¥

AUzt 23] AAR mouseo] 29Tt A RE TSI, T Al” AlF 304
Foisto] Dunham 9] "ol wel rota-rod Ao HBIHTE HA ==
Brpnl. 2 3l FES AE T F, 40rpnolA AFEE AASI] rodgjolAM @l
izt 9] AZHE FHFsIoUc vzl FRANE Fofsidict. dzYEREe

W3l Ay Ro]=A¢l oxymetholoneS AME-3}gitt.
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4. T-ulZ2ojA2] 719 ¥ A¥

EE ST vhF T-uE AAE ©]&31e] Sato 5o ol ulzbrd AAstgd
th &, T-uZFAL 120cn8] F o 50em Zoje) T-n 2| & o]-&3lo] 23+1T
8] EE& A3 mouseE A 2o 14 53] 33Ut RYAFIS, T-nlRojA 1Y
5% 33Uzt T-nl2e] SWAH(S)AM FRE& A Fste] FAX (G712 §4 Azt
& FFsln FEAFECRY Mg H4E FFsch AlEE uw AE A 308
TSI 19-& 6nfel® 3] YjzFol $YAE AFFsget. YxgE
2E 3547 ASAQ caffeined AHE-sloc.

A 58 IAEREZH P45 s qF AF
1. AH5ES ol 83 A A3ty o] it B35

7t Atedsletas: o] 9%t AbdA &4 RIF )

AlR8] in vivo 34t WS AESY] % A3 d¥og A U =3
Aate] tidt g HAE ARSIPOn, oot WEER UAEY ARE FAld &
Astedel. AF 150-200g f2]2] -84 Sprague-Dawley ratd AHHUZTER dlo] 23
o] 4t3HH Af(oxidative damage)g fudshHe ¥y S4 B Argdzigta
€ 0.6nl/kg LT B} o Foslo] T oA AAe S FEsg
ol EXFLERE ey YArE3EY 50mg/kg/dayS mlE] 1, 3, 59 B¢t AT
B Fo3iglal, ofF ANgAE B U FAE ¥ T G AN ¥ 2
& & stgluh 0.15M KC1Z 10%(w/v) 3¢ F ¢ (homogenate)& THE F IAkla)
Ble] (800g, 104) 5L dglch 2t T4 oY(0.5ul)o) Iml 10% trichloroacetic
acid (TCA)E 7I8lal 1083 WA ¥ 82 (1,000, 28)3te] A5 1nlg
8}3l, 0.5% thiobarbituric acid (TBA) 0.5ml& 7}%} % 100ColA] 1087 713}
Ak golAd A3 F 532nmolA] FHREE HAReEZN AHH malondialdehyde
& Astsich o, AldEelL Fo| 247 F Falo] Hr Fyoniy Ay
Slo] ZHEA 2] A Eel amino transferase(AST W ALT) NS &Asigct Hy %

- 33 -



WogRy dojd FAL ALo|A 30-602 Feb W3 5 QaEasto] (3,500
rpm, 108) A5 28tgic). AST, ALT 7]1& 0.5ml& 37CoA 28 Eo 7t
¥ 45 0.1ml1& 7F3te] 37°Col A ASTS Z-9- 60, ALTY] 7% 307 Whg-A1%
T}, o]F wAled 2 4-DNPH (2,4-dinitrophenylhydrazine) 0.5ml& 7}8}al, A&
A 2087F kA 3tsich. 0.4N NaOH 5mlg 713l 283] Bstel AL 08 &

b 2] & ¥ 520mel N FREE FYS wlasigich

1}. NO(Nitric Oxide) donoroj 2]} At3}4 £ ¢

A% 200g Lf]e] €4 Sprague-Dawley rate AMEZEE 3} nitric oxide
donor (NO donor) & i.v.E Fo3li AJafolx] AtEhy Sa)g usiolc), Ad
SEL 58 2FLeR WHen, BTl A HEeE, N0 donorE Tt &
ol 0, 1, 3, 55 n2] HAFLERE ET PAE3HEY (50mg/ke/day) S
B2 Fojsteich. o2 Rl A FaA|R BoEwogie dojuin,
Aol A 3085 ¢ W5l coagulation A2 %] 3,500rpmol A 1087t LA E s}
o] AZolg 23lgdc)t. W, HER 7+ A &3lo] homogenation buffer (0.25 M
sucrose, 1 mM EDTA, 10 mM HEPES)E 10%(w/v)?] 7t (homogenate)E RIE F
2000goll A 5E-FQt A& st AFdE il

t}. Nitrite assay

AA] NO= oxygen &3] slollA WlE2A nitrite X nitrated AAHES 514 He
o], nitrited X35} A|R2} Griess reagent (2% sulfanilamide in 5% phos-
phoric acid 5ml, 0.2% naphthyl ethylene diamine in 5% phosphoric acid 5ml )&
1 : 1 ¥Eh2AlF|"H chromophoric azo derivatived® A3 o]& &A3te
8P NoY F& THFeR FAYE 4 vk &I ¥ (50m)E de-
proteinizng buffer (DDW 140 ml, 30% ZnS04 30 ml)oy] 718} Al-&ojA 1587 v}
SAA  eAE AAsT) 2,000g004 1025t WAt S 23}
U3 By Griess reagentE 7}5l3 AlLojA] 1085¢ vkg Az},  ure &b

=< 540-570nmoll N FFEE FASLAL, whARE FeFste] 1 & BABIACE
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2}. ALT assay
NO donor® FEY Y 2HLYE HFeW] flslel, BEHe AEZ g
(ALT M= AST)®] BA-& &F3slalch £e)

g ¥# 100ml-& incubation mixture 500m! (DL-alanine, a-ketoglutaric acid in

wo] A}8%¥ 3 9l amino transferase

phosphate buffer)ojA] 307F ¥H-8-& A% ¥ W) 2 4-dinitrophenylhydrazine
(2,4-DNPH)S 7hskin ALLolA 20870 BASIAT. 0.4V NaOHE 7}shm 308 %

sodium pyruvate® ZFEEYUZ 3}o] 490 nmoll A FYEE 23519},

uf, ZA) GSH/GSSG level A

Y glutathione (GSH)Z AxZo] M X2 FEZ 245l 9lon, o]k
B¥ #UYYE 1A 5L 9lof radical scavenger® 2M2-3li=u]| 3liks} wulo] 7] ztof|A]

83 A Yl EF GSHE oA Hae RrAAZAY AL sti g
om, % HQEL FE3 HYox F0IT IS Tl No:= Aol

A &4 fUstol GSH pool & ILZAAZITIAL ddA $on, olg¥ NoE A|A
FoRN, 2ALNE BI ¥ 4 gloggl /v Hrl. £ Ao glutathione
assay kit (Calbiochem, La Jolla, CA, USA)& o]-&3}o] Zbz 2] GSH/GSSG level
& A ol el FA 514

-

2

2. XA 3 wk-3o] ozt A5 &I

Rajakumar?} Rao?] *Jof ulel 150-200g2] 223 Spraque Dawley ratl] ¥ & &
2|8to] 0.15M KCLZ 10%(w/v)e] X FAdg WE F JAEe]ste] (800g, 10%)
AEog 8] Yol ATt Mol KCI(0.154), ¥ Fe)(300u1), ofe]
| ARE A F Fe(lll), ascorbic acid Z}z} 0.1mM H7}3te] 3}Ars} whe

& JHAATIAL 37C g2 pzolM 2087 G F, A7k T (5.5%, 500
)3t TBA &) (2% in 0,05M NaOH 500144)& Yol W88 FAA I, Je Eof
1522 a1ste] LA L) o] HF Wbg AHES ALolA Asa AxRe g ¥
532nmoll A FY=E FHAFstgc)
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3. Hydroxyl radicalo] ujj3t & &3}

7}. Deoxyribose assay

Arucma®] BMH& ulEl A]E.2] hydroxyl radical XAHEINE ol it} vre
£ 1mlo]] potassium phosphate buffer (10mM, pH 7.4), deoxyribose (2,8mM), =}
AFShpan(2.8nM), EDTA(O. 1nM)oll HEHE3} A3 ferric chloride (0.02uM) 1]
3L ascorbic aicd (0.1aM)& #7138l 34:=ZojA 37T, 1A HQF wkgslgT)
TCA(5.6%) 5044, TBA(2% in 0.05M NaOH) 50048 H7lste] wheg Zoazl *
100Ce] Fof 1582 7hdste] UMAZct o] Whg §o& A2olA A3 Ui
e Fof 532mol N FFEE F3}I3Act

L}. Trapping assay

Prasad®} Laxdal?] W& o|§3lo] AlZe| hydroxyl radical XA NE AE
Btelt}, potassium phosphate buffer(0.1M, pH 7.5), A¥E}4=24(10mM), salicylic
acid (0.5nM) o8] &E2] AEE HI}3le] o] WESL9E germicidal UV lamp 3}
ol (Ag] 50cm) 1A FQ =&AF)GL 1,200rpmoll A 58 Tt YR T F 4
YL #2818} syringe filter (Millipore, Millex LCR 13mm, 0.45m)E AE %
H}E HPLCE EA3}dc}) BEHRZALE: Cp J4AY (Waters Nova-pak)ol 80%2]
citric aicd (0.03M), acetic acid buffer (0.03M, pH 3.6)%} 20%2] ethanol& %
=70 Qo] 0.8nl/min?] Go2 FejFu, 2N AEVE o|-§51(315nm) ¥H-
AHE4ql  2,5-dihydroxybenzoic acid (2,5-DHBA)&} 2, 3-dihydroxybenzoic acid
(2,3-DHBA)E ZA &34}

t}. Hydroxyl radical® §-%& DNA &3} olo] cjigt R ¥ 7}

il 212 AE o] &8t hydroxyl radical-& A A1A AX174(RFI) DNA
of &4& fEstder, of ul AlRE Yol DVA s Adte) o3t RIaE ¥
H3leict. whg8e) 3044 Qo] Tris-EDTA buffer (10mM Tris-HCI, 1mM EDTA pH
8.0), DNA (0.3ug), H4t¥}4=4 (250mM)E H 713t & A0 ulelr] germicidal UV
lamp®. 153t 2AHEE F loading buffer& ol W& FAAZTE o] WHgAHE
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& ethidium bromideZ} Eo0]8l& 0.8% agarose gelollA] 70VE 1|7 ot H7|d%
stadch A9 %E npE F UV transilluminator® 7FA|3}8F ¥ polaroid A}27)
2 #osiolct.

4. NO donor® %38t DNA &4 o4 fz}

NO donor f-%3¥F DNA <4H& super coiled @X174(RF1) double-strand DNAZ}
circular Hel, o Uost linear el Wets g HUROZH ZFstalc)
o] zzte] wbg Bao] WALLTHE Poll BANYBLEL HEUD ol
DNA 7het Agto] iyt RIHIE wastsl. 4Hg-89) 20mltel] 10mM Tris-HCl
(pH 7.4), ®X174 DNA (0.3mg), NO donor (500mM), ojg] %%2] AEE H/3 F
37°C incubatorofA] 3087t Wh-gA|7|a1, o]¥F loading buffer (100mM EDTA, 0.1%
bromphenol blue tracking dye, 50% (v/v) glyerol)& @ol ¥r$-& FZA|Zch W
SAHES ethidium bromide7} &0l 0.8% agarose gel oAl 70VE 1x] 7t Hot
ANYE st ANYSE oA % W transilluminatorZ ZRA|3gE %
polaroid AIZI7|2 #gsigict.

5. Superoxide anionof tj3¥t i} 7}

Xanthine oxidaseo] ¢]%} nitroblue tetrazolium (NBT) & o]L3s}4c}.
HF-8-8-o) 1ml Q}oj] phosphate buffer(0.1M pH 7.8), xanthine(0.1mM), NBT(O.6mM),
xanthine oxidase (0.05 unit), ojg ¥ %] A|EE Yol 25TolA 1087 ¥hEA]
F15L ZHEE. 560nmoll Al FHEE A 3to] superoxide aniono] Ti¥t X2 F E u]
astgich ou] S B3 o AlR7} xanthine oxidased 2| AslA] ¢,
NBTE BHUAFA] %= A& #dsisc.

6. Bacteriag ©|-§3¥ FEAWo] iz}

B2t Fo] NZSIA WheSl= Salmonella typhimurium TA102E o]-&3) A&
o] FEAHo] fjo] ofs] zASIATE HFEE (700u8) Qtoll e ule} Zz}
o] AlEZE 59 PBS 5004, nutrient brothollA] wjekst TA102 F3+ 1008, S
o] 414l tert-butylhydroperoxide -£9¢) 1004 E7} ¥ F 37°ColA] 4087
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HES-Stith o] F 45T2] top agar (2ml)E 2 F F AojA A 3H wjx]o
Z3 48A17F Bt & incubator(37°TC)ollA vjoFA|Z T wjeF F EwHole 3
=
=

Awdo] BIE HAstairt.

7. 319 HL-60 M| XojA]2] Superoxide anion 34 A 3| Hz}
MEZE 0.5%X10%ells/nl] T8 I F 1.3%8) dimethyl sulfoxide(DMSO)E
H7¥8taL 69U 5%, C0; incubatorofA] wiokste] MEEIE FEI F A A&
stalch AR wdedE dalie|ste] viAlE A|ASIL PBSE Hristel ®ERA| ),
CO; incubatoro A 108 %¢} preincubation ¥t ¥ TPA(8 M), cytochrome C(60 M)
E HIBle 302 54 WhSAIFL). o] WEAES -20T WEolA 1087 W
sto] W& FAAZ F 550mol N FHEE ARSI FHSelAE AEE A
A7, AlZe] HIlgol utel FubgE& AlYsto] FHAE RN

8. Oxidative stresso] 2J3t AEA}E §% W BRI FI}
a4 E PCI2 AE A F YA AH2 8 MIabde] Felsty ¥
& phase contrast microscoped ©]-&3}lo] TYslact Wxe Ao MIT

assayE ©]83te] MIYY AAE A og FAslcl o|& ¢is)A PCI2 cell

& 1%10%ells/welld] WEZ poly-D-lysineo® BT 48-well disho| 7z,

DMEM 85%, FBS(fetal bovine serum) 5%, HS(horse serum) 10%ojlx] o]& % QF wjoF

P AN AE N; defined media (DMEM, F12, N, suppliement, sodium
pyruvate)ollA] 12A]17F Fet A a|sigdc). o]F o 7)o lmg/ml X2 MIT solution

& 2X|7t Z¢F vje¥slil 20% sodium dodecylsulfate 2} 50% dimethylformamide@.

A F 540nmoll N FFEE FFsHch

% MIT(3-[4, 5-dimethyl thiazol-2-yl-]-2, 5-diphenyltetrazoliumbromide) solution

L
r-‘.‘-

dSUs oA &3t

) tf A& proinflammatory prostaglandin (PG) 484 @l COX-2 &g

=

N
ZAE 2N FFENgo] FastA &3t} PGE arachidonic acidz} ¥
tAE AA prostaglandin synthase?] Zhgof 28] ATl Irj= CoXol| ¢

I

_38_



3l arachidonic acid”?} cyclic endoperoxide (PGG2)E WZE|3 o]o] A peroxidase
of 2]3} endoperoxide (PGH2)7} A3t} o|a& A wHEo]A unstable intermediate
products= specific isomerase enzymesol 2|3} w}=A o8] prostaglandins
(PGE2, PGF2, TXA2a, PGI2)o.2 M BLEIT} COX+&= constitutive isoformel CoX-1z}
inducible isoformql COX-2¢] 27}x] HHej7} &x|3}A|9t 28  inflammation
processes o A= COX-27} Fojst: Zo g dalA glon, o]2 s @Zo] Ao
'} ol proinflammatory PGs7} z}af W&Hcrh & AHo|Mi= western blotS B
stof ZzAolae] cox-2e] WS EWstenh 4 7 2ol pFAe v g
& BCA reagent® H#Z 3 ¥], 30 ngS 10% SDS-PAGEoA] A7|A% slsic} A
7HA1Z] gelS PVDF membrane (Gelman Sciences)o] tranfer®} F 5% fat-free dry
milk-PBST (PBS, 0.1% Tween-20)E blocking A2t} 3% fat-free dry milk-PBSo]]
anti-COX-2 primary antibody (Santa Cruz Biotechnology, Santa Cruz. CA, USA)
& AT F¢ Eolx, PBSTROE 5%7F 33] washing ¥ & anti-goat-
horseradish peroxidase conjugated-secondary antibodyE 3% fat-free dry
milk-PBSO] gol 1x]2F ¢t E¢l tld PBST€ O 557 33] washing s}gic).
©]*F enhanced chemoluminescence (ECL) reagent (Amersham Pharmacia Biotech. ,
Arlington Heights, IL, USA)& Al&3lo] 187 WES3F ¥ x-ray WEo] =213
th PGE29] AL PGE2 enzyme-immunoassay kit (Amersham Pharmacia Biotech,

Arlington Heights, IL, USA)E o]-&3}e] x|A)3t whyule} 24 st4c).

10. HZWRFE o] &3t 43ty HEApd RIFI W BEAPE
o4 28718 3

7b MRS gt BRIz}

NO donor& PC12 Ml&o] Ae] F UG 2tAo 2 MEapde] gejsts W
& phase contrast microscoped ©]-&3lo] Tslair), wWmel A Holl A MIT assay
= ol8slo] ME JESE YA ow Zslorh. P12 cellE poly-D-lysinel.

Y Y 48-well disho] 1x1047/well?] density® 7} v} DMEM {Dulbeccos

it
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modified eagle medium) 85%, FBS(fetal bovine serum) 5%, HS (horse serum) 10%
oA o]lE wja¥slairt. o]F HANEBHE FFY HUAFFPEAE N2 defined media
(DMEM, F12 nutrient, N2 suppliement, sodium pyruvate)o] HA L2 7}3 ¥
NO donor& 2|38ttt o]F of7]o] MIT solution (HEE% 1 mg/ml)S 75131 2
A7t Z9 wjokgt %] 20% sodium dodecylsulfate 2} 50% dimethylformamide® -&3]

A)Z1 F 540 nmol|A] optical densityE microplate reader® &3 3}%ict.

u}. apptosis f-xof 3t oA #z}

eros AAE No= widE AMl3tell 9lo] apoptosisE st Ao odejA
gom, TA N0 A JATLEH oz AZAE S AA=EE Res doHA
2t}. apootosist chromatin condensation, DNA fragmentation, membrane
blabbing, apoptotic body B4 ZTo% EX XA 4+ gloem, 7 F MXE J &
228 wFUZo] 23] DNAZ} 180-200bpR %2t - EE]& DNA fragmentation
DNA ladder, TUNEL staining 528 &3 7lssicl. & AHolaE TUNEL staining
(DNA fragmentation in situ)& ©]&3%}o] apoptosisd &A3tix} s}glch. PC12
(105 cells/3ml)E chamber slideo]] ¥Wil Xx|AAZHE Ee§t JAAEPELS
A 2|8t3, NO donorE 1%t ¥ 37TCo|A 247t F wjgsigict. wixE dold
3 4% neutral buffered formalin (100ml)E& Yol 1A H¢t JAAAF I 2AHH
MEE PBSE MM F H202 (0.3% in methanol)E Aol 1|7t Wx]3}e]
endogenous peroxidased AJgtst ¥, 4TolA 0.1% Triton X-100 in sodium
citrate® 257t A 215l cells& permeabled}A] stgit}t. TUNEL reaction mixture
(terminal deoxynucleotidyl transferase: TdT, digoxigenin-11-dUTP)& 50ml 7}3}
3 37CoA 1A M5t ujersle] labelA]Fl ¥, peroxidase-conjugated anti-goat
antibody& 50ml 7}8}aL 37ColA 308 B¢t wiaksigdch  o]¥F 3,3'-diamino
benzidine (DAB) chromogen solution& 50-100ml ¥ 1083} incubation¥t ¥ 50%
glycerol 2 mounting }¢ic}.

t}. PARP / Caspase-3 oA} £z} AE
apoptosist= MEAPE L] AP FelF slitojy, oy 7FA] {FH=}7} o]

3 ol Bt AR EIErh apoptosis®] tiEFel FAISIAY W
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AL &2 s}E poly ADP-ribose polymerase (PARP) cleavage®} caspase-32]
activation %o] ojn] AalEe] gtom, No A o]} Y& F3 apoptosisE
Surgicta otelA gk 2 AolME HXENE Fd YAEUELE WA
gt F37b 2gx] ok Fol ztzt NO donorE A 2]3}aL, ©]& protein®] WEE PCI2
ajok AZolA] =Rty AldA e F PC12 A X RIPA bufer (150mM NaCl,
0.5% Triton X-100, 50mM Tris-HCI, pH 7.4, 25uM NaF, 20mM EGTA, 1mM DTT, 1mM
Na3V04, protease inhibitor cocktail)® 0ColA] 2087F lysisA]Zl ti& 15,000
rpmol A 1587 YR sle] A5 Hsigich @A U}-E BCA reagent® 3
& 3 %, 30uge 12.5% SDS-PAGES]A H7|Q% stalrh. H7NAIZ] gel& PVDF
membrane (Gelman Sciences)o] tranfer¥t ¥ 5% fat-free dry milk-PBST (PBS,
0.1% Tween-20)E. blocking At} 3% fat-free dry milk-PBSol] anti-PARP ¥i=
caspase-3 primary antibody (Santa Cruz Biotechnology, Santa Cruz. CA, UsA) &
overnight 0.8 Eo]3, PBSTRM O R 5¥7 33 washing ¥ F horseradish
peroxidase conjugated-secondary antibody® 3% fat-free dry milk-PBSejl dof 1
A|Z¥Eel Bel the PBSTRo R 587F 33 washing 3}gich. ©|F enhanced
chemoluminescence (ECL) reagent (Amersham Pharmacia Biotech.., Arlington

Heights, IL, USA)E Ap&slo] 127 uH-23t ¥ x-ray Wl =&AAch
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1. BABASHY ARNED © JNEPEAY Y 2P
A7

7t. saltd] A7bs%E ey Ad+-FE&Y AT YAEPYEAY F&

salty GYtEo 2 di| 0|85+ NaCl& o] §3lqlen, d4& H7pstx o2 F
d3&(control )} 2 HEHE 5%, 10%, 15%, 20%E H7lste] o Hvigko) wlE
&, UAgE, 4 §& HIUEA YL E A= FEUUL Fig |
o] Vlebd Rz} Yol Hx|A4 1kgE choppingdlil Zt HEHE saltE FH7sin
LA 3uf Re] B HUIRE ¥ 37 Bt awstaA sdsisch olF AR
2] (6,000rpm, 10min)E& AA|ste] AE5AE& 92 ¥ 26] £ 95% ethanol S 3
J¥8FIL overnight 'BX|Bte] ¥ab W owblA HES FAAID F 70% ethanol®
washing ¥t ¥ 7z 9 & Fslo] YUEPEAS Ao o]F DV-DVAzZL 3
A=

olgA 4L YIEFUYELY £&, YA, Z2epl WY, saltUY W HE
HPE& 4319 Table 1o Uehisiedl, & 20% d7tolA 718 &A Uel
oy ol @Eou} Mz #e Fr|Ae| tiwk RE AUJ| wiFoln iy

3

Bg FM A 10% saltE M APTolN 71 8A ekt Z2epd
B 34 velkten el df @ HEUFE WA veht EAFL2EE
YAEFPEAS &3 ol 106 J& H/W d5Fae]l 71 ool
c}.
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Spermary

chopping

with ag

95T ~ 100TC Extraction

itation

Centrif

ugation

Ethanol precipitation

Remove supernatant

Ethanol

washing

Drying and Grinding

Nucleic ac

id complex

Add salt and water

Remove precipitate
Add 2 volume ethanol

Overnight at room temp

Add 70% ethanol

Fig 1. Procedure of heating extraction with salt

- 44 -



Table 1. Yield, nucleic acid, protamine, salt and ash contents

according to the salt concentration

sample Yield Nucleic acid Protamine Salt Ash
P (%, dry base) (%) (%) (%) (%)
Control 6.06 23.1 62.3 3.6 17.6
5 % 16.53 59.1 60.0 6.7 24.9
10 % 17.30 74.7 53.4 10.3 28.1
15 % 20.99 32.2 45.5 26.7 38.3
20 % 29.50 20.6 18.8 70.3 74.3

i At TeEsigol A% HARPEAY &

A2 g e®R de] o]&Ee HOLE ol&dida Y sE: 2 0.5\,
1LON, 1.5N, 2/0NE 3}o] 7l4-E3lE AAjstolen dd428H3t npdrix2 A
e 40 SEol IE 228 4& iy, ey, dEyw QY
THEY & B3] Y =2AE& AAsiglct. FEUHL Fig 26] Vehd 23
ol FAF 4 lkgs choppingdt F 2} %8 HCl Bof& 3w 23 /R o 2
HFstA A 322 FF &St JHEE NS st LA NaOHR F3}5}
3L 95% ethanol& ©]-&3ste] HHAIZ %] 70% ethanol 2 washingd}il Z= g &
Bete] HUEUEL S FESIAC

olgA ¥ FE&EY 7t GEd gL Table 20 el RojAMx &
Aol At 7S o] &3te] &Y FHEY] el P2 10x 4P
S5 vz ou £22 105 JdAFFEERTL Woky, Wy 1% nuto g
AL & ohotom AEFHolt HEUY HlaLd A et AbvkeE
3ol eJ3ire HAZALZNRE ﬂﬂ%ﬂ%’é% FEY F Qe g ¢ F
olcth.

1t

jﬂ
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Spermary

chopping

Extraction at room

temperature

Centrif

ugation

Ethanol precipitation

Remove supernatant

Ethanol

washing

Drying and Grinding

Nucleic acid complex

Add acid

Mixing and agitation

Remove precipitate
Neutralization with alkali
Add 2 volume ethanol

Overnight at room temperature

Add 70% ethanol

Fig 2. Procedure of extraction with acid
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Table 2. Yield, nucleic acid, protamine, salt and ash contents

according to the acid concentration

cample Yield Nucleic acid Protamine Salt Ash
P (%,dry base) (%) (%) (%) (%)
Control 6.06 23.1 62.3 3.6 17.6
0.5N 15.97 0.97 62.2 12.0 10.9
1.0N 9.69 0.49 56.5 15.2 18.7
1.5N 12.23 0.34 47.8 31.9 36.7
2.0N 9.02 0.56 44.7 32.9 38.0

th. Alkali lysisofl oJ%t M R3PEAS] 5

F&o] o83t el EHEL EAEY oA dEl o] &I sodium
dodecyl sulfate (SDS)E o|&3l4l3, BEE AEEE 0.5% SIS} A%FE 5.0%
spse] ¥ g AEsigden, 4 JleEya 42 e E AYES AYsiYe
ol HCl ofdl SDSE AME-Ste] el Balista vhg 3T A st A
& Ayt

olqA UL F&HEo gt FEEAL Table 30] LT}, 48L& HJiEE
SDS®] ol Aol A AFA Ustn, Zely) g, dRys o EY
2 =5 oruslA Ligkort #atgtako] 3% nwko g 05N HCl F&ERTH= 2v) o]
A UelsAR, 105 dde2E2E vzl 705 od mig- WA vel X
2278 YAEFELE F&3}= ol Alkali lysisiHo] HYshx] 9-&& ¢
lch.

o

oo
s
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Table 3. Yield, nucleic acid, protamine, salt and ash contents

according to the SDS concentration

sample Yield Nucleic acid Protamine Salt Ash
PY®  (dry base) (%) (%) (%) (%)
Control 6.06 23.1 62.3 3.6 17.6
0.5N 32.60 1.98 66.0 1.7 12,1
5.0N 30. 31 2.62 54.4 5.4 11.8

2}. UF(Ultra Filtration)& o]-&%F ¥WAKIJEAY F&

HARPLZHE NaClL o]&slo] &3l 10% 4432 o] A 37ix|Y
a9 ZolA A whioz MAE YA ethanol& o]-EHLEH ethanol
AHEE 9% MMBHON} ethanol VHAEOE Qs 2&ES Aol Wolx:
wdo] glo] o] thgl tix] WL R UFE o &3 F&WHE dFsislrh. HA
W RUE HXHLE )58 choppingdt F 3u] E72] 10% NaCl &AE& H7}
Sl VA 3AIEEQ arshaA Aty ¥ diRsle] A5dEs s sy
EAg 234t oA F&9 YUEHEHY 58U Hgo] Al 2ol
AL Yot BYIE AAY BF o pyA] Y wjoLt Tejoizpupg
A sk F8490] ol o o] FFS AMY 4 QA sialch uwhetd ol
EAEE sidsty S8 dAEeste] 92 HarEEY 4o NaOHE o] &3}
of AEF pH 11 ojo® A LA aIsPaA 147 7tdste] s dEe
AL WA ofF Fystgch sleh Zol FHE ANRE YoYo] F-HH
gre)oipgxo] BIXA WAEPEAS £ W eHded =H AVE
10,000 / 30,000 / 50,000 / 100,0008] 4Fo8 FEsle ztzte] &8 Mys)
3R He) FAVeRE AR U VN AEA] EAES AAT £ Q9 FF
g o|-g3lo] 33 o9 recycled AABIG oM HHAG 343l YEARE A
A8} grindingdle wWiAe] WatEFEAL Aglon oA Y F& 33
Fig 30 ehigict

& 32
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Spermary

chopping

95C ~ 100T Extraction

with agitation

Centrifugation

Alkali

lysis

Neutral

ization

Ultra fi

ltration

Separate

retentate

freeze

drying

Nucleic ac

id complex
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Add salt and water

Remove precipitate

Add NaOH into supernatant

lhr heating with agitation
Add HC1

recycling over 3 times

Fig 3. Procedure of extraction using Ultra Filtration



oA dFT AAY BAAAH AV 4FLE FI3 FEY FEI0

o &, A, ZEeREY, 4EdEY % FUE 24E E4shen
£ Table 40 vehjglch £&& 106 dA+FEE AL FASIA Ugted ¥
AUFL 106 HAF-FEEL] ekt tAH e BFE A eIk, dEUIE
Ut HAF L2 E YAEFELE F&Se A AU PHez

Table 4. Contents of each component in extracts separated by

ultra filtration according to the membrane size

MWCO MWCO MWCO MWCO

10, 000 30, 000 50, 000 100, 000
Yield (%) 19.09 13.90 13.21 1.78
Nucleic acid (%) 82.4 83.6 84.8 79.2
Protamine (%) 52.2 48. 4 48.3 40.5
Salt (%) 5.17 5.21 4.83 4,23

Mineral

a (ppm) 194,39 1605, 57 278,14 337.10

g (ppm) 732.19 823.48 651.95 622.15

Fe (ppm) 53. 40 72.54 81.76 80.93
Cu (ppm) 1.56 1.43 1.82 6.21

nh 4k S4Eeye) Wyl g Wagae 33
A AR o8t HAFLZLE YURYEAEL FESHE AT

= 3ol AUEE vttt o] FFE HWIAAe =N HEdE FEsh= WY
28 o]gslalA} sigirt. {UHEHLE *"r‘*é‘-?‘f}l‘:— 1 A3F ez ZA7 Hod A2
e FBste] Jte Rl A F HAEES AL R guFHo e Zlo] ok

O]



g 4t =849 HAER Hrke & dohidich EI fsgSe 29lo] HE
ethanol A& HAISlaL F&Eo] HRY 1= @ HES AAs] ¥ 47}
FEAY S WPl YUELE F&3e 35THS HYsiglen o Fig 4ol
UEb gt

HA B AP HAY4L kg 3FY F Chopperd o]gste] FAsla
LHAl 3ul 28] 10% NaCl -84 71 # 34 0Eer awtshaA sidsigich, 2
29 AelolA dAEeE At F5Yg B ¥ A5 Hel YA ¥rist
o pig 1.5 o3t AAsigich. o] A YAPE-S HAE o] slFol sletetol &
A3HA Hi 4E XU Vel JEES 5ol FEA EHol &4UA Helst 7}
AT 25 U HAEe] TEIe @ BRES AAGI 3 SYEL
FHTE 23] BE AYsoen ¥ HAEE Ut YAPES 007 313
1710 £332] IN NaOHE F7}8la U @b A& 78] Yud8e 73
Zich olYA M8 F&Bolt 4% YAEFo AR o|F AA
H3) filter press& o] &%t FZE oJ4E th] I W HAsle] W3] Azl
A2% ¥ 2uslste] HUHELE F&3}9c)

flot 22 FEE B3 Bold MUAEAY $32 o 2.2% (AAFL lkgd o
&3] & 22g8] {AEA Y5) olglon, Puyae N A} of 89% oj4e
B UEi 23] YAELE 29 3EoR At 4 gk
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Spermary chopping

Add 10% NaCl solution, 3 volume

Mixing
95 ~ 100T
Extraction with
heating
continuously agitate
Centrifugation

Separate supernatant

Acidification
(below pH 1.5)

Discard supernatant
Washing with D.W.over 2 times

Neutralization

Filter press with
filter aid

Separate filtrate

Drying

Nucleic acid complex

Fig 4. Procedure of extraction by modified acid hydrolysis
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AR ELS %“—%‘}%vﬂ ﬂﬂf& o g HNAH 1% JALFEHEI A
a2} 328, DNA-Na (DNA % 90% ©]F, doiF
AojH &0 sty BAY BxE wln EMIEL, UFE o) &Y F&Ed Tt
3} BExlep Bxe] A9 2Zo] AL¥ 47FA] (M¥CO 10,000 / 30,000 / 50,000 /
100,000) ¥rejoizpute] A7|EE EMste] FEES o Ayl w2 WIHE 45}
gom WYY AERYEE ol gslo] &Y YR Ty EAYE 245}

L, 4L A 2 dryyolal vehd Az 22 WHoR AAsgla 2&
T3} wlaste] Felsiolrt.

Fig 5o ViEhd A3} Zo] 10% Qd4F&ES 29 o 135kla =2 T £
Bg LERQ ol UE DNA-Nao| Lehi 94kDaz} fAlstolenm shte] 2
main peak® UIERUgIT). ¥bH Q& oW FEE-S 1.33kDa} 13.4kDal] F 7|
9} peakE Uenjgitd thE F 22ERT njg 22 BARE Jehd 2o 53
olgitt. ¥ Fejeizut AZER F&I JABYEAUY EAYE MY AH
MIKCO 10,0008] Z/)E Zt= membraned o8 %t -9 100kDalAt XF 22 98kDad
VFERN QLS MICO 30,0002] -9+ 109kDa, MWCO 50,0002 108kD, mpx]2ho.2 MWCO
100, 00021 Z-9ofi= oF 139kDag LJEho] 4% R 100kDa u|$]e] ExHaRE UiE}
Uglom v peak® UFEIL} membrane Z7|of] whE EApare] zlol= A ueht
2] o4ee o 4 9lgla vl peak® LBl AR Hol whiA} ¥ibe] E
alglo] &x317] Rl Aglste] Exigo]l 2 Ay Heje] A2 EARirin
S50zt (Fig 6).

npA e 2 WYY AtvtEsdel os) &3 WAEAL] 79 Fig 7o el
W A3} o] 1.52kDa, 7.2kDa 7 712] peak® UppolHon o] Aol ¢
) £Ql ANAFSET} ul$ SR B BATh uwheby A2 Azt
Aol FEEL ato] 2% H3E st F&3te ZAUS WHFHLR HAY

At

e
re
2
x
4
2
r\ﬂ
=2
hu)
R
¥,
r[r
i

4»
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Fig 5. Gel chromatogram of each nucleic acid complex
A @ Extract by heating with 10% salt from tuna spermary
B : DNA-Na from salmon spermary in Japan

C : Extract from salmon spermary in Japan
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Fig 6. Gel chromatogram of extracts separated by UF according
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Fig 7. Gel chromatogram of nucleic acid separated by modified

acid hydrolysis
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3. YiEFEA LY fFPALE 2138 Scale-upH-F-

W 3B E o]-§3 HanIEde &
HABE Bdshs ()5 FaB A3 dAso] e Mu)E o]&slo] i)
& FUISHA] a1 &9 ANtE o] 83t x| Ham e HAEIE

FEoigleh. FdF3Pols SEREN 2t U 4b- ke Ao} sRed v
SR Ao EEE 4 gl dHEEIIV EAFIER o]F AUt ¥LY
T o YT EYS ol §slgich

U AFSA HX 4 ke B F Silent cutterE o]§dlo] A3}
SLLRA 3] 232 10% NaCl 8908 A7IgE ¥ 3212 Het sksha A shedstel
th A28 AelolA dAEEE HASl AFdE BE F A5 1.5 3
B3t 95% o’RrE&E HIISIal overnight X3t} YAHYEAL HAAN 5 4
ol SAste A AlolH & ol§3le] AAS L FAY WHEPYELS A 4
Aste] ARAIZ F F2513 100meshe] HE BAA Al8E dglc).

olgA L AR HES A3} Table 5o UEhigisd], HXAA PE
o] &S of 2.8%YEol3 DNA 32 56.5%, FE-S 28,0 Folglil el
HEZ 53,3652 UElytst] ol ZRE EAof o] 4EE Ay ¢ whyd
2t k2] base o] FarEle] Uehtr] wiEoln, NEHIE ALY olawt
O -2 50% o]go] B olo] FFHHTH Y 4= gt

2ot 22 AAE wigo R AAFAZYE HAEFEYS PP
ol 71& T FaBollA] BA{3ta gl AAALRLRE sHeslx|wt o] H¢ tlate
oetE-E& AMESfol st AMg olRh&e] J1Ho] ol fUVMEe et of el
AHE oEE S ABELY] Sl olerE I AXTY Mdulmgto] o]Fo]=]o}
Vs Zoleta ghetE|gict

]
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Table 5. Contents and yield of nucleic acid complex(DW-DNA)

separated by using previous equipment in Dong won

F&B Co. 1td.
Yield DNA Protamine Salt Ash
2.8 56.5 53.36 10.3 28.0

1}, UF 9218 E3§} Scale-up

(F)%5% FaBole PR (Ultra Filtration system)7} HXE o] =] ¢
L% 9X3te] Scale up AE-E AAISHACE WA YEAFFA HX|PL 70kgd
B S 5l silent cutterS o]-&3lo] EA FASA ¥ 3u) ko] 10% NaCl &)
& A7lste] aistE A A% Bt st olgA i 2&H £9E a2
o 4] 15,000rpm?] =2 YalFe|ste] BEHAy HAEETE A AsIof Ay} of
23t Fgo] gt YHEe 7= 718 ER filter press§ o]&¥ & A
AlsHeleh AAZA R FRESE ol&3tdon o/PA Aty A JMEY
FE TEY oA d& 4 Arh

o] o2 NN AAHol 2y Yo g Ex|sto] o|F2 FHL Y
T 4 glenz A=E W37l 98] NaOHE F718lo phE 128 BT ¥ 1A2HE
<t mRbshAA shgstgct olF Aoz WY F FHIL LA A ZXE
Sz MARAEE HES FE 2 553171 913 MICO 20,0009] sizeE 7%
€ Boutg olgsldlen d¥ W el AEAlY EdUey EIL AA
3] FFF4E o] &slo] 3 recyclingd AASIPIL o]F Az W REuslzyL
Agste] AZE At

oA AL Alme] ¥ W JjE} YEEY HES g AE Table 69 L}
EhfglEn, of #&EY B9 o 2% Y $& (1.4kg / HXF4 70kg)E UEL
UWSaL, RS EAse 2 of 82% FEE Uelgon ol AW AR
datgtaolgirt. QAR UF systemd] ZH-9¢% FAe] At lined} AAAA o] L3}
=d =471 gsleng HAFL2HE YAEUS LS vjEgAEty] s g4EE
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& AAY + UE FRE AP e E st YUEFEAS £ 5 4
Q

o UF systemt Zt3ojrha Z83] cjsFlate] 7hs3sleha shehs] et

Table 6. Contents and yield of nucleic acid complex separated by

using ultra filtration system at Dong won F&B Co. 1td.

Yield DNA Protamine Salt Ash

2.0 82.4 51.23 10.32 16.0
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A 28 JGEGED] AAGAY AY
1. A 2 A2y Ado] nx= 4%

7t whg-2e) Hihg Mo} ojyt K

CIg e WP} QAo tit MR 54 W AR FEe] AnMEE g
she, ciA ML} tlEe] &5 ol 27| ©Alo] u[5ol3 Ay uhge £ o
A& SIEZ olo] Y B ARHEY FET YUEHEL(C]S]} DI-DNA)Y G
& A¥ Rkl

ICR n}-$-Aof DW-DNA 50mg/kg/dayE ZLFoi3la B} ME4E dxpys 33
¢ AT F 198 h2TY 4.2 X 10° AEo] wls) oF 7.9 x 10° A2 A
SHAl S7tste] 2 ~ 34 AEHgom, 4d o|FHE & A3} Fasle] A 7Y
= A uzEH By $Fo| A} Fig 8).

BN EE Giemsa Ao g M3l differential white cell countE AAJ%H
A3} Fig 98 22 Y& Hoth ARE T3] A dzIY EFAREE ot
o] lymphocytelol} A 8Fo] F Al 14 4 A 2dof] 7€ EZA=E F o}y
¥ g f gt v o] AruFer FUHEc ojgA FU1H tiygy Wy
v AR tiY MX 54 W MR Fo] ARMNER AL, iAo}
tEo] 45 ol 7] dA uFold WY 3o E 2L & LT AR
Harth olF A 4daiol:s ci¥Y wrEe] F9 AY BHHA 4 FET I
vl &o] AN T E AnistA 4ot

L}, nhp2o] vlgd A M X gt 2
HAMELEC] FYstsld g 712 AE BulEe 71 ol AXo] A3
& 4 %& factorsE& EWSIAU 715 B 2 A EHo] BT W3
Heh ool Aol ulE uhe2d] ] HoMEEo| cigh DV-DNAY Q%S
ARSI 3 e, AX FERUY FU oF W HEE olE o] izt
chd 22 o] PYELE EHA L AR} AN F ANEo] Hay ¥y
A%

s

2
o)

£ flow cytometer& A}R35}o] BA3s}gr),
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e}

Cell (x 10 ®/mouse)
O = NW S O N W

Time (Day)

Fig. 8. Effects of DW-DNA on the peritoneal exudate cells in male
ICR mice.
Sample was administered once orally into the mouse at a
concentration of 50 mg/kg. The the total peritoneal exudated

cells were counted by haemocytometer after 1, 2, 4 and 7 days.
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Fig 9.

100%
90% r
80% |
70% |
60%
50%
40% |
30% t
20% t
10% |

0%

Population ratio (%)

Time (Day)

Differential counts of peritoneal exudate cells in male ICR
mice,

Sample was administered once orally into the mouse at a
concentration of 50 mg/kg. Differential leukocytes were counted by
Giemsa staining of the peritoneal exudated cells after 1, 2, 4 and

7 days.
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UME o)A F A 7dx] w2 vl AJMEL] EHEFPY W] nlX=
DW-DNA2] oA A2 -9, FERFUQA Mac-1" celld] H]&o] YMREE oA ¥ TH
2] 28%o] ]3] YA EE o]Al3}IL DW-DNAE Fo%F TSTo] ¢ 50%8 1 271 A}
o] #A|3}4it}. B lymphocyte®] HEEFIQl CD19" W helper T cell®] FEm3}glal
CD4" cell?] U] &L To] ul3] 2719 okadolglom, cytotoxic T cell?] EH3F¢d
Ql CD8 cell?] H]&-S NI, NS, T W TST AtZ o] wWizlz} glddch A 144
ole A¥ &7)o] 3] TSTolA Mac-1" cell®] F71Ho] F3x]o] of 30% FE4]
3L, CD8' cello] TRt} o7t F719 ¥AE uehdglch A 21dxjols ANtyo
2 TSTo|A] CD4’, CD8’, Mac-1" W CD19' cello] To ®l3] Z71¥ oFaloldr). |
2843 TSTolA] Mac-1" W CDI19" cell& 1 Z71&o] A3 E3lElgon, 4’
3 CD8" cell> TR} F7tste] 1 &0] NE3 RAbstalet (Fig 10).

o nheAS] NAE WAstel O 48

UAHEE EaAS Fol o] BEHEE vFoly S Y dupie] |
o g T 7% B MR A8} o7 JA] ME EulEel FUBHA B
th EX Ao} FHA EHY HOU 0HY] 5& Evidezd dMEE AAs]
€ 71%5& TR weld ojE 2-go iyt DV-DNAS] J¥& dolrslct ¥
AEE M ERRE EulEles -8 A acid phosphatase 4 superoxide anion
FE Hste] ChAMEY BAB I DI-DNAY) QB AT A}, NZof ]
o NST2] 79 acid phosphatase £-4]i= 1,358}, superoxide anion ¥H|& 1.27
A F7kstgl o TSH-2] -9 Tatel ul3] 1.64v2] acid phosphatase W 1.28u]2]
superoxide anion Z7}7} ¥el¥]9lr} (Table 7,8).
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~DNA on the surface antigens of

Fig 10. Effects of DW

the spleen of ICR mice on (A) day-7, (B) day

and (D) day-28 after tumor inoculation.

Sarcoma 180 (5 x 10° cell/mouse) was innoculated in the mouse of T

inistered

sample was adm

and TS groups on day 0. After 24 hrs

mice of NS and TS groups at the concentration of

orally into the

50mg/kg/day for 10 consecutive days. Spleen cells were obtained on

d analyzed with flow cytometer

the 7th of the tumor injection an

anti-CD8-FITC

after staining with anti-CD4-FITC (CD4' T cell),

(CD8" T cell), anti-Mac-1-FITC (macrophage) and anti-CD19-FITC (B

cell).
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Table 7. Effects of DW-DNA on the release of acid phosphatase in

normal and tumor  bearing ICR mice peritoneal

macrophages.
. 1} . o
Mice Group Stimulation Acid phosphatase Stlmulag}on
( zmol) Index
N Saline 0.83 + 0.07” 1.00
Normal .
NS DW-DNA* 1.12 + 0.01 1.35
Tumor T Sal ine 0. 72 i 0. 06 l. 00
bearing RS D¥W-DNA* 1.18 + 0.02 1.64°

*p < 0,05
1) p-nitrophenol zmol/10° macrophage/60 min = 1.15 X 0,D, at 405mm
2) Stimulation index = (Enzyme activity of treated group)/(Enzyme activity of

control group)
3) Mean * SE

4) DW-DNA was administered orally 50 mg/kg/day for 5 days.

Table 8. Effects of DW-DNA on the release of superoxide anion

(SOA) in normal and tumor bearing ICR mice peritoneal

macrophage.
. . . SOA released"’ Stimulation
Mice Group  Stimulation (0% nmol) Index?
N Saline 12.75 + 0.46" 1.00
Normal
NS D¥-DNA"/ 16.14 *+ 0.53 1.27°
Tumor T Saline 14.50 * 0.48 1.00
bearing RS D¥-DNA* 18.63 + 0.73 1.28°
*p < 0,05

1) SOA released (0% nmol/10° macrophage/90 min) = 15.87 X 0.D. at 550mm

2) Stimulation index = (SOA amount of treated group)/(S0A amount of control
group)

3) Mean = SE

4) DW-DNA was administered orally 50 mg/kg/day for 5 days,
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2. AXRE Yo U a7

7t. B v #Ag3t

BALB/c mlp-2E A Wyol &Jste] AAAl F FHAHo2 ugE H&d)
o] 100 mesh WelollA Eafstsict. €2 AE F-H-9& HUAEelstaL RBCE A A3t
71 $13}o] pellet-& RBC lysis buffero] Wil 37CollA 5%F¢t WHg¥t F washing
3te] F9crh. B lymphocyte¥hE 7] 3] complement mediated cytotoxicity
(eMC) W& ol-&stdch  wH¥9] splenocyte suspensiong @& F wje] &)
3] & hybridoma culture supernatantd Wil 4%o]lA 1At Fot ¥Eg3tddc). A}
€3 hybridomasS J1j.10 (anti-Thyl.2 mAb), F4/80 (anti-Macrophage), GKL.5
(anti-CD4), 3.168 (anti-CD8), PK136 (anti-NK cell), 33D1 (anti-Dendritic
cell)o]il o]E& cultured}il At A]7]o)] supernatantE& o] 4ToA R.13}
izt ARgstaATh A1 F cellS 1,500rpmofl A 53t fAEe]ste] harvests}
3, o}7]¢] rabbit complement 1 bottle(Cedarlane)& 10ml2] cytotoxicity medium
o Yol &gl F 0.45um filterE o 2}3}o] cell pelleto]l Yo suspension A Ej&E
gtsolr), olgA Ael® cell& 37ColA 3087 Whg3lo] T cell, Macrophage,
Natural killer cell, Dendritic cell& A|A3}¢lit}. Flow cytometerE& o]-£3}c
A% A} T cell2 $A3] depletion®] g3 t)Fw2] celle] B lymphocyted-S
Holgt 4 9lglt}). Hemocytometer& o] &3l celld& 713 F 1 X 10%/wello)
¥ =& 35l 96well round bottom plateo] culture 3}¢it}. DW-DNA sampled
1,0004¢/n0%€] 2614 dilutionste] 15uk/mi7kx] S|4sto] 48213}, 72217t wjorst
™ 2}219] wellol] [methyl-"H] thymidine sp, act. 2uCi #& 7}8}ed 37°C, 5% CO;
wjok7lol Al miaju} 6A]ZHE-¢ wjjekslelr), Multicell harvesterol] glass membrane
filter& 719 ®ol24E 7kl 4AsHA FA F wjgT X NgAE filter §
o] 7}3}3L free [methyl-"H] thymidineo] &R 3] A AY wizlx] oja] M AH3 X
Z}Z}e] filterE vialo] Wi $A3] ARA ). Lumagel 298 2mé%] J}sle] F
B4 B2 ukg-g B-liquid scintillation counter® &A3}gic},

Fig 11eld Uehd uiet o] DI-DNAE YolFx] 2 wellod ofE =9
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DW-DNAE Yo|& wellHrl &2 =9 proliferationg KXol DW-DNAZ} B cell?]
#}¢1# Q] proliferationd AL o 4= Qrl. B3] 7241 Fo Ty ZolA:
ol gt A A7l DI-DNAsEo] )& el X3S Taeg 4 Q)

Fig 11004 Uehd utel Zo] DI-DNAE YolF2] 2 wello]d oW 5o
DV-DNAE ol wellRU} & %8 proliferationg 2. DW-DNAZ} B cell?)
#11HQl proliferationg As|E & 4 gich B3| 72A7 Fo| o=
ol2|¥ A A/t DI-DNAsEo] & AU TAY <+ 9}l Total
splenocytes®] Z-¢- Figure 1204 UER nule} o] DW-DNAS Jdol3#] oLL well
oA oW HEo DI-DNAE Yold wellRt} & HE9 proliferationd K.
DW-DNAZ} total splenocyte?] 2}ei&Ql proliferationg A3 o 4= Qtl =
3 727 o TelZolME olejal ANLAI DH-DABES] EH Aslelg
BEY 4 k. Fu|EAL DW-DNAZ} 4,0000g/m08] %8 S8 wo] total
splenocyte®] 213 ¢l proliferationo] 90%% =7kx] oJAE]& o] BaE g}

B lymphocyteE lmg/ml ‘529 DW-DNAoJA] uloFgt Fof 48A1%F, 72470 o
cell& harvestd}glth. cell & 5 X 10°/tuber} ¥ =& Wil B cell lineage marker
of th¥t &AJQl anti-B220-PE2} B cell activation markerdl CD40, CD54, CD80,
CD86, MHCIIefl ti¥t biotinylated antibody(Pharmingen)& dol 1X]7}5Q} 4°Co) A
Rrg8lolct.  Facs mediaZ Wil 4,000rpme s QAIEE]5lo]  washing¥t Fol
avidin-FITC(Pierce)& 3L 4To)A 3087 4Hkgsldtr}. Facs medial® Wi
4,000rpm2. 2 QA1F-2]5to] washing®t Fof pelleto] paraform aldehyde® ‘o)
fixingA]Z] o Facs tube® $A PBSE 3|43} Fo Flow cytometer® HA3}%]
U} Table 9ofA] Ri= wule} o] B cell?] activation marker® a3l CD40
molecule control?} w]iLste] 24A17t Frof oFzte] ZJ}E Ho|L} 48A] Foll=
control3} x}o]&E Hol|x] B3}t B cell?] t}E activation markerE. a2
CD862] B-Foll 24|12 Frof oFzhe] Z718 Rolrirl 48A]7t o= controlz} 2}
ol& Holx| ¢lolrl. 1L} CD54, CD8O, MHC 112] Z-Soli= 24A|2t, 4847 Fo
controlZ} HlaLsle] F7isHe HRE |HSA Rsjgich AEFJOE DI-DNAL
primary culture’ollA] normal B cell?| activationol]l Zu]3t Fx HL2 A g

& F4] 4= ez gy
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Fig 11. Effect of D¥-DNA on the B cell mitogenecity in vitro
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Fig 12. Effect of D¥-DNA on total splenocytes mitogenecity in

vitro
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Table 9. Effect of DW-DNA on the B cell activation in vitro

Molecules expression level

Aczixigion 24 hour 48 hour
D¥W-DNA Control DW-DNA Control
CDh40 78.1 71.5 68.0 72.0
CD54 167.4 168.6 196.6 191.7
CDSO 49.1 46.7 53.8 57.7
CD86 59.7 52.6 61.9 60.3
MHCI1 135 140.7 139.5 140.5

T cell lineage markero]] th3t 3}a|Ql anti-Thyl.2-FITC2} T cell activation
markerql CD28¢] tj#} biotinylated antibody(Pharmingen)& go] 1A]7HE¢t 4TCof
A wkg3Elgt}). Facs mediad Y3l 4,000rpml. % QAR 2]5lo] washingdt 3o
avidin-PE(Bekton Dickinson)& 3L 4ColA 3087 w1231glctt.  Facs mediad
Wil 4,000rpm 2 QA1 E2]3}] washingdl Fof pelleto] paraform aldehyde& @
o] fixingA]Zl Fo] Facs tube® A PBSE 3]A3t Fo] Flow cytometer® ¥45}
gr}l. Table 1004 vlelyt ule} o] T cell?] activation marker® U3 CD28
molecule2 DW-DNA lmg/ml8] wolA] 24A1 7 wjoks}el-& ul 2 W&ol controlz}
vlste] ZFujgt FoHE HAAn Fo4d Qe F7ME HolAlw gttt #2 2
A0 4827t iR AL wlolls controldt n]sle] ojwyt Xfol= FHIL 4 ¢lol
t}), ZAEZF 0T DY-DNALX: primary culture’tolA] T cell®] activations] Zu]3t
BE L H3 43E A gt Aoz v cl
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Table 10. Effect of DW-DNA on the T cell activation in vitro

Molecule expression level

Activation
marker 24 hour 48 hour
D¥W-DNA Control DW-DNA Control

CD28 3.3 32.9 33.3 33.4

U 59 33 &% Ade 3 E = 9%
HEZF7t BA¥4E Ovalbunin(OVA)o] &3] F=¥ HY
REgol nAle Y& gotinz} 658 2] female BALB/c nh9-28 AME3t4lch. c}
A ulgld] neAE 3 FLoT g o] DV-DNAE 1mg/0.5ml, 1mg/0.25mle] %%7}
HES A4 60To|A PBS buffero] 2zt R4ty BFFEe ohfide
1mg/0.5ml 2] DW-DNAE 0.5m1%] o]ENALR TN ¥ Z7%o sigct. BARL
o] upf-Aojl= 1mg/0.25m12] D¥-DNAE 0.25m1%] o]EZtAHOR tiX H H7p3al 3}
drh tizFol: 0.25m12] PBSE e whjow H74Fal sidct. mix|utow =
o ¥tz 3Y Fof Xwl3rdel VA 20g/n}9A2 5T complete Freund's
adjuvant (CFA)ol -FE}ste] H7}aAl stglct. 109 Fol xJ¥ 3l serumE G2 F
of ELISA Y& ol-&3lo] 0VAol o4l IgM, 1g6E &3}t OVA 500ng/well
& 96well ELISA plateo] coating®} ¥ 1% BSA blocking buffer®. 150u4/well®]
3L Aol A 3087 blocking )3, 0.1% BSA dilution buffer® dilution® serum
S 10042 welle] Y3l 4TolA overnight wkEslgdct. zZtzte] plated
Goat-anti-mouse IgM-AP, Goat-anti-mouse IgG-APE- 1:20002.8 343l WY1 A
2ollA] 2A] 7t WE-2-3t %] alkaline phosphatase #.4.2] substrate?]! pNPPE o] W
A& #els|3l microplate readerd o]£35}0] 405mmollA] FUEE Z43}9r).
Figure 130fA & 4 9l%o] IgMe] A4 cthzFrol ul3] DW-DNAE H745-oijt
wollal FEUA Frtshe Zo] WHEULL DW-DME FFFoAd 22 nlsyt
BEER IgM& st Aol wEE et 13 AYuh-gola 1g62] 442 DI-DNAS

- 71 -



Primary IgM response
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Fig 13. Effects of D¥-DNA on the antigen induced primary antibody

production
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fr

F o4 dE 3718 Holt o] ¥
7+

o4 2.9ul, FF-FoiTollA 2,509

_9.
N

DW-DNAS] A7} ovAel oJs) f=¥ 2adtgol nA]e S doliy] ¢
3lod Fig 1404 R ule} zho] OVA 20u4gS incomplete Freund’s adjuvant o -
gisto] zt JLo| mhesof BEZFAL stddrh. dFd Fol & o] nheARFE A
Hto] serum& @ol ELISA £4& 313lch ELISAE $lolA 7led st fARt
e AL VAol Holdt 1g6 HAE B, FIFsts] 3t Goat-anti-
mouse 1gG-APE AME-stolet. 24 Heub-golA AP U HolF total 1g6E 3
gste] £ A3 DI-DNME FoI¥ F APToA vzIRT 52 $E29 1671 4
BEE HJY 4 Aglck 2 F7 AL -DNAE B Rt Folla] 2,080
3L, DW-DNAE 77 Foi¥t LoA 1.3u4dc} (Fig 15).

3 OVAol thRE T cell?] WM& doli7] fste olF F2o| nhfARHE
spleen& 4o} T cell proliferation assay® 4AlA]8}git}l. BALB/c n}-A8 A
7ol oJste] XA ¥ RFHog u|AE H&3dlo] 100 mesh FojofA Haf
stedch @2 AR FHAE diEesta RBCE A A7 418t pellet RBC
lysis bufferel] Yii 37ColA 5& ¢ Wh&¥ F washingdle] KTl MESFE
5 X 10° cells/wello] EEE uk2o] 96well round bottom plateo] Y3 OVA
solutiong #ZF%& =7} 500, 100, 20xg/mé 32 00] HEE YolFi 96|05
ajoFstgieh. Wl F 2F 18X H thymidined Yol wisigli, AMEE
automatic harvester& o]8-3}o] harvest 3}9it}. T cell proliferatione 2} well
oA E9]4942] incorporation IEE 1iquid scintillation counterE o©]-83}e
Aster}. Fig 160)4 B 4 gQlio] 3t¢d Eo|A el T cell?] proliferation® B

oA in vitrooA] welle] &x|3}= 3l¢le] oFof v]d3te] proliferationo]
7}8He dose dependent¥t ZF & HUS& HAY 4 gk 2l Y Koy
Q1 T cell?] proliferationd DW-DNAS o3t FolA] thRFE} vlasle] & o &
ALz o4 & AlE HolA] v & ¢  Srh 2318 pulsed OVA2]

=7} 500ug/méE & uwlolli= DW-DNAE ZA3EE Fost Fold T cell
proliferationo] Z+As= o] BaE Qrh. @} pulsed OVAY =%7} W2 u)

o flsh e APl WA At
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(A) Control group

l PBS ip. l [OVA+CFA] [ serumJ [.Q‘VAHFA—I ( serum ~l L spleen J
vYyvyv 2 v 10 v 4 v 7 v 1 v

(B) DW-DNA i.p. group

{DW-DNA I[Ll [OVA+CFA] ‘ serumJ I:O_VAHFA ] [ serum J ] spleenAJ
v 4 v 7 v

\AAAA 2 v 10 1 v

(C) DW-DNA oral group

IDW-—DNA oral.} IOVA+CFA] l serumj l OVA+IFA J [ serum J [ spleen_l
v 4

\AAAAL . v 10 v 7 \4 1 v

Fig 14. Experimental schedule for DW-DNA
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Secondary igG production : DW-DNA
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Fig 15. Effects of DW-DNA on the antigen induced secondary 1gG

production
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DW-DNA Proliferation
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Fig 16. Effects of DW-DNA on the antigen specific T cell

proliferation
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th it A7 welElol el nX = P

dtefejopet 22 microbe] ZAE AASH] 9sjME WS- Thl W&o
2 ZgsiElojol B&A 22 HE microbed AHAY 4 gl DW-DNAS] Fo7}
gdol] o3 R=¥ Thizt Th2 Heutgo] njxjE Q3rg B3ty 91381 Fig 14
oF Zo] Ael¥ nh9-29 serumo] Sl A9 subtyped ELISA WY& o]&3}o
A stgleh. ELISAE flollA 7l&d Wiz} fARY Wy o2 A}8-3l9a, Thl, Th2
W&ol A|FE F SIUE o9 AA|E= 1g62a, 186Gl subclass?] Ig6E HA3}l7] 93}
Goat-anti-mouse I1gG2a-AP, Goat-anti-mouse IgGl-APE Al&3}oit}h. 3}¢d ovAel 2
3 REHE Th AAgRHE, & 186228 AL tiZF3 vlasiolE w DVi-DNAS
Foigt Zollq A F7HE BHY 4 UUrHFig 17). BFAFLE ENsjo &
Az} 1g628] F7le= DW-DNAE 57 Fol3ldg o RAY A& F7HK0.05)E
Holch FuFAE DV-DNAE Z7-5o] ¥ Folld &2 1g62a8] F718 }Aslgln
o] F7l= BAHLE R4 A&t FIHpO.0D)ER A o AW F N &
%] 1gG2aE PPt AEAE 4 vtk 53] Fig 15904 total 1g68] F7h=
DV-DNAE HZ2E Fodlols uf 7MY &2 A8E R Z3FA Ao Jg
T FER FNEUSS FAAsto] BohE DI-DNAY AR Rol: ¥ Holel
Thl Whg-& FAdshe dl ofF AE&HA PHYE AAl3] Ec} Th2 wH38) A %3
Sl Ig612] Y= DI-DNAE Foi3t BE o I o] F7131genm(Fig
17), 53] DV-DVAE 57 FA% FollA F5Y 1 3718 Kol Zo] B4l
3l o] Fig 152] total 1gG2] 4 Aztel YAt}

ol2{gt Thl W32 F=rt §7 AEHUA E dojux3&E2] Thl ¥Hg2] &
ER =9} wlasts] giste] ok AES AWl 65% 9 female BALB/c npgA
& AHESIgla 4wl wieAE ¥ FOF stk DV-DNAE 0. 1mg/0.5ml,
lmg/0, 5ml, 10mg/0,5ml2] %7} B & & 60Co|A PBS buffero] z}2z} =4ic},
Aoz} FEEE 1ng/0.5mlo] ¥ =& PBSe] Hacrh ZhEe] mhg-2oll 0.5n12)
DW-DNA, 0.5ml18] QAopixl5&E £ PBSE olEHo= 4l W BA-75o 19
th otz RoigA] 33U Fo REUH OVA 20ug/mbAl] HER
complete Freund’s adjuvant(CFA)e] &St H7FFA} 3lglvt. 23 o) OVA 2048

[

= incomplete Freund’s adjuvanto] F-&l3}e] Z} & wl-fAo) B7}3EA} 3tedc),

o

N o
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Comparison of IgG1 production
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Fig 17. Effects of D¥-DNA on the production of IgGl and 1gG2a

induced by antigen
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AFY Fol APsto] 1 ¢ke] 4 FolH AE EAsigich. ELISAE $lo]
Al Zled Wt fARE R R'dwi AL OVAo] Foldt Ig6 AE B, 3
&8l7] 95lo] Goat-anti-mouse 1gG-APE A}23}41 31 1g62a, 1gGl subclass?] IgG
& 24317 2138}o] Goat-anti-mouse IgG2a-AP, Goat-anti-mouse 1gGl-APE A}-&3}
olch. Fig 18014 & 4 Eo] vhxol vlasle HokE u) DW-INAS Roj¥r 3+
ol A Ig6 g gl FIBIALE BHEY 4 Udrh. AWAFEZEL Fojt Fof
M= 1g62] AL Frstden O 3 EE 42 2o DI-DNASL wls:gt A%
girh olel¥t A3 Fig 1561 HelF ZAztel dX|sigich. E DI-DNA Fof
A= 2 FMEE &% ASHA AU S #EY 4 gk

B4l VAol oJ3l =¥ Thl AUk, F 156229 AL 2L} wiasie
& ul ODW-DNAE Foigt Folld @AY F718 wEY 4 UgUckFig 19). DI-DNA
& Fol ol glojA] 1g62a2] A2 DW-DNAS 0.1mg/0.5m1 AEL] A2 X
AT ZONE 27 WA Molg NE FUY 4 Aty dojux2aE
& FA FoME Q] 1g62a0] o] F7IE0] glfol HUHYL I PEE
DV-DNAE A el¥t <2} vldt F=ck(Fig 19). E I1g6l A4E& vlasiel Az},
DW-DNAS Foi¥t Fo SlolA 1g612] A4S DW-DNAE 0.1mg/0.5n1 FE2] Aiex
2 A2 FolME T} @AY olE RS [HY 4 it doluxi
EEE Tl TolME 15618 AP vz vl FEdo] Hu=del F
3tslo]l B DW-DNAS ZA-Soi3 oA 0.1-10mg/0.5n12] He] et 11
Eo] gaglol 1568 88-& FUIAIFIA, 1g62] subtyped IgGl, 1g6222] HAHS

EF F7RARcE douAtF3EEe] BF3FAE 168 BYE F/MIIA 2% §
3] Ig62aE F7HAIE AoE B 91‘:} B Aol EEEI} DI-DNAE 1g62a8)

B4 & F7MIed vl AER S nXe Ao wghH,
AZ7A] AE A5 2 DI-DNA] Folis AYulSg Atz ow YA
A1715L 53] wteelol ZAA 2 AAE @sle g ] L3HAl F7A

7le ZLE ekt DI-DNAZF Thihg-& fEgithe &Y FA14Q $AE A4

317] f18t] Thl oA M os PHEE [FNganmad] B4 F=E A Psio]
Bojeh 219} o] Azld oy o neAREE AMNEE A3 o]E 2y ¥
el OVAE 100ug/ml 2] HEE 37504 culturedtidt},  72x]7 o

harvestdlo] @3} 20504 BAste] Fouly} =stac).
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Fig 18. Effect of different dose of DW-DNA and salmon DNA on IgG

production
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secondary |gG1 production

Control Sal DW-0.1 DW-1 DW-10

secondary IgG2a production

Control Sal DW-0.1 DW-1 DW-10

Fig 19. Effects of different dose of DW-DNA and salmon DNA on

each type of secondary 1gG production
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IFN gamma®] 82 sandwich ELISA ¥PH-& AM&-3}gith. Fig 2004 & T Axo]
Thl cytokine@l IFN gamma®] FAL tRZ3} w)aste] E uj DW-DNAS A3t B
T ToA I/ BAY S Udn I HEE o g} ol Azt Thl
g2 ThE AEQ 156220 A} UAHS BoSrl. I FPL 1g62a2] A3
b7t 2 0, lmg-10mg/0. 5m1 2] DW-DNAS] sXEoii: RE ujstgl Rog 3wty
th doj¥AlE FoI¥ FoME thEREI vkt FEE IN gammasl A= AT},
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Control -g 2
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Fig 20. Effect of DW-DNA and salmon DNA on interferon gamma

production
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3. FAYT g Ady FuS A7

7 @AYl G AAY FUNe FE R 53

DH-DNA2] ZFF-Foi7t FHEFo| 3] F=H Ay AUntgol nXE 48
ol 1z} 65 2] female BALB/c u}-9-A& AMESIIT UHY njele] nfe-AE 3
TLE Yl DH-DNASE o] WA} & ES 1ng/0.5n18] &I} HES 4K 60°

of 4] PBS bufferol 247} im0 0.5m1% o]ENA SR cidl W H3Fo stgict o
22| nhf-2ole PBSE 0.5ml% F-1Fo] stgluh. Folgt 2] 54, 199 Fof ova
& 20ug® freund adjuvant of -FE}3lo] intraperitoneal injection 3teltr}. wu}z)
9} injection ¥ UF F& QEF pinnae FHo] 2}Zt OVA 10ug Z-& PBS 10ul
subcutaneous injectiond}il 24A] 7t 48R| 3t T2A)Zbe) 2}z FA} 9] swollen F
AE FsIgct OVAE FARY 9% 79| pinnaeo]A PBSE FARE 2EFH 39|
pinnae FAE W Fh& A AP AWINEoll 2% ear thicknessZE A4ts}glct.

Fig 21o]A] LIEN = ule} o] 24x|7F F9] ear thickness &= ¢F 0, 54mm F %
9151 DW-DNAL}F ddojiiat 2£&ES FF T I3 txZol A vyt A5 A9
H  Iivkgo] HFEF AT 48A7 Fole HMAHCT 0.62m FEE ear
thickness& UERASSL 72X 2F Fojli= 0.55mm F L& 2|y giut-go] ZAE

Ao 2 Rol Ay Iutgo] 2]% ear thicknessi 3U-& FAEF F 244 7o)
A 48AIZE Atololl A Huitg Holtlrl 2 F oY Fol=: APE RHYrl Ear
thickness& ¥ 24212, 48A]3F, 72A1Ztel] Yol 7 2 lr‘t— A4y I
Hhgol wxyt FEZ FEHCk ekl

A% whgo] DF-DNAS] §-fo] oJ&EF o2 2 doLHe=xE Yolhy] 913 o
o 22 HEE &¥E& delste] wlasiglch DW-DNAE 0.2mg, 1mg, 5me/0.5ml
PBS of & %<2l Fol 0.5014 o]ENALR thl M AR I tiRFe 0}
F2ole PBSE 0.501% FFFo] siolch. Foidt =] 5¢, 199 Fo OVAE 20ug¥
freund adjuvant of -F€38lo] intraperitoneal injection d}gt}i mpx|g}
injection ¥ YU%H FL QEZHE pinnae FFof ZZ} OVA 10g S PBS 1048

subcutaneous injection 3}l 24A]7to] A} H-919] swollen FAE 233t}

- 84 -



24 Hour

Ear thickness (mm)

Control bw S
48 Hour

Ear thickness (mm)
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Fig 21. Delayed type hypersensitivity in DW-DNA or Salmon DNA

fed mice
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Fig 220]A+& 2z} &3] DW-DNA Fof ¥ |1y Antge BEE Uehd o]
th Fig 220]A & 4 Qlko| v]zFol Hlsle] DW-DNAE Fol3lglE uf o &%
NME Ay ARk F7t FE A7 FHEA] Tt 0.2mg FL lngdE
FoIg FolA Gzt FutElE AAY UrlEAIR AR oujgle Xjold AL
2 EAdEqc 2Ydes, 13 213 I3 225 DV-DNAY Boisl Xy abm

$& FE3l= Aol 2¥ ear thickness of & FFE F+4] Yethe A& ws)
of FaL gt
218 Auinkg-o] FAhE ujsly] ¢t el iyt Alog WwrEg =

Ap5lodc}. OVAE 96well ELISA plateo] coating®¥t ¥ 1% BSA blocking buffer®
150ul/well %4 @i Al2olx 3087t blocking dt3, 0.1% BSA dilution buffer®
dilution® serum@ 1004 % wello] Y3l 4Eo)A overnight Wg-stairt. zpzhel
plate® Goat-anti-mouse IgM-AP, Goat-anti-mouse IgG-APE 1:20000.5 3]A]3}o]
Wil ALojA] 2x]7F ¥FL3)l %] alkaline phosphatase IL.A9] substrate ¢! pNPPE
gol UA-S #e13}al microplate reader& ©]-&3to] 405nmollA EFHEE &A6}4
t},

Fig 23014 A% Avykg Mg o ol iyt My Houhg-g vl
W Zlojch. cfzZol nlsto] DH-DNAS] FoFola] 3 HolFel 1g62] Ago] ¥
A A F74stdch ol R DH-DNAZE ¥jle] 28] fEEE Agis 5 Mogyd |
gut-gol F7hstArhs A& Yuisla o= AT Al Azpet dAsHgch 1
OFALL. [gG2a7} Z VIRt A8 EAE 9}, Salmon-DNAE Fo¥t FoA % 1g62)

o] 2748 Zo] THF L I F =i DI-DNAQ] 133} u|<=sielth. & DW-DNA
£ Salmon-DNao] 2Jal gl Thwlukge] SEAele] ojgt My Welutgol
o 2 AER dojvirin B

38

U Ay ankge] ¢4 4

FHE T T AEY AYEe FEE vFAME proliferation assay2}
cytokine assay® B7ISlolch UL FoIdt =] 7U Fol NHARE o] 5%
10°/well F-& 5x10%wello] HEF FPhow ANIAAFH wjorslsl, HE 20417
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Ear thickness {mm)

Control 0.2mg DW-DNA 1mg DW-DNA 5mg DW-DNA

Fig 22. Ear thickness after administration of various dose of

DW-DNA
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Fig 23. Effect of DW-DNA or Salmon-DNA on humoral response after

DTH treatment
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29l °H Thymidine® pulsed}o] 96A17F ¥ M X E £35}3 proliferation LS
beta-counter& ©]-§3}o ZFAstolct wje} 72Xt Fof] AHAE @o] cytokine
assayoll A-&3}3lct.

Fig 240X = ol tidt AL proliferationg LIERfL . ci2:
of u]sle] DW-DNAE Fo819lE uwl uIAAEL] proliferationo] t]& A3t
o]Z1Z DW-DNA Foi7} Ay rink-ge] Aglo] o MY HAHLEE o% 7%
A FE¥ThE A& HolFal Qv Fn|EAE o3t 32 DW-DNA Fojof 2
S| AR =¥ Salmon-DNAE Foi3lE& wjol 233t 8 Aol& Rolx] E3slgd
th 22, Fig 213} Fig 22004 Bi2o] olgjgh Aoy Hut-g-2) %‘*7}% ]
kg2l A=l ear swellingolls FVE T4 Bile F=Y gy $71= 2
2x1g + otk

A& Z9] cytokine &2 sandwich ELISA w8 Apg-3}¢ic), wi=} 3 IFN
gamma HEE HAE 1g/ml 2 34510 coating ¥ F FA3IaA} sl MES 3
B ulER FAste] Z wello] 50-100ml%] HF3to] M-2ollAq 2417 E= AH
4Coll A overnight incubationd}glr}. Biotinylated anti-IFN gamma AbZ dilution
buffer. lpg/ml 2 32510 100mi/well®] EF3F F A2o]A] 2417 HQb |3t
¥ Streptavidin-HRP 100ml/well® EF319it}t, OPDELYE 2zt wellw 100ml% H-3=

F 3057 A FHEE &89l recombinant murine IFN gamma& o]
&sto] Fgstalct.

Fig 250lM & Ad¥ g f= F w3 ey A¢EE IFN gamad] %
& B Zkolch. TN gamma o] AJ/3-2 DW-DNAS] Fojof 2]5te] R-o]4 QA &v}
steivt, 2L} Salmon-DNA2] Foli= IFN gamma 2] Aol HEES A= Es)y
th o]Z2 A Ay ke K= Ao 23 wHour-go] A3 z}go| DF-DNAL)
AFEoeo] 23] Thl ¥hg&H O T ofzb 73t whgo] AAHYUR= RS HgFa gl
Th o] Z2 Salmon-DNA Fofoll &J3fr LlelLlA] ¢ DI-DNA Fojgmte] B0
2 et
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Fig 24. Effects of DW-DNA or Salmon-DNA on T cell proliferation

after DTH treatment
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Fig 25. Effects of DW-DNA or Salmon-DNA on IFN gamma production

after DTH treatment
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th A4y FyNtge] FoHX 4

& k& 8-%35lo] swollen B A vz EF MEE flow
cytometer& ©]-&dte| MEE Tl £49 tiio] EHi= MEL macrophage,
T cell (CD4+, CD8+), 18]il natural killer cell & 3}gith. 2} M EAo] L&
¥ A= F4/80 (anti-Macrophage), GK1.5 (anti-CD4), 3.168 (anti-CD8), PK136
(anti-NK cell)® o]&o] 2J3] flow cytometer & AN X2 £HE #ol3}odr}.

Fig 26 7} cell?] markero ti¥t ©EE A2 A2 FFE BT Aol
th Fig 21o0A X uie} o] swollen F-#lof] RoE WM AREL marcrophager}
27% BEQ RAOFE LIeLyIth DW-DNAE Foigt oAM= macrophage?] u]-&o] 32%
BER o %‘—7}%}9112}. o]/} macrophage?] F7hH= Aoz} F&Fo H]s}o]
DW-DNAZ} 2|13 prl FE3h=ul 2oA macrophaged] VAL & Azle}
3 EA"ch ey, 1 %ﬂ%ht: 2ol ulsted 10-20% PF=olil FAHOER
G249l xo]& Ueh)x|:= Bstglch. D4+ Tcell, CD8+ T cell?] H]&L 5-8%
BER )29 DV-DNA FojFolA BEF HstA ZAF=rh CD8+ T celld] 7
£ DW-DNAE Foj¥t FolA 1 H]go] tfZRFRr}l oFzt Zuisledch (1.5% Z71)
NK cell®] Z-¢-& DW-DNA Foid, thRFolA 1% n|gto g2 FAE o)

Ay Zuldkgo] sl A2l AHrjd 45 flow cytometer®} cell
counting® 2 &3 Rttt Fig 276)ME 2z} A2 45 DI-DNA T2} tjz
oA vyt Rojt), Fig 2704 & 4 9l5o] macrophage?] 7-$- DV-DNAE o
3t FollA AdY ARINES o] Hofdls ML 47} ozl v|ste 25% = F
713t o] A}t 28y}, o] ¥t macrophage AXEL] 4+ Z7}= swollen H-¥]
o] 9L n[xA|= Eslgdrt. CD4+ T cell, CD8+ T cell 18 3L natural killer
cell®] 7Z-$-= DH-DNAE Folgt FolA tlzZRr} ujejgt A HE47} Z7138)
AR AL onglE Ao]E Holx|= B3]

2|

e

Ay k3o YAdoe 3§
2 Heuk-gof nxe J¥E YolR IR} two way mixed
lymphocyte reactiong <=33}4ir}. BALB/c mouse®} C57/BL6 mouseZH-E] H|AS

2t2t AYo] single cell suspension® B2 F ol&E B+ 4o wh-g3lgict
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=

macrophage CD4 T cD8T NK

Fig 26. Analysis of cell population in the swollen tissue caused

by DTH
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Fig 27. Absolute number of each cell population in swollen tissue
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ol ¥ L 7] THE MHC typed 4831 Q17| wlEe] A28 MHCE
AA5H= Ml Xo]l 213 proliferation o] Qojylr}, Whg Z7]o] DI-DNAE FEHE
ol Whgof ulX|&= DV-DNAS] Q%& EA3ilct 9¢4E FXE Thynidined
harvest 8}7] 24x]2t Ao Yol proliferationg FAdArh. WA & theksi
Sto] £4817] ¢I3te] 722417, 96A17, 120 A ZHEQr NHE-S stglch

Z} AzbE2 Z33) proliferation?] FEE Fig 28, 29. 300] Ueliglch Fig
280 A= 72417t ¥F-2 Y& wlo] mixed lymphocyte reaction (MLR) ¥F&-S ZA %)
Zelt}, Fig 28014 & 4 Sl%o| MIRE DW-DNAE Yol F4& ol & 2&yos

2 BE7t FUstlch 71 B3 0.01g/ml-1004g/m12] HelolA #2044 A
F71E A0S B ¥ 5 gl Fig 2900A & 96417 3¢ MR -8 HAY A
olth. W& FEI} 72 Ao H[sle] ofstA Uehd AE WH ¥ 4 AUr) S
B 72X HEUE wiet wdA BEEUC Fig 300jME 12043 Fo)
MLRYFS-& &A%t Zolc), ubg AE7} 72417, 96A|Ztell ulsle] WA <F5}A LE}
wth wkge] AL 0.01ug/ml-1pg/ml 2] WMol 5 & oF Lelx|ut
1g/m1-1004g/m1 2] WH ]l M= wle3tA = gch

oj#|3t two way MR W39 ZF7He o8 f9dog EMYE 4 gr} A,
DW-DNAZ} MLR®}-Z-2] responder cell& A} A|Z|AL} stimulatorE =}pF3}e] ¥ELo]
BUSHA dolwtE 7Hsidel dlrh oledt B4 Di-DNAY} M2y dedngg 3
7tE 4 glehe 7HsdE& vehdch Exll, DV-DNAZE MLR WH$oll A Adtie] MiC &
e AAste] WEEA A3} FASHA DV-DNAE o2 Qlaysle] 24l T cellt
antigen presenting cello] 2J§} proliferationo] Foj¥ 7lsdo] glvl. A,
DW-DNAZ} T cell®} antigen presenting cell?] Whg w3l mitogen M Y cell
2] proliferationo] HoIg& 7H52do] Qlct

olE|3 JH58E& AT ¢35 in vivoolA DN-DNAE Fof ¥ MRS &3 3]
ot} C57BL/6 nl-9-AE responder n}-A8 AMR3}YCE o] ul$-Ao] DW-DNAE
200ugo] E|E5 PBSo| zolA EHZFFe] sigrh AR F WIFAEE Aol
single cell suspension®® RFE%lU}. responder n}h9-AZl= BALB/c n}L-AE A}
4-3}9lt}. naive BALB/c m}-9-A9] H|AMREE #Aujo] single cell suspension® @
THE L mitomycin C& o]-&3}e] cell proliferation AL AAY ¥ xL3}eic}.

Fig 3104 &4 gl&o] t]x o u|slo] DW-DNAS FoJ§t Fo)A] proliferationo]
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Z71319 8-S 4 013 O AR 30-405F =9t o]F-2 two way MLROJA S &
P = viad u VA3 W& FmolArt tiREH HlasjA] oA n|gle
ol & Helria EMHch dojixt FEES AMSSIAE wo® vy F=9
%748 RQrth Two way MLRY Zpe} Fislel Euj DW-DNAS] Fofo] 2)3}e] in
vitro2l in vivoold EF M ®Hyhge] #do] FriEHIciE #4¥ 4

th L} olelgt A DI-DNAY Fojo &3t Bo|¥t HAFL ofm ozt
FEES 851 S o= WinT AW WEY + AUtk
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Fig 28. Two way MLR after 72 hour with increasing concentration

of DW-DNA
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Fig 29. Two way MLR after 96 hour with increasing concentration

of DW-DNA
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Fig 30. Two way MLR after 120 hour with increasing concentration

of DW-DNA
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Fig 31. Effect of DN-DNA on one-way MLR
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A 33 Foz L a5y P4 adl g AT

1. 289 v &3} 47

A DW-DNA 100 F 200 mg/kgS ZA-FFoI8}al, 4=2(15C)Ao) nl$-
migo} nhp-22] w271 U Hol ezt B Ko We MBS FEY
Table 116 uERIASITE &, A 100, 200mg/kg F-of ol M 32.4% 20.1%8] ¥
B2 3AE vehgdcl. 42 %3 28] 9l oxymetholone 50 mg/kg®] FoiA]
|2 I} 15.4%0] w]sle] w2 mIUL FUlslglent iz viste §¢

3 e zelE UERIA] T

Table 11. Antifatigue effect of DW-DNA in mice

Treatment (mg/l}:)gs'e po) No. of mice capzﬂ:oirtl.(yin(gnin) Increase (%)
Control — 10 1419.6+179.4 -
DW-DNA 100 10 1879.0+300.8 32.4

200 10 1704.6+:249 4 20.1
Oxymetholone 100 10 1638.5%+107.1 15.4

2. F3%t S 7% A& A¥

npe-2 melo] AFe bwoll siFsle FEE FUIShEL, AHAYA HAEIE
(DW-DNA)®] Foia} 50, 100 X 200 mg/kg2] Z-7-&%ollA RBAUH (3BT
AZ}E Table 120] UEhJ&IT). DW-DNA 50 2 100 mg/kge] &olr= Gax|<a)
2ol 15.4%, 21.7% F7FE P& Holol, vizdel Histe #24 e U= U
Ehfz] okstch. TiEil 200 mg/kge] &olAE 28.7% FBAIEGA| L]
23§48 vehigct, vk, 42 23l 280] 9= oxymetholone 50
mg/kgoll A F7F BETE UEhgley freged AL o alrh
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Table 12, Prolongation effect of DW-DNA on swimming in weight

-loaded rats

Dose Swimming time Increase
Treatment No. of mice X
(mg/kg, po) (min) (%)
Control — 10 298.3+22.0 —
DW-DNA 50 10 344.21+23.2 15.4
100 10 363.0+32.4 21.7
200 10 383.9+26.2° 28.7
Oxymetholone 50 10 346.1+23.4 16.0

Significantly different from control group (%: p<0.05)

3. 4d HANFE A9 HH

Uzt 23] AAY BFloll 2¢4% A RE FoIFtL, thed A A 30EA
F-oi8lo] rota-rod FA oA AHBIGArt HH L2 Bromo T n2H HE Y
¥, dorpmollA] AHE AAlstgen HAE o Hold wizkx e A g AT
Z3= Table 130 vfehiiglch. &, ZA] 50 W 100mg/kge] FoiA]l HaEolA %
B3 Aol #2482 UrhiA] lgtelt, Z+2} 30.7%, 12.2%¢] A7Y FI &
e vehigd e, 200mg/kge] §FolMt 53%8] |38 F7t g Uepdos
N fel/gol ABHYrh E th=EHQ oxymetholone® 100mg/kg®] oA -9
8 A9 F2 ZIE vehiglch

4. T-u|2oA2] 79 &3 AY

Sato T o] whel T-R|2HAE o]&ste] AHE FA F2olA 1Y 53] 3
4zt RFAIAL, T-uZolA 149 53 3Uzt T-nj28 &UAA(S)olA F4E Al
2ste] BHA(G)71R18 #9 A% FF3 FaAF R A4 H4E JFFY

AzH= Table 142} 150 YEehN YTt
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Table 13. Effects of DW-DNA on persistency of mice on rota-rod

test
Persistent time (sec)
Dose No. of
Treatment (mg/kg, po) mice Before After Increase

treatment treatment (%)

Control — 20 1267.6+254.1 1865.91481.8 -
DW-DNA 50 20  1267.2+214.3 2515.21+291.5 30.7
100 20  1311.7%316.3 2160.1:+604.8 12.2
200 20 1324.61+222.7 2945 .4+331.8° 53.0
Oxymetholone 100 20 1306.8+224.0 2985.8+371.9° 55.1

Significantly different from control group (%; p<0.05)

&, T-nl2of4 EUx|HolAM HH2|7x)e] |HGA-E A2 (DV-DNA) 100mg/kgS
Fol3t ZolA 4, 6, 13, 14, 15304 {oFog chaslglon, 150mg/kg Fol
Lol E 4, 6, 12, 13, 14, 15804 R-F o8 Th&slglch. EE 200mg/kg Fo
ToME 13, 15304 foF o2 TEE ATt 2L} T-n2oA FEAHL R
A Hes A tj2E BT ozdat vlaste] §o3 xjolg vrhixA] ¢}

ket
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Table 15. Effect of DW-DNA on swimming time in the T-Maze of rats

Swimming time(sec)

Dose  No,
Treatment (mg/kg, of 1 day (Number of trials)
po) rats
2 3 4 5
Control — 7 80.9+255 951%23.1 77.0%15.3 76.1£8.7 44.1%7.7
DW-DNA 100 7  75.4%14,7 51,1%10.8 49.4%13.4 32.6%8.3" 35.9%4.0
150 7  47.4%10.1 98,7£37.2 73.6%14.6 33.6%7.2" 42.7%10.6
200 7  66.0t18.8 56.8%17.1 50.3+9.9 58.5+7.2 47.8%4.9
Caffeine 30 7 116.0+33.9 120,7%37.3 68.3:14.6 28.8+3.9" 43.7£12.9
2 day (Number of trials) 6 7 8 9 10
Control — 7  151.3%22.9 65.619.5 78.1%14.4 49.0%6.8 52,6%14.0
DW-DNA 100 7 91.1%21.3 47.4%6.6 48.3+8.3 37.3%50 46.1+10.6
150 7  65.7+9.1" 56.4+9.8 43.3+6.4 43.4%7.2 35.6%5.2
200 7 88.0%124.0 48.0%8.9 41.8+10.5 41.5+7.3 30.2%3.3
Caffeine 30 7 117.8%27.6 46.7+6.9 58.2+21.6 55.8+14.6 44,7%10.4
3 day (Number of trials) 11 12 13 14 15
Control - 7 57.3+£3.9  61.1+9.8 64.1+£8.3 72.0%+9.4 51.4%3.4
DW-DNA 100 7 49.9+£7.0 47.6%8.6 31.6%4.7" 354+6.9" 26.3%5.9"
150 7  62.3%10.8 28.4%52" 38.1+4,9° 44.0+4,3" 32,9+3.6"
200 7 35.31+8.4 40.7+6.0 34,2457 453%10.9 30.3%5,3"
Caffeine 30 7  45,7%12.8 40.0%7.3 29.8%6,7" 31.7+6.2" 43.2+%12.7
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Table 16. Effect of DW-DNA on the number of errors during

swimming time of rats in the T-Maze

Number of Errors

Dose No,
Treatment (mg/kg, of 1 day (Number of trials)
po) rats ) 5 3 4 s
Control — 7 6.3+2.0 55%1.8 2.9%x1.0 3.5+1.3 0.6+0.2
DW-DNA 100 7 4.6+1.0 2.5+0.5 1.6+0.8 0.8%£0.3 0.8+0.5
150 7 5,3+1.0 55*1.8 3.6*x1.2 1.5%0,7 1.3+0.9
200 7 5.8+1.0 2.5+0.9 1.9%0.6 1.6+1.0 1.3%0.6
Caffeine 30 7 4.4+1.4 6.6x1.0 3.1%0.9 1.0%£0.5 2,1+0.9
2 day (Number of trials) 1 2 3 4 5
Control - 7 6.0%£2.0 1.8%£0.9 0.6+0.6 0.3+0.2 0.1%+0.1
DW-DNA 100 7 3.3+1.0 1.1+0.6 0.8+0.3 0.4%0.3 0.6+0.6
150 7 3.1+0.9 1.4%0.8 1.1£0.7 1.1%£0.9 0.3%+0.2
200 7 4.0+1.1 1.6+0.5 0.5£0.4 0.9%£0.5 0.5+0.3
Caffeine 30 7 6.4+1.2 1.9+0.6 2.1*x1,1 1,3%0.5 1.0%+0.9
3 day (Number of trials) 1 2 3 4 5
Control - 7 0.9%+0.4 0.3+0.2 0.4%£0.2 0.3%0.1 0.3%0.3
DW-DNA 100 7 2.3+1.0 1.5+0.6 0.8+0.3 0.4+0.3 0.13+0.1
150 7 1.5+0.5 0.4%+0.3 0.1+0.1 0.0%0.0 0.1%0.1
200 7 1.1+0.4 0.8+0.4 0.4%0.3 0.3+0.2 0.4%0.2
Caffeine 30 7 1.1+0.5 1.1%£0.5 0.9£0.4 0.6+£0.4 0.8X0.5
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A 47 NRAEFEAY G235 Do) U@ A7

1. HHSES o183 AN 23ty &gdo] Ozt RE ki

7b AtE 3Rt FEo o3 A3H &4 Ry F I

Al Bt ebAt= 7he] OFET)A} A F 53] cytochrome P450 2E10) 23 thA} F
= FFollA oxidative stress§ -FUsla AW itz g ZHEANG o= Ao
2 o8A gl 53], AlgstAe] bioactivation®® AAMEE ¥ISMo] 7%
trichloromethyl <= trichloromethyl peroxy free radicale] AAL] E=}¢] %t
WA, AW 5 A3k RAeE: Ramoth. £ AfHE o8y free
radicalsol 3] x|dute] BRI Yrbgo] 43y FiE doslE XA Hats}
4}-$-& malondialdehydeS A HE, ZHEA A|EZ: ALT I ASTY] NS 4319
th ALTS} AST= A7} S4& U2 A9 HYos wiSEng Adsieiszel
T 3 & AEE AME TRtk ARl Al3RiAS SD ratold 8840, 0.4,
0.6, 0.8ml/kg) &AL A i3t 9 AEHE gogon, A FLs Ry
F&¢ it H34E 50ng/kg/dayS 1, 3, 59 F¢t 2R By Ax 2 3}
A= YR8 Hof 508 = A JACHFig 32). 5 R EQ ALT, ASTO] ¥A
& vl F¢ AF s g BeRche oskAnl, 20-30% AT JAFHE
& ¥ ¥ 5 AUCKFig 33). o4 AT, x| FLAZHE 23 Y4 B
UEHL in vivo SD rat Bold, ANAHEAE FE YA A3HE Eabo) o)
3 RIFNE JHcka ¥ 4 A

L}, NO donorofl 2]%F Ak3}d &4 § 5

AZAd, 3, 4334 5 ot AeE e niAdcn g Al
ZAY EAY 9FU N0 (nitric oxide): I}akoz MAMEE A AEEAoL}
FAE5YE Ueh, 53 #4443%9 3htel superoxide aniond} WHg-g H=
B5 TS 23 ABAQA peroxynitrited PFAgsle] ME 54 W AJde §E
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Fig 32. Effect of nucleic acid complex from tuna spermary on

CCl4-induced lipid peroxidation in rat liver(TBA assay)
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Fig 33. Effect of nucleic acid complex from tuna spermary on

CCl4-induced hepatotoxicity (ALT and AST assay)
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gich, 53] cie 2349 peroxynitritel A W A, whid, {FHx F3
2E A EAET &S sto] uZtd A AR A4S fUivia d8A 9l
th & Ad¥elAMes AlF 200g 28] §7 Sprague-Dawley REF UHUFIE 3o
NO donor® SIN-1(3-morphosydnonimine)3} LPS(lipopolysaccharide)E BH7}og E
osto] A AHA EAbE fdstolch AREFES 579 IESE U], A
ol AeAA4E, N donorE Fofdl Fol 0, 1, 3, 5 4 B wg &
AP L25e 3 YAEHEA (50mg/kg/day) S BTE Foistgct.

lo

¥

L)

t}. Nitrite assay

NO¥=  oxygen &z dloa] wlEA nitrite W nitrateE YFA3o,
nitrite/nitrated X¥S}= A8 Griess reagent (2% sulfanilamide in 5%
phosphoric acid 5ml, 0.2% naphthyl ethylene diamine in 5% phosphoric acid
5ml)$} 1:18 HE23}= 79 chromophoric azo derivatived® 3Ad&}A Hrc} SIN-1
& FEEE (0, 10, 20, 30 mgrkg) EFOZ Folsial 2447 ¥ 540-570nmei A
FTHEE st A7 ATl 2T oA APE N0 $& wlad
A3 Hof 2 MIBE N2 o] M A& #HU ¥ 4 98lr} (data not shown),
T HA] LERE FET YAETYEHY 50 meg/kgS 1, 2, 3 Y BY MY A
3 NO 28782 of 50% F= AAE T} (Fig 34).

2}. ALT assay

ALTS} ASTE TAIEEIE &4& WS 79 "doz wiggag, o 71 N
donor2 QIFF 7t &4& Fsh= ARE Y F ALTS AST 4 &FFsich
SIN-12} LPSE =¥ =E (0, 10, 30 mg/kg) i.p. FoIsta 24A12 & Ztzte] A
Zol A E2T BARIA ALTS} AST A E FHT H3t A9 Wyl e A& &
& 4 9lodet (Fig 35). F SIN-13} LPSE <Qlsle] fEd 4133 &4 154
ol & 9%l fivka & 4= glon, b EAsta glv tlE o 7HA EA9
thatel Hojshz Hagol] iRt d¥E H¥Ich, Wl gt 238 5% &

= & Zojth

N
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Fig 34. The effect of nucleic acid complex from tuna spermary on
plasma NO levels after SIN-1 administration

Plasma NO levels were measured 24 h after treatment with SIN-1 (45
mg/kg i.p.) in the precense or absense of nucleic acid complex

from tuna spermary
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Fig 35. The effect of SIN-1 and LPS on plasma ALT and AST levels

Plasma ALT and AST levels were measured 24 h after treatment with

various doses of SIN-1 (A) and LPS (B) (i.p.)
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n}f, 2 GSH/GSSG level &3

B4Y glutathione (GSH)&= Zt2A A mM F] w28 EXsaL glom, o]
= 7% BUY S 7R3 Qo] radical scavenger® A& dhn, 3taba}l wlojr| )
ofld F8% ¥ ¥rl EF GSHE o 71K B4l E_Zi?lx}i}ﬂﬁl g 3
3 glen, F E4EAY F53 AHAME Fa A4S Ui oA 9
t}. SIN-13} LPSE £3¥E (0, 10, 30 mg/kg) i.p. FoId}aL 24X|7t ¥ 7k}
ZZol|A GSH A E vlad 2 8% EHes s U4 d s wH ¥
T S8t (Fig 36). ¥ A FALzHEH F&T YUEIEH 50 ng/kes 1, 2,
3 d 5 AT A3 2 23Y AL GSH Aol AL ML glalen, ¥ =
2o % Al 18 = F7 = SR F 2AoM EF vRd A= I
o = gladet (Fig 37),

bt

—

X

Jz
flo
4

2. A A2 Aits} Wr-go] Ui A3 13

NOgt 11 cxbEE o Ao glo] XA alsE A, RESIE
A gton, ol2 QT WS AES Mo &4E deodrh AW ks
2t el Eel o8l AE g EXIAPYIIEC] A3y & 4o
malondialdehyde7} A|ZA3}4bE}e] v ¥4 A XZ o]€=3 glrt SIN-1S £3hd
(0, 10, 30 mg/kg) BZLR Fojsial 242 ¥ 2t 2 oA A} Y=
TRER vA3 A3 SIN-1L 8% JEFoRT Huf 1.5-1.6w1¢] FUHE Rt
Fig 384). LPSE €% H=2 (0, 10, 30 mg/kg) BPO2 Folsla 24A1Z F 243}
¥ 2ol AW} AEE FUEE a2 Az 2zt oF 2], 1.3 3= F
7ts1glet (Fig 38B). ¥ SIN-1 45 mg/kgd BALR Foislal, HA| J2EH-E
T2 YUEYEH 50 ngked 1, 2, 3U BT FAAT 23 FASHA e Lol
A AFIEE a2 A3 2 2342 B AL RIusE 3 T 4 glde
H, ¥ 23] ¢ AT REANE W &+ v} (Fig 39).
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Fig 36. The effect of SIN-1 and LPS on intracellular GSH levels
GSH levels in liver and brain homogenate were measured 24hr after

treatment with various doses of SIN-1 (A) and LPS (B) (i.p.)

- 113 ~



A 120 ;

-l
£ 100
S
Yt 80
[~]
L 60 -
]
S 40
ks
=20 |
O
0

SIN-1 45mgkg) - + + + +
Tuna (50mgkg) - - + + +
Days of Treatment 1 2 3
B _ 120

=]

£ 100 |

S

« 80 |

S 60 ]

3 ‘

3 40

220

o

0

SIN-1(45mgkg) - + + + +
Tuna (SOmgkg) - - + + +
Days of Treatment 1 2 3

Fig 37. The effect of nucleic acid complex from tuna spermary on
intracellular GSH levels after SIN-1 administration

GSH levels in liver (A) and brain (B) homogenate were measured 24hr
after treatment with SIN-1 (45 mg/kg i.p.) in the precense or

absense of nucleic acid complex from tuna spermary
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Fig 38. The effect of SIN-1 and LPS on lipid peroxidation

LPO levels in liver and brain homogenate were measured 24 h

after treatment with various doses of SIN-1(A) and LPS(B)(i.p.)
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Fig 39. The effect of nucleic acid complex from tuna spermary on
lipid peroxidation after SIN-1 administration

LPO levels in liver (A) and brain (B) homogenate were measured 24hr
after treatment with SIN-1 (45 mg/kg i.p.) in the presence or

absense of nucleic acid complex from tuna spermary
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3. Hydroxyl radicaloj] tj&t 321§ 3}

7}. Deoxyribose assay

hydrowyl radical® 2814 AEAAS fusi Bdo] oa 44T A
A9 A V) Ao] 242 ZE (Fenton reaction), U ZAMSo] o3 A8 €
e B AdaFor, o Y AT FolM P gAdel AW, A, X
A, DNA 52 Al ul A &2 &4E& L ¥ 4 ok # Ad¥HeAE
hydroxyl radicale]] 2]3] &4}¥ deoxyribosed TBA UANH & o]-&3le A3} o
w, A BaRFE FE% Wit BPEAY hydroxyl radical XX F¥E& &3
stolrt. A FARFEH FEI Y EIJELL vE AgEFH0E, ) 3649
hydroxy! radical ¥%%=2.& H eIt} (Fig 40).

A
T
A
T

1}, Trapping assay

hydroxyl radicale] vfgt X2} H¥& o]eu A 2335}l7] 28} trapping
assay® AlA1312lt}. hydroxyl radical& &g3te Whols o] 71x)7) dxwt
53], aromatic hydroxylration (trapping assay)& o]-€3%F ubHo] 713 W3} W
HoT eelA otk WS BIES hydroxyl radicals WEsel A7} D&
dogl=d, ® HAYPo|A= salicylic acidE o]&8}o] hydroxyl radicald X3
stolar, ol sl MH¥ 2,5-DHBAS} 2,3-DHBAS JAAZntE 1w E o] g3l
A9 stk BARLRNE PeT GUEYRYS ST GRHLE (0, 0.5, 1,
2.5, bmg/ul) aromatic hydroxylation WF-& AbE Q] FAIE AX3lelcH(Fig 41). o)

2+2] deoxyribose assay2} trapping assayollA] x| AARRE] Ha|3 YAEIE
A2 53] B AM4F F hydroxyl radical & FAsH= o] A& ¢ 4 AUA
t}.,

T}, Hydroxyl radical @ -§-X3F DNA &A4F3) olof ofjit I ®
hydroxy!l radical> ojg] A Edz} cidat vhg-& & 4= 9=vl 53] DNA 7}
o Ackzl DNA 91719 Wy elal AR AR Hel, 31 5& 2dsh= §dR

of thst JF¥E & 4+ olch
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Fig 40. Hydroxyl radical scavenging effect of nucleic acid

complex from tuna spermary (Deoxyribose assay)
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Fig 41. Hydroxyl radical scavenging effect of nucleic acid

complex from tuna spermary (Trapping assay)
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< AolAe Faseaet 2708 A, AAdE o]&3to] hydroxyl radicalg A
HFAA OX174 DNA &A-E FESI #Hx] FALZHE F53F 2t B3E8A7) gz
20T UE Qo] Wx 32B& Aestol HE LIS 2WsA). super coiled
SEef2] DNAY= 2paks} 449} 271 Hof 93] £AS o} open circular FENL] DNA
2 #olon, A FLEHE F&¢ it EUYELS 1, 5, 10 ng/nlQ] FEEE
Aglgto 24 o]2]8t open circular DNAS] & A E T} (Fig 42 : lane 1,6,7,
28}, Y2 super coiled HEfS] DNAE ¥ & 4= ¢lolct. Zpabs}t 4=
Mozl Dol £4& Uosx dgtom, F delF&e 270 Al Fenton
FY

B>

rJ

reactiong £35}o] WALEl hydroxyl radicalo] DNA A& o7l RS FHel & 2=
AN o (Fig 42 ; lane 5,6), H* FLEHE F&3 i EIIEL A= 0
X174 DNA bando]] 93}g Fx] ¢Iolth(Fig 42 : lane 1,2,3,4). 3 W ZRALE &

7§ DNAE &4& ol open circular FElZ} EHglom ol x| Fazhe 3
ST Y J B, dE do] Wx} 2EHEE AP FPoM 5 &
open circular DNA &Fo] ZFAS}9l 5L, super coiled DNA &Fo] Z7}3t¢thH(Fig 43).

olde AAEE HA FLERYH FFU ¥ I B2 ¥Y AaF F )
Z & 434S JMAl& hydroxyl radicaloll ths) XX H3}sl 9lom, DNA &)
it RIFRE /A R &+ gt

4. NO donor®E %8 DNA &4} oA H2}

NO= ofg] 712 A EAEN cigdt 1SS & 4 glon, 53] DNA se A
b dU19 Wy Tea N2 4R, Y, 23 5& 2Fse ARl gl
FFol T2 FEES A3t Yok & A= o 71| NO donorE AH§-3}
o] X174 DNAol &g REF HAFLZNE &3 YAEPEA S A2 slo
B3E 33E F3sler). SNPE H%HEE (0, 0.25, 0.5, 1, 2, 3 uM), 37CoJA 1
AIZE A E|RE B9 DNAE &S ol AAFHQ Qo] Hadh= AL RorH(Fig
44A). ol &

AR AP AU FPAdLFol 2 INA Jhet el o2 g4k UEehd o)
th of7le] FAEUEAL wEHUE AL ZA§ DE ol RE AdA] ¢
e gejR FEE ) (Fig 44B).

4E WErF super coiled FEJOJA open circular, linear FEejE
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4 0C

<4 LN
«4 SC
H,0,(300uM) - - - - + + + + +
FeSO, 20pM) - - - - - + + + +
Tuna (mg/ml) - 1 510 - - 1510

Fig 42. Protective effect of nucleic acid complex from tuna sper
mary against X174 DNA scission induced by hydrogen per-
oxide and ferrous ion
0C, open circula form X174 DNA : LN, linear form :

SC, supercoiled form
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Uv -+ + + + + + +
Tuna (mg/ml) - 0 05 1 2
Salmon (mg/ml) - - - - - 05 1 2

Fig 43. Protective effect of nucleic acid complex from tuna sper
mary and extract from Japanese salmon against X174 DNA
strand scission induced by UV irradiation

0C, open circula form X174 DNA: LN, linear form : SC,
supercoiled form
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SNP(mM) 002505 1 2 3

SNPGmM) - + + + +
Tuna(mg/ml) - 0 05 1 2

Fig 44. Protective effect of nucleic acid complex from tuna sper

mary against fX174 DNA strand scission induced by SNP
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5. Superoxide anionoj] tj3t ¥} § 3}

superoxide anionZ ofg] A HFOZ sl WS A AbFog, A
2 A = & FER G, AU A ExbE s3] 54&
vehdc), 2ol wheld o ¥hgAdo] £ hydroxyl radical g ¥4 ¥ 4= gt}
wtelAl superoxide anionZ 44 H F W2 AelE olFste] AAU A} A&
I wke ¥ 4 gtk # APolA: xanthine oxidaseo] ¢J3F nitroblue
tetrazolium (NBT) Y& o]-&sleo] HA| FARRE F&I it ¥y Ed}
tzFeg oI o] Wz} F&E2] superoxide anion X% =88 alolr it}
HA BAZRE FET WA 53 3 (0, 10, 50, 100 pg/ml)3} A2 o] W=}
250, 0.25, 0.5, lmg/ml)E A3t A BRF %% &3 0% superoxide
anoing XE3h= AL BH ¥ 5 gicHFig 456). o|2X HA|FLAZHE B3
& 2kE- MR " 0] superoxide anion A o] QOlNE £& EA UL o 4 9}

6. Bacteriag ©|-§% & dwo] &z}

2 MYoja= A3 212of wZstA WHESl= Salmonella typhimurium TA102

FEE AMgSl] A BazRE Holu dusyEde] YEANe ANE Yo}

Rolth A FLEHE e YURUEL AN EE URFOE AT R
dol Wzt FEE AARE AY FFo EQHE REIA WYgks,
tert-butylhydroperoxide (100 ug/plate)?] H7l8 €3 HEAo] G== ot x|
BAzHE B3 YAEEAY] A9 HE oJ&FHe= (0, 0.1, 1, 10, 20
mg/plate) tert-butylhydroperoxide® FE3t EWHOIE o) 24% ojFsiglon,
A& o] Wzt F&EY Bf YA = EFHLE (0, 0.1, 1, 10, 20
mg/plate) X|cf 72% FEAHo] A}E Vel T (Fig 46).
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Fig 45. Superoxide scavenging effect of nucleic acid from tuna
spermary(A) and extract from Japanese salmon(B) (NBT

reduction method)
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Fig 46. Effect of nucleic acid complex from tuna spermary ( @ )
and extract from Japanese salmon ( O ) on tert-butyl-
hydoperoxide- induced mutagenesis in Salmonella

typhimuriums TA102
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7. %319 HL-60 A XojA] 2] Superoxide anion 44 A 3] f3}
HL-60 A E= A ¥t MEE acute promyelocytic leukemia t=}2)
peripheral blood leukocyte2H-B| 8| MEES wGAA Lol MEFolr}],
53], E3HE HL-60 AE= FoF F2AQl TPAY] 2]3) superoxide aniong E4d 3}
™ o] Cytochrome C& 7}3] Eo24 & ¥ 4 vk 4 2319 HL-60 A3
of X TPA] 23] superoxide anion FPEE 27L& AB3A3, EEA 42 Al
32} Cytochrome C %hE 713t Z-$ superoxide anion?] Aol A2 controld} &
A A& At} (Fig 47). ¥ FLEHE 32T Y4 5 EHL &
&Aoo (0, 0.1, 0.2, 0.5 1, 2, 4 mg/ml) DMSOE K3¥ HL-60 AX2]

superoxide anion?] A& A& 3ledr} (Fig 48).

8. Oxidative stresso] 2]3t M XAlE = W B3 F7

kst 4 M dE2AY BY HAZOT o JA] AEE dod= e
L2 FRHI 9eon, T AAU AIZAY uAEIEE WS FEHS U 9
ch 2k At A do] F4at Wkg-sle] oS uhgAdo] 3t hydroxyl
radical & FAYsto] AU Fo¥ S 3= A=, @9y, (A 5o Ay
Exlo] B4& UEhITh & AN P12 Mo M} 248 SEEE Na)
St AME Y ME APEE RT3, A FABHE FET HAEUYEL B o
2 A3 ES He sl AHX EAol njxls A}E MIT assay® FL o
Fysiarh AN PAZYH 22 YREFBA(G0w/ml) TE YR doju)
2ZB(50ug/nl)& s HEER (0.25, 0.35, 0.450M) SAjo) 6083 N
I AE EHE 3 A3 553 BE 3AE AEY 4 Qon(Fig 49),
HA BARHE FET Wit B EAH E2E HIAIY SH A A B
X 33E dF ¥ 4 glolci(data not shown)., ¥HH, HX] FLTHE 5% Y
AHEINEA 9] preincubation timed WEAIF|IH(0, 0.5, 3, 7, 9 AT BIE F3}
F W A3 7TA 2 preincubation ¥ -9 oFzte] RE FE W 4 U
THFig 50). ol ¥x FATHE EIT JAEFEL0] v o] ohmg
A X wigAl ohE 39 28-S vy 4 gk d3lch
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Fig 47. Measurement of superoxide anion in HL-60
(Cytochrome C reduction method)

1 No Cell

2 Undifferentiated Cell

3 Differentiated Cell + Cytochrome C + TPA 60 mM
4 Differentiated Cell + Cytochrome C + TPA 120 mM

5 Differentiated Cell + Cytochrome C
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Fig 48. Inhibition of TPA-induced superoxide anion generation by

nucleic acid complex from tuna spermary in differentiated

HL-60 cells (Cytchrome C reduction method)
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Fig 49. Effect of nucleic acid complex from tuna spermary and
extract from salmon on Hz0;-induced cytotoxicity
PC12 cells were incubated with indicated concentrations of
H0; in the absence ( @ ) or presence ( O ) of 50mg/ml

nucleic acid complex from tuna spermary (A) and extract from

Japanese (B) salmon for lhr at 37T
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Fig 50. Protective effect of nucleic acid complex from tuna
spermary on H202-induced cytotoxicity
PC12 cells were incubated with indicated concentrations of
H202 in the in the absence ( @ ) or presence ( O ) of
50mg/ml nucleic acid complex from tuna spermary for lhr at

37¢C
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9. @3NS gA 23
0 @ 7 tfAHE-E proinflammatory prostaglandin (PG) 2348 W COX-2 U@ Y

23S MAgoEN AN 2a381A &3} PGE arachidonic acid7} F
thAl2 AX prostaglandin synthase?] ZHgo) &J5] A=t A HalE CoXof ¢
3] arachidonic acid’} cyclic endoperoxidase (PGG;)7} 4R}, oA g
unstable intermediate product: specific isomerase enzymesol 2J3] wj27 og
prostaglandins (PGE, , PGF, , TXA, , PGI:)2% B3t COX¥E constitutive
isoformq] COX-12} inducible isoformgl COX-22] 27}x] Hel7} SR 5
inflammation process oAl COX-27} Fojste Ao oax glenm, ol ¢
QZo] Yoyt 3to] proinflammatory PGs7} 343 W&HTh. SIN-1 45 wg/kgd 57

2 Boislil 24A7F ¥ A PGE, levelS Z3E A} 5.2 vz F/H
Re T2 Y 4 glglon, A FLRYEH FET YUEUESY 50 ngkgs 1,
2, 3 Lot Ae|3t A3} PGE, levelE A tlRFY FX FEZ JAFHUTE
(Fig 51).

EA

3]
7

e

{o

10. AX ujokg o gt atstad AXApd RyHI U FAFEY
A 2748 3

7t AX 5o iyt B3 F I

HAE w3 o]g%t 4tsld AEAPE RIAGNE MR 9i3le] E Aol
= PC12 Mo SNPE HXFATHE Rl ¥AEUREAE UA Aeste] MIT
assay® MY PEEL FAsgch AN HAEUEALL] = (5 20, 50 s
/LYot AAE A2 (1, 3, 6 AZHE HWHAI|Y SNPE LEHEE (0, 0.5, 1, 2.5
M) 6A1ZF Aelela FFY Az RIFNE #A Y 4 glolr} (Fig 524). &
#, SNP2] HEE ko] (0, 0.1, 0.25, 0.5 uM) AA|ZF (24A]7F) A2jF BE <
72 REFINS WF @ S JYAT (Fig 52B), FAYLEHE F2¢ Y5y
BAg A Axajel st A Az IR Aejo] At ozt bedtA] ¢dot
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Fig 51. The effect of nucleic acid complex from tuna spermary on
plasma PGE2Z levels after SIN-1 administration

Plasma PGE2 levels were measured 24 h after treatment with

SIN-1 (45 mg/kg i.p.) in the precense or absense of nucleic

acid complex from tuna spermary
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Fig b2. Effect of nucleic acid complex from tuna spermary on
SNP-induced cytotoxicity

PC12 cellswere incubated with indicated concentrations of SNP
in the absence ( @ ) of prescence { O ) of 5mg/ml nucleic

acid complex from tuna spermary

- 134 -



ol ool AHE M & 5 st

L}. apoptosis 2o tigt o= w3}
MEAPEe] 3t ElQl apoptosisE ZHAH sl thEFHQ X RF2 JILEE DNA
fragmentationg A7|G%502 AHK kv kx|t 1uMe] SNPE 8A| 7t A 23t 7

- DNA laddering ¥14fo] Rolz| ofgtom|, 3|8 smear H FTAito] FHEIc)
Z INAZ} 58] Nooj| &J8f whta]zh &AFS ol 93|18 necrosis® Z3EE Ao
2 R}t HFAFAERE FE53 dMEIEAS Ao A F¢ g B

ZEN= B o4 Lok Fig 53).

r}. PARP / Caspase-3 A} 33} AE
apoptosisZ} Z3o] Fli= A r}ksl §AHREo] &AM o8 FAIE =Y, 1
Z Al Zo) PARP cleavageE E3F)} effector caspasemd] EAd 3ot} 1, 2.5
mM2] SNPE 8A17F A 2|3t Z9 PARP cleavaget TME =] grom, HxgLzH
B &% WAEIER 5 4/ml S H g AL oA F=Ig RIEFIE B ¥
4 ¢lslr) (Fig 54).
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Fig 53. Effect of nucleic acid complex from tuna spermary on
SNP-induced DNA fragmentation

DNA extracts from PC12 cells following SNP treatment with or

without nucleic acid complex from tuna spermary were subjected
to 1.8% agarose gel electrophoresis. M, 1kb DNA ladder marker:;
lane 1, no treatment: lane 2, SNP 1 mM alone: lane 3, SNP 1 =M

+ nucleic acid complex from tuna spermary 5 mg/ml
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PARP P>

Fig 54. Effect of nucleic acid complex from tuna spermary on SNP
induced PARP cleavage
Protein extracts from PC12 cells following SNP treatment with
or without nucleic acid complex from tuna spermary were
analyzed by western blotting. Lane 1, no treatment: lane 2,
SNP 1mM alone: lane 3, SNP 1mM + nucleic acid complex

from tuna spermary 5mg/ml: lane 4, SNP 2.5oM: lane5,SNP 2. 5mM

+ nucleic acid complex from tuna spermary Smg/mi
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Mag = #®

AR AE83EEe] 4 WY Jed FAAAU 9" 1Y Jse A
FoE FRAAFOEN HAE UFEt, Batro] 93t x| AWIAtsle)] glojA
o] oA 28 W A HDL- cholesterol?] F#HE ol 5o A AujAl j42g3}
vt &gt BIEEE FUMAA U EEe A 5o AuEde et
© A2 Ao AF3 vl 9k ojgEk Hx} Ao|yale] rjgt 7} Fuld)x]
Lol g es O o] gAdo] FUIsha QAN e AREARA o], Ho
& O] 83taL il oA HAE UBREARAN AT A= UEFHI YA
C
2 dtellAe 4718 d7E uigeR AXFARHE YAEIEL 9 Yias
& B%he Jled JEsidch AitdoR UANES F&I=U QojHE 3
SER otz HAE 34 thEY ethanol g AMg3Heul o F$ olgFHE
ethanol?] ¢}o] Fr}slo] Jidare] wjeyo] AL, ethanol& 2|A}E817] $)5}ed
RS ASBAE okt skt ol FEEQ HAYS A3 Ay
ol "ch ulehd & FHME UAAFAE o] &3] WAAsH= WY Hujz
HA&AIFISL ethanols 718018 AME-& AAFoTA JHURALE AAsYEn}
HABAZHE LAY E o §3to] YARPEA(DW-INA)E F&38l: dloj=
EA7F gk F&E o 2.0% AR (HAFA FELY 80.4%, dry baseZ T4}
Ol A2 oF 82.4% FER A Lelxton, rolziute] A7 E dels}
of F&% ¢ MWCO 10,000& ©]&¥ w7} & W F2E2 gty Zuloae
748 oldF ez yrluich HatEde] iyt F&oME Yol g 2t
A ThE dEEA FEiEe]l AAHE d4o] g o)&3ld NG By il
HE FE%lE IS FYUSNAL, olgA AL YAEAL o 2.2% FE] +&
2} 89% o]4e] ¥akglakg viehgicy,

Y FARLZFE Fet ¥aEgEde]l DI-DNAE A3 s slo in
vivo Bl in vitrool A QejHEE& A7 v}, o g Aste] AFHE &3 Wy
& BFLE HFAINAY SHAHA A g 28 ELZAY FAEE ep=
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