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Summary

Humic acid (HA) and fulvic acid (FA) were prepared from peat and they had high total polyphenol contents (HA:
421 mg/g and FA: 299 mg/g). Antioxidative activity assays were carried out as following; (1) scavenging activities
for 1,1-Diphenyl-2- picrylhydrazyl (DPPH) radical, (2) inhibitory effect on oxidation of linoleic acid, (3) inhibitory effect
on 2,2’-azobis (2-amidinopropane) dihydrochloride (AAPH)-induced hemolysis of rabbit erythrocytes in vitro, and (4)
effect on Cu®"-mediated conjugated dienes formation in human low density lipoprotein (LDL). Both of HA and FA
showed relative activities against (1)-(3). That is, (1) HA and FA showed about 90 % of scavenging activities for
DPPH radical at the concentration of 250 pg/ml, (2) at the concentration of 81 pug/ml, HA and FA showed inhibitory
effect on oxidation of linoleic acid 57 % and 27 %, respectively, (3) HA as well as ascorbic acid (AA) showed about 90
% of inhibitory effect on AAPH-induced hemolysis of rabbit erythrocytes (at the concentration of 67 pg/ml), and (4)
HA inhibited Cu*"-mediated conjugated dienes formation in human LDL with the dose dependently. The inhibition
mechanism by HA was suggested to be different from that of AA.

SRR SR ORRIC XV EL2HBWETH Y, HREHIZHAT 2RKOTERGFTH L, TUAY) B IR
T AHEHEES S 7 I v (HA), 7VERER (FA) BEXUb2—3I Y25 ohTwd, Wi ES TEREOALY
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2. DPPH S ¥ HILilEEY

200 mM 2-morpholinoethanesulphonic acid (MES) #& i (pH6.0) 50 ul, 20% L% / —)V'50 ulB X 17001 M NaOH/
80% L% J — WAZEEME L 72580850 uliZ, 400 uM DPPH 50 ul Z@&MHEFE L, 2070#520 nm 2B 2R % % L
720 HIRE D 2N OV THIE Z ATV R Z HIVCDPPH 7 ¥ 4 Vil ka2 ROX TR L7z

W (%) = 11 - GREHEROWOLE) / GRS OWOGE) | X 100
B OH 12001 M NaOH/80% =% J — V& Wb O &5 BEH E L, EH#EYE & L T trolox (Calbiochem) %
Wiz,
3. TBAKICE B YU/ — LEE LR DRES "

13%Y /7 —Vig/x% 7 —)05 ml, 80%T% —N02 ml, 464 mM 22’-azobis (2-amidino propane) dihydrochlo-
ride (AAPH) /K¥&#40 uli20.2 MV > Mg#E i (PB) (pH 7.0) (2% L7=30B05 ml &Mz, 40CC3HMMELL T
& &7, FUSO0.2 mliZ81% SDS 0.2 ml, FEEE#EMHE (pH 35) 1.5 ml, 08% 26-di-¢-butyl-4-methylphenol (BHT)
50 ul, 0.8% TBA 15 ml¥ X VZEK0.6 mlz iz 728, WA T3040 MIME L, wH#532 nm 2B 2000E %
WE L7zo 1T OERBRIZB W THRED IHFHI OV THEZ TV, K3~ 4O P L EERAETHRER L, )
J = VERFRAL IR RE I R DX TR L 72,

W (%) = 11 - GUEHATOWOLEE) / Gt B oL | % 100
AE OV 1202 M PB (pH 7.0) Z W2 b o ZxtlaEi s L, fEY e LCBHT % w7z,
4. FRIMERFA IR 1EEE D RIE

ARIMERE ML FLE SRER, 7 F FRMER (HANA 52 B) ZHOTUTOL I T -72% &3 FRMIKIC 455D
) VR EIEOK (PBS) 2z, Wo { D IEHE, 1500 g T105 M 0o L, LB L7oRInER %2 072, 2 O¥(E
Z3MEF YR L, mBEICAREREOPBSIZEE L /2R Ik 2 I ERER ISV 720 ARIMERIE 0.5 ml, PBSIZHEM L 723K
BHAW05 mlB L O PBSIC#ME L 72200 mM AAPH 05 ml B EIKICAN, Wo D LRI L 245537 C T3 A ~
FanN—va Lz, UG0S mlZPBS 4 ml& Nz, #1500 ¢ T5r M@ LHEL, €0 Eii0540 nm 2B
DULSGHEE 2 ME L7ze 1 OFEEBRIZB W THIEED IREHI O W TEZ TV, &5~ 7O & e TR R %
F L7z ARIMEREMLIEFEIE RO THRH L7z

FLETETE (%) = 11 - GREHAROWOLE) / GHRAEROWOLE) | X 100
AEOMRDNICPBSE AW 0%t BiEH & L, FEHEYE & L Cascorbic acid (AA) % Hw72,
5. LDLEZ{L#HIEEDAIE

LDLEALHaER X ¢ P LDL 2T T O X 9 1247w, lag time #3k% 7% © b LDL (Biomedical Technologies
Inc.) IXPBS C&##, Bradford®:!? T4 ¥ 82 BO@ R 44711400 pg/mlIFB L 720 20100 ull2 PBSICHEMH L 7=
AEHAIE0 WE M A, & 51240 uM CuCl/KiEi20 wlZ@me, 37CITiy, I T U BRI X ) Bind % 234
nm 2B BWGE % 545 Z L 1Zill%E L 72 (Molecular Device Corp., Spectra Max 190) o 45 O #EHARIZ DWW T,
234 nm 2B B WIEEED N (CuClo /K IE WA M DWW — CuCl /KRR INEE O WG ) ZRERICEK L, lag
time B X OCWOLEOMINEIZ L Y EHli L7z ABORD D ICPBSZH Wb 03 iiEim s L, BE¥EWHE LTAAR
72,

BREHSLUEE
JLiEEE Y — M EAD LB LAHAB X UOFAIZIE, (DDPPHZ ¥4 ViEaE, (2) TBAIEIZ X %Y / — I VIRERAL
IHIGE,  (3) ARMERE MBI ED § N TIZB W THURIL R R0 b7,
(DHA®DPPH 7 V) — 5 ¥ % IVIHEHEIZ50 ug/assay (250 pg/ml) THI0%%E/RL, FAD HA LFHBREOWHLRE
RAL7z (Fig. 1)o
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Fig. 1 Scavenging activities for 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical. A solu-
tion of 400 uM DPPH (50 pl) was added to the mixture of 200 mM MES buffer
(50 ul), 20 % ethanol (50 pul) and 0.01 M NaOH/80 % ethanol (50 ul) containing
varying amount of test compound. The absorbance of the mixture was mea-
sured at 520 nm after 20 min. &, humic acid; &, fulvic acid; @, trolox.

(2)TBABIZ X 5 7 — VEEFRALEIHIREIC B W T, 100 pg/assay (81 pg/ml) DN TIE, HA (57%) I3 FA (27%)
ORI 2 DOBALIIHI G 2R L7278, B E & LCHW/2BHT (88%) 132 & 0 s b #iflfE % 75 L7z (Table 1),

(3) MRIMIREAHIL S N5 &, BEOWEIE CEMDSB I %0 2 2 THRIMERBIZ T 2 HiEELEE 2 3F3 5 72012,
7 FARIMERE v, AAPHIC X 2 ML 3 2 W BLIERE 2 F 7z, 205 R, HA OEMIEGEIIEEE L LT
AW AAZPEH L, 100 pg/assay (67 ug/ml) THII0% TH - 7255, FAIZZFN L Y RRih -7z (70%) (Fig. 2).

(1) ~ (3) OPFALREFEMIC BT, HAIIFA LM%, AL 0BVEEL2R Lz, CORBEICEY, Zhzho
AR 7 2 = VEEDEEICRCAHBE L TW S 2 LAVRIB I 7z,

(4) RALZPELDLIZLDL Z BRI L o T A e 420, BIREBALOERKEE 725 2 L35 Twb, LDLOME
LI TR Z 2B Y T OAERIT L D 234 nm 2B 2WSEEABMT % 0T, FBLFIRNMEZEO 234 nmIZB1F 5%
HEEDRERGZEAL 2 S lag time &K@, & P LDLIZxS 2 BALBIHIZN R A5l 35 2 L 25T & %, BHEWEH L LTHY
72 AAW (1, 2,4, 8 uM) @234 nm 2B W O#ERZAL % Fig. 31IR L7z Thdr bt bhizlag timeld 2L
3955, 4443, 694, 10843 T, XA D lag time (3847) IZHA, HHIREOMICHBE L Tk ol —H,
HA OWOGE O RFZ I Fig. 418 X 912, 25, 50, 100 pg/mlOEEIZB W Clag timeld T2 4255, 46747,

Table 1 Antioxidative activity for oxidation of linoleic acid

Inhibitory effect (%)”

50 ug 100 pg
Humic acid 464 = 33 56.6 = 5.7
Fulvic acid 6.6 * 76 272 £ 22
BHT" 845 + 438 87.8 + 42

Y- 2 6-di-t-butyl-4-methylphenol
: The values are means + SE (n = 3-4).
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Fig. 2 Inhibitory effect on 2,2’-azobis (2-amidino propane) dihydrochloride (AAPH)-
induced hemolysis of rabbit erythrocytes in vitro. A mixture of rabbit ery-
throcyte suspension (0.5 ml), phosphate-buffered saline (PBS) (0.5 ml) contain-
ing varying amount of test compound and 200 mM AAPH (0.5 ml) was incu-
bated at 37 C for 3 hr. Aliquot (0.5 ml) of mixture was diluted with PBS (4 ml)
and centrifuged at 1500 g for 5 min. The absorbance of the supernatant was
measured at 540 nm. A, humic acid; 2, fulvic acid; @, ascorbic acid. Data are
expressed as mean = SE (n = 3-4).
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Fig. 3 Effect of ascorbic acid (AA) on Cu?*"-mediated conjugated dienes formation in
human low density lipoprotein (LDL). A mixture of LDL (40 ug/100 ul) and
PBS (80 ul) containing varying amount of AA was incubated at 37 C. After
the addition of 40 uM CuCly (20 pl) to the mixture, the absorbance at 234 nm
was monitored at intervals of 5 min for 240 min. @, control; &, 1 uM; <, 2
uM; O, 4 uM; O, 8 uM.
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Fig. 4 Effect of humic acid (HA) on Cu® -mediated conjugated dienes formation in
human low density lipoprotein (LDL). A mixture of LDL (40 nug/100 ul) and
PBS (80 ul) containing varying amount of HA was incubated at 37C. After
the addition of 40 uM CuCls (20 pl) to the mixture, the absorbance at 234 nm
was monitored at intervals of 5 min for 240 min. @, control; &, 25 pg/ml; <,
5.0 ug/ml; [J, 10.0 pg/ml; O, 20.0 ug/ml.
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