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Summary
Humic substances (HS) have physical, chemical and biological activities. One of the main elements of HS is humic acid

(HA) which is constituted of the mixture of heterogeneous large molecule electrolytes. In order to reuse HA effectively,

the antioxidative activities of partially decomposed HAs were evaluated since HA had reported to show some antioxida-
tive activities. Native HA (HA-a) from peat was treated with high temperature (132°C) and high pressure (190 kPa) for 20

min (HA-b), 60 min (HA-c) and 120 min (HA-d). The peak top time of HA-a-d by high-performance size exclusion chroma-

tography were 154, 15.8, 16.0 and 16.0 min, respectively. All of HA-b—d showed the antioxidative activities, such as scav-

enging activities for 1,1-diphenyl-2-picrylhydrazyl radical and inhibitory effect on 2,2-azobis (2-amidinopropane) dihydro

chloride-induced hemolysis of rabbit erythrocytes in vitro as much as HA-a. HA-a and HA-c were tested on the inhibitory
effect of the damages by UV A irradiation (100 mJ/cm? using human skin fibroblast cells. Both of them showed the inhibi-

tory effect with significant differences.
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L E = b E 20 S EBERE R ¥4 (THSS) &
IZHE U TR Z 1T HA 2157257, 0B o HA (HA-a)
BLOROEIETHE LW E R E L7z, HA % 50 mM
) YRR (PB) pH7.0 2% L (05 mg/mL), #*—

7 L—7T®132T, 190 kPa, 204+ (HA-b) @ 132C,
190 kPa, 60 2rf (HA-c) 3 1327, 190 kPa, 120 43[4
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TAN Y =T APIHL, BRY T2/ - VOER
% gallic acid (GA) ZAEHREYH & L TIT - 7o 3K 100 ul,
7z /= )VEEAN)20uL B £ 170.2 w/v% Na:CO3/0.1 M
NaOH 100 uL % X < Hi#E L, =T 1 RRHER 700 nm
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3. &EHpyO~vY T 571~ (HPSEC)

GrF D54 % LT O 4T HPSEC (2 & ) ll & L 72,
#1524 i Shodex SB-803 HQ (8.0 x 300 mm), HIK :
50 mM PB pH 7.0, #i# : 05 mL/min, ¥ : 260 nm (Shi-
madzu SPD-6A) . 4T #Y)E & L T polyethylene gly-
col (PEG) 20,000 (F¥#4r7= 20,000), PEG 4,000 (%3
5 F# 3000), PEG 400 (F¥5-+F# 400), GA (hrT=
188.13) & M7z,

*FTEH @ B )AEH B 5-1-1 (T737-0112)



4. DPPH 5 Y hIViEEE

200 mM 2-morpholinoethanesulphonic acid (MES) #%
i (pH 6.0) 50 uL, 20% %/ —) 50 uL 3 X U001
M NaOH/80% = ¥ J — VT #f# L 72 38 50 ul 12,
400 uM DPPH 50 uL Z#IBEH L, 20 4% 520 nm 2B
B WOLEE 2 W E L7z oM D I2001 M NaOH/
80% L%/ —VEHwzboENRERE L, Eikyy
& LT ascorbic acid (AA) % w7z,
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4 £ 0 PBS ICIRE L T MR I V720 AR IMERER &
W 05mL, PBSIZ#EM L 723 8HA K 05 mL B & UV PBS
WML 72 200 mM 2,2-azobis (2-amidinopropane) dihy-
drochloride (AAPH) 05 mL Z#fiEIc AL, wo< h &
WYL 2435 37C T3WMA ¥ Fax—Ta vz, K
JBIE 05 mL (2 PBS 4 mL # %, ¥ 1500 g T 5 4
FLEEL, FOEED 540 nm BT AWEEEHIE L
720 BEORDYIZPBS AWz O & XIBEHE L,
M & LT AA & Ve,
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v b Rz JE R HE 3E M KL (Cell Research Corp) (5 %
10% cells/well) % 96 7 = VD7 L — MZHEFE L, DMEM
BeAE (10 % FBS, 1 x 10° U/mL penicillin G 3 X U70.1
g/mL streptomycin % &) T24 B AR 2 L 2% UV
(365 nm) M4 (100 m]J/cm?) LU 72. 3K i DMEM
REAEIC & 512 24 WERRE 28 L 728 WST-1 (CCK-8, [Hf=
L&) 2dimL, 4 FRER# 450 nm (2B 1T 5 WOBEE % Il €
L7z (Molecular Device Corp., Spectra Max 190) .
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Fig. 1 High-performance size exclusion chromatography
(HPSEC) of humic acid (HA-a) and degradation products
(HA-b—d). HPSEC was performed as follows: column,
Shodex SB-803 HQ (8.0 X 300 mm) ; eluent buffer, 50 mM
phosphate buffer (PB) pH 7.0; flow rate, 0.5 mL/min.;
monitoring wavelength, 260 nm ; standard, polyethylene
glycol (PEG) 20,000, PEG 4,000, PEG 400 and gallic acid
(GA).

Table 1 Total polyphenol contents of humic acid (HA-a) and

degradation products (HA-b—d).

Compounds Total polyphenols (%)
HA-a 141 = 03
HA-b 143 = 0.8
HA-c 148 = 0.2
HA-d 142 = 03

Values are means + S. E. (n=2-4).
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Fig. 2 Scavenging activities for 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical of humic acid (HA-a) and degradation
products (HA-b—d). A solution of 400 uM DPPH (50 uL)

was added to the mixture of 200 mM MES buffer (50 uL),

20 % ethanol (50 uL) and 0.01 M NaOH/80 % ethanol
(50 uL) containing varying amount of the test compound.
The absorbance of the mixture was measured at 520 nm
after 20 min. -—@-— HA-a:; O, HA-b ; &, HA-c: [,
HA-d;—4—, ascorbic acid. Data are expressed as
mean = S. E. (n = 2—-4).
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Fig. 3 Inhibitory effect of humic acid (HA-a) and degradation
products (HA-b—d) on 2,2-azobis (2-amidino propane) di-
hydrochloride (AAPH) -induced hemolysis of rabbit
erythrocytes in vitro. A mixture of rabbit erythrocyte
suspension (0.5 mL), phosphate-buffered saline (PBS)
(0.5 mL) containing varying amount of the test compound
and 200 mM AAPH (0.5 mL) was incubated at 37°Cfor 3 h.
An aliquot (0.5 mL) of mixture was diluted with PBS (4
mL) and centrifuged at 1,500 g for 5 min. The absorbance
of the supernatant was measured at 540 nm. ———4-— HA
-a; O, HA-b; &, HAc; [, HA-d ; —4—, ascorbic acid.
Data are expressed as mean = S. E. (n = 3).
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Fig. 4 Effect of humic acid (HA-a) and degradation products of
humic acid (HA-c) on the cell viability. (a) The human skin
fibroblast cells (5,000 cells/well) were cultured for 24 h.
After addition of the compounds, they were cultured for
another 24 h. The cytotoxicity was measured using CCK-
8 Kit (WST-1) by reading the absorbance of 450 nm. (b) In-
hibitory effect on the damage by UVA irradiation. The
human skin fibroblast cells (5,000 cells/well) were cul-
tured with DMEM for 24 h. and irradiated of UVA
(100 mJ/cmb?). The cells were further cultured with the in-
dicated concentration of the compounds for 24 h. After in-
cubation, WST-1 was added and the cells were incubated
at 37Cfor 4 h. The absorbance of 450 nm was read on a
micro plate reader (Molecular Device Corp., Spectra Max
190). M, HA-a ; [], HA-c. Data are expressed as mean * S.
D. (n = 5-10). *P < 0.05 and ** P < 0.01, significant differ-
ence from the control.
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