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HA | Commercial HA(Aldrich) & d& md2 3 =< & it

SHA | £ = HA from Protocatechuic acid

HA 4 | Protocatechuic acid

HA 6 | Humic acid from protocatechuic acid

HA 13 | Humic acid from Vanillic acid S2 (no fluorescent)

HA 16 | £ = HA from Protocatechuic acid

HA 44 | Commercial HA (Aldrich) M.W.> 5K

HA71 | & = HA MW<500

HA 76 | Humic acid from caffeic acid

HA 78 | & = HA from protocatechuic acid

HA 135 | £ = HA from Protocatechuic acid

#ok4EF -k — XAD-7— condens — Soxhlet extract 2. methanol
HA 189
8.21

#okg? k—>XAD-7—> NaOH i#* * —PH:11~12—HCl & PH:1.5—>#t
HA 196
=P ke — stir cell(1K)— B ik #5— 4 i dc % (Fulvic acid)

HA 231 | H.A of America f& "t/ -> benzene ->ethylacetate -> residue

HA 232 | H.A of Taiwan f& itk -> benzene ->ethylacetate -> residue

HA 233 | H.A of America f&i#t#ik -> benzene ->ethylacetate -> residue

HA 234 | H.A of Taiwan f&it# ->benzene ->ethylacetate -> residue

HA 245 | € = HA from Gallic acid

A ERFfEREZ & &
d protocatechuic acid, gallic acid, caffeic acid, vanillic acid & = [~ #f
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40 L3 T ok 045 uM g Ui iR ik 453 300 ml, 2 HCIfL i 3 pH=2,

B~ XAD-7 #75 F 41> 2k NaOH % 3% 15 2 HCl 3 5 7 118 50%.

2/ v & 4+ ¢ §& arsenic trioxide(As;O3), DMA(dimethylarsinic acid)
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e &
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o
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Boric acid % % ;% 90mM pH 8.80 # 10~30KV # i3 BT k478 » H ¢ U

Volt 25KV 5 & & -

I g

a 5 10 153 20 25 30 = 40
Boric acid 90mM pHE 80 Volt10 KV
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9515, 41443

160 4

120 4

00 4
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o 5 10 15 20 25

Baric acid 90miv pHS 80 Voll20 KV

<

iy
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180
oo
140
120
100 o
: £
B0 a 2
- b e
&4
o & 10 15 20 % 30 35 iy
Boric acid 90miM pHB.80 Volt15 KV
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|
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.

:

|
) J
40 4

o 5 R 15 D 25 [min]

Boric acid 90mM pHS.80 Voht25 KV

W b= k47 B4~ 9 1 4 Boric acid & % /& ™ 90mM pH 8.40 3 B iE > i

PR EFEIOmMMpHE.0,9.0 2 1000 T B A+ H 20KV iEiTT RT 2 K478

&% pH9.0 5 B it o
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Boric acid S0m M pHS 0 vol20 B Borc ackd 20m M pHE .4 Woltz 0k

Boric acid S0mi pHA.0 Volt20 K'Y Baric 3cid 30m M pH 100 Wioltxl ks

£ % 3# pH 9.0 JE & § ] 60~100 mM 7 Boric acid % =% /%> 2.7 Bl % 7 & 20KV

BT R BT 2 A 4TH 0 &% 80mM 5 A i o

Bork:ackd e0m M pHS O uoiAd Ky Bori:ackd TOm M pHS O uoltdd Ky Boric acid Shmfa pHﬂ 0 volt20 K

Bork: acid S0m M pHS O uolad kK Borkcackd 100m M pHI0 pat2d Ko
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(B) 2 1Ep R & 32 B i3
FEfEST e T F BARSEREAEH > £d ¢ Rtz L md Tk
A AR o
(1)25mg 2 H &2 K 58 *0 2 4 el 4 300 5 0 £ 124k B 50 bomb 12 o

(2) #-1 5. CuO~ammonium iron(Il) sulfate hexahydrate [Fe(NH,4),(SO4), 6H,0]

75 mg ~ 8% hydroxide sodium 7ml % 4r » $c 5% > 10§ 5 B4 Bt o

(3) #-bomb E >t 150 B 4a 4 -] pF > pLpF > CuO eng 1418 % g B4 o

(4) 52 Fris > #F A 4 & 12 4% NaOH 30ml # 7% bomb 7 - 4 & » 50ml
g g o

(5) 2 feent B R & FT T ko T K4S 1 4% NaOH 10ml 7%

(6) ¥ iR fod iy 52 ¥PR & 1 6MHC & #faft 3 pH &
il

(7) FRIESGE 2 AW go pEPRE- o paEFE > 2 ARAAY Sml 7

ARiB B2 o

N

(8) 7 Ak i 4 22um i Wil o e~ HA LA 0 B F BT 4N 4°C
2w oo
(C) 12 J&Jk Tk 2. 6 3 4~ 47
PoSE RIS 0 Ser 180 UL IM £hd § BRI R 0 0k
I 100 2 > 7 2 UV-VIS & % %3 Rt 0 T A a B 12 AR

(D) =# % L4 f7
% I3 W% K12 % & € (International Humic Substance Socity) £3%2 = /% & B
0.1l MHCI %2 0.1 MNaOH 4~ # Z B~ d F4Epe (&b) T8 itz > Risp 782 #
M 4T
E4/E6 (&p] %0 #4573 f2370.05M NaHCO3 » 3k & % 200~400 ppm » pH 9.0 -
M UV-VIS A& £ 2k & 331 i50.05M NaHCO3 3 %% £ & » Bl 2% % i & 465 nm {v
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G AT AR H2-20mg 2 fRS e M F A RBIZC, H, O,N,S 27 fa~dk

A

7;1’[‘{37!]51%_0

3oa: 12 R R S OR

B RiRE ALY

LR Aldrich » ¥ G fkag 2 8 1 o

Protocatechuic acid ¥ 44 & =

SRR ok XADT 15 0 12 MeOH ig % Soxhlet 5 B~

SRR ok XADT st 0 NaOH it je % B 1t gt 15 Bojg it

i e

FMNIERSE O GRCAKES A MFECROMERG ) FRCED

SEiH

ST AR MBS SR AKS  E U FE LR RER o B

¥k 3 PR

5

6

Gallic acid ¥ %4 & =

10

SRRk i 4

11

¢ R TRk R fE 2

T

12

SRR R

T
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Table b. Humic substances used in the present study

Abbreviation Name Source Pattern

American HA USA Soil

ARI-L-HA Agricultural Research Institute, Taiwan Liquid

ARI-S-HA Agricultural Research Institute, Taiwan Soil

Taiwan HA Sea front in Southwestern Taiwan Soil

Taiwan FA Tainan County in Southwestern Taiwan Well water

Synthetic HAI Polymerization of protocatechuic acid Synthetic polymer

Synthetic HA2 Polymerization of gallic acid Synthetic polymer

B¥XREFIHEIIPRARRBEL T
- 3B
B RRY FREBRTATREFIREI LT DR AFR -T2 AP L

B#’i/é"’l gﬂ?-%%;%’m'hrﬁ‘%t‘ m)@r*gﬁ&ﬁg& J\t’ m}&élb%)g‘r*g,ﬁ&o

KA FHEAEEE W REIF NI %> £ F €32 @yt Fend (1 tpe R

AR

2 /]?e? o &4 LBk (Ames test) E A ¥ A Y RFFHEBRF SRR
T # K F k4 (28 % (bacterial bioluminescence assays)~ % b | £ 4R o
B E Y AR R R ERE N R FDE S 2% (Microtox 2 Mutatox)

B R i ERRE o e A E R 2 A Mutatox f#]fé < Strategic Diagnostics

Inc.

' E B AR T JoenipliE A fa(dark strain, M169) o Flit % - £ & & 5%

& 7R * Microtox » R R 4385 0] :T4% Ames test o

2.

]V} /?J p‘é‘ S o MlCI’OtOX’ lé E * f&@¢?ﬁix ,u.a- }'_3{ %2 ?

fe® Microtox * & 6 Ttk h cnit Eiple (e« JEr B84 £
FEpeEE 2 HFaEF B3 7% » X H AR {osc gy
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4. &* Amestest *t L ARt A7 K L) E RIFEL T > ;{%J'}. 4
HA22FRE NRDFIEREFRRPHETR -

#

o
ll
-

£ B FERh R fes i o

N

FHARFERE s EFORRPHRS

e e R
1. Microtox & & i85
Microtox % & {£3#5% (Microtox acute toxicity test)*7i¢ * h¥ L7z ~ £ 5
7 % 2 Vibrio fischeri NRRL B-11177 - Microtox # f23#5 2 ¥k (74 2 ¥ 7
Microbics Corp. Z:x2_ 8= 2 ¢ 2 100% #5240 A % > 2001]« g * & & 5
REFRE ST R ;*ﬁTd Brpeab] e gl Sk ap B oL i > 2R 8 4 BEC50

L
B ©°

—\

2 E BT T (B 2

Isobologram(& 1% B R R A 7= A3 24 TP 7 b [LH ant 54
VR L - B Rchfrd] A = & (BECS0 & LCS0)2 T o kA b iR £ b
g RE T A d BA kA 7R & F 2 F el o Isobologram
Bl24eT BT oxy d s B A - BRESFFHESF T2 LHFEE > TU
H

rv=2+4
z, 7,

NPz R R E A MRE%RY LB d B gk R 0 40ECS0 5 21,2, 5 ¥
L BEAE i SR %ﬁ Mg A L H - 3 PRI R -

PmEA S BAPL T F A AT AR T - F A g N R AL
gl e “;T'T A& 12 TU=1> T4 5 F [24p 4 (additive £ zero-interactive) » @ H

IsobologramB|4c™ B]—- #777 & - B4 > ¥ 1L OV A 40T @

+22

2

==L
‘){l

™

FORAMSFTRELDREIPE ZTUL » T AR L2 B eh2 3
it % j X f’\i ,\f}#g %EEE ’ fﬁ_;‘; :3‘ :H’_i\g gﬁ(synergistic) ’ ’;fZ,_g: IpF ]%‘]\2l o %;;1 y

N A R T o
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FoOBAMEF TR EIPECTUS] P A3 BREF AL T PR
(counteracts) > ¢ FiR AL & F {454 (atagonism) > #-F BT B]- ¢ b L s o

\z\, 4Tl

U =21+ 22 >
Z Z,
1

0.8 [
= L antagonism
= 1242
® 06 [
g addition
=]
k] 04 t
= synergism

02 [

0 L L L L

0 0.2 0.4 0.6 0.8 1

TU of dose agent Z:

B ~ Isobologram - % M

2.75 A w1 R % RI3EZ (Ames test)

Ames Salmonella/microsome assays # 44 * ** R R g F 2 o H Pl > 2 %
FI* G RO AF v a4k L g fh(histidine)2 TR T A i 2 3 0 Ak
FHUALRREF T VRBKRAMRL TIRELZF R ¥ wF FUE 32
Fem 2 o SIS EANE G AR L mE A AT 4 FhaeT LenEiE o 4

T3 RREY F 5 a[Maron and Ames, 1983; %4 B ¥ &5 3 5 E5% 07

[

C. B Ipit? 3F7§

(=) A1 (Humic acid; HA) % i # 2

=
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$ Bij £ 2 humic acid (Aldrich) # % 2 ** IN NaOH (in dd H,0) » PH=10,3¢

A
&
fen
o5
~my
™
[
e
N
fmf
5
w

&2 pEHREFELS > 40 » INHCI (in ddH,0) > 3 PH |
HE20 A4 UERFE R R A KT 50mli#E > 2 3000 rpm 15°C - s 10
Aaad R R BP R BT KR TR e EAF L I kR
—He—>L 8 X3 ek fE - RS 6 A # £ 20 IN NaOH #4%
2RISR e~ 2rdd HyO #8432 %1 pH X 5 TELE & ¥ 40 » 237 IN
HCL 3 pH )% HA 3 1 18 273 0% » Mg Mg 3 ' 3 i3 e g ik id
NECEC R E R R E TR AN A

(=) wie sk

(A) JB6 (H)*+ A im®e (JB6 clone 41 cell)z. & %

JB6 (+)im?"2 g _— post-initiated mouse epidermal cell line % # * % tumor
promotion 2 F%3 o # JB6 (+)im 3t &> 5 % FBS 2 MEM (P %
100U/ml penicillin; 100 ¢ g/ml streptomycin; 2 mM L-glutamine) = 4 53 ¢ >
B3 37C 5%CO, % 4° % > L& s PBSwash2 =& » 4e 7 I ml
trpsin-EDTA » #-2n% $7F » = F4e » 10 ml MEM #c » 15 ml &t # g
4 g R 4cirmedium £ ETE £ o

(B) #&2)1e% 3%
1395 Mondal % % 2= ;% (Ref),f&12 200 i JB6 sz ** 60 mm dish,3% % 24

hid4e »  fAEE ] X {240 » 37 medium # ¥ 33 =X medium 3 % 6-8 ¥

EDi

BrUEE F LTI 5 % Giemsa % ¢ 30 4 48 BEicd T LB E 3 mm 2
foci 3 & #iFH & typell % type III 3% foci # P .
(C) Intracellular ROS &5
w2 1 & 24 ) PF1S > # starvation medium (% 0.1% FBS) 24 /] FF{s & B 4c %
I ik B ehUR 48k AR 24, 48, 72, 96 ¢ ¥ {8 £ 4r » DCFDA (10uM), 5 30 »
g me s flow o ¥ M EJZF et 48 h 12 PBS wash @& {8 L 32 &3 X {5
£ 4 » DCFDA (10pM), %5 30 A 4 < " 4 flow
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(D) ‘¥ 7% H2 R
Blme A2 48 h £ 02 PBS wash & xS L 8B %3 % (& 1Y
trypsin-EDTA #-’m*s d 32 % x trypsinize & %k » * PBS #*ixis »
TRITC-phalloidin(500ng/ml)( & F-actin) & % +% 2. DAPI % ¢ 1h (DAPI
(4',6-Diamidino-2-phenylindole) & ~ #& DNA % & » ¥ 11 7 % ‘wPe W T 'w oz 1%
P 36~ B DNA e minor groove ® Adenine 2 Thymine rich shi= % o f] %
DAPI 7§ s &g fcsit (340 / 380 excitation )¥ 12 1 DNA ez % > k 2[¥7 4
F 3 8T & Fwre) o 0 PBS wash 2X o £ r4p i X B4k 2 Fluorescence
Microscopy & {7 L% o
(E) Wound healing method
WP 32 & # starvation medium (% 0.1% FBS) 24 -] i, 4e » 2 ik
REOFEMR 7 w23 547 2 48 | FFis, $18, # starvation
medium £ #5635 % 48 /] pF, r24p L RGBS R, ¥ EE T BAR
B w7 e p T $9 s (FTE).
(F) sn#e:x 8 ~ 45 (Cell cycle assay)
#-tmre el 2 48 h £ 2 PBS wash & {8 E &3 X {8 >
trypsin - EDTA #-/w? d 22 & x 7 > PBS * ik » B F w2 kR = 2x10
Scells/ml » 1 300 x g &< » 7 fL R e 80% FpHF B » —20°C 7k 44
e mie 30 30 A4 o mEF 400X g Y 5 A4 75'1"$i R ik
I 4e 0.1% tritonX-100 0.5ml *>v 85 £ ° F & 30 & 45 #,késgu’u,‘fl
& % » 4v >~ 1ml Pl solution (10pug/ml > p z 40pg/ml RNase A) » *+ 37°C
kig P #RF & 30 480 B is B2kt > st wie ik (flow
cytometry)ip| Z_e
(G) Anchorage-independent growth assay
Bl AR A 2 48 h £ 14 PBS wash 7 =t (& & B~ 5000 1 w2 &30
soft agar dish (1 & : 1ml 0.33% Basal Medium Eagle(BME) z 10% FBS,™
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£ :3.5 ml 0.5% BEM) #-im% 32 % >+ 95 % air plus 5% CO,, 37C, 21 =
{8 Mics T BRI E § 0 8 e 2. colony.
(H) ELISA assay for NFkB

B e L SRR 2. fm e ik 2 e PR T B £ % % nuclear extracts
**Nuclear extracts Preparation:

(1) The cells were lysed with 500 pl of lysis buffer (50 mM KCIl, 25 mM Tris,
0.5% NP-40, 1mM phenylmethylsulfonyl fluoride (PMSF), 10 pg of

leupeptin per ml, 20 pg of aprotinin per ml, and 100 uM DL-DTT).

a. Centrifugation at 2,000 rpm for 10 min.(_} 7% cytosol 4 "%)

b. Nuclei were washed with the 500 pl of the same buffer without NP-40.

c. Then placed into 300 ul of extraction buffer (400 mM LiCl, 20% glycerol
and with the same concentration of Tris, phenylmethylsulfonylfluoride,

leupeptin, aprotinin and DL-DTT as the lysis buffer).

(2) Centrifugation at 14,000 rpm for 5 min, the supernatant was harvested as

nuclear protein extract and stored at -70°C.

L A kit @ % 2 plate T R R WR o REP 4 FiE TR .S Add
100 pl chemiluminescent substrate.( 50%Luminol Enhancer Solution +

50% Stable Peroxide Solution) > Measure the chemiluminescence using a

CCD camera system.

() @ = % 2k/Z (Western blot analysis) :

FRRERZLANY LRI LTI RLF RN A3 XU E- o



Wt ado

-
e
b
i
,\~
|4
D]

T BEOT 3% v & IR 1A o
A
1. Lysis Bufferp 7 RIPA buffer: 150mM NaCl > 1%NP-40 - 0.5%Deoxycholic
acid »  0.1%SDS > 50mMTris-base » PH=7.5; 1mM sodium orthovanadate ;
100pg/mL PMSF; 170pg/mL Leupeptin °
2. Sample Bufferp 7z 2mL 0.5M Tris-HCI(PH=6.8); 1.6mL Glycerol;
2mL 10% SDS; 0.8mL 2-B-mercaptoethanol; 0.4mL 0.5%
Bromophenolblue

3.Washing bufferp 7 PBS with 0.5% Tween-20

L2
(1) lwre el i 22 g2

#-mve 15 % {8 0 1 trypsin-EDTA #-%m® d 32 % x trypsinize T % » * PBS
1S 0 1000rpm #res 5 A48 0 Bk ImE o Aot & AR we IR KBl
sk B3 A 1X10° cells/10 cm dish » 32 % »+ 10 cm dish ¥ o & fn ¥ pLES
i > 12.0.1% MEM 3£ {7 Starvation overnight » #X {8 { # AT #2 £ AL & &
BB b b~ (As)O3 0 BJZ 5 A 480 £ 4 » Humic Acid) > 32 % 3 & 2 p ¥

BB T o
(2) F¥ FenE P2 2§

B & AR im0 1% cold PBS wash 2 =x > &A% 414 #-hm¥e 3| 7 2 &
2 eppendorf #.w 1000rpm 5 4 450 £ 3 ",4rf PBS > #% {4 4v » Lysis buffer 50ul

(P # protinase inhibitor ) 4c » 22 ¥ »* 4°C 2. F 30 4 45 > £ .~ 10000g 10
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(3)

(4)

(5)

A4 0 Pt iR T L Total cell lysate » £ 12 Coomassie blue % & F-v

# £ (12 U-2000 Spectrophotometer 4 7 % & {& > kB € & # 42 Fd F & )e

SDS "4t 2 # i

BT AT R BEPEEES Rk PRI T ALY FE 0 BEA

&

o F 2 F6 0 Bl ® 12%+0T K separating gel ; B A A drt o3 £

v o RIfeE 8% 10%:7T £ separating gelofie %417 # FiR £3595 1>

(w,

Flid s well g L5cm Al ok > be r - XK BE RS 0 ERRE TS

18

M-t Koz Siokexdr o L el R stacking gel )~ 2 3~ comb o FE >
R E 180 0] s d-comb #4241 > £ #-sandwich clamp assemblies 2 » T A H ¢ o

4t » 1X Running buffer B2 & BB F 18 » T X me 3 AH2 1y o
4t » % » (Loading sample) % 7 %

#d =3+ > &AL~ protein standard marker 2 sample 14 iE {7 T i o

e
TRt L & 4s(stacking gel)* 80 volts » & sample #% # I'| separating gel £

# % 3| 120 volts » & tracking dye # I 41T % & lem kT ¥ marker ¥ % 7
%iﬁgﬁ’&%Wﬂ?%’ﬁiﬁﬁ’%*ﬁ%?ﬁ%ﬁ’@ﬁﬁﬁ

(electrotransfer ) # o
# 7% (electrotransfer) ¥ %

2 #- nitrocellulose (NC) paper (transfer membrane ) % 3M jjg A %@ >
P > B Pl 230355 BIR L b o Electrotransfer e v £.d f &
(anode) F| 1 & (cathode) » @ NC paper & ¥ >t 31T & » 4878 -
o f e B RIBIM A AL I LN EE RS T

SBJRR o B TH Mmoo B NCpaper F & o B R
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EHF MR B E L ES o B TR @ TR 100 volts » #ii#

(6) % # 4% 2 (immunoblotting )

f#F = = {8 > #-NCpaper & >+ 5% blocking solution ® > * 3= F BirF 7§
1 -] F¥ blocking 12 washing buffer j£ = =t £ 4r » 4= fmikll > * R iF BT
overnight at 4°C ° kg % 2_ {& #-4~ ¥ v 42 12 washing buffer ;£ = = » £ 4¢
> E A R BRI 2R 1) PR {8 o bl 4= 12 washing buffer
7= =& » #- transfer membrane % 422 iz ° % » chemiluminescence reagents
( PerkinElmer Life Science ; Western Lightning : Enhanced luminol reagent
1.5ml iz + Oxidizing reagent 1.5ml) 7% & Jig 4 5k o Bofs il 6 ik i Rl

Bk o

4“%‘—& Al
A,\gj%@i;ﬁ—— SN N 7F ﬁjég o
Control (6 & ): # 3 Acetone 200 21 /mouse + i+ 3 = » 3F 4 24 iF -
Bla]p singledose (6 & ) ® &% 14+ 0.2 £ mol /200 ¢ 1 acetone >
H 423 1% ¥ %3 acetone o
Bla]ptHAg (6 & ) = &% 133 0.2 £ mol B[a]p /200 1 | acetone >
Hep23 %3 250 ng HAR /200 121 acetone o
Bla]ptHAL (6 & ): © &% 1 &3 3 0.2 £ mol B[a]p /200 1 1 acetone »
He23 %% 50 gHAL /200 121 acetone °
HAy (6 & ) &%= 250 u g HAR /200 2 1 acetone °

.

fdB 5\
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WREHREY AFEPER B HEAELF (231 RN N VK

* % test western) .

D. R Pai®i

Lt pez Kike @i

S 5L

&R B2 I - S

HA

Commercial HA(Aldrich) & dk md2 3 =< & it

SHA

£ = Humic acid from Protocatechuic acid

HA 4

Protocatechuic acid H %%

HA 6

Humic acid from protocatechuic acid

HA 13

Humic acid from Vanillic acid S2 (no fluorescent)

HA 16

£ 2 HA from Protocatechuic acid

HA 44

Commercial HA (Aldrich) M.W. > 5K

HA 135

£ =2 HA from Protocatechuic acid

24 it &  arsenic trioxide(As,0;)

JLEEFAT LT R

(1) BBz T BB T 3 M85k

paarpld o P45 X2 ICR /B FHGE R 1231
FERREEHY BRwe A iiE 5 P& E phase T [
AR RBFREEEHY BB AFAF T  HEELRE- X L5
FoX o MAHFEFALIEAI(R I R)ET g2 F 23

P RRZFRERAHEES > 4o £
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E i kR &
g 20mg/ml 0.25ml/40g B.W.
A As,O3 2mg/ml 0.25ml/40g B.W.
Normal saline - 0.25ml/40g B.W.

AP RIZFPEANE -2 VK20 (9%

Iy

I)~T 3

J-

(L) kot 2 s E o e R BE A 2 ] LS
B BB R B AR5C ki F A v A 472 8-OHAG 7 £ -
Fohig 21 %2 ) REPH e 3 L& 4 F et 95 L FH AR &
Bt REEIETARS PR Y FRUpIZ F o

B. e dtih— X (B ARZ § 20 %) 2IMUpids i & (733
(15) HPIHARE & 54 F ~ 2002en5 = 5~ FRHcP B o 5358 07512

PlEFREREDRZRE B (ARE B FEaP582 i aH
ez fgp bz BEReROPL o FRESFGEP 2 A4 ESE
RS R A > BB H PR R LR o s PR B
MEF T 142 192 GRFii BRPREZAAMZTES A L4 2
PR S Moo A 2R P 0 S M gRY 0 3R H P Bt
FTHA 0 DR EL AR R o

(3) 2 it a2 45

I. 8-0HdG z & : g 22 B #head TARF BT ++E, »
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2.

3.

PR HERY GV §ERLZF A d 45 8-0HdG £ & - 7]
PR R 2 2 kR 2 47F B (Desferrioxamine) 0 14 R E
B2 A DNA EBchBe 22 2@ A DNA A5 BEfeY 5 4 2§ 1
FA o it DNA i AT S EARF B B F LS I e R
* o HApE B3 * Sep—pak 2 Cl8 cartridge (100mg/ml) » &% Iml
2_ Methanol % -ki& - g ts » i ] » i 1“8 {8 2. w2 4k & o B {812 40%
Methanol o #& 1 - £ 4% 2 8-OHdG 2 dG 2 #* # ik ik ¥z wiz 2 5%
actonitrile/0. 1% formic acid & r2 LC-MS/MS % 47 -

FiF a4 e e B2 B &4 Y4~ Tris-HCL buffer & 5%

trichloroacetic acid 3§ % # g s » Bl # 2% ¢ SOD »

%

Catalase ~ GSH peroxidase % GSH redustase 2. k& o
MR B E TR 2 A4
A EME 2% 7042 19 AR FHFL 2SN BERFE LR
s B b 7 TR -85 CHEs  FHEREFA4TH -

hCG(Chorionic Gonadotropin) : P~if ¥ # & & B8 HCGtbeta ELISA

A2 (IBL, HAMBURG, Germany) 2. § B F#i& {7 4 45 o
Estradiol : P~if & # & % B Estradiol EIA ## % (Cayman Chemical
Company, Ann Arbor, MI, USA) 2§ =¥ Zg:& 7 & 47 -

Progesterone: P~if ¥ ¥ & & P& Progesterone EIA :##| % (Cayman

Chemical Company, Ann Arbor, MI, USA) 2 % &4 Z:& {7 & 47 -
Prolactin : P~if # # & % B Prolactin EIA :##&| % (SPI-bio, Massy

Cedex , France) 2 F & & i7 445 o

C.#EHfARBGRIEREM A LRBFRIZHFT

BZ 2w AIFRIL kBRSP4 RED REEHT

FLERmw A EE LS PAE phase T8I Af o AL BBRBEREHS

BLE

g

+ E A AR - AL E - X o NEHEF O R

F.Y‘-
M
=i
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SEERETIEY EREE RS S T SR RS St
FMMAREL P AT I DA AR A 2 RBEET

A]‘Bizli o

E. BRBERKEPETL

KARERSE S

HIT-T15 Secell 3% 7 10% *+2 i 72 RPMI 1640 3 %
(P 7z 100U/ml penicillin; 100 ¢ g/ml streptomycin)e32 % ¥ - & >t 37
CT5%CO, % 407 »& % {812 PBS wash 2 =t > 4¢ 72 1 ml trpsin-EDTA
#lmfz 47T > 2 4 » RPMI 1640 32 % %2> 15 ml 3o g e d b
Fik o £ 4vAT medium £ATEE -

B-fmre 55 & Y 6524 & 96 well culture plate 4 » % )k B R E
(F1Eps HA &8 As)0;3 )83 37°C, 5% CO, P & i 2~4~8 24 24h 15 »
LulplBmie 2§ pd A~ATP~%% 5 200 me P 5 o

poamarpld Hoo @453 < 2 ICR/) & 0 FH 3§ 12318
T 7| e w g% 4 %t (1) control group without any drug treatment for 12
weeks (n = 14). (2) HA group, mice received 500 mg/L humic acid in
drinking water for 12weeks (n = 14). (3) As group mice received 10 mg/L
As203in drinking water for 12 weeks (n = 14). (4) HA+As groupmice
received both 10 mg/L As203 and 500 mg/L humic acidin drinking water
for 12 weeks (n=14). **F B B 4518 %35~ T2 123F &~ w|d P2 § #0%
LA VAR:: K. J]{‘ (4 °C, 1500xg, for I0 min) {5-85C i 5 F*L 5 & » 4718

Poogith s Bt B5EA WEPEL | K B AR RIS B o
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A PRI £ HA R L R AR S B

LRk 4 e T - %ﬁﬁ*’;‘f °

sl

® E:Tindp k45 ¥ T R(LC-MS/MS)fe & ik A2 2 4
ﬁ#ﬁﬁ%%i‘ﬁﬁﬁﬁ%ﬁXFi%ﬁi78mﬁGz§°

1. &= 8-OHAG 2 F =% p & 5 PNs-8-OHdG -
2. % LC-MS/MS fie & I (=% R A 47 8-OHdG 2. = 2z = o

3. 55 L 484 dr 45k DNA FBeendo it = 25 4 R i & DNA ¥ 5iB
RIS S P

4. B3 8-OHAG i 4% F4p 5 B~ j (on-line solid phase extraction) >
AP B EPSE it 0 LC-MS/MS (7445 o 12 % £ & 4 o AL
rE s R EREY S AV R AR A

@ i Afri A Y L32bd o #aE 2l 8OHAG A 15 2
(LC-MS/MS)ig* »r g a4 e Ao tr(fe b H s F3F)e 7 0T
ASabp g

1. Efﬁ’“)ff;%fﬁx Iy Kihafieph 2.7 Knblgl%\:‘m”r? i fe B i
AFFLHT? PHTE ;\mrgmﬁg"];s g9

20 FAEHHERE R FFROAFT P GI R LT
FelkRm F AT o

3. FHAFPEREEFEFITRI T E TP A oedH B
A FF T

1. k3% PNsiE7 2 8-OHAG(p & 5)2 & =

hEE R RBE R AR K T R B R e & % fF 2 (isotope dilution
LC-MS/MS) % # ##&¢ 8-OHdG 2 7 &  p* 3 2§ £ Uk =% PNsfhor
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2. 8-OHdG (M B &) 2 & & » @ * b =% fFf 28 F 2475 &
8-OHAG » H & = = ;2 1 & § {|* BNs-dG e HyO, # 4cv » ascorbic acid % it
A o P~ 2mg 2. "Ns-dG 7% 50 ml-0.1M KoHPO, -k i 7% @ > 338 5 pH=7.0 © 4¢
»~ 8.8 mg ascorbic acid > £ 4c > 200ul = 35% H,0, ** 37°C-kis ™ 3% 7| 3§+
30min ° & F§ 30min ¥ £ 4§ 4c » ascorbicacid 2 HyO,— X » & A o T M 24
BNs 7 2. 8-OHAG(P 518 )2 & * 2 2 o 374 22 PNs 7 2 8-OHAG #-1
FIAPHE P A i o JRMEICR AL A (Huetal, 2004) -

2. 4+ 8-OHIG A {igh it =

BT EARR R A NS AR R RGBS RS BT S
8-OHdG thz & » 1 faz = & fa 4 4 & 8-OHAG 4 45 7 i  fRie 8-OHAG 4 47
Feite 7 7 14 5%methanol/0.1% formic acid #4810 & 84 e =% p AR+ 1 48
Ao m BRE Y 8-OHAG 2. T_& /A7 4o B #777 :

. )& aJde:
b'Li—Bxggi‘gm’?éE\?ﬁ"i}L;’%?éf_#«*i P11 DNA T igm b o 7 FTT‘E'JE—E'H}E'A?
WARY S F KA S F P Aag A AL h 8-OHAG # & o Flp AT K5

Ravanat et al, (2002) #r 3% ' 2 2 & > 4 » 2 F B B 2 L § v 3

pa
=

|
(Desferrioxamine) » 12 ff & f84 Pk & DNA ¥ P-enge if 2 2 > @ ¢ DNA &%

PiEARY AR F LA e
2. srEFz TRAFREP ) e T F ek FR-LC-MS/MS A 47

ARG AP R AORR A B SRR B AP TATRE L TRRFA F P
e T A APR-LC-MSMS A 452 | A5 o BAPM i H AT R S %
e e

AP TR EF hE £ RE LC-MS/MS o R 7-&F2AF 7 ki Fms fmEF
Eryefkitc-Head - B PE202 p#P%EZ - B PE 200 micro pump
“7 = (Perkin Elmer, Norwalk, CT, USA)ift 45— = ;% v &5 8 7 7 ¥ R (API
3000, Applied Biosystem) °
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BRAg A2 2 & 0.1¢g

l

DNA 3 H

l

DNA (20 pg)
l )3 F AR s o

DNA 1t

|

PR IR 45 E 200 pl — 5% methanol/0.1% formic acid
a7 dG & 8-OHdG

W 3% E? 8-OHAG % in 21

G #F&3 - THhEZ RES TR

R E- BIFF AR B2 F I s AR 6-8F2 ICR
BRI E B 5410 2 BB 528 X 290 X FE AR 8 K AR 2 e fik (HA)
for (As203) &80 7 & R 4 Fieps (HA) o/ (As203) 1 & >

LR B AT

31



- w15

K| o= R F

Control Saline

HA HA 125 mg/Kg BW

Asl As203 0.2 mg/Kg BW

As2 As203 0.8 mg/Kg BW

HA + Asl HA 125 mg/Kg BW
As203 0.2 mg/Kg BW

HA + As2 HA 125 mg/Kg BW
As203 0.8 mg/Kg BW

- 283

KR o= ow £

Control Saline

HA'1 HA 62.5 mg/Kg BW

HA?2 HA 31.25 mg/Kg BW

HA3 HA 15.625 mg/Kg BW

Asl As203 0.8 mg/Kg BW

As2 As203 0.4 mg/Kg BW

HA 1+ As HA 62.5 mg/Kg BW
As203 0.2 mg/Kg BW

HA 2+ As HA 31.25 mg/Kg BW
As203 0.2 mg/Kg BW

5= 100 =

2w S I

Control Saline

HA 1 HA 15.625 mg/Kg BW

HA2 HA 7.8125 mg/Kg BW

As As203 0.2 mg/Kg BW

HA 1+ As HA 15.625 mg/Kg BW
As203 0.2 mg/Kg BW

HA 2+ As HA 7.8125 mg/Kg BW

As203 0.2 mg/Kg BW
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] #
w5 % % m £
Control Saline
HA HA 500mg/L
As As203 10 mg/L
HA + As HA 500mg/L
As203 10 mg/L

. p ATy &%

A FEEREREFZ2 LRI WMAL 17

1

AEZEGEET I AR TREMDFTER > A ks Bt ZixiE s

}gjﬁ;féiﬁf*iﬁijgf’?ﬁ%gl}*%(@ 1) °

CHEp Aldrich £ phsg @t o4k & -

G HfRS I T A GRS EEIGT 67.2% (w/w) HE
e Lt HEM3 ¥ a2 A 3,4,5-Trimethoxybenzaldehyde (B 2) +

PR RHvEMOAGY B SE - ER e 6 AR SRR &

__‘

R ESSILVEDE TR B STE A
ST s BB AR L UFE LR iR E B BRITE
3 FRE P9 F 3,5-Dimethoxy-4-hydroxybenzaldehyde (42.3%)

™ % 4-Hydroxy-3-methoxybenzoic acid (39.6%) (% 3) -

CEMIERS S GRRAKRE > BN F R LR fa R B o BRECE

IERE SR EERgF 789 % (wiw) hE R E A L H T A

4-Hydroxy-3-methoxy-benzoic acid (B] 4) -
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5. = ﬁé S 4v e s B 8 4% % ¢ 4-Hydroxy-3-methoxyacetophenon;
p-Anisaldehyde; 4-Hydroxybenzoesaure = #& ¥ #§1% &% ,,"j‘ ALY I
P G B e e w890, 86, 94% o

6. # 1 A ERES~ 24,1725 % CHOEL &2 2 ~f o

7. % 2 B_E Ak e 250,272, 365,465 2 665 nm T B B YA 4R

IRE o W E Asesam/ Asesnm w2 T IBL F ZERIF AL

lF M LERRE AT AT R IR RF W HNE

Ik

o d
I Asesom P Agesom F 5 B 1~4 2 10 Btk &0 v EAREUR
AR 3<4<10<2<1> BAHR TP Asesom » & ED Agssom = f B
% 10 Asesnm/ A 6osnm P ARE 0 AT L E A gesam B Adesom ~ ]
S S>T=11>12>8>6>9 itz i gL FRE ) 55
B oedfd G BoRAEF R >5¢ BEArR R B 2 > Aldrich B #4505 >
protocatechuic acid & = & & >gallicacid & = & & > 589 2 /% 1 3%
W >0 7 RREAMTRRFE I >E W RS -

VOB Aosonm/ Azesnm R A EBV G| OB o 2 EAR S SRR B
AZC] o W E AR BRI BlAR L o d L] A "$ TR 2,3 % 10 B Ases
im B BOEA A HRR T T AR G TR E
B E > 5F Bk R > S#F 300054 2 S > gallic acid
& = & & >Aldrich 7 # #& & > protocatechuic acid & = $& &

MERLE2 BENTERENMUAFIE B B TEEKS 2

FEEBMA S ARE > B F AT TR AMT LA T > dT4a

f

FELFENFREBSF L ARF I F 2o FALAFIEDIREN HF R
IBRAT R AR A e ) B .

Foho Appom» ABFF%E B M 2 EAR TR ORED GAR L
TE A EEW GAR] o d A ] B ZAEB D AT )R D E N
FHEBESE > o BREOTERFESY > BT e s KRS >
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protocatechuic acid & = & & > gallic acid & = t& & >Aldrich 7 ¥# & >

A 71\*3’—\‘_,% > 5 \:l %Fé l—r”;g)j}]""‘v]:g 4 o Lb;i\%ll.'\i(,y, 1—)‘1__ ih;}gﬂ_:, o

B ¥ % ik 4 10 4
AR e R FE 2 F R FA R L S Microtox 0 i H ¥ iE
WEFRERAMEE FRFALLER P RERZHFEHEE LR T 2]

HE e AFET Amesteste AP H LB ERAEFES IR

REPRE SHEHE AT A AT BRI G o B BT

1. Microtox & # 3%
AsPr g SRS
. 23 B ARRFEAT 2 FiepkaHE i &4 (Monomer) » 4

Protocatechuic acid ~ 4-Hydroxybenzoic acid - 4-Hydroxy-3-methoxybenzoic
acid  (Vanillic acid) - Syringic acid ~ 3,5-Dimethoxy-4-hydrobenzaldehyde
(Syringaldehyde) % Vanillin % - # EC50 & }+ % % 4 B](Isobologram)4- ] 6
S77 o Pt HAE I & 4 $H¥ k 4] ECS0 0 4 /3 20-45 mg/L e H ¢ 1
4-Hydroxybenzoic acid % 1+ % % (EC50 = 19.9 mg/L) > Syringaldehyde # |+
B % (EC50 = 449 mg/L) - £ &£ As;O5 e EC50 T35 5 53.8 mg/L o
Protocatechuic acid ¥ As,O; B e 3 %% % JLIEITH {4 4p e (additive) o ’ﬁ
ABp > HARH R &4 % & P &3 23y antagonistic) °

2. MAEFNHRATL 2 K H EC50 & 0 X 43 173-458 mg/L o 4p ¥3 b it
BROERCEFNI R HBEES S FEREES TR Rk £ &
K As;05 e EC50 T35 43t 50.0-53.8 mg/L - 2 EC50 # {£% % 5
(Isobologram)4r ] 7 #7% o Gallic acid % Protocatechuic acid 7 & = 7 {8
fa? As)O3 FF e 3 1% % & IF M 55 (synergistic)e @ & = {8 i 8 ik 5 H#-
H & 3 & (Molecular weight, MW)-|- 3+ 500 3% & & #gm 31> H &2 As,O5 BF e
I OEH §OREITE AR A o

3. R HEMZEREY FiEfE ECS50 @0 X 43 252-375mg/L e Hh £
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£ K As,0; 7 EC50 T35 4 3t 50.0-59.1 mg/L - 2 EC50 # (5 § 5B
(Isobologram)4-®] 8 #77r o # & Ji e f(Aldrich) £ As;O; B e 3 1% § IR
F PR o @ KRR #-H A 5 E (Molecular weight, MW) = 3+ 5000 £33% 4
Agpa o BB AQO; B 3 (FF RAREIMA PR B o] P AT B LSS

ERAZFHERT E AsO; FF 5 3 wﬁmfiﬁm%o%a@ﬁﬁg

methanol % it #5 H 2 3 (F% PlRiTH Mipte o 2 Wehp ABBE A HERYE
AsyO3 B e 3 %% Qg R IR M350 SR B R 5 41T 3 [24p 4eo
AsPB g ARS

1.4c® 9 #75= - Protocatechuic acid &7 As,Os e 3 (7% %IRRT 4P 4
(additive) o 7 A& > HAH P £ 5 % &P F ik o

2. 4B 10 #7577 > Gallic acid #7& * LY As;Os FFen2 3 15 % w2 § F 4
335 Protocatechuic  acid #7 & = F e R &2 M E 7 As;Osv% & & (23 5% o 3
& F e (Aldrich) 2 As,Os B eh2 5 6% vk & 3 HH 3 5 5 FHFAESE A 5
£ (Molecular weight, MW)-|- >* 500 338 4 & gt 11> B 27 As,O5 FF e02 3 (7% &
TP S M 0 FEH A3 E 535000 cngfa o gra 0 2 As)Os B BB
MOER G ARF PRI IE¥ o £ Re s B0 ARTRE R A As)Os B enR 3 5%
PlFT S (24P 4o o

2. WP EAT R R %P3 (Ames test)
(D% - FeE s m 2l

BRI IRRIGER R 4 B2 0.05~5 pg/plate o 4ok 3-4 #7F o frt TA9S
(-S9)lzET » As” ~ As® 2 = A (Natural humic acids) % 4 B3 ) shxk
RN HAS"2 A" AU E X R AR BFRRRRM 4T £ 2 9F
o w2 TAL00 (-S9)Rl3E™ » Fie F 5 #8 it & # (Monomer) ~ & = hf {8 ik
(Synthetic humic acids) ~ As” ~ As® % = #& 4t (Natural humic acids) ¥
FBRIPEORRSE FERASE ASTANE I AR Y BB
RRRH e ABAET RSB BB AT & 5 KRSy, 20010 F
pEraptp Aldrich Co. e fepeam 5 8167 A& TA98 (-S9)F # iR %X ¥ (Yu
R FF i AoplAA R AL B (4

\u F

etal., 1998) - #Am *F7 3 & @& 4p i ek
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FEEEORER R RO R ) o T - PRSP RE R R REAE 2 R
MHRERRREFEET o
(D% = ree § A 2RI
i m - FROHET BN BRRFEMRE P ORREME S T
FPRRIEAE SRR B 9105 -
BRSNS G 7 R Ak (Sigma-Aldrich) A B i 5 7 bv e
P e BUFRTE B R (SO eniplse o B % Am > TA9BZ G & i 4 S9hipl
FToAS" ASUE B B RS AR KRR EME(L5E £6) o $3TAL00 7
WA 7 e S9 eplE ™ > FiEps 220 pg/plate% 50 pg/plate & E T 5
24 REBME (P<0.05) dAS"#AS R AR RRFH(XTE £8) -
¥R As” 3 RpE > ATAI00F § ¥ B AR R (P <0.05)
A TA9 RIABI MR RFH o FE LR % > ZFEM AT £ 4S9
T S N R R (TALO0) » A F e AST I R é_if]técSQéﬂr,%;a'r
s Bl R RPN o

ph o P S DS AP R R R R 2 TS B e e

(

ﬁ’x/v\ Fﬂ‘ ‘E“T” /T 4t "’b’ d 4 ¥ B Hq"p%fé it fj—,— <89>m/? ‘L‘g‘ &*F‘_ﬁ' r—g ’3‘?'] )
cEE FRFER AT A L e S9 ek iwT™ 5 TA98 % TA100 % A e B 2
RREFE(EI~A12) o - B 2h 2 5 TALOO 7 L‘L//J eS9T 5 20 pg/plate 5

ARG R R R (R12) -

C. BRpiE™ 3*Fk

I £T4R4 9 5 RT3 5 A o JB6+ cell 2 f75(imee £ 454 £

A EHH) A E R F AEE HA $AID#F %+ 4 wre JB6+  cell
2 A TE G ML MGE? BEFIR HA v semM{IDFE 3 foci 2.7 =

(Fig.11)» F]}* i& - #4533 HA » £ & F % 5 promotion 2 % 7 & H
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¥ @ iT* @ F promotion 2 iF# ?
B4 v g HA i S ek 2 P L ime ROS2Z A4 » TR 2§ L
SRR I G R ?@f_‘mpg P B R,é]ﬂ}]%mi)()]%r‘laﬁ Bkr B
MAERFEFABEF HA LF 030 Lwmiep 24 ROS» x £ 4
ROS £ + A 'm¥& 2_ transformation £ F 7 B ? 7 £ 2 DCFDA #% % ¥ % i
F 12 2 flow cytometer ;] im*e p ROS 2. £ » % I HA %A 100pg/ml, a2
72h % 96h 5} A & H 4 IB6+im p ROS (Fig12).% 5 R7 4 i w ik &
HA AJ2 48 h 4 £ %4 12 % 48h % 7 &2 JB6+im% p 2} ROS(Fig.13):

oA g I HA AJZ B 2 dw b 2 A0 F s 2 g AT (F T 00 T A

Mr

B2 ATy
AAR A RS T R F IR HA RJ2iE2 mie % 5 ek a R e i
fl > =~ d F-actin ¥ &% ¢ 2 L% R HA &J2iE 2 w7 B IR filopodia 2

A58 0 @ igU e 22 2 TPA (tumor promoter)—fﬁ 7 #f 22 % % (Fig.14) »

Dt

F]t HA ¥ & 7% & 5 tumor promotion 2 iy 4 © % ¥ JZ HA & TPA

o

S

gy
ppas)

R

w2 AR5 T B Y AR R B w2 ) signal pathway o iE @ BB mre ikl o
A HA AJZiE chimre » A pogh I H fm e 8 2% > GO/G1 phase (Fig.15) ©
mouse skin JB6+ cell € — ¥+ TPA %% neoplastic transformation 57 g 2_ ‘m
o fagE 2 A J1 ) e v W P § 5 2 migration activity , F]ut 2R
%7 HA a2 {6 £ culture 2 % 2_ JB6+ cell # migration activity,d s % @ #
7. 10 and 100 pg/ml | € 22 HA F & & 73 4r migration cells (Fig.16).d s
¥ s HA & 3 3% transformation 2 £ % o
d < /]?% ¢ {74 JB6(+) & - i post —initiated mouse epidermal cell line 4r%

TPA,TNF-o. ¥ tumor promoter i3 {é % soft agar © ¢ 7 % #4f F 2

A

anchorage-independent colonies 2.5 = > d Fig.17 ¥ 4 IR positive control
TPA 2 24 ~ 2 colonies m HA % &2 4 TPA 2. 10% it % control 22

38



10.

1.

12.

15 % > d o+ 7 2 HA ¥ - weak promoter.* TPA ¢ /&t ¥ it [ F i =
oxidative stress 27 H A #2545 B 7 B (% > FIp AP AR %P b A fF b
A N-acetyl-cysteine & % %3¢ ZLH ¥ block tumor promoter TPA 2 HA #7i¢ =
¢ anchorage-independent growth. ¥]t 4 jp] HA ¥ ¢ = JB6 (1) A 24 #F 51+
pA M ROS ehEg 4 igm Ragmiez #2350

d 3> po 44 ROS 2 & 4 22 NF-kB #:F7%] 3 s it 5 2 B %> Flpt 1y
ELISA kit % HA 2 (5% » 5% % 3 HA A&JZ {52 v T35 120 4
NFkB 2_ biding activity ¥ # 3 4 NF-kB #& Fi: 4 (Fig.18) o

W2 7 &+ TPA # % mouse skin JB6 Cl41 cell fm*z & 4] &2 & i MAPKs
34 BT F M. MAPKs ¢ 45 Erk, INK, p38, 65t e 4 ¢ 3 L HA 1 & ¢
& 1 Erk, p38, TPA fr As;03 RI= % % g5 » @ HA § 43 AOs “7#%
# JNK 7 i (Fig.6), ¥ *F s H € RiE4% ¢ p-cjun 2 p65 € (Fig.19-21)>
75 & iE AP-1 2 NFkB 2 &34 4 -

¥oebd 22 HA € 4vig AsyOz #7ig = ) i ee & > Vi - % cell
membrane vinculin % connexin43 2. % R, % F M HA € K> As:O3
“rig = connexin 43 2. % LW L o Pe &7t ¥ 2. communication, T iEiE
e 3] 2 (7% (Fig.22),

d b g% A g s HA 2 As)O; % 7 tumor promotion 2 it * ¥ HA &

\

3 # % As)O; tumor promotion 2 iz # ° A @ i & mouse skin two step

carcinogenesis -3 ¥ - I & ;* = # 34 ¥ skin tumor 2. 4 .7 Fig.23 ¢ i
AHFMHA §FEH 2 2 M o 2 FME 4 skin v 0B TPA 1
57 17 2_ fhu 4o 1E INOS, Cox2, ODC, PCNA, OPN % 2_ # 3.(Fig.24).

d b g% AR HA 2 As)O; ¥ § tumor promotion 2 8% * HA &
3 3 3 As;O; tumor promotion 2 iy 4 » F|pt HA ¥ it € 3 8 As;0373 4
PRREZFAFE I EF LR

HA 3 32 As,O3 tumor promotion 2_ ¢ # % 4r iz JNK 3t 4, B JZH 4e c-Jun
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% NFKB z_ i %5 4

. D. _-r(‘% ""-T—

. AENZRZREEFALI L AI(R I RA)RT g2 58523 22 k%
2 FRERAMEER  SEEHE 2L PR E AT VG T
AR A OB FRRE AR FHE DR A PR E 3 L( R
A S )-MESL (202 10%) 2 04 2] % L PR o
FEH ) RAEEF PP o i R (£ 13-14)* B T
AR BL YR 0 RRIRINEREFF o FEFEMEE S 455
AR 2ZFEHR NEEF EBELIBEZ & 22 Fps (HALG) +As,03 £
—E N4 e A RS RRR A ERERMNERLEA G ) RA
hofer= FRE (£ 13)

2. mRppT R R G% FEASRE A B TS % 20 % ¢

R L EE R SRS AR SR LR

@2 kiR Fieps (HA,HAL35 2 SHA) H fpdret & fom X F & &
T RMP2Z AR 5 AR E (£ 14)o

3. LiE-HEFEH|ERTF THREHRSSE TATF PRI IE ) kE
ARG (& 15-16) 2 iPx o (FA4F BF P g a0 4 2 fEpIL
Bopahe LAy a4 A4 (B 25-28)

4, MAB BB TAMTE $2 04257 (B 29-32) 5 jp& & HA
24 R E E(HER 1 2)er? 2 hCG (R29) 2 2P HR
w (p<0.05)> @ Estradiol (B 30) AIRZ » H(LEK 6 % )i ik 3
Fho A Bl R il (p<0.05) e EASH(BER I X)L L LERY
BATHe i B (p<0.05) - Hpk M2 2 HA X F LB W2 ¥ H(%

7 6 %) Progesterone (B 31) JEARfITH|es P E A 2 R %
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|

s
=
H
T
&
X

(p<0.05)» it £33 9% 1 HA & ff § >+ iz4l e

I Prolatin (B 32) Z ERRIAXLEZe AME SH(EES 1 X)Y

(p<0.05)c p¢b> AIFALLEERZEH LRI 5 0% ¢ R B0 o

ZEETAFRG | 2. IR %o B 38— Rpefad A2 o)

4 ‘ﬁ*
s
@}
N
/Il'
%
e
hd

RERg I sy kY 83 # (HAS00mg/L or As 10 mg/L ) » & H =&
RichkBgiInlp Er2 | A FEREFISZF 8 QT FRAY F
WA sz * B2 B a 4 T (£ 4] control 1009 ;5 HA
21.7% ; As 13.3% s HAtAs 30% ) » B ¥mis @ X F 2R TR 5 M

lj}KE ﬁﬁ%}}ﬁﬁo

E. #5pRp =G
BB ROE W IEE S 6o AP EF RRR T P 7SR
2 As0s i 5 R B2 A B EAE| o
FAE L e 2_ iz 3 4
Fips (HA) ¥ bk & HIT-T15 B cell 2 & B3 2L{% 3% > frm {5
LR REBEFRHERMNmE M M EEE* (data not shown) e
B-HATEHpD RA NP W R B ERE 2 FERRE A Y &
Fi B tpte s e (B 33)e A 47 4 o] PRI 3E & & A i) Friepa (HA)
frm g E Frdn g F2 A PR Aptorcly (B 34) 0 @ i dicdy
AA7 0 B (HA) &8 8B cell 24 M x2biig » v B Bip B R ap
dAZ By B3 AEFEILTF FTROS)E i 4 o B L H bt
o2 dFend b FAL G d BT AP Li- HdF Al NAC £
herdmir AR L ERAFBAER (HA) fram > S5 3FRALEHR

Pl % 2o Fw Ry (B 35) Flts EPEMEZ F F F(ROS)
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AN A FZ R AT o Pl e 2 R AT - ¢ | ik oA 2
F@Em ™% (B 36) w22 ATP 7~ ¢ T *# (datanotshown) e JZ Annexin
V-CY3 apoptosis detection kit # ¢ BLEF RF A2 K & € 14z mre ¥
2 (F3T)e vt Gl FRAEIR . FHALE g § P B
2% 55278 (RI38) P XS TPEETE > g N

ol R gL f e i T BF L2 % (B39)-

xS TRARAPER ) i "k 2f HFR-LC-MS/MS & 4734 | * ik 8-OHAG
2_& 3B % (On-line SPE-LC-MS/MS)

4o B9 0 i A F 4P 5 P~ 2 (on-line solid phase extraction)sm 32 3 & § A
B AR AR A AT R A 4T E W e XY — L F4p 5B~ F $1(SPE column)£ -
i 4% R (Switching valve) » k272 > {67 p $E B2 R F &8 » LC-MS/MS i
747 o Btk It e TE MR {SE R AP 501 8% Si(Autosampler) b o R A B
L EFie ~ k5l > A4t Eluent B 4 I Fl4p 3 B~ F $1(SPE column)it {7 w i 22 %
o FHEY Wk R o {1% Eluent A #-@F il & i3 a1 g » LC-MS/MS

O ELA T o

Eluent B Eluent B
1
Autosampler Autosampler

=3

Waste ‘
1D
7

column
column

Column oven Column oven
. column . . column .
o3 (— C— Qe - O
Ny T CEED | (| G
Triple-Quadrupole-MS Triple-Quadrupole-MS

On-line SPE-LC-MS/MS i st5t R B (Koal et al., 2004)
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Ay e s TRRFAEE | #pe |k % fR-LCMS/MS 2 1732

oo gt B R G R i i PR (5.7 ng/L; 2.0 fmol on column)¥? £ 3% (inter- and
intraday impression < 5%) o fRi% ¥k & G R AFRL 4 » [l N S5 S T
TE LI L PFERF R Z 10mine ¥ & < &4 2 472 PFRF B AL T G P il

FrgZ Ao ¥ IR R £ 2 (20ul) > FF R R AR TR E R -

§

AKE DT RS ATRR AT o AT R AT B A BT 4
Z @

=

On-line SPE-LC-MS/MS » 17 4% B %

Table 1. Timetable for the column-switching procedure.

Eluent | (trap column)

Time, Eluent II° Valve Flow rate,

min Solvent la,” % Solvent Ib,” % (analytical col it mL/min Remarks
0 100 0 100 A 1 Injection and washing of sample
4 100 0 100 B 1 Start of elution to the analytical column
G 100 0 100 A 1 End of elution; trap column cleanup and reconditioning
8 o] 100 100 A 1
9 100 o] 100 A 1

10 100 o] 100 A 1

* 50 mL/L methanol-1 mL/L FA.
500 mL/L methanok-1 mL/L FA.
“ 850 mL/L methanol-1 mL/L FA.
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8000 20000

A 8-0x0dGuo B 15N -8-0x0dGuo
g 6000 284.1 > 168.0 & 15000 289.1 2 173.0
é 4000 (Quantifier ion) '; 10000 (Quantifier ion)
5 H
5 200 Z 5000
0 ot 3 0 " . . .
o A g 6 B 10 0 2 4 6 8 10
Time, min Time, min
1200 3000 .
C S-ox0dGuo D “Ns-8-0x0dGuo
1000 = 140.0 2500 289.1 = 145.0
£ 3800 i £ 2000 o
g 600 (Qualifier ion) {-‘,‘ 1500 {Qualifier ion)
S 400 £ 1000
= 200 = 500
0 e ad o o " Mol bl ok g P 0 ooy o " &L - .ﬂ“
0 2 4 6 8 10 0 2 4 6 8 10
Time, min Time, min
8-OHdG 2 on-line SPE-LC-MS/MS % 17 W ¥ (Hu et al., 2006)
RERASMTEXAFIE LT 2B
A piE * ¢ 2 > % 2 2 on-line SPE-LC-MS/MS 4 47 = 2 3t & 3 %
8-OHAG # B ifl % o # ¥ia 45 o 4 B2 5 34 3] 6 (i 2a3d)¥ “isk

oo he™ BT #-2 i Z 2 ICR Mice #* BUA 42 EF ke - 30 idle
24 B BREFT 8 X~% 18 A (X 11 %) Mg F3 585 272~ 03 ml
normal saline. @ F S 2N > * B afREZ F4e% 8 ~% 18 (& 11 )
B E R R PR A (HA % £:20 mg/ml-0.25ml/40g B.W.; As & £ :2
mg/ml-0.25m1/40g B.W.) » 2 ¥ Ji 42 f& (Humic acid)p- % p Sigma-Aldrich £ 5§ 2%
373k (IN NaOH)# A A (INHCD# it @ 17 » B9 % s QA T | &ef 35 &
B2 3) BT FEEA QA ko A EE R AR LE b S i
Fé 2 HA A £ :500 ppm 2.5 ek & 7 2 As &£ © 20 ppm 3.Fr 5 &k & it ik fokd
2 HA 42 :500 ppm ~ As # £ : 20 ppm) o * B gk bwr € o0 R Tk R

(5247 8 ki 2 T2 8-OHAG 7 B o434l 2 F% e T4 T 2 [ Rik$ £ 4

A FERE(R e AERIN A s A8 3ga5g 2 10g wle) T ATHEE L
8-OHdG § £ -
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I fa

AR AR
£ 0.3ml

normal saline

LRz HEE
e HA

2B ZHRE
BRE As

SRR EH AR
i B HA/As

+ &
a.F| i A
bihA&iE3g
c.iEKiESg
dBAE#%EIE

T+ &
a.ml A&
b £%iE3g
c.hAEKiESg
ddH A%z 10g

+ &
a. b i A
b.hA2iE3g
c.iAfiESg
diA#mzE10g

T &
a.fl &
b.h £ 3¢
chAEKkiESg
dhA#%EI0g

RERW

Az Folet o QU952 Y 8-OHAG ¢ A 58 %40k 15
S o A B G H Ak 8 R PR T AR RO EE ] e B R 2 R @ 8-OHdG
M BT 4e(p<0.05) 0 B4 F 3 S F RA MR A LT A - BT
pd A(Luetal, 1988) > 7 ¢ W i¢ m?e & 4k o B 4vlwie N RSO Z £ B K
bolmie pochg VR4 (Hoetal,2003) o Feph € tlprn g A5t 3 5 17

SRR 1Y St GERE E SRR

PRRET UFERE %S B

R H ot 80 chlFRT 2 BUFR0LZ R P 8-OHAG Ap gt ] e 5 p &g

B 4e(p<0.05) o L5 AT F 1L 5 R bRk & £ R(3.2 mg/L) 0 B IRE BT
glutathione (GSH) sz & P B3 v » B0 Ah ¢ B 4o & RPF%KcH% LR 4 (Santra et
al., 2000) o ~ R S d # BUFHILE AR ¢ 8-0HAG A 47 5 % » I R A ik
BEERATFDF LG T -+ B A& s Flofdmpritg? 8-0HdG 7 £
FOARFOT ] P RRH 4e F (p<0.05) > # 8-OHAG 7 ¥ Ap it B jh&k 8 i fe
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G B A A PR F (p<0. 05) i T B R RS e P T APt € de o

T oI AT BRGSO BpE 8 B

G TR RS e 0 BRI R E oy R R R PR feehd (4
F e i®* (Fand & 0 1997) - AR %4 8-OHdG = &

SR PE G B P e sk E B T VT o

)

ARt S B ]

HhirtleEfhes Q0473 8 8 L k|4 3+ 80F%2 T% 8-0HdG
FRATER ded 16977 o 2 RARE P F E &S FREMER N4 5 R
SRR A TR 8-0HdG 7 BAR ROl e @ P BRI 4 0 BER RHERE 00T F 6 5B
EHIRESAFNF L GLT ARG FIEFREF B BE TR LA FE
PEE s 2 g T (Lu et al., 1977) > R/ A F 2 i i (8
AR ERICLFHRE I BEHAS R FAEROERT AHE S R
FEREATF L GT o BRI EPRGIAAPG APE B 0 F R ARE Y
FH P& a2 s s g eapkinT > 2|84 3 8950 §5 8-0HdG
FEARBRIT I Er G PO 4o (p<0. 05) o B 7 A i ¥ B i ra s ¥ Blig &
AFF LG AT R EREEFLY R EE R BT R ARRT ) G RB A
Frnd B ATA @ b ' (Milton et al., 2005) < AP aw g %
EIMAMERED FAE B RBIAA AR IR DA Rk ¥ AR
16 ¢ » = S péx &R H 3 BIFH 8-0HAG 7 £ T 8-0HG 2 B8 9 3 2 2

D BET ORI R P A T LB TR TR ERE 27 i A G A
1 &R NEE (Biswas et al., 2000)m H3k o

FRINA SR Vg 2 e R(NA8E 3ga0g 2 10g =)0 p e B
175 8-OHdG 7 B &7 2 £ cn® it 255 4o B 40 #57 c AP R PR P
Brd A QEBPRGHE pREAGPE TR I TR S-ONIC F EEF £
EHED R AR ARR AT KR 2 gendl o B HMp AT LG ¢

EFER LA P BERR SR -

N

RXN
>‘]

(A3 3T ST IECEES GERTE T
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AR YEH = 2 Fip s B4 1. Proto-catechuic acid: £ & &
FeeFiepi g2 - o ot H 88 s pi(phenolic acid)z - # > &_lignin 7
2 Ales 3 2 FIRF AR A 20 7 HA-unpurified” #.¢ Aldrich =
FRER TR Ao 4P B2 FEmH A+ E A 5000; 3. “HAT A 4 &
2R L SR % s A (24 (IN NaOI) 7 73 pe (INHCL) 155 18 » % 5 ff it 4o
e 'Ti'«fii ICR Mice # RA Zir#lerf sl - fioipdles * B> A2 M

.

>

e 8 X ~% 18 X (& 11 %) s ﬁ”‘;‘ﬁ%;i% 0.3 ml normal saline.
FoHEFNP > A R AREELRF 81 -5 182 (£ 11 ) s g0 =
AR e kR Fieps (HA#E: 20 mg/ml-0. 25m1/40mg B.W) © =412 2 9 5%
EAATZ P HESE AP APERE ) XA EEE2 8-0HdC 7 & - £ ¢ KK
A s A (8 3g s A {8 bg = e o B Aok 17 fr7 o AP T 4R
MA M4 E3g- A0 EARA) )R REEARAMEYT Y 2B
K 1e s 3 %8 (Proto-catechuic acid) &4 % & R g it 2 FHEp (4 + £ %> 5000)
A gL~ o P AR ) BUFRRY 8-0HdG 3 4c (8-OHdG 7 & W P &8 B T34
BADBRSSS B2 PRI AT 2 | )
X KE eI R o & % B om " B Proto-catechuic acid % iFdt R it 2
7B EFES *??#?(ROSV = e B (blde § e af ) g s
BENEHTREIATIF LT on gR S FEpA) B HuEaE
BT ARl g AT F 4 T(ROS) A A g A SRR 1T RS
A ERRIRG b B A M BUFERA T LT e o b RS

e
o
/\
o
o
(@]
~
o
3«\
Z‘B
F_&.

1

BRI R RROFERFAF N L GTRES 2R o

G #3 3 MHiFn

Kot o B2 &3 12 #Higa PP - o 2 % 1 (data not
shown)> &3+ 413 * 6-8 k2 ICR ] 8117 % 5-10 & 2z #c & i 5 28 % FLvpii &
* AT KR (HA) o (As203) 3+ 52 5375 2 HhLEhAEFH
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B2 R AT iR ER Y TR A0 2 5= (B4 b ™ g A2 2 K
T ) BB AT IR W 2 0B (R 42) @ HopaLs SRR RG p
WIE W2 G (B 43)0 @l e &]v}i.]ig;fg_fs% % g]uJﬂTJF Fo RAUR 3T L
K2z mg (LZRE) WEFRLBF AL ERFNLZRE (R 8H LD R

Kz mmy U FrH edamp 872k -

L iy e § i feent £ g TR AR R L SRR TR A A
o BY R RSP AL Rd e AR R BT F
WAoo Fadpd FF R84 giE RV I - B4 F 2 qptht
By 2 WV IRIRBRA 2EL By 7V AL M A S

Fr g R PR EMT R S AR AL & R T o A

A A Aesp2 TFF > ARBL - HEFEFE mIMBHE L B L0 L 4

2 MAHME LA T H B MPEETARREY A E G0 FEM L LE

& Rop S 0 B FiS ARG L B LA £ LA TR
22T iE% 2 feR [LiE* B2 dpRiiy F & L 8- 2473t o d F R Edp kg
Ao R R § 4 BAp e iEr
3. 5 L3 F L 1T FHEAES FARE? LENEFERPRAE > 12
HEE AR BERE AR R RE LB A KR (et 4 PR
s -
4 Fid BHEETLGS 0 HEHAILEY 2 L2 S S E 2 DNA
e e WORIEHEE G R M ES PR Y o £ &S % on-line cleanup
LC-MS/MS 4 45 i i * * #4558 8-OHdG 7 # 2 Bl= 1 % FiEf A 24

P2 mArkE > TEFNLFHREL AL T
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508 AFF P BT AER T AET A EREF PR AP g ek R
AFF 5T BT IR L F tumor promotion 2 {F* o B2 AX
ERRBERHRY An T ERL FPERRPH20FY > EHZ 4
FiURS (pd ) 2®r ripg Pl B BEER2 T B2 —o
o EREILF T f“”ﬁﬁ%i‘llﬁ'ﬁﬁi—ﬁi’ﬁi%%g%‘/%“—%’?%’?é’%?i A Yk
MR Fla TR RRANS AT H  ESLEFIRETED R
BRZFHERELG $uXrt Flapamz gy esitr > Hibk g
BRRZFIER” b BB 253 beMAWASL L gl (H%¥)ea bk
e mird 23 4,35 wOR 7R R R R 2 g (HRE) mE R

‘9

N

A RBEAAEMELZRY, (R BH LD EERFERE PR ggzég&#;
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Table 1. Elemental compositions, ash contents, atomic rations, and UV-VIS

absorption for humic substance samples

DHM samples’ Elemental analysis Spectroscopic analysis
Element (%) Atomic ratio EyVEs EVE; &
C H 0 N Ash CH o€ CN (Lmg" enr™)
Amencan HA ~ 53.72 431 39.68 229 153 1.04 055 2737 6.95 235 0.0096
ART-L-HA 5041 783 2457 1719 535 054 037 342 5.64 3 0.0031
ARIS-HA 5266 484 3639 61l 2.60 091 052 10.06 6.67 2.64 0.0075
Taiwan HA 55.37 571 3791 1.01 241 0.81 051 63.96 6.41 2.84 0.0062
Taiwan FA 42.77 7.50 4564 409 428 0.48 0.80 1220 937 3.98 0.0035
Synthetic HAl 5860 622 3514 004 1.35 079 045 1709 6.15 317 0.0042
Synthetic HA2 5374 6.91 3347 5.88 2.04 0.65 047 10.66 6.08 3.02 0.0049
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Z 20 AR & 250, 272,365,465 % 665 nm s TR B4 E 4p 3 AL E

* A465 nm/ Ages nm A250 nm/ A365 nm A2721m
ot

1 -0.0166/-0.0839 =0.1979 0.3651/0.0909 =4.0165 0.3067
2 -0.0211/-0.0862 = 0.24477 0.5614/0.1082 =5.2134 0.4837
3 -0.0731/-0.0930 = 0.7860 0.0097/-0.0527 = -0.1840 -0.0110
4 -0.0696/-0.0936 = 0.7435 0.1391/-0.0352 =-3.9517 0.0779
5 0.1512/-0.0575 = -2.6295 1.2702/0.5142 = 2.3470 1.1365
6 0.0244/-0.0776 = -0.3144 0.4811/0.1692 = 2.8433 0.4187
7 0.1426/-0.0597 = -2.3886 1.2790/0.5023 = 2.5462 1.1292
8 0.0281/-0.0768 = -0.3658 0.5346/0.1790 = 2.9865 0.4521
9 0.0066/-0.0805 =-0.0819 0.5120/0.1425 = 3.5929 0.4464
10 -0.0590/-0.0913 = 0.6462 0.0576/-0.0259 = -2.2239 0.0326
11 0.1427/-0.0282 = -5.0602 1.0211/0.3964 =2.5784 0.9205
12 0.0914/-0.0518 = -1.7644 0.8812/0.3340 = 2.6383 0.8165
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23 A2 ey T E - 2 8 o3k % %128 2(TA100, -S9)

His" revertants per plate £ SD (n > 3)

Agent Concentration TA 100
( g/plate) Mean + SD MI*
Negative control 0 103 +£31 -
Positive control (4-NQO) 0.1 1107 + 141" 10.7
Monomer
4-Hydroxybenzoic acid 0.05 82+7 0.78
0.5 90+5 0.87
Vanillic acid 0.05 73£8 0.70
0.5 59+12 0.57
Syringic acid 0.05 86+ 39 0.84
0.5 86+ 14 0.84
Vanillin 0.05 78 £17 0.76
0.5 9414 0.92
Syringaldehyde 0.05 101 + 31 0.98
0.5 78 £13 0.76
Protocatechuic acid 0.05 90 £ 15 0.87
0.5 84 £ 12 0.81
Synthetic humic acids
HA 245 (synthesized by gallic acid) 0.5 88 £ 16 0.85
5 99 £ 28 0.96
HAT76 (synthesized by caffeic acid) 0.5 1053 1.02
5 105 +48 1.02
HAT78 (synthesized by procatechuic acid) 0.5 90 £ 32 0.87
5 107 £ 26 1.04
HA71 (synthesized HA, MW < 500) 0.5 89+44 0.86
89 £ 28 0.88
Natural humic acids
HA (commercial HA, Aldrich) 0.5 92+ 14 0.89
5 124 £33 1.20
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HA18 (commercial HA purified by methanol) 0.5 106 £ 13 1.03
5 73£7 0.71
HA44 (commercial HA, MW > 5000) 0.5 102 +22 0.99
5 917 0.88
HA231 (HA from Taiwan 0.5 143 +47 1.39
5 96 £ 26 0.94
HA234 (HA from America) 0.5 89 £ 32 0.86
5 92£19 0.89
Arsenic

As” 0.05 109 + 44 1.06
0.1 122+0 1.18
0.5 73 £ 11 0.71
As” 0.05 105+ 7 1.02
0.1 92 +34 0.89
0.5 118 +49 1.15

Mutagenicity of binary mixtures
HA +As” 0.5+0.1 98+ 6 0.96
5+0.5 76 £6 0.73
HA + As™ 0.5+0.1 108 £ 1 1.05
5+0.5 70 £23 0.67
HA44 + As"™ 0.5+0.1 74 +3 0.72
5+0.5 102+4 0.99
HA44 + As"™ 0.5+0.1 126 + 21 1.22
5+0.5 89%9 0.86
HA231 + As® 0.5+0.1 115£36 1.11
5+0.5 87 £21 0.84
HA231 +As"” 0.5+0.1 74+ 1 0.71
5+0.5 102 £ 44 0.99
HA234 + As” 0.5+0.1 80 £30 0.77
5+0.5 96 £13 0.93
HA234 + As® 0.5+0.1 99+ 6 0.96
5+0.5 121+1 1.17
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42 FiEd FenE - 2 R4rR % 8428 T(TA9S, -S9)

His" revertants per plate + SD (n > 3)

Agent Concentration TA 98

( g/plate) Mean + SD MI®
Negative control 0 25+2 -
Positive control (4-NQO) 0.1 220 £ 45 8.8
Humic acids
HA (commercial HA, Aldrich) 0.5 2516 1
5 38+5 1.52
HAA44 (commercial HA, MW > 5000) 0.5 18+ 4 0.72
5 27+6 1.08
HA234 (HA from America) 0.5 37+14 1.48
5 1840 0.72
Arsenic
As” 0.05 8+4 0.32
0.1 1910 0.76
0.5 15+8 0.6
As” 0.05 20£6 0.8
0.1 42 +38 1.68
0.5 2349 0.92
Mutagenicity of binary mixtures

HA + As"™ 0.5+0.1 28+8 1.12
5+0.1 2447 0.96
HA +As™ 0.5+0.1 136 0.52
5+0.5 2443 0.96
HA44 + As™ 0.5+0.1 2243 0.88
5+0.5 1343 0.52
HA44 + As"™ 0.5+0.1 2143 0.84
5+0.5 15 +5 0.6
HA234 + As™ 0.5+0.1 2242 0.88
5+0.5 171 0.68
HA234 + As™ 0.5+0.1 2245 0.88
5+0.5 16+6 0.64

Mutation index was obtained as MI = x,/x, where X; is the mean of revertant colonies (mutants) at each dose
assayed, and x, is number of revertants in the negative control. A test compound was considered mutagenic if
the number of the His+ revertants colonies was increased at least twice the value of the corresponding control

(mutation index > 2), in at least three dose levels.
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25 M2 FiEd FHE - 2 R {ok R %R 2(TAIS, -S9)

His' revertants per plate (n > 3)

Concentration TA 98

Agent (ng/plate)  Mean+SD  MIP
Negative control 0 11£5.1
Positive control (4-NQO) 10 62+283  5.60*
Natural humic acids
HAY (commercial HA, Aldrich) 20 9+23 0.82
HAY (commercial HA, Aldrich) 50 9+14 0.82
HAY (commercial HA, Aldrich) 100 91353 0.82
Arsenic
As® 2 10£1.5 0.90
As® 5 6+1.2 0.55
As® 10 9+3.1 0.82
As® 2 10+ 1.0 0.90
As® 5 13£1.5 1.18
As® 10 8+ 1.0 0.72
Mutagenicity of binary mixtures
HAY + As™ 20+2 16+2.6 1.45
HAY + As" 50 +5 17+2.1 1.54
HAY + As™ 20+2 16 £2.3 1.45
HAY + As™ 50+ 5 9+12.0 0.82

* Xzt b Bg % B >t Negative control (P < 0.05)
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6~ FE fripde A H - 2 R {o3k % %R 2 (TAIS, +S9)

His' revertants per plate (n > 3)

Concentration TA 98

Agent (ng/plate)  Mean+SD  MIP
Negative control 0 15+4.2
Positive control (2AF) 10 805+ 137.6 53.6*
Natural humic acids
HAY (commercial HA, Aldrich) 20 16 £3.5 1.07
HAY (commercial HA, Aldrich) 50 14£29 0.93
HAY (commercial HA, Aldrich) 100 14+2.1 0.93
Arsenic

As® 2 13+£2.8 0.87

As® 5 18+7.8 1.20

As® 10 14+0.6 0.93

As® 2 20+ 6.7 1.33

As” 5 12+5.7 0.80

As® 10 24+0.7 1.60

Mutagenicity of binary mixtures

HAY + As™ 20+2 16+1.5 1.07

HAY + As™ 50+5 15+3.0 1.00

HAY + As™ 20+2 19+ 0.0 1.27

HAY + As™ 50+ 5 15+3.2 1.00

* izt b B ¥ B %Y Negative control (P < 0.05)

70



37 R TR E - 2 R o % %1 2(TA100, -S9)

His' revertants per plate (n > 3)

Concentration TA 100

Agent (ng/plate)  Mean+SD  MIP
Negative control 0 96 + 4.6
Positive control (4-NQO) 10 731+448 7.61*
Natural humic acids

HAY (commercial HA, Aldrich) 20 114+£1.0 1.19%
HAY (commercial HA, Aldrich) 50 136 +22.1 1.42%*

HAY (commercial HA, Aldrich) 100 112+18.6 1.16

Arsenic

As® 2 100+ 13.5 1.04

As® 5 83+13.7 0.86

As® 10 81+£29.7 0.84

As® 2 1274299 132

As” 5 113+253  1.18

As® 10 109+27.0 1.14

Mutagenicity of binary mixtures

HAY + As™ 20+2 82+14.7  0.85

HAY + As™ 50+5 116 +26.5  1.21
HAY + As™ 20+2 126+26.5  1.31%*

HAY + As™ 50+ 5 102+17.8  1.06

* izt b B ¥ B %Y Negative control (P < 0.05)
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28 A it H H - 2R {oRk R % 1R 2(TA100,+S9)

His' revertants per plate (n > 3)

Concentration TA 98
Agent
(ng/plate)  Nean+SD MI
Negative control 0 113 +£2.1
Positive control (2AF) 10 224 +38.0 1.98%*
Natural humic acids
HAY (commercial HA, Aldrich) 20 163 +30.4  1.44*
HAY (commercial HA, Aldrich) 50 155+6.4 1.37*
HAY (commercial HA, Aldrich) 100 118 £ 14.0 1.04
Arsenic

As” 2 114+153  1.00

As” 5 117+332  1.03

As” 10 113+212  1.00

As"” 2 117 £ 4.2 1.03

As” 5 132£273  1.17

As®” 10 128 £18.7  1.13

Mutagenicity of binary mixtures

HAY +As™ 20+2 125342 111

HAY + As” 50+5 1194220  1.05
HAY + As"™ 20 +2 135+£14.6  1.19%

HAY + As™ 50+5 133 +40.8  1.18

* izt b B ¥ B %Y Negative control (P < 0.05)
292 - 2205k R %120 2(TAIS, -S9)
His' revertants per plate (n > 3)
Concentration TA 98
Agent
(ng/plate)  Nean+SD  MI®
Negative control 0 14+7.0
Positive control (4-NQO) 10 168 £33.7 12.0%*
Natural humic acids

HA234 (HA from Taiwan) 50 15+£5.0 1.07
HA234 (HA from Taiwan) 20 11+0.6 0.79
HA231 (HA from America) 50 14+14 1.00

HA231 (HA from America) 20 17+1.5 1.21

* izt b B ¥ B %Y Negative control (P < 0.05)

WL S
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10~ M2 fFria e FH 8 - 2 R ek % %2R 2 (TA98, +S9)

His' revertants per plate (n > 3)

Concentration TA 98

Agent
8 (ng/plate))  Nean+SD M
Negative control 0 15+2.8
Positive control (2AF) 10 608 + 88.6  40.5*
Natural humic acids
HA234 (HA from Taiwan) 50 15+4.2 1.00
HA234 (HA from Taiwan) 20 14+22 0.93
HA231 (HA from America) 50 14+£3.0 093
HA231 (HA from America) 20 14+2.2 0.93
*ruzt b B ¥ B %Y Negative control (P < 0.05)
AL ~mz2 iy FHE - 2 R{eRk R %12p 2 (TA100, -S9)
His' revertants per plate (n > 3)
Concentration TA 100
Agent
(ng/plate)  Nean+SD  MI®
Negative control 0 142 £16.3
Positive control (4-NQO) 10 708 £ 6.60  4.99*
Natural humic acids
HA234 (HA from Taiwan) 50 144 £ 10.5 1.01
HA234 (HA from Taiwan) 20 134 +24.0 0.94
HA231 (HA from America) 50 130 £ 20.7 0.92
HA231 (HA from America) 20 139+ 19.3 0.97
* %t b &g ¥ % >t Negative control (P < 0.05)
F 122 FiEy FH H - 2 R feRk R MR 2 (TA100, +S9)
His' revertants per plate (n > 3)
Concentration TA 100
Agent
(ng/plate)  Nean+SD  MI®
Negative control 0 92+21.3
Positive control (2AF) 10 181 +25.1 1.97*
Natural humic acids
HA234 (HA from Taiwan) 50 93 £ 15.5 1.01
HA234 (HA from Taiwan) 20 112+19.0  1.22%
HA231 (HA from America) 50 85+ 21.1 0.92
HA231 (HA from America) 20 96 + 36.6 1.04
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Fig.11 Transformation assay. Foci formation of JB6 Cl41 cells were performed by

the treatment of various concentration of arsenic and HA as indicated for 24 h,

for visualization of foci.

then the cells were wash with PBS and cultured in MEM supplemented with 5 %
serum for 6 weeks. (A and B) Cells were fixed and stained by Giemsa solution
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Fig.12 Effect of HA on intracellular ROS production. Time course of ROS
formation with administration of HA in culture of JB6 Cl41 cells. To
determine the intracellular content of peroxides, JB6 cells were loaded with 10
1« M H2DCFDA for 30 min after the treatment of HA for indicated time, and
the fluorescence was measured by flow cytometer. The values (%) are
expressed in relation to untreated cells. *p < 0.05, and **p < 0.01, compared

with control cells.

75



)L HA 1 pg/ml

Cell counts

)L i HA 50 ng/ml _ )L HA 100 pgjml
1

v

ce (fold)

d f
\

HZDCFDA d
° ° - - - - -
° B ° N IS > o
Q\

4\

Concentration (pg/ml)

Fig 13 Effect of pretreated- HA on the intracellular ROS production. The cells were
treated with indicated concentrations of HA (red) for 48 h, and then the cells were
washed twice with PBS and incubated for another 48 h. To determine the intracellular
content of ROS, JB6 Cl41 cells were loaded with 10 uM H2DCFDA for 30 min after
the treatment of HA for indicated time, and the fluorescence was measured by flow
cytometer. (A-D) Raw data obtained from example of cell distribution according to
their HDDCFDA-derived fluorescence in untreated cultures (black). (E) The values (%)
are expressed in relation to untreated cells. The values (mean * S.D.) are expressed
in relation to untreated cells, which was arbitrarily set at one. #p < 0.001, compared

with control cells.

76



Phase contrast DAPI F-actin

N -
Normal & == &
“QA‘ N

N
".
RN\ S
HA (% 4
10pg/ml | & 4
Rk

o
HA 3 }
50 pg/ml )
b
“ ﬁ
HA

100 pg/ml ;\ﬁ"\:‘ o
"1»‘ ; ? __--,

77



TPA
20 ng/ml

Fig.14. Effect of pretreated -HA on the morphology of JB6 Cl41 cells. JB6 Cl41 cells
were treated with indicated concentration of HA or 20 ng/ml TPA for 48 h.
Then the cells were washed twice with PBS and incubated for another 48 h.
The cytoskeleton changes were analyzed by TRITC-conjugated phalloidin
F-actin staining, which displayed red fluorescence (right column) and nuclear
morphology was analyzed by DAPI nuclear staining, which displayed blue
fluorescence (middle column). In addition, morphology of cells was observed

by phase contrast microscopy (200x)(left coumn) ( __,, filopodia).
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Fig.15 Effect of pretreated -HA on the migration of JB6 Cl41 cells. JB6 Cl41 cells
were treated with various concentration of HA for 48 h. Then the culture were
wounded by scratching the monolayer of cells with a p200 eppendorf pipet tip, and
medium were again changed and incubated for another 48 h. Wounds were fixed in
2% paraformaldehyde in PBS, stained with 1% crystal violet and photographed at 40

x magnification. Wounds were photographed at 40 x magnification.
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Fig. 16. Effect of pretreated -HA on cell cycle progression of JB6 Cl41 cells. JB6
Cl41 cells were treated with indicated of HA or solvent (control) for 48 h. Then
the cells were washed twice with PBS and incubated for 48 h and then stained
with propidium iodide (PI) for DNA content analysis. The percentage of JB6
ClI41 cells at the GO/G1, S or G2/M phase in the average of three separate

experiments was calculated. * p<0.05 and ** p<0.01, compared to control.
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Fig.17A

Normal + NAC

TPA 20 ng/ml HA 50 ¢ g/ml + NAC

HA 100 g g/ml 3 HA 100 g g/ml + NAC
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Fig.17B
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Fig.17. Anchorage-independent growth assay. The JB6 Cl41 cells were pretreated
with or without 10 mM NAC for 30 min then exposed to TPA (20 ng/ml) or
different concentrations of HA for 48 h. The cells were harvested and seeded
at a density of 5 x 10° into 0.33% soft agar over a 0.5% agar bottom layer.
Cells were grown at 37 °C in 95% air plus 5% CO,;. (A) Photographs were
taken 21 days postseeding under a phase contrast microscope. Original
magnification was x 200. (B) Colony with more than eight cells was counted
21 days after seeding. The average results £ S.D. from three separate repair
experiments are shown. * p<0.05, ** p<0.01, compared to normal; * p<0.05,

# p<0.01, compared to groups without treatment of 10 mM NAC respectively.
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Fig. 18. The effect of HA on NF-kB transcription activity in JB6 cells. Cells were treated
with HA 100 pg/ml for 48 h. Then the cells were washed twice with PBS and
incubated for indicated times and nuclear extracts were analyzed for NF-kB activity
using biotin-labeled oligonucleotides containing an AP-1 and NF«B consensus site.
The labeled DNA-protein complex was analyzed by ELISA-based DNA binding
assays and detected by chemiluminescence. *P < 0.01, compared with the HA

untreated group (control). Results are from three independent experiments.
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Fig.19 Effect of HA and TPA on MAPKSs activation. Total
cell lysates of JB6 Cl41 cells treated with HA or TPA
for indicated times were extracted, and the
phosphorylated JNK, ERK, and p38 MAPK (active
form) were analyzed by SDS-PAGE and
subsequently immunoblotted with antisera against
MAPKSs and its active form.
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Fig.20 Effect of arsenic oxide and co- administrated with
HA on MAPKSs activation. Total cell lysates of JB6
Cl41 cells treated with arsenic or co-administration
of arsenic oxide and HA for indicated times were
extracted, and the phosphorylated JNK, ERK, and
p38 MAPK (active form) were analyzed by
SDS-PAGE and subsequently immunoblotted with

antisera against MAPKs and its active form.
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Fig.21. Effect of arsenic oxide and co- administrated with
HA on MAPKSs activation. Total nuclear lysates of
JB6 Cl41 cells treated with arsenic or
co-administration of arsenic oxide and HA for 4 h
were extracted, and the p-cJun and p65 were
analyzed by SDS-PAGE and subsequently
immunoblotted with antisera against p-c-Jun, p65
and C23 (as internal control).
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Fig.22 Effect of arsenic oxide, HA and co- administration
on the expression of vinculin and connexin 43. Total
cell lysates of JB6 Cl41 cells treated with arsenic,
HA, and co- administration for 24 h were extracted,
and the proteins were analyzed by SDS-PAGE and
subsequently immunoblotted with antisera against

vinculin and connexin 43.
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Animal study
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(B[a]P, benzo[a]pyrene)
control
hyperplasia

HA treatment

Fig.23 Effect of HA on epidermal hyperplasia in mice. Mice
dorsal patches were treated with bezoapyrene and HA
as indicated.  Skin biopsies were processed for
hematoxylin and eosin staining. Section of the skin
from a control animal treated with solvent (upper).
Section of the skin from an animal treated with HA

showing hyperplasia.
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Fig.24 Effect of HA on the expression of epidermis COX-2, iNOS,
ODC, PCNA, OPN in mice.
The mice were sacrificed and the epidermis was removed
for immunoblotting analysis against anti-iNOS,
anti-COX-2, anti-ODC, anti-PCNA, and anti-OPN. The
data are presented from one mouse per group and each
lane contained 80 pg protein. Other rats in each group
showed patterns of protein expression similar to the

representation.
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saline 12.33 1 0.483

HA 125mg/Kg BW 11.67 1 10.674

HA 125mg/Kg BW +

As;O3 12.5 mg/Kg BW |13 0.846 5.917

As,03 12.5 mg/Kg BW |10 1 13.51

HA16 125mg/Kg BW |12 0.979 14.164

HA16 125mg/Kg BW|0 0 0 T OTIRE Hp

+As,03 12.5 mg/Kg B Az

BW KA

HA16 62.5mg/Kg BW [9.5 0.684 13.835
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BW

HA44 125mg/Kg BW [10.75 0.93 14.782

HA44 125mg/Kg BW +

As;03 12.5 mg/Kg BW [14.5 0.966 0.727

HA4 125mg/Kg BW  [14.67 1 12.256

HA4 125mg/Kg BW + [7 1 11.065

As;03 12.5 mg/Kg BW
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B 33. HIT-T15 Bcell #E* 72 kR EL2 FiEfk (HAY) 2 As05 14 /]
P2 it 5 5 pd A o w2 (2x 107 /well)#: % *t 24 well culture plate 4c »
kR FE(FIER HA 28 As0;)(8% 37°C, 5% CO, ® & Jis 1-4h 8 >
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9 = Control 11 = As-1 + HA-300
5= As2.5 12 = As-1 + HA-500
3= As-5 13 = As-1 + HA-1000
4=As-75 14 = As-2.5 + HA-300
5= As-10 15 = As-2.5 + HA-500
6 = As-20 16 = As-2.5 + HA-1000
7 = HA-100 17 = As-5 + HA-300

8 = HA-300 18 = As-5 + HA-500

9 = HA-500 19 = As-5 + HA-1000
10 = HA-1000

Dose( As-uM, HA-ug/ml)

B 34. HIT-T15 Beell #E** kR 2L2 Fuf (HA) 2 As;034 /| FFz
e b E AR o #-ine (4 x 107/ well)12 %+ 6 well culture plate 4 > % e
B R RE(FHEM HA 2 As)O3 )15 37°C, 5% CO, ¥ K iz 4h s 0 A w
ELISA kit B| 2 fm?% %% & % & & 2. %14 » (*, p<0.05, compared with control

group ) °
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Figure 38. Effect of HA and As on the insulin secretive function of ICR mice. The
animals were received 500mg/L humic acid, 10mg/L As,Os, or both of them
in drinking water for 12 weeks. Blood was collected from orbital vascular
plexus at 3, 5, 7 and 12 weeks, and then the amount of insulin in the plasma
was assayed according to the manufacturer’s instruction of rat insulin ELISA
kit. The values (fold of control) are expressed in relation to control animals.
Data are presented as mean = SEM (n =8). * p < 0.05 as compared with

control; # p < 0.1 as compared with control.
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Figure 39. Photomicrographs of the pancreas of ICR mice after HA and As exposure.
The animals were received 500mg/L humic acid, 10mg/L As,0Os, or both of
them in drinking water for 5 weeks. A portion of the pancreas was fixed
overnight in a 10 % neural formaldehyde solution and embedded in paraffin.
Tissue slices were subjected to hematoxylin and eosin staining and
histological study by light microscopy (200X). (A) Control group, no
pathological lesions were found. (B) HA group, there were mild lymphocytes
and plasma cells within the interstitial area (denoted by black arrow). (C) As
group, there were mild accumulation of inflammatory cells into the
periductal and interstitial areas and acinar cells atrophy and loss (denoted by
black arrow). (D) HA+As group, there were mild accumulation of

inflammatory cells into the peri-pancreatic area (denoted by black arrow).

107



100
90
80
70
60
50
40
30
20
10

8-0x0dG / 10 °dG

>]

-

L%

-

q)-

—o— Control —#— HA

As

HA+As

4

NB

3g

5g

10g 4

W40 ~ + 8575 8- OHdG # £ &7 b 2 & P ch B 1 35

108

bl



# 15~ 2 BT E AR ¢ 8-0HdG 7 £

) Control(n=5) HA (n=4) As(n=4) HA/As(n=5)
(8—0HdG/10:?; 21.96 + 2.92 33.48 + 4.26% 46.77 + 11.04% 51.3 + T.b4%
R Control(n=4) HA(n=4) As(n=4) HA/As(n=4)
FRite (ng/ml) 2.15 + 1.59 6.59 + 2.33% 9.04 £+ 2.91% 7.00 £ 4.77%
3r: % ANOVA test: p iE<0.05 & F Bk edirdla Ris2z %%
2 16~ K92 3 807 %Y 8-0HdG £ £ (8-0HdG/10°dG)
K Control(n=4) HA(n=4) As(n=4) HA/As(n=4)
R 21,21 £ 2,76 20.74 + 3.36  85.57 + 9.55% 52.42 + 8.09%
KR Control(n=4) HA(n=4) As(n=4) HA/As(n=4)
T 22.45 + 1.81 24.41 £ 6.09  27.97 + 3. 39% 27.23 £ 1.78%

3 %: ANOVA test: p E<0.00 & F S e pflevt s 2 %%

109



2173 b FHEfME 2 A7F * § 2 (8-0HdG/10°d6)

Control Proto-catechuic  HA-unpurified HA
acid
B2 (n=3) | 22.11 % 52.34 + 3.14%  57.85 £ 4.51*% 24.32 ¢
3.01 3. 17
M4 i 3g 25.08 + 81.05 + 4. 32% 180.5 + 5.89%  31.06 +
(n=3) 2.07 5.29
M4 i bg 23.29 ¢ 41.34 + 2.99%  67.45 £ 3.28%  25.21 #
(n=3) 2. 39 3.58

X piE<0.05 2R EEA e Ris2 $ %

110



Suverial ratio of mice (%9

SnveEid ratio of mice (29

140

120

100

80

60

40

20

160

140

120 +

100

80

60

40

20

T CE— Control
C HA 125 mg/Kg BW ip
| =» a» e an AS 0.2 mg/Kg BW iP
HA 125 mg/Kg BW+As 0.2 mg/Kg BW ip
L e,
]
e » ey
) ~
G aE» aED aE» e
E l GED GED GED GED GED GED G q
0
T T T T T
[0} 5 10 15 20 25 30
Exposed days
Control
GES D coE» oS HA 15.625 mg/Kg BWip
-] o> e e e - HA 31.25 mg/Kg BW ip
HA 62.5 mg/Kg BWip
®0000000000000 As 0.4mg/Kg BW ip
L _ XX XX XX XNJ As 0.8mg/Kg BW ip
HA 62.5+As 0.2 ip
HA 31.25+As0.2 ip
- BB E AN EXE XEE JOIX EXX XXX S
'l
- |' EEEEESEEES ( X X X X X e olemm
(0] 5 10 15 20 25 30

i 41.

Exposed days

Flpafems o B2 53 BTG » &% 6-81F2 ICR /| BLIuHF

5-10 & 2 B ¥ b 28 % i it 3 b B 2 B e fe(HA oA ( As203 )

Ly = oL %
-;.‘r;FITI /r'-’zr2 °

il

111



W 42, FiEpfem iyt ] v H2 A3 3= 6 > % 6-83F2 ICR /| 115 &2 5-10
G2 8@ 28 i st g AR 2 FiEfk (HA, 125mg/Kg BW) » L 5]

PR STER 20F L -

112



Humic acid ip 3.75mg/40g BW day (5 days)
Fig 43. ICR -} ®7%%zid 8¢ humic acd # ¥ &% % H e
ERCE FoF-X 30

113



M1 R

2006.3 =d™ TRRT ’lﬁ

The combination treatment of As(III) with humic acid effectively inhibited the growth
stimulation effect of As(IIT) on SIHA cells.

Hung-Chih Ting', Wen-Kang Chen? Shu-Huei Lin?>, Wen-Fei Fong? Cih-Ping Guo?,
Cheng-Chieh Yen®, Chao-Chin Hu?, Fung-Jou Lu® and Wen-Huei Chang®

YInstitute of Medicine, >School of Applied Chemistry, *Department of Occupational Safety and

Health, Chun Shan Medical University, Taichung, Taiwan
Abstract

As(Ill) exposure is associated with an increased incidence of a number of
diseases, including vascular conditions such as Blackfoot disease, diabetes,
hypertension, and cancers such as those of the lung, bladder, and skin. With
respect to its vascular effects, As(lll) has been shown to be anti-angiogenic at
higher doses such as those used in the treatment of cancer, whereas it has
also been shown that lower, environmentally relevant doses of As(lll) are in
fact pro-angiogenic and tumorigenic. Here, we reported that the combination
treatment of As(lll) with humic acid (HA) effectively inhibited the growth
stimulation effect of As(lll) on human cervical cancer cells, SIHA. DNA
fragmentation and flowcytometry analysis showed that the combination of
As(I1l) and HA successfully inhibited cell growth, even at the growth-stimulation
doses of As(lll). Previous study showed the toxicity of As(lIl) occurs through
the generation ROS. HA strongly interact with both inorganic and organic
agents, thus might participate redox regulation. Thus, we would like to
investigate the mechanism of how HA enhance the sensitivity of SIHA cells to

As(lll)-induced apoptosis in the future.
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Humic acid effectively enhanced in vitro growth inhibition effect of As,O3; on HeLa

cells.

Hung-Chih Ting', Wen-Kang Chen® Wen-Fei Fong? Shu-Huei Lin? Cih-Ping Guo?,
Cheng-Chieh Yen®, Chao-Chin Hu?, Fung-Jou Lu® and Wen-Huei Chang®
YInstitute of Medicine, 2School of Applied Chemistry, *Department of Occupational Safety and

Health, Chun Shan Medical University, Taichung, Taiwan

Abstract

Arsenic trioxide (As203) has been implicated as a promising anticancer agent
for leukemia and some solid tumors. Recent studies showed that AspO3 could
perform apoptotic, antiproliferative, antiviral and antimetastatic effects.
Furthermore, As20O3-treated cells demonstrated lesser capacity of invasion
than those of untreated cells. However, chronic exposure to low-dose As203
could stimulate growth of tumors and promote angiogenesis. The reverse
effects of AspO3 needed consideration in practice. Here, we report that the
combination threatment of As20O3 with humic acid (HA) effectively enhanced in
vitro growth inhibition effect of AspO3 on Hela cells, compared with As203
treatment alone. In addition, the adverse effects (such as the
growth-stimulating of cancer cells) by low concentration treatment vanished in
the combination group. HA treatments neither resulted in cytotoxicities nor
altered the cell cycle of HelLa cells, but the combination of AsoO3 with HA
significantly retarded the cell population at G2/M phase. The combination of
As203 with HA also influenced DNA integrity. As shown by agarose
electrophoresis, almost all DNA broken into pieces in these groups. The
expression of various regulators in cell cycle as well as at apoptosis should be

investigated and compared in the future.
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PROMOTION OF NEOPLASTIC TRANSFORMATION BY HUMIC ACID IN THE

MOUSE EPIDERMAL JB6 CELLS

Tsui-Hwa Tsengl#, Wei-Jiunn Leez*, Cheng-Chieh Yen® , Kuan-Miao Liu'! , Chin-Wei

Liao' and Fung-Jou Lu'

'School of Applied Chemistry, College of Health Management, Chung Shan Medical
University, Taichung, Taiwan

*Institute of Biochemistry and Biotechnology, College of Medicine, Chung Shan
Medical University, Taichung, Taiwan

’School of Occupational Safety and Health, Chung Shan Medical University,

Taichung, Taiwan

Humic acid (HA) is a group of high molecular weight macromolecules
consisting of complex polymeric aromatic structures. HA has been implicated as a
possible etiological factor for black foot disease as well as cancer of bladder, liver and
skin. In this study, we evaluate the promotion effect of HA on the transformation in
mouse epidermal JB6 cells that have been used to identify the tumor-promoting
activity of various compounds. Our preliminary assay demonstrated that treatment
JB6 cells with HA at the concentration of 10 and 100 pg/ml inhibited the growth of
cells significantly. However, the in vitro wound-healing assay showed that JB6 cells
with the treatment of HA for 48 h increased the migrating growth. In addition, HA
developed cell spread and decreased the cell-cell-contact of JB6 cells after treatment
for 96 h. In transformation colony assay, we found that HA promoted the
transformation of JB6. Finally, the transformation involving proteins and signals are

analyzed.
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Toxic Effects of Humic acid and Arsenic : The Relations with the

Pathogenesis of Diabetes Mellitus

Cheng-Chieh Yen'?,Ya-Wen Chen', Chin-Hwa Hunag',

Shin-Hwa Liu',Wen-Huei Chang’, Wen-Kang Chen?, Fung-Jou Lu’

'Institutes of Toxicology, College of Medicine, National Taiwan University.

Department of *Occupational Safety and Health and *Applied Chemistry, College of Health

care and Management, Chung Shan Medical University

Diabetes mellitus is the fourth cause of death in Taiwan and the diabetic
incidence among residents living in the blackfoot disease (BFD) endemic area has
been found to be higher than other areas. Epidemiologic and geochemical studies
disclosed the presence of a high concentration of humic acid and arsenic in artesian
well water from these BFD areas.

In this study, we examined the effects of humic acid (HA) and trivalent
arsenic (As) on HIT-T15 S cell and ICR mice. The increased fluorescence in
DCFDA-stained cells suggests the involvement of reactive oxygen species (ROS) in
HA, As or both induced biological effects. In addition, insulin secretions were also
suppressed by HA, As or both treated cells and which can be reversed by
cotreatment of N-Acetyl-L -Cysteine(NAC). In addition, the blood glucose (glucose
tolerance test) at 1 and 2 hours of the mice that were fed with humic acid (HA) and
trivalent arsenic (As) are higher than normal mice. We propose that HA, As or
both initiates oxidative damage to S cell and suppressed the secretion of insulin,

which may play a role in the pathogenesis of diabetes mellitus in the BFD area.
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HUMIC ACID AND ARSENIC REDUCE INSULIN SECRETION :

THE RELATIONS WITH THE PATHOGENESIS OF DIABETES

MELLITUS IN VIVO AND IN VITRO EXPERIMENTATION

Cheng-Chieh Yen'?,Ya-Wen Chen', Chin-Hwa Hunagl,
Shin-Hwa Liu',Wen-Huei Chang’, Wen-Kang Chen*”, Fung-Jou Lu’

'Institutes of Toxicology, College of Medicine, National Taiwan University.
Department of *Occupational Safety and Health and *Applied Chemistry, College of Health

care and Management, Chung Shan Medical University

Diabetes mellitus is the fourth cause of death in Taiwan and the trends if
diabetes mortality is increasing steadily. The diabetic incidence among residents
living in the blackfoot disease (BFD) endemic area has been found to be higher than
other areas of Taiwan. Epidemiologic and geochemical studies disclosed the
presence of a high concentration of humic acid (approximately 200 ppm) and
arsenic (approximately 0.1~1.8 ppm) in artesian well water from these BFD areas.

In this study, we examined the effects of humic acid (HA) and trivalent
arsenic (As) on HIT-T15 5 cell and ICR mice. Insulin secretions were suppressed by
HA, As or both treated cells or mice. The increased fluorescence in DCFDA-stained
cells suggests the involvement of reactive oxygen species (ROS) in HA, As or both
induced biological effects, and which can be reversed by cotreatment of N-Acetyl-L
-Cysteine(NAC). We propose that HA, As or both initiates oxidative damage to 5 cell
and suppressed the secretion of insulin, which may play a role in the pathogenesis

of diabetes mellitus in the BFD area.
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ADVERSE EFFECTS OF HUMIC ACID AND ARSENIC ON

PREGNANCY OUTCOMES

Fung-Jou Lu',Cheng-Chieh Yen®, Wen-Huei Chang', Wen-Kang Chen'~
Department of ' Applied Chemistry and > Occupational Safety and Health, College of Health

care and Management, Chung Shan Medical University

Epidemiologic and geochemical studies disclosed the presence of a high
concentration of humic acid (approximately 200 ppm) and arsenic (approximately
0.1~1.8 ppm) in artesian well water from these BFD areas. There have demonstrated
arsenic’s ability to have profound detrimental effects on the developing embryo in
avian and mammalian species. In addition, the humic acid from the waters of the BFD
area were mutagenic and it forms a bridged complex with arsenic and other metals in
the presence of a polyvalent cation.

In this study, we examined the teratogenicity and reproductive effects of
humic acid (HA) and trivalent arsenic (As) on ICR mice. Female mice were p.o.
HA(commercially HA or synthetic HA) ~ As or both between Day 9~18 of pregnancy,
and adverse pregnancy outcomes in term of spontaneous - stillbirth ~ low birth weight
and DNA damage were significantly higher in some exposed groups than those in

control group.
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Acute toxicity of binary mixtures of arsenic and humic substances to the

luminescent bacteria Vibrio fischeri

Mu-Rong Chao, Jhen-Hao Yang*, Shan-An Jhou, Cheng-Chieh Yen and Chiung-Wen Hu

Chung Shan Medical University, Taichung, Taiwan

Introduction

Arsenic is often present in the environment in mixtures and it is a naturally
occurring element that has been known through the ages as the king of poisons. The
toxicity of arsenic may be affected by the presence of natural organic matter, such as
humic substances (HSs), which are produced by the degradation of dead organic
materials. HSs are ubiquitous in the environment and consist of a variety of molecular
structures such as alcylaromatic, quinoid, and aliphatic structures in the core and
amino-acid-like or carbohydrate-like structures and carbonyl, carboxyl, phenyl, and
hydroxyl groups in the periphery. HSs have a strong affinity toward metal cations and
therefore can serve as effective chelators for numerous metal ions, which may alter
the toxicity and bioavailability of heavy metals in aquatic system. However, little
information was available in the literature on the toxicity of binary mixtures of arsenic
and HSs. In this study, Vibrio fischeri a bioluminescent marine bacterium, was used to

evaluate combined toxicity of arsenite (As”") with HSs.
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Materials and methods

We used two types of HSs including humic acids (HAs), synthetic humic acid
(SHA), and other six monomers of SHA (i.e. protocatechuic acid, 4-hydroxybenzoic
acid, 4-hydroxy-3-methoxybenzoic acid, syringic acid,
3,5-dimethoxy-4-hydroxbenzaldehyde and vanillin) in this study. Humic acids (HAs)
were obtained from a commercial product of Aldrich, a product extracted from the
well water in Blackfoot disease areas of Taiwan and a product isolated from the soil
collected in America. Three kinds of SHA used were respectively synthesized by
gallic acid, procatechuic acid and gallic acid. The arsenite solution of 1000 mg/L was
freshly prepared by dissolving in deionized water and then adjusted to a salinity of 2%
using a concentrated salt solution. The HSs working solution of 1000 mg/L were
prepared by dissolving into 2% salt solution. Vibrio fischeri was used to evaluate
combined toxicity of arsenite (As>") with HSs. Firstly, an estimated median effective
concentration (EC50) and confidence interval were determined for each test
compound. The combination effects of these compounds were then evaluated by
graphic isobologram analysis (Fig. 1). The response obtained from chemical Z, alone
is on the y axis, and the response from chemical Z; alone is plotted on the x axis.
When there is no interaction between the chemicals, the responses from dose
comprised of varying proportions of chemicals Z, and Z; will fall on a straight line
connecting the response for 1009 chemical Z, to 1009 chemical Z,. If there is
“antagonism” between the chemicals, responses to combinations of the chemicals will
lie below and to the left of this line and “synergistic” responses will lie above and to

the right of line.

Results
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The effect of binary mixtures of As’" and HSs/monomers were shown in Fig.
2-4. The EC50 values of As®*, monomer, SHA and HAs were calculated to be 50-59,
20-45, 173-460 and 253-375 mg/L, respectively. As shown in Fig. 2 and Fig. 3, the
interactions between most monomers and As*" were shown to be antagonistic, except
for protocatechuic acid, whilst the interactions between all three SHA and As®" were
synergistic. As for the interactive effect between HAs and As®* on bioluminescence of

V. fischeri was synergistic, except for HAs from Taiwan (Fig. 4).

Discussion

This study showed that the interactions of arsenic with HAs polymers
(synergistic) were very different to that of with monomers (antagonistic). HAs have
been proposed to be an excellent chelating agent. Previous studies have shown that
when metals (i.e. iron and copper) are bound to HA, they could efficiently generate
reactive oxygen species such as the hydroxyl radical, which is a very potent and toxic
oxidizing species. A similar phenomenon could occur when arsenic is bound to HAs
polymers in this study. Our results suggested that humic acid could create a chemical

system that can activate metals and alter arsenic toxicity in the aquatic environments.
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Fig. 1 Simplified isobologram
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Vibrio fischeri.
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Auromation and
Analytical Techniques

Clinical-Scale High-Throughput Analysis of Urinary
8-Oxo0-7,8-Dihydro-2'-Deoxyguanosine by
Isotope-Dilution Liquid Chromatography—Tandem
Mass Spectrometry with On-Line Solid-Phase
Extraction

Crrunc-WEN Hu,! Crren-JEn Wane,? Lours W. Crane,? and Mu-Rone Crao™

Background: Quantification of 8-0x0-7 8-dihydro-2'-de-
oxyguanesine (8-oxodGuo) in urine or blood is used to
assess and monitor oxidative stress in patients. We
describe the use of on-line solid-phase extraction (SPE)
and isotope-dilution liguid chromatography-tandem
mass spectrometry (LC-MS/MS) for automated measure-
ment of urinary 8-oxodGuo.

Methods: Automated purification of urine was accom-
plished with a switching valve and an Inertsil ODS-3
column. After the addition of *N_-labeled 8-oxod Guo as
an intemal standard, urine samples were analyzed
within 10 min without sample purification. This method
was applied to measure urinary 8-oxod Guo in a group of
healthy persons (32 regular smokers and 35 nonsmok-
ers). Urinary cotinine was also assayed by an isotope-
dilution LC-MS/MS method.

Results: The lower limit of detection was 5.7 ng/L on
column (2.0 fmol). Inter- and intraday imprecision (CV)
was =5.0%. Mean recovery of 8-oxodGuo in urine was
99%-102%. Mean (SD) urinary concentrations of 8-oxod-
Guo in smokers [7.26 (3.14) pg/g creatinine] were signif-
icantly higher than those in nonsmokers [4.69 (1.70) pglg
creatinine; P <0.005]. Urinary concentrations of 8-oxod-
Guo were significantly correlated with concentrations
of cotinine in smokers (P <0.05).
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Conclusions: This on-line SPE LC-MS/MS metheod is
sufficiently sensitive, precise, and rapid to provide
high-throughput direct analysis of urinary B-oxodGuo
without compromising quality and validation criteria.
This method could be applicable for use in daily clinical
practice for assessing oxidative stress in patients.

@ 2006 American Association for Clinical Chemistry

Reactive oxygen species in ]iving cells have been sug-
gested to be associated with aging, cancer, and some
degenerative diseases because they cause oxidative dam-
age to nucleic acids, proteins, and lipids (1). Reactive
oxygen species include both oxygen-centered radicals
and nonradical compounds. 8-Oxo-7 8-dihydro-2' -deox-
yguanosine (f-oxodGuo; so-called S-OHAGY is the most
abundant DNA lesions formed by the addition of the
hydroxyl radical to the C-8 position of guanine in DNA.
The detection of this lesion is considered important be-
cause of its abundance and mutagenic potential, and its
concentration could be a good indicator of reactive oxy-
gen species and a potential biomarker of carcinogenesis in
vivo (2,3). Damaged DNA may be repaired by the
nucleotide excision repair pathway, and the resulting
repair product, S-oxodGue, in urine is not affected by diet
and cell turnover (4). Moreover, urinary 8-oxodGuo may
also originate from the hydrolysis of 8-o0x0-7,8-dihydro-
2'-deoxyguanosine 5 -triphosphate (8-0x0-dGTF) in the
nucleotide pool by the 8-oxodGTPase enzyme, the so-
called MTHI protein (5, 6.

4 Monstandand  abbreviations:  S-oxodGuo, B-cnoo-7,S-dibydro-2'-decx-
yguanceing; ECD, electrochemical detection; GC-MS, gas chromatography—
mass spectiometry; LO-MS/MS, lHquid chromatography—tandem mass spec-
teometry; SPE, sclid-phase extraction; BMI, body mass index; FA, formic acid;
Lo, limit of quantfication; and LOD, limit of detection.
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Abstracl

Humic acid (HA), a group of high-molecular weight polymer, resulting from the decomposition of organic matter has been
implicated as a possible etiological factor for Blackfoot disease and cancer. In this study, we evaluate the promotion effect of HA on
the transformation in mouse epidermal JB6 clone 41 (JB6 Cl41) cells that have been used to identify the tumor promoting activity
of various compounds. Our preliminary assay demonstrated that JB6 Cl41 cells with the treatment of HA at the concentration of
100 pg/ml for 72 and 96 h significantly increased reactive oxygen species (ROS) as compared to the untreated control. In addition,
the 45 h cultured cells with HA pretreatment for 48 h also increased ROS as compared to the untreated control. HA-pretreated
cells develop highly scattered and spindle-shaped cells with few observable cell—cell contacts, and contain more filopodia. In vitro
wound-healing assay showed that JB6 Cl41 cells with HA pretreatment increased the migrating growth. Furthermore. transformed
foci of JTB6 Cl4 1 cells following the HA pretreatment were observed after 6 weeks culture. In anchorage-independent growth assay,
we found that HA promoted the colony formation and that colonies were inhibited by antioxidant N-acetyl cysteine (NAC). Our
results suggest that HA may promote the transformation of epidermal cells and that this process is mediated by the generation of
ROS.

@ 2006 Elsevier Ireland Litd. All nghts reserved.

Keywonds: Humic acid; Promotion: Transformation

1. Introduction abundantly in peat, soil. well water, and other sources.
HA has been implicated as a causal factor of Black-

Humie acid (HA)is a group of high-molecular weight foot disease (BFD) [1-4]. which an endemic periph-
polymers that result from the decomposition of organic eral vascular disease prevailing on the southwest coast
matter, particularly dead plants. It consists of a mixture of Taiwan [5]. and Kashin-Beck disease. which is a
of closely related complex aromatic polymers and exists chronic osteocarthritic disorder with necrosis of chondro-

cytes prevailing in Mainland China [6]: as well as other

diseases, including goiter and cancer [7.8]. In addition.

FrEmETeE HA has been found to induce oxidative damage. growth
* Corresponding author, Tel.: +886 4 24730022; o e crlamage, 2

Fsc: 4586 4 23048 150, retardation and apoptosis in human fibroblast and that

E-mail address: tht@camu.edu.ow (T.-H. Tseng). may play a role in the pathogenesis of BFD [9]. It has

D009-2797/% — see front matter © 2006 Elsevier Ireland Lid. All rights reserved.
doi: 10,1016 .cbi. 2006.07.007
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The diabetogenic effects of the combination of humic acid
and arsenic: In vitro and in vivo studies
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Abstract

Black foot disease (BFD) is a peripheral arterial occlusive disease found among the inhabitants of the southwest coast of Taiwan.
Morzover, within the BFD-endemic arcas, diabetes mellitus occur at significantly higher rates than in other areas of Taiwan. A high
concentration of humic acid (HA), and arsenic { As) are present in the artesian well water from BFD-endemic area. The aim of this
paper is to study the diabetogenic effect of the combination of HA and AS. Treatment of HIT-T15 cells with HA. As. or both of them
resulted loss of cell viability, apoptosis, depletion of ATP. increment of oxidative stress, activation of caspase 3, and dysfunction of
insulin secretion. In addition, the plasma insulin of ICR mice, which were exposed to HA and As in drinking water for 12 weeks,
was decreased in the 5, 7, and 12 weeks, and increased at early stage of exposure (3 weeks). The results reported herein reveal that
HA and As exert HIT-T15 cell dysfunction and inhibited insulin secretive effects. In addition, the sub-acute peri-pancreatitis and
islet damage caused by the infiltration of inflammatory cells after exposure of HA and As in drinking water for 5 weeks. Our study
has important implications in the diabetogenic effect of the HA and AS which may be mediated by ROS and further information of
the toxicity mechanisms will provide under our progressive studies.

i 2007 Elsevier Ireland Ltd. All rights reserved.

Kevwords: Humic acid; Arsenic; Diabetogenic effect: Insuling HIT-T1S cells; Oxidative stress

1. Introduction

Diabetes mellitus is a complex syndrome character-
ized by elevated blood glucose level. Most of the causes
of diabetes mellitus are still unknown. Type | diabetes
mellitus (TIDM) is an autoimmune disease in which

* Carresponding author at: Department of Occupaticnal Safety and
Health, College of Health Care and Management, Chung Shan Medical
University, Taichung, Tawan. Tel.: +886 4 24730022x] 1822;
fax: +886 4 23248194,

E-mail address: yoj @csmu.edutw (C.-4C. Yen).

antibodies to the beta cells of the islets progressively
destroy the beta cells leading to an absolute deficiency
of insulin {Le Roith et al, 2003). In the absence
of insulin, hepatic glucose production will continue
unabated, leading to hyperglycemia. Type 2 diabetes
mellitus (T2DM) is a genetic disorder with strong envi-
ronmental influences such as obesity, aging, stress of life,
some viral infection, medications and chemicals (Tseng
et al., 2002). The disorder is defined as a dual defect:
with insulin resistance being detected early followed by
dysfunction of the pancreatic beta cells. Clinical exam-
ples of this process are seen in patients with impaired

037842745 — see front matter £ 2007 Elsevier Ireland Lid. All rights reserved.

doi: 10. 10164, toxlet. 2007.05 008
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