
[1]

[2,3]

[4]

(phenolic hydroxylic group)

1)

(endothelin-1 ET-1) 

[5] 2) (plas-

minogen activator inhibitor PAI-1) 

(tissue plas-

minogen activator t-PA) [6] 3) 

[7,8]

101

ET-1 PAI-1 t-PA
1 2 2

1 2

(humic acid HA) 

(protocatechuic acid venillic acid ferulic acid) 

(synthetic humic acid, SHA)

2.3 105 20% M199

6- 24 (0 200 g/mL) 24,

48, 72 72

(enzyme link immunosorbent assay ELISA) 

(entothelin-1 ET-1) (plasminogen activator inhibitor PAI-1)

(tissue plasminogen activator t-PA) 

ET-1 ET-1

PAI-1 t-PA PAI-1

t-PA
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-COOH -OH C=O 

( )

[9,10]

(

) 

[4] (pro-

tocatechuic acid venillic acid ferulic

acid) 

(synthetic humic acid SHA)

protocatechuic acid venillic

acid ferulic acid XAD-7 Sephadex

G-25 HEPES NaCl KCl

(trypan blue) (colla-

genase) Sigma Chemical Co.

(Deisenhofen )

(Human ET-1 Immunoassay kit) R&D

Systems Inc. (Minneapolis )

(t-PA

Immunoassay kit) 

(PAI-1 Immunoassay kit) 

American Diagnostics Inc. (Green-

wich ) M-

199 (fetal bovine serum FBS)

GIBCO (Grand Island )

Lu [11]

1

(protocatechuic acid venillic acid

ferulic acid) 1

100 mL 50

3,000 10 l

N NaOH (pH > 11) 3,000 10

0.1 N HCl pH = 2

3,000 10 1N

NaOH XAD-7

(Sephadex G-25) 

4

(0.137 M NaCl 10 mM HEPES 4 mM

KCl 10 mM glucose pH 7.65)

37 0.03%

3,000 10

20% FBS M-

199 5%

[12] 24

3 4

2.3 105

6- 20% FBS

M-199 24

0 25 50 100 200 g/mL 0

g/mL 24 48 72

0.5 mL 0.05% trypsin-0.01 %

EDTA 37 3 1 mL

20% FBS M-199

100 L 100 L

0.1% trypan blue 

(hema-cytometer) 

2.3 105

6- 20% FBS

M-199 24

0 25 50 100 200 g/mL 0

g/mL 72

- 20

96- 100 L HRP

100 L 37

102

acid ferulic acid XAD-7 Sephadex



1

( 0.05%

Tween-20) 100 L

tetram-ethyl-benzidine

30 ET- 1

450 nm

72

-20 PAI-1

96- 100 L

4

16 18

100 L

biotin anti-human PAI-1

4 16 18

100 L

HRP 20 1

200 L orthophenylenediamine

30 50 L 3M

H2SO4 PAI-

1 490 nm

72

-20 t-PA [6]

96- 100 L

4

16 18 200 L

peroxidase anti-tPA 4

2 3

200 L orthophenylenedi-

amine 30

50 L 3M H2SO4

t-PA 490 nm

(mean 

SD) (n 2 3) SPSS

(ANOVA) Duncan's multi-

ple range test p 0.05

( 1) (

0 g/mL) 24 48

72 2.3 105

2.6 105 3.5 105 4.2 105 

25 200 g/mL

200 g/mL 24 48 72

1.6 2.2 105 1.6 2.4

103

1

2.3 105 20% FBS M199

6- 24

(25 200 g/ml)

(a) 24 (b) 48 

(c) 72 (n = 2) prot. =

protocatechuic acid feru. = ferulic acid veni.

= venillic acid



105 1.0 1.8 105

(200 g/mL)

72

ET

ET-1 [13,14]

ET-1 ( 2)

( 0 g/mL) 72

ET-1 2.2 ng/105

25 200

g/mL ET-1

200 g/mL

ET-1 2.5 4.2 ng/10 5

72

ET-1

0.7 1.1ng/105

ET-1

PAI-1

t-PA [15] PAI-1

t-PA [16] ( 3)

( 0 g/mL) 72

PAI-1 380 ng/105 

104

2

ET-1 2.3 105

20% FBS M199 6-

24

72 

(n = 3) *p < 0.05

3

PAI-1 2.3 105 20%

FBS M199 6- 24

72 

(n = 3) *p < 0.05



25

200 g/mL PAI-1

200

g/mL PAI-1 1,600 1,800

ng/105 ( 4) (

0 g/mL) 72

t-PA 4.8 ng/105

25 200

mL t-PA

200 g/mL

t-PA 1.9 4.3 ng/105

72

t-PA

PAI-1 t-PA

PAI-1

t-PA

[17]

( thrombin

)

C

[18]

[6,19,20]

[8] 1)

(

)

C

2)

( protein C plasmin)

[9]

( echinocyte

) [21]

(plasmin) [22,23] C [24,25]

(

)

[26]

1) 2) 

105

4 t-

PA 2.3 105 20% FBS

M199 6- 24

72 

(n = 3) *p < 0.05

g/
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ET-1 3) 

PAI-1 t-PA

(signal transduc-

tion)

(pertur-

bation of cytoskeletal organiza-tion)

(impaired mitochondrial

function) (phospholipase

activation) (protease acti-

vation) (endonuclease

activation) [8]

( n e c r o s i s )

(apoptosis) [27]

( 1)

ET-l [14]

paracrine

ET [28]

[29]

[30]

[11]

( 3)

t-

PA PAI-1 [15] t-PA PAI-1

C [31,32]

PAI-1 t-PA

[16] PAI-1 t-PA

[33] 3 4

PAI-1

t-PA

C

[8]

ET-1

PAI-1 t-PA
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BBaacckkggrroouunndd..    Blackfoot disease is a thrombotic peripheral vascular disease causally

related to humic acid (HA) found in the drinking water of wells along the southwestern

coast of Taiwan. To better define the causative chemical components of the endemic

artesian well water, synthetic humic acid (SHA) was used to investigate effects on the

viability and coagulant properties of human umbilical vein endothelial cells (HUVECs).

MMeetthhooddss..    Three SHAs of well defined phenolic derivatives, including monomeric

protocatechuic acid, venillic acid and ferulic acid, were incubated with the HUVECs.

The cells were maintained at 2.3 105 cell/well in 6-well plates and cultured in M-199

medium containing 20% fetal bovine serum for 24 hr before treatment. Cell viability of

each confluent monolayer was checked before and after treatment with various

concentrations of the three SHAs (25 200 g/mL) at 24 hr, 48 hr and 72 hr, respectively,

using trypan blue and examined using phase contrast microscopy. The amount of

endothelin-1 (ET-1) antigen, tissue plasminogen activator (t-PA) antigen and

plasminogen activator inhidtor (PAI-1) antigen in the endothelial cells containing

medium after 72 hr of treatment was determined using a double antibody sandwich

enzyme-linked immunosorbent assay. 

RReessuullttss.. SHA was found to inhibit the growth and viability of subconfluent HUVECs in

both dose and time dependent conditions. Furthermore, after 72 hr of treatment a dose

dependent effect occurred when SHA stimulated HUVEC to produce ET-1 and PAI-1, and

to reduce t-PA. 

CCoonncclluussiioonnss..  These results suggest that the biological effects of SHA on HUVECs may

lead to local procoagulant states or thrombotic disorders and that vascular endothelial

cell damage may contribute partly, at least, to the thrombotic disorders of blackfoot

disease. ( Mid Taiwan J Med 2000;5:101-8 )

KKeeyy  wwoorrddss

cytotoxicity, endothelin-1, plasminogen activator inhibitor, synthetic humic acid, tissue

plasminogen activator
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