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Summary: Effects  of human urine-derived endogenous d i g i t a l i s -  

like factor  (EDLF) and ouabain on endothelin (ET) secret ion were 

examined in cultured endothelial  c e l l s .  ET was secreted in a 

l inear fashion over 5 hours from bovine pulmonary artery 

endothelium into serum-free medium. EDLF stimulated ET secret ion 

in a dose-dependent manner. In contras t ,  ouabain did not a f fec t  

ET secre t ion  at the concentration of ]0-9-I0-5M. These r e su l t s  

indicate that human urine-derived EDLF is distinct from plant- 

derived ouabain and act as a stimulator of ET secretion by 

endothelial cells. @1990 AcademlcPress, Inc, 

We have recently isolated two endogenous digitalis-like 

factors (EDLFs) from human urine with use of reverse-phase HPLC 

based on the inhibitory effects on [3H]-ouabain binding to 

intact human erythrocytes (]). Ouabain-displacing compound ] 

(ODC-I) and ODC-2 were reprodueibly eluted with 18% and 31% 

a c e t o n i t r i l e  in water  from reverse-phase C18 column, 

respec t ive ly .  Urinary excretion of polar ODC-] s ign i f i can t ly  

increased on a high s a l t  d ie t  (2). ODC-] raised i n t r ace l l u l a r  

free calcium concentration of cultured vascular smooth muscle 

c e l l s  ( ] ) .  Thus, ODC-] apparently f u l l f i l s  the c r i t e r i a  for the 

putative n a t r i u r e t i c  and vasoactive d i g i t a l i s - l i k e  fac tor .  

Endothelin (ET) is a potent vasoconstr ic t ive  peptide generated 

by endothelial  ce l l s  and ET secret ion has been shown to be 

control led by various st imuli  (3-6). In th is  study, we examind 

the e f f e c t s  of ODC-| on endothelin secre t ion to invest igate  the 

possible in te rac t ion  between these two vasoactive substances. 
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Materials and Methods 

Pur i f ica t ion  of ouabain-displacing compounds: Different batches 

of 60 I each of human urine col lected from normal male 

volunteers were processed as described previously (1). Human 

urine a f t e r  f i l t r a t i o n  through 0.45 ~m f i l t e r  paper was applied 

to reverse-phase HPLC (D-ODS-5 column) and was f rac t ionated  with 

a gradient of a c e t o n i t r i l e  (0-40Z) in water over 80 minutes. One 

minutes f rac t ions  were co l lec ted ,  f reeze-dr ied  and assayed for 

d i g i t a l i s - l i k e  ac t iv i ty  using the inhibi tory e f f ec t s  on [3H]- 

ouabain binding to in tact  human erythrocytes under the assay 

condition described elsewhere (7). Polar ODC-| and less  polar 

ODC-2 emerged at re tent ion times of 38-4] minutes and 70-75 

minutes, respect ive ly .  The f rac t ions  containing ODC-I were 

pooled and rechromatographed on a D-ODS-5 columu under the same 

condition mentioned above. The active f rac t ions  were again 

pooled, f reeze-dr ied  and recons t i tu ted  in ]00 mM Tris-HCl (pH 

7.4) at the concentration of 20 units/]00 ul .  Buffer with high 

ionic s trength was used to keep the pH of the sample neut ra l ,  

but th i s  buffer alone had no e f fec t  on ET secre t ion .  20 uni ts  of 

ODC-I inhibited [3H]-ouabain binding by 95%. One unit of ODC was 

defined as that amount required to inhibit [3H]-ouabain binding 

by 50~ under our assay condition.  

Cell cul ture:  CPAE (ATCC;CCL 209 ,  bovine pulmonary ar tery 

endothelium) cel l  l ines were cultured in Dulbecco's modified 

Eagles' medium (DMEM) containing 10% f e t a l  bovine serum and 

an t i b io t i c s  at 37 ~ in an atmosphere of 5% C02 / 95% air  in 12- 

wel l -cul ture  p la tes .  After reaching confluency, the culture 

medium was aspirated and serum-free DMEM was added to the c e l l s .  

To examine the e f f ec t s  of ODC-|, 0.9 ml serum-free DMEM and 0.] 

ml of ]00 mM Tris-}{Cl with or without ODC-] were added. Ouabain 

was dissolved in serum-free DMEM to the concentration of ]0 -9-  

]0-sM and ] ml of DMEM or DMEM containing ouabain was added. 

Experiments on ODC-] were carr ied out twice with d i f f e r e n t  

batches of ODC-]. ET released during 3 hours' incubation was 

measured by a radioimmunoasay (RIA). 

Radioimmunoassay for ET: One ml of culture medium was acidified 

with 0.25 ml of 2 M HCl and was loaded onto Sep-pak C|8 

cartridge which was preequilibrated by washing with 5 ml of 

methanol followed by ]0 ml of water. The cartridge was washed 

with |5 ml of water containing 0.1% trofluoacetic acid (TFA) and 

ET was eluted with 3 ml of 80% acetonitrile containing 0.]Z TFA. 

The eluent was evaporated, freeze-dried and reconstituted in 

0.25 ml of 0.02 M borate buffer (pH 7.4). RIA for ET was 
performed using Endothelin-],2 [1251]-assay system (Amersham; 

Amersham, U.K.) 

Analysis of culture medium: The extract of culture medium was 

applied to reverse-phase HPLC and was eluted with a linear 

gradient of acetonitrile in water containing 0.1% TFA. Each 

fraction was subjected to RIA and immunoreactive ET peak was 

compared with the elution position of synthetic ET-]. 
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Resul ts  

Serial  d i l u t i o n  curve of the ex t rac t  of the cu l tu re  medium 

from CPAE c e l l s  was pa r a l l e l  to that  of standard ET-I (F ig . ] ) .  

Immunoreactive ET was secreted in a l inear  fashion over 5 hours 

at a level of 20 to 50 fmol/well (Fig. 2). Analysis of ex t rac t  

with reverse-phase HPLC revealed the presence of one major 

i m m u n o r e a c t i v e  ET p e a k  c o r r e s p o n d i n g  t o  s y n t h e t i c  E T - I .  I n  t h e  

e x p e r i m e n t  w i t h  f i r s t  b a t c h  o f  ODC-I s a m p l e ,  ODC-I s t i m u l a t e d  ET 

s e c r e t i o n  i n  a d o s e - d e p e n d e n t  m a n n e r .  I m m u n o r e a c t i v e  ET s e c r e t e d  

u n d e r  c o n t r o l  c o n d i t i o n  was  3 2 . 7 ± 2 . ] ~ S E ]  f m o l / w e l l / 3  h o u r s .  2 

un i t s  o f  ODC-] s l i g h t l y  increased ET secre t ion  (37.4±1.0 

fmol/well/3 hours) ,  but t h i s  increase was not s t a t i s t i c a l l y  

s i g n i f i c a n t .  6 and 20 un i t s  of ODC-I s i g n i f i c a n t l y  increased ET 

secretion (44.6±1.7 [p<O.05] and 57.5±2.5 fmol/well/3 hours 

[p<O.O]], respectively, n=3 for each, Fig.3). In the experiment 

with second batch of ODC-J sample, s imi la r  r e s u l t s  were 

obtained. 3.3 un i t s  of ODC-J s i g n i f i c a n t l y  increased ET 

secre t ion  th ree - fo ld  (52.1i0.75 and 171.7+]6.] fmol/well/3 hours 

at 0 and 3.3 un i t s  of ODC-I, r e spec t ive ly ,  p<0.0l).  10 un i t s  of 

ODC-I provoked prominent ET secre t ion  (more than t e n - fo ld ) .  In 

con t r a s t ,  ouabain even at the concentrat ion of ]0-7-10 -5 M, 
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F i g .  1. T y p i c a l  s t a n d a r d  c u r v e  of t h e  r a d i o i m m u n o a s s a y  f o r  
e n d o t h e l i n  (ET).  S e r i a l  d i l u t i o n  c u r v e  of  t h e  c u l t u r e  medium 
from bovine pufumonary artery endothelial (CPAE) cells is also 
d e p i c t e d .  

Fig. 2. Release of immunoreactive endothelin (ET) from CPAE 
ceils as a function of time. Each point is the mean of 3 
measurements; bars indicate SE. 

1 ~0 



Vol .  172, No. 1, 1990 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

/: 
50 

m 
o 

Control 2u 6u 
ODC-1 

20u 

Fig. 3. Effect of ouabain displacing compound-I (ODC-I) on the 

release of immunoreactive endothelin from CPAE cells. Confluent 

CPAE ceils were incubated with various doses of ODC-I in serum- 

free medium for 3 hours. Secreted endothelin was determined by 

radioimmunoassay. Each column represents the mean of triplicate 

experiments; bars indicate SE. Asterisks show statistically 

significant differences from control (* p<0.05, ** p<0.0l). 

which completely i n h i b i t s  [3H]-ouabain binding,  did not a f f ec t  

ET sec re t ion .  

D i s c u s s i o n  

In  t h e  p r e s e n t  s t u d y ,  we have  d e m o n s t r a t e d  t h a t  

s e m i p u r i f i e d  human u r i n e - d e r i v e d  p o l a r  EDLF (ODC-]) i n c r e a s e d  ET 

s e c r e t i o n  by c u l t u r e d  e n d o t h e l i a l  c e l l s .  Many s t u d i e s  have  

s u g g e s t e d  t h e  e x i s t e n c e  of  EDLF and i t s  i n v o l v e m e n t  in  t h e  

m e c h a n i s m s  of  h y p e r t e n s i o n  ( 8 - ] 2 ) .  However ,  t h e  n a t u r e ,  s o u r c e  

and p r e c i s e  mechan i sm o f  a c t i o n  have  n o t  been  e l u c i d a t e d .  We 

have  b e e n  a b l e  t o  p u r i f y  two O D C s  f rom human u r i n e  and 

d e m o n s t r a t e d  t h a t  t h e  p o l a r  ODC-] i s  r e v e r s i b l e ,  c o m p e t i t i v e  and 

s p e c i f i c  i n h i b i t o r  of  [ ~ H ] - o u a b a i n  b i n d i n g  to  i n t a c t  human 

e r y t h r o c y t e s  (7,  13, 14) .  U r i n a r y  e x c r e t i o n  of  ODC-1 i n c r e a s e d  

in normotensive subjects  on the high s a l t  d i e t  (2). Furthermore, 

the polar ODC-] (I0 uni t s /ml)  increased i n t r a c e l l u l a r  f ree  

calcium concentra t ion  ([Ca],) of cul tured ra t  vascular smooth 

muscle c e l l s  (VSMC) ( ] ) .  In con t r a s t ,  ouabain (I0 ~-]0 -4 M) had 

no e f f ec t  on [Ca], of cul tured VSHC. In t h i s  study, ET secre t ion  

from endothe l ia l  c e l l s  has not been influenced by ouabain at the 

concentra t ion  of 10 9-10 5 M. 

In cul tured endothe l ia l  c e l l s ,  the gene expression of ET 

can be s t imulated by thrombin, transforming growth fac tor  beta ,  

epinephrine and calcium ionophore A23187 (]5) .  Furthermore, i t  

has been reported that  thrombln, a rg in ine-vasopress in  and 
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angiotensin n dose-dependently stimulated ET secretion into 

serum-free medium of cultured bovine endothelial cells (3). 

However, the precise mechanism of ET release from endothelial 

cells has not been clarified yet. Recent reports indicate that 

intracellular calcium mobilization and activation of protein 

kinase-C may play important roles in ET release (3,16). In view 

of these findings, it is likely that ODC-] increased ET 

secretion from endothelial ceils through its action on [Ca~,. 

The tone of vasculature could be modulated by the intricate 

balance between vasodilatory substances and vasoconstrictive 

substances released f rom endothelial ce l l s .  Although the 

effects of ODC-I on the release of endothelium-derived relaxing 

factors were not determined in this study, ET release was dose- 

dependently stimulated by ODC-]. These results suggest that 

ODC-] may increase the vascular tone not only by i ts  direct 

effect on [Ca3, of VSMC but also by stimulatory effect on ET 

release from endothelial ce l l s .  Whether these actions of ODC-] 

may contribute to pathophysiological mechanisms of hypertension 

remains to be determined. 
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