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ON LINE DETECTION O F  PLASMA BORNE VASOCONSTRICTOR 
BY THE USE O F  H I G H  PRESSURE L I Q U I D  CHROMATOGRAPHY 

Y .  Hazeyama, W . J .  Valko, H.T. Rave r t ,  N . D .  Heindel  
R. L. More t t i a  

Center  f o r  Heal th  Sc iences ,  Lehigh Un ive r s i ty  
Bethlehem, PA 18015 

Bruce Lyon Memorial Research Labora torya  
Ch i ld ren ' s  Hosp i t a l  Medical Center  

Oakland, CA 9 4 6 0 9  

An on l i n e  d e t e c t i o n  system f o r  a plasma borne 
v a s o c o n s t r i c t o r  w a s  developed us ing  a r a t  h e a r t  
b ioassay  and a reversed-phase h igh  p r e s s u r e  l i q u i d  
chromatograph ( H P L C ) .  P a r t i a l l y  p u r i f i e d  plasma 
borne v a s o c o n s t r i c t o r ,  which i s  y e t  t o  be c h a r a c t e r -  
i z e d ,  w a s  f r a c t i o n a t e d  by HPLCI and t h e  o u t p u t  from 
t h e  u n i t  w a s  i n t roduced  i n t o  t h e  r a t  h e a r t  b ioas say  
system d i r e c t l y .  The on l i n e  HPLC-ra t  h e a r t  b ioas say  
system d e t e c t e d  t h e  a c t i v e  f r a c t i o n  from approximately 
20 subs t ances  i n  t h e  p a r t i a l l y  p u r i f i e d  plasma. This  
system enabled  r a p i d  and r ep roduc ib le  i d e n t i f i c a t i o n  
of t h e  a c t i v e  v a s o c o n s t r i c t o r  i n  plasma. 

INTRODUCTION 

The e x i s t e n c e  of  a v a s o c o n s t r i c t o r  component i n  

blood plasma has  been sugges ted  b u t  never  proven (1, 

2 , 3 ) .  This  component appa ren t ly  i s  n o t  a commonly 

known v a s o c o n s t r i c t o r  l i k e  no rep inephr ine  o r  angio- 

t e n s i n  ( 5 , 6 ) .  One reason  f o r  t h e  d i f f i c u l t y  i n  
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1750 HAZEYAMA ET AL. 

i s o l a t i n g  and c h a r a c t e r i z i n g  t h i s  plasma component 

may be due t o  t h e  f a c t  t h a t  t h e  des ign  of a separa-  

t i o n  process  which i s  coupled t o  a meaningful  b io-  

l o g i c a l  assay  i s  q u i t e  d i f f i c u l t  f o r  t h i s  t ype  o f  

m a t e r i a l .  Such a s e p a r a t i o n  coupled t o  a b i o l o g i c a l  

a s say  i s  a r e q u i s i t e  f o r  s u c c e s s f u l  p u r i f i c a t i o n  of 

components of complex b i o l o g i c a l  mix tu res .  

For  t h e  i s o l a t i o n  of  t h i s  v a s o c o n s t r i c t o r  

component from human plasma, Bohr employed Sephadex 

g e l  G-15, and c o l l e c t e d  t h e  e l u t i o n  f r a c t i o n s ,  and 

t e s t e d  t h e i r  b i o l o g i c a l  a c t i v i t i e s  u s ing  a r t e r i a l  

s t r i p s  from r a t s  and r a b b i t s  ( 7 , 8 ) .  More t t i  and 

o t h e r s  r e c e n t l y  r e p o r t e d  a s imi la r  subs t ance  and 

p a r t i a l l y  p u r i f i e d  it us ing  chemical  procedures  and 

t h i n  l a y e r  chromatography (9-11). However, t h e  p u r i -  

f i c a t i o n  methods u t i l i z e d  by t h e  above-mentioned re- 

s e a r c h e r s  are n o t  e f f e c t i v e  and o f t e n  r e q u i r e  t e d i o u s  

p r e p a r a t i o n  o f  t h e  sample f o r  t h e  b ioassay  (1,7). 

W e  have developed a system f o r  t h e  above purpose 

i n  which t h e  powerful s e p a r a t i o n  c a p a b i l i t y  of 

reversed-phase HPLC i s  d i r e c t l y  inco rpora t ed  i n t o  a 

r a t  h e a r t  bioassay. I n  t h i s  system t h e  b i o l o g i c a l  

a c t i v i t y  of t h e  components e l u t e d  from t h e  chromato- 

graphy column can be d i r e c t l y  determined by a r a t  

h e a r t  p e r f u s i o n  b ioassay .  
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PLASMA BORNE VASOCONSTRICTOR 1 7 5 1  

One of t h e  p r o p e r t i e s  of  t h e  plasma borne vaso- 

c o n s t r i c t o r  i s  t h e  p roduc t ion  of  v a s o c o n s t r i c t i o n s  

i n  t h e  coronary?  s k e l e t a l  muscle,  and perhaps  r e n a l  

c i r c u l a t i o n s  ( 1 2 ) .  Because many known vasocon- 

s t r i c t o r s  do n o t  produce v a s o c o n s t r i c t i o n  i n  t h e  

coronary c i r c u l a t i o n ?  even though they  do produce 

c o n s t r i c t i o n s  i n  o t h e r  organs ,  and because t h e  

p r e p a r a t i o n  of t h e  r a t  h e a r t  b ioas say  i s  r e l a t i v e l y  

easy ,  w e  used t h e  r a t  h e a r t  as t h e  d e t e c t o r  organ  

(13-15) .  

MATERIALS 

A s  €or t h e  mobile phase ,  one l i t e r  of glass 

d i s t i l l e d  water w a s  f i l t e r e d  wi th  m i l l i p o r e  f i l t e r  

( M i l l i p o r e  C o r p . )  under f a u c e t  vacuum and then  

degassed f o r  approximately 20 minutes  by f a u c e t  

vacuum. A s i m i l a r  t r ea tmen t  w a s  done f o r  t h e  

methanol used as t h e  e l u t i o n  s o l u t i o n .  HPLC g rade  

methanol ( J . T .  Baker) w a s  used for chromatography 

and a l l  o t h e r  chemicals  w e r e  ACS r e a g e n t  g rade .  The 

Tyrode 's  s o l u t i o n  c o n t a i n s  1 5 1  mM N a C 1 ,  4 .4  mm KC1,  

2.0 mM C a C 1 2 ,  0 .5  mM MgC12, 0.39 mM Na2HP04, 

13.2 mM N a H C 0 3 ,  6 . 2  mM g lucose ,  pH 7 . 4 ,  37OC, 

s a t u r a t e d  wi th  95% 02? 5% C02 i n  d i s t i l l e d  w a t e r .  

I n  o r d e r  t o  e s t a b l i s h  i so -osmola r i ty  a t  t h e  p e r f u s i o n  
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1752 HAZNAMA ET AL. 

i n l e t  t o  t h e  coronary c i r c u l a t i o n ,  t h e  osmola r i ty  of  

Tyrode's s o l u t i o n  i s  i n c r e a s e d  t o  approximately 1 0 %  

above t h a t  of normal Tyrode ' s  s o l u t i o n .  

A Cole P a r m e r  p e r i s t a l t i c  pump (Master F lex  - 
7562) provided c o n s t a n t  p e r f u s i o n  of Tyrode ' s  so lu -  

t i o n  t o  t h e  coronary c i r c u l a t i o n .  The p r e s s u r e  

changes w e r e  d e t e c t e d  by a Statham p r e s s u r e  t r a n s -  

ducer  (PB-23) and recorded  on a d u a l  channel  r e c o r d e r  

(Versagraph 885) .  

The HPLC used i n  t h e  experiment  was a P e r k i n  

E l m e r  dua l  pump ( S e r i e s  2/21 HPLC w i t h  a 4 . 6  mm x 

25 c m  reversed-phase column ( P e r k i n  E l m e r  C-18) and 

a s y r i n g e  loaded  i n j e c t i o n  va lve  (Rheodyne Model 

7125 wi th  a 20  ~1 l o o p ) .  A v a r i a b l e  wave l e n g t h  

W - v i s i b l e  d e t e c t o r  ( P e r k i n  E l m e r  LC-75) w a s  s e t  a t  

254 nm f o r  optimum peak d e t e c t i o n .  Chromatograms 

w e r e  recorded on t h e  d u a l  channel  s t r i p  c h a r t  

r eco rde r .  

METHODS 

E x t r a c t i o n  The o r i g i n a l  chemical  e x t r a c t i o n  pro- 

cedure f o r  t h e  v a s o c o n s t r i c t o r  subs t ance  was es t ab -  

l i s h e d  by More t t i  e t  a l .  (2) and modi f ied  f o r  use  i n  

t h i s  s tudy .  One thousand m l  of  human p l a t e l e t s  w e r e  

ob ta ined  from a l o c a l  blood bank. A f t e r  t h e  a d j u s t -  
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PLASMA BORNE VASOCONSTRICTOR 1753 

ment of t h e  pH t o  3.5 by acet ic  a c i d  they w e r e  

washed wi th  2 0 0 0  m l  o f  e t h y l  e t h e r  i n  o r d e r  t o  

remove n e u t r a l  l i p i d s .  The e t h e r  l a y e r  w a s  d i s -  

carded.  A f t e r  r e p e a t i n g  t h e  e t h e r  wash, t h e  pH was 

a d j u s t e d  t o  2 .5  w i th  hydroch lo r i c  a c i d  and t h e  

s o l u t i o n  s a t u r a t e d  wi th  N a C 1 .  An equa l  volume of  

chloroform: methanol (2:1, volume) was added t o  t h e  

aqueous phase to  p r e c i p i t a t e  p r o t e i n s .  The s o l u t i o n  

w a s  c e n t r i f u g e d  and t h e  r e s u l t i n g  chloroform: 

methanol l a y e r  w a s  removed by a 1 0 0  m l  s y r i n g e .  The 

chloroform: methanol e x t r a c t i o n  w a s  r epea ted  t h r e e  

t i m e s ,  and t h e  f r a c t i o n s  w e r e  combined and d r i e d  13 

vacuo. To  t h e  r e s i d u e  was added e t h e r :  methanol:  

water  (l:l:l, pH = 3.0, a d j u s t e d  by H C 1 ) .  The 

aqueous phase was c o l l e c t e d ,  d r i e d ,  d i s s o l v e d  i n  

methanol and s t o r e d  i n  a co ld  room. S ince  t h e  quan- 

t i t y  of  t h e  vasoac t ive  subs t ance  e x t r a c t e d  i s  un- 

known, w e  des igna ted  t h i s  e x t r a c t  as 1 0 0 0  m l  equiva- 

l e n t  of plasma ( m l  eq.)  . 
Chromatography - and Bioassay One thousand m l  eq.  of  

c rude  plasma ex t rac t  w a s  condensed t o  1 m l  volume i n  

methanol.  I n  o r d e r  t o  e v a l u a t e  t h e  q u a l i t y  of 

v a s o c o n s t r i c t o r  e x t r a c t i o n  1 0  1.11 of t h e  ex t rac t  w a s  

i n j e c t e d  on to  t h e  reversed-phase column and e l u t e d  

wi th  a 1 0 %  methanol-water mobile phase  a t  a r a t e  of 
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1754 HAZEYAMA ET AL. 

1 - 2 ml/min. These p reb ioassay  chromatograms w e r e  

ob ta ined  wi thou t  us ing  t h e  r a t  h e a r t .  

The coronary c i r c u l a t i o n  of exc i sed  r a t  h e a r t  

was connected t o  t h e  p e r f u s i o n  system shown i n  

f i g u r e  1. The h e a r t  w a s  pe r fused  wi th  oxygenated 

Tyrode's s o l u t i o n  a t  c o n s t a n t  f low ( 9  ml/min).  

Before s t a r t i n g  any measurements, t h e  h e a r t  w a s  

pe r fused  f o r  20 minutes  t o  remove r e s i d u a l  plasma. 

One thousand ml eq .  of crude  e x t r a c t  w a s  com- 

p l e t e l y  d r i e d ,  f r e e d  from methanol,  and d i s s o l v e d  i n  

1 m l  of d i s t i l l e d  w a t e r .  Ten 1.11 of t h i s  methanol- 

f r e e  e x t r a c t  s o l u t i o n  w a s  i n j e c t e d  on to  t h e  r eve r sed  

/ A 

I I l l 1  G I  I 
U I I I I I L  

I 

cart\ / I 

1 4 -  3 -  

Figure  1. A schemat ic  p r e s e n t a t i o n  of  a r a t  h e a r t  
b ioassay  s y 8 t e m  u t i l i z i n g  HPLC. 
s o l u t i o n  38 C (1) w a s  pe r fused  i n t o  a r a t  h e a r t  by a 
p e r i s t a l t i c  pump ( 2 ) .  The e f f l u e n t  from t h e  HPLC ( 3 )  
w a s  a l s o  i n f u s e d  i n t o  t h e  h e a r t .  The p e r f u s i o n  p res -  
s u r e  measured by a p r e s s u r e  t r ansduce r  ( 5 )  and W 
absorp t ion  measured by a UV-visible d e t e c t o r  ( 4 )  were 
recorded on a dua l  channel  r e c o r d e r  ( 6 ) .  

Bubbled Tyrode ' s  
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phase column and e l u t e d  w i t h  d i s t i l l e d  water a t  1 

ml/min. The e f f l u e n t  was d i r e c t l y  i n f u s e d  i n t o  t h e  

pe r fused  h e a r t .  The p r e s s u r e  change i n  t h e  coronary  

c i r c u l a t i o n  r e s u l t i n g  from t h e  e l u t i n g  subs t ance  w a s  

d e t e c t e d  by t h e  p r e s s u r e  t r a n s d u c e r ,  and UV absorp- 

t i o n  due t o  t h e  e l u t i n g  subs t ance  w a s  recorded  

s imul taneous ly .  

RESULTS AND DISCUSSION 

Eva lua t ion  of Chemical E x t r a c t i o n  The v a s o c o n s t r i c t -  

o r  component of plasma e x t r a c t  was s e p a r a t e d  by re- 

ve r sed  phase HPLC column. A s o l v e n t  system of 1 0 %  

methanol and 9 0 %  water  produced t h e  most e f f i c i e n t  

s e p a r a t i o n .  A r e p r e s e n t a t i v e  chromatogram o b t a i n e d  

by t h e  above desc r ibed  methodology i s  shown i n  

f i g u r e  2 .  A s  shown i n  t h e  f i g u r e ,  two major peaks 

are  found i n  t h e  e a r l y  p e r i o d  of  e l u t i o n  and ap- 

proximate ly  15 peaks w e r e  d e t e c t e d ,  i n d i c a t i n g  t h a t  

t h e  c rude  plasma e x t r a c t  c o n t a i n s  a t  l e a s t  15  

subs t ances .  Some v a r i a b i l i t y  w a s  observed  i n  t h e  

p r o f i l e  of t h e  chromatogram among d i f f e r e n t  e x t r a c t  

p r e p a r a t i o n s ;  however, t h e  major f e a t u r e s  of t h e  

chromatogram w e r e  c o n s i s t e n t .  I f  t h e  f e a t u r e s  w e r e  

s u b s t a n t i a l l y  d i f f e r e n t  from t h e  ones shown i n  

f i g u r e  2 ,  t h a t  e x t r a c t i o n  sample w a s  d i sca rded .  
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1 I I 1 1 1 I 

0 2 4 6 8 1 0 1 2  
T i m e  h l n )  

Figure  2 .  Chromatography of t h e  c rude  plasma 
e x t r a c t  us ing  1 0 %  methanol and 9 0 %  water.  Experi-  
mental  d e t a i l s  a s  desc r ibed  i n  Methods. 

Although a s o l v e n t  s y s t e m  of  1 0 %  methanol and 9 0 %  

w a t e r  produced t h e  most e f f i c i e n t  s e p a r a t i o n ,  because 

of t h e  t o x i c  n a t u r e  of methanol t h i s  s o l v e n t  system 

w a s  n o t  used f o r  t h e  b ioassay  experiment .  S ince  a 

pure  water  s o l v e n t  system produced a s i m i l a r  e l u t i o n  

p a t t e r n  t o  t h e  methanol-water system, w e  used pu re  

water f o r  t h e  HPLC-bioassay system. 

Rat heart-HPLC Bioassay ~ I n  o r d e r  t o  de te rmine  which 

peaks r ep resen ted  t h e  v a s o a c t i v e  f r a c t i o n s  w e  d i r e c t -  

l y  i n fused  e l u t i o n  s o l u t i o n  from t h e  r eve r sed  phase 

HPLC (mobile phase H 2 0 )  t o  t h e  p e r f u s i n g  l i n e  of t h e  

coronary c i r c u l a t i o n  of t h e  r a t  h e a r t .  A chromato- 

gram and a p r e s s u r e  response  from a t y p i c a l  expe r i -  

ment are  shown i n  f i g u r e  3. I n  t h i s  p a r t i c u l a r  
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F i g u r e  3 .  A t y p i c a l  b ioassay  experiment  showing t h e  
p r e s s u r e  response  (upper  t race)  and HPLC chromato- 
gram ( lower t race)  of t h e  c rude  plasma ex t r ac t .  
Experimental  d e t a i l s  as d e s c r i b e d  i n  Methods. 

exper iment ,  t h e  t o t a l  f low was 9 ml/min ( 8  ml/min of 

Tyrode 's  s o l u t i o n  and 1 ml/min o f  e l u t i o n  s o l u t i o n ) .  

Although t h e r e  w a s  some p o s s i b l e  development of  

i schemic  c o n d i t i o n s  , t h e  h e a r t  func t ioned  as an 

a s say  organ throughout  t h e  course  of t h e  experiment .  

Three groups of peaks were observed  i n  t h i s  

p a r t i c u l a r  chromatogram when 1 0  p.1 (10 m l  e q . )  of 

plasma e x t r a c t  was i n j e c t e d .  The p e r f u s i o n  p r e s s u r e  

b e f o r e  c o n s t r i c t i o n  w a s  46 mmHg. With t h e  e l u t i o n  

of t h e  v a r i o u s  f r a c t i o n s ,  a p r e s s u r e  i n c r e a s e  t o  a 

maximum of 86 mmHg w a s  observed.  Th i s  level  of 

p r e s s u r e  change w a s  s u f f i c i e n t  t o  r e l i a b l y  l o c a t e  

t h e  a c t i v e  component i n  t h e  HPLC e l u t i o n  p r o f i l e .  

Although only  one peak i s  observed i n  t h e  p r e s s u r e  
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t r a c i n g ,  a close i n s p e c t i o n  of  t h e  p r e s s u r e  t r a c i n g  

shows a s t e p w i s e  increase i n  t h e  p e r f u s i o n  p r e s s u r e .  

The s t e p w i s e  i n c r e a s e  i n  t h e  p r e s s u r e  i n d i c a t e s  t h e  

e x i s t e n c e  of more t h a n  one a c t i v e  s u b s t a n c e  i n  t h e  

plasma e x t r a c t .  S i n c e  t h e  recorder pens  f o r  t h e  

p r e s s u r e  and chromatogram are  o n e  h a l f  minute  o u t  of 

phase ,  t h e  f i r s t  group of  peaks  on t h e  chromatogram 

i s  r e l a t e d  t o  t h e  i n i t i a l  p r e s s u r e  i n c r e a s e  and t h e  

second l a r g e  peak t o  t h e  second p r e s s u r e  i n c r e a s e .  

Apparent ly  t h e  t h i r d  group of  peaks  y i e l d s  no p r e s -  

s u r e  change. 

We performed s i x  p e r f u s i o n  e x p e r i m e n t s  u s i n g  

plasma e x t r a c t s  o b t a i n e d  from d i f f e r e n t  e x t r a c t  p r e -  

p a r a t i o n s .  The p r e s s u r e  peak w a s  produced a t  

5 .13  f 0 . 2 6  min ( S . D . ,  n = 6 ) .  T h i s  i n f o r m a t i o n  

e n a b l e d  us  to  d e t e r m i n e  t h e  p a r t i c u l a r  peak i n  t h e  

chromatogram which i s  related t o  t h e  c o r o n a r y  vaso- 

c o n s t r i c t i o n .  S i m i l a r l y ,  w e  c o u l d  conclude  t h a t  t h e  

f i r s t  s m a l l  p r e s s u r e  i n c r e a s e  w a s  produced by t h e  

s u b s t a n c e  which w a s  e l u t e d  r i g h t  a f t e r  t h e  v o i d  

volume . 
While t h e  f i r s t  and second peaks  on t h e  chroma- 

togram e l u t e d  r e l a t i v e l y  q u i c k l y ,  t h e  p r e s s u r e  

r e s p o n s e  l a s t e d  approximate ly  5 m i n u t e s .  The s low 

r e t u r n  toward p r e c o n s t r i c t i o n  p r e s s u r e  l eve l  i s  pos- 
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s i b l y  i n t r i n s i c  i n  t h e  n a t u r e  of t h e  coronary c i r -  

c u l a t i o n  system. One may no te  t h a t  t h e  p e r f u s i o n  

p r e s s u r e  a f t e r  t h e  c o n s t r i c t i o n  never  r e t u r n e d  t o  t h e  

p r e c o n s t r i c t i o n  p r e s s u r e .  This  e f f e c t  may be  a t -  

t r i b u t e d  t o  t h e  absence o f  t h e  s t a b i l i z i n g  i n f l u e n c e  

of large-molecule  subs t ances  ( i . e .  p r o t e i n s )  l a c k i n g  

i n  t h e  p e r f u s a t e .  Due t o  edema format ion  i n  t h e  

h e a r t ,  response  t o  t h e  plasma f r a c t i o n  g r a d u a l l y  

d iminished .  I n  g e n e r a l  t h e  h e a r t  func t ioned  as an 

assay  organ f o r  approximately two hour s .  

I f  t h e  HPLC e f f l u e n t  f r a c t i o n s  w e r e  c o l l e c t e d  

from t h e  o u t l e t  o f  t h e  HPLC column and assayed  

subsequent ly  f o r  b i o l o g i c a l  a c t i v i t y ,  30 t o  50 runs  

might be  r e q u i r e d  t o  l o c a t e  t h e  a c t i v e  component. 

S ince  each i n d i v i d u a l  b i o l o g i c a l  t e s t  by d i r e c t  

i n j e c t i o n  t o  t h e  coronary c i r c u l a t i o n  system 

( i n s t e a d  of  u s ing  t h i s  on l i n e  a s say  system) t a k e s  5 

minutes ,  a t  least  1 5 0  minutes  of t e s t i n g  t i m e  i s  re- 

q u i r e d  t o  do t h e  t a s k .  I n  a d d i t i o n  t o  t h i s  t e s t i n g  

t i m e ,  each f r a c t i o n  has  t o  be  c o l l e c t e d ,  d r i e d  and 

r e d i s s o l v e d  i n t o  a small volume of s o l u t i o n  f o r  t h e  

b ioassay .  Because each a d d i t i o n a l  s t e p  i n  t h e  co l -  

l e c t i o n  and p u r i f i c a t i o n  p rocess  causes  a d d i t i o n a l  

l o s s e s  of  t h e  compound, a l a r g e r  amount of  sample has  

t o  be e x t r a c t e d  to  s t a r t  wi th .  Therefore ,  t h e  
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t o t a l  t i m e  r e q u i r e d  t o  i d e n t i f y  t h e  a c t i v e  f r a c t i o n  

by i n d i v i d u a l  t e s t i n g  methods becomes enormous. 

The same work can be done on - l ine  w i t h i n  15  minutes  

i n  t h e  system r e p o r t e d  h e r e i n .  This  HPLC and r a t  

h e a r t  b ioassay  system saves  c o n s i d e r a b l e  t i m e ,  e f f o r t  

and expense wi thou t  compromising accuracy i n  t h e  

d e t e c t i o n  of  t h e  a c t i v e  f r a c t i o n  of  plasma borne 

v a s o c o n s t r i c t o r .  

F i n a l l y  s t u d i e s  t o  e s t a b l i s h  t h e  t r u e  i d e n t i t y  

of t h e  two v a s o c o n s t r i c t i v e  f a c t o r s  are underway a t  

p r e s e n t .  The p re l imina ry  r e s u l t s  sugges t  t h a t  t h e  

vasoac t ive  subs t ances  are  h e a t  s t a b l e ,  s m a l l  mole- 

c u l e s  and are  no t  commonly known v a s o a c t i v e  sub- 

s t a n c e s ;  however, t h e  c h a r a c t e r i z a t i o n  of t h e  e x a c t  

n a t u r e  of t h e  subs t ance  w i l l  r e q u i r e  f u r t h e r  

r e sea rch .  
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