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LC-EC OF ENDORPHINS 

L. H. Fleming and N. C. Reynolds, Jr. 
Department of Neurology 

University of Wisconsin Medical School 
Milwaukee C l in i ca l  Campus 
Mount S ina i  Medical C e n t e r  

P. 0 .  Box 342 
Milwaukee, Wisconsin 53201 

ABSTRACT 

Reversed phase l i qu id  chromatography with electrochemical 
de tec t ion  (LC-EC) w a s  used to  sepa ra t e  a series of endorphin stan- 
dards. 
methionine- and leucine-enkephalin 
o ther  endorphins of similar 
mobile phase. The most s ign i f i can t  f ac to r s  a f f ec t ing  endorphin 
re ten t ion  isere the  concentration and type of organic modifier i n  
the  i s o c r a t i c  mobile phase. 
performed for methionine- and leucine-enkephalin to assess t h e i r  
e l ec t roac t iv i ty .  
carbon e lec t rode  only a t  high poten t ia l s  @+.9OV v s  Ag/AgCl). 
The e f f e c t  of these  high po ten t i a l s  on the  s e n s i t i v i t y  of e lec t ro-  
chemical de tec t ion  of endorphins was evaluated. 

Chromatographic conditions were manipulated so t h a t  
w e r e  c l ea r ly  resolved from 

hydrophobicity using an i s o c r a t i c  

Hydrodynamic voltammograms were 

Both enkephalins were oxidized with a glassy 

INTRODUCTION 

The discovery of neuropeptides with opiate-l ike a c t i v i t y  

focused considerable i n t e r e s t  on the  i so l a t ion ,  charac te r iza t ion ,  

and loca l i za t ion  of these  molecules. This research e f f o r t  has 

attempted t o  e luc ida te  the  r o l e s  of endorphins i n  normal and 

d isease  states. 

opia tes  i n  stress (1) and pain (Z), memory and reward behavior (31, 
psychosis (1) and p e t i t  ma1 se izures  (4) .  
t he  endorphins may act as neuromodulators (5,6) or i n  some cases,  

as neurotransmitters (5-7). 

Physiologic s tud ie s  have implicated endogenous 

A t  the  molecular l eve l ,  

Copyright 0 1984 by Marcel Dekker, Inc. 
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79 4 FLEMING AND REYNOLDS 

To evaluate endorphin a c t i v i t i e s  i n  physiological f l u i d s  and 

t i s sues ,  highly s p e c i f i c  and s e n s i t i v e  techniques are required.  

Radioimmunoassay (RIA) has been used t o  quant i fy  endorphins such 

as methionine- (ME) and leucine-(LE) enkephalin (8,9) bu t  has been 

l imi ted  f o r  o ther  endorphins by the  l ack  of highly s p e c i f i c  an t i -  

bodies ( 1 0 , l l ) .  The cross- reac t iv i ty  of t he  monoclonal antibody 

to  6-endorphin (BE) t h a t  w a s  prepared by Herz e t  a1 (12) demon- 

strates the  d i f f i c u l t y  i n  achieving highly s p e c i f i c  an t ibodies  f o r  

RIA of closely-related endorphins. In an e f f o r t  t o  improve the  

s p e c i f i c i t y  of endorphin assay, high performance l i qu id  chroma- 

tography (LC) has been used t o  separa te  and iden t i fy  endorphins 

(10,11,13-15). Most LC techniques use  reversed phase chroma- 

tography and d e t e c t  endorphin standards by f a r  W absorbance (14, 

16).  However, quan t i f i ca t ion  of endorphins i n  b ra in  samples is 

usua l ly  performed by co l l ec t ing  chromatographic f r ac t ions  which are 

then analyzed by RIA f o r  each endorphin of i n t e r e s t  (10,11,17). 

Although these  procedures are time-consuming, expensive and in t ro -  

duce addi t iona l  experimental va r i ab le s ,  they a r e  necessary because 

the concentration of endorphins i n  most physiologic samples is be- 

low t he  l i m i t s  of de t ec t ion  by f a r  W spectroscopy. 

An electrochemical de tec tor  (EC), which can measure compounds 

on the bas i s  of t h e i r  e l e c t r o a c t i v i t y ,  has been used with LC f o r  

t he  quan t i f i ca t ion  of catechol- and indol-mines in  the  

range from small b io log ica l  samples (18,19). The e l ec t roac t iv i ty  

of ME and LE w a s  o r i g i n a l l y  demonstrated by Meek e t  a1 (20) i n  

t h e i r  study of enkephalin catabolism. 

ME and LE could be  de tec ted  electrochemically i n  

t i e s ,  they d id  no t  develop LC-EC as an assay technique f o r  endor- 

phins. Using d i f f e r e n t i a l  pulse voltammetry, Bennett et  a1 (21) 

reported the  e l e c t r o a c t i v i t y  of o ther  neuropeptides, such a s  vaso- 

press in  and somatostatin,  and some amino ac ids  ( tyros ine ,  tryptophan 

and cys te ine) .  I n  t h i s  r epor t ,  w e  have developed conditions f o r  

the  separa t ion  and de tec t ion  of a series of endorphins standards 

using LC-EC. 

gram 

Although they showed t h a t  

gram quanti- 

A preliminary r epor t  of t h i s  work has been presented 

( 2 2 ) .  
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LC-EC OF ENDORPHINS 795 

MATERIALS AND METHODS 

2 ME, LE, [D-Ala 1 -1eucine enkephalinamide (LEA), human B-endor- 

and glycylglycine were purchased from Sigma Chemical Company, phin 

S t .  Louis, Mo. Dynorphin 1-6 and 1-17, pro-enkephalin, B-neo- 

endorphin, a-neo-endorphin 1-8 and 1-10, and a-endorphin were ob- 

tained from Bachem, Torrance, CA. Reagents included HPLC grade 

potassium dihydrogen phosphate, amonium ace ta t e ,  phosphoric ac id  

(85%), methanol, tetrahydrofuran (THF) and a c e t o n i t r i l e  (Fisher 

Sc ien t i f i c ,  Pit tsburgh, PA). Ultrex a c e t i c  ac id  w a s  from J. T. 

Baker Co., Phi l l ipsburg ,  N.J. 
pared by adding ac t iva ted  charcoal (Sigma) t o  f r e sh  g l a s s  d i s t i l l e d  

water. A f t e r  s tanding overnight,  the  water w a s  f i l t e r e d  through a 

0.2vm o r  0.45um Nylon-66 f i l t e r  (Rainin Instrument Co., Inc; 

Woburn, MA) and degassed. 

Water f o r  LC mobile phases w a s  pre- 

The chromatographic system consisted of Model 6000A pumps 

(Waters Associates, Milford, MA) and a Model U6K sampze i n j e c t o r  

(Watelrs Associates). 

Biophase ODs (250 x 4.6mm, Bioanaly t ica l  Systems, W e s t  Lafayette,  

I N )  protected by a C18/Corasil guard column (Waters), a 5um Ultra- 

sphere-Octyl (150 x 4.6mm, Altex Sc ien t i f i c ,  Inc. ,  Berkeley, CA) 

and a 10um VBondapak (300 x 3.9mm, Waters). A l O u m  Aquapore 

RP-300 column (250 x 4.6mm, Brownlee Labs, Santa Clara, CA) and a 

5m Sepra ly te  Octyl column (250 x 4.6mm, Analytichem In te rna t iona l ,  

Harbor City,  CA) w e r e  protected by a Sof t  Sea l  guard column(App1ied 

Science Laboratories,  Inc., S t a t e  College, PA) packed with a 1 0 ~  

Ultrapack-Octyl (Altex). An LC-4 o r  LC-4B amperometric de tec tor  
with a TL-5 glassy carbon e lec t rode  (Bioanalytical  Systems) w a s  

set a t  a po ten t i a l  of +l.ON referenced t o  a Ag/AgCl e lec t rode  

unless ind ica ted  otherwise. A Topaz Line 2 power conditioner 

(Topaz Electronics Div., San Diego, CA) w a s  used wi th  the  LC-4 and 

LC-4B de tec tor  fo r  a l l  experiments. 

w e r e  used and t h e i r  compositions are described i n  the  f i g u r e  

legends. 

Nylon-66 f i l t e r  and degassed before  use. 

f i l t e r s  were omitted from mobile phase reservoi rs .  

The reversed phase columns included a 5pm 

Only i s o c r a t i c  mobile phases 

A l l  mobile phases were f i l t e r e d  through a 0.2pm or  0.45vm 

S tee l  so lvent  r e se rvo i r  

Where indica ted ,  
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79 6 JXEMING AND REYNOLDS 

the mobile phase reservoir  w a s  suspended i n  a c i rculat ing water 

bath a t  27OC. 

t ions.  

A flow rate of 1.0 ml/min w a s  used fo r  a l l  separa- 

Endorphin standards were dissolved i n  a 3OmM KH2P04-27.5pM 

glycylglycine, pH 2.3 (adjusted with 85% phosphoric acid).  A l i -  

quots were lyophilized and s tored dessicated a t  -2OOC. Pr ior  t o  

chromatography, the endorphin standards were dissolved i n  an 

appropriate volume of 25mM KH2P04-27. 5pM glycylglycine, pH 2.3 

and stored f o r  approximately one month a t  -2O'C. 

RESULTS 

Various chromatographic parameters were manipulated i n  an 

These parameters in- e f f o r t  t o  optimize ME and LE resolution. 

cluded various ana ly t i ca l  reversed phase columns and mobile phase 

components. 

of the electrochemical detector were a l so  examined. 

Chromatographic Conditions 

1. Columns 

Factors which affected the performance and s e n s i t i v i t y  

The reversed phase columns described above w e r e  used to 

A representa- separate ME and LE from other endorphin standards. 

t i v e  chromatogram is shown i n  Figure 1. 

retention t i m e s  w e r e  obtained with the 5 1 ~ m  Ultrasphere-Octyl and 

the 511111 Biophase ODS columns. Intermediate re tent ion times w e r e  

obtained with the  5pm Sepralyte Octyl. The least retent ion of the 

endorphins w a s  found with the 10pm pBondapak and the 10pm Aquapore 

RP-300; there w a s  no s ign i f i can t  difference i n  the chromatographic 

behavior of the endorphins on e i the r  column. 

2. Mobile Phase 

The longest endorphin 

The e f f ec t  of changes i n  the mobile phase composition on the 

chromatographic behavior of endorphins w a s  investigated.  Components 

of the mobile phase tha t  w e r e  examined included buffers,  pH, 

organic modifiers and ion-pairing reagents. 

A. Buffer. Several buffers  w e r e  used fo r  the chromatography 

of ME, LEA and LE including ammonium acetate, potassium phosphate, 

sodium phosphate and triethylamine phosphate. 

could be used fo r  endorphin chromatography with appropriate adjust-  

Each of these buffers  
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LC-EC OF ENDORPHINS 79 7 

L 
FIGURE 1 

Isoc ra t i c  e lut ion of endorphin standards. 
RP-300; Mobile phase = 128 ml [5OmM KHzPO4 -55uM glycylglycine, 
pH 2.3 (adjusted with 85% phosphoric acid) containing 29X aceto- 
n i t r i l e l  di luted to  250 m l  with water; Mobile phase temperature 
= 27OC; Flow Rate = l.Oml/min.; Applied Potent ia l  = +l.ON vs 
AglAgCl; Reference Bars: Ordinate = 0.2nA and Abscissa = 15 min. 
Peak 1 = lOng a-neo-endorphin 1-8, 2 * long a-neo-endorphin 
1-10, 3 = lOng dynorphin 1-6, 4 = 6.6ng ME, 5 = lOng B-neo- 
endorphin, 6 - 7.34ng LEA, 7 6.6ng LE, 8 = 25ng a-endorphin, 
9 = 2Ong pro-enkephalin. 

Column = Aquapore 
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798 FLEMING AND REYNOLDS 

ments i n  concentration. 

i n  the mobile phase was unacceptable because it caused a substan- 

t i a l  decrease i n  the  s e n s i t i v i t y  of the working electrode. 

The use of a formic acid - pyridine buffer  

The e f f e c t  of other salts on endorphin retent ion w a s  examined 

by adding potassium chlor ide o r  potassium perchlorate to  the phos- 

phate buff er-acetoni t r i le  mobile phase. I n  general, increases 

i n  the potassium chlor ide concentration (0.25mM to 2 . W ,  f i n a l  

concentrations) decreased the retent ion t i m e s  of ME and LE. In- 

creases i n  potassium perchlorate concentrations (0.25mM to  2.5mM, 
f i n a l  concentrations) had l i t t l e  e f f ec t  on endorphin retent ion 

times. 

8. pH. Mobile phases ranging i n  pH from 2.0 to  7.5 were used 

to chromatograph ME and LE. 

increase i n  ME and LE retent ion,  small changes i n  pH did not  sub- 

s t a n t i a l l y  al ter the chromatographic behavior of ME o r  LE. 

of 2.3 w a s  chosen fo r  the phosphate buffer-acetoni t r i le  mobile 

phase because retent ion of the ear ly  e lut ing endorphins (a-neo- 

endorphin 1-8 and 1-10) w a s  improved a t  low pH. 

Although a decrease i n  pH caused an 

A pH 

C .  Organic Modifier. Methanol, a c e t o n i t r i l e ,  tetrahydro- 

furan and propanol were used as organic modifiers i n  the i s o c r a t i c  

mobile phase. For each organic modifier, the endorphins could be 

chromatographed only within a l imited concentration range. Organic 

modifier concentrations above o r  below t h i s  range caused nei ther  

re tent ionnor  e lut ion of the endorphins. ( i .e.  using the Aquapore 

300 column, the K of 8-neo-endorphin when using 10% a c e t o n i t r i l e  

i n  the mobile phase was>20 but with 14.8% C H p ,  the  K w a s  

reduced to 6.4). 

o r  buffer used fo r  endorphin chromatography. 

* 
1 

This e f f ec t  w a s  independent of the type of column 

It w a s  not possible t o  s u b s t i t u t e  one organic modifier fo r  

another so l e ly  by maintaining an equivalent po la r i ty  of the 

aqueous-organic mobile phase. Table 1 shows t h a t  the accuracy of 
K 

mobile phase w a s  dependent on the type of organic modifier. 

parison of calculated K r a t i o s  vs K r a t i o s  obtained experimentally 

with aqueous-acetonitrile, aqueous-methanol and aqueous-acetonitrile- 

tetrahydrofuran mobile phases indicates  t h a t  ME and LE are not eluted 

I 

predictions f o r  ME and LE from the  calculated polar i ty  of t he  

A com- 
1 I 
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LC-EC OF ENDORPHINS 799 

TABLE 1 

Comparison of Experimentally Determined (Exp.) K Ratios 
1 

1 

t o  Calculated (Ca ld  K Ratios 

Solvent Po la r i t i e s  1 

1 I Calc. K 
p2 ; P1 Ratios* 

(Organic Modifier) 
9.408 : 9.32 1.11 
(CH3CN only) 

9.32 ; 9.14 1.23 
(CH3CN ; CH3CN-THF) 

9.14 ; 9.052 1.11 
(CH3CN-THF only) 

(CH3CN-THF ; MeOH) 

(CH3CN ; MeOH) 

9.052 ; 8.67 1.55 

9.408 ; 8.67 2.34 

ME - 
I 

ExP. K % Calc . 
Ratios Ex?. 

1.78 62 

1.17 105 

1.19 93 

0.32 484 

0.86 2 72 

LE - 
I 

Exp. K Calc. % -  Ratios EX~. 

1.62 68.5 

1.04 118 

1.20 92.5 

0.26 596 

0.58 403 

Column = 5 p  Biophase ODs; Mobile phase = 101124 ammonium acetate, 
pH 4 .25  (adjusted with g l a c i a l  acy t i c  acid) +va ry ing  amounts of 
organic modifiers t o  obtain the P values indicated above. 
ace ton i t r i l e ;  THF = tetrahydrofuran; MeOH = methanol. 

CH3CN = 

1 1 

(P2 - P1 )+2 
(23) 

K' ra t ios* calculated by the formula 5 1 = 10 

only on the bas i s  of po la r i ty  considerations. 

mobile phases were more e f f i c i e n t  i n  decreasing the K 

than other  aqueous-organic mobile phases of equivalent po la r i t i e s .  

Aqueous-acetonitrile 

of ME and LE 
1 

Another s ign i f i can t  f ac to r  fo r  the resolut ion of ME and LE 

from other endorphins w a s  t he  t o t a l  salt concentration i n  the  

mobile phase versus the concentration of the organic modifier. 

Small changes i n  salt  concentration below an optimal l eve l  caused 

a change i n  peak shape even i f  the concentration of organic modi- 

f i e r  w a s  s u f f i c i e n t  t o  maintain an equivalent K . The two endor- 

phins most affected were 8-neo-endorphin and u-nec-endorphin 1-10. 

1 
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800 FLEMING AND REYNOLDS 

I n  Figure 1, the  a-neo-endorphin 1-10 peak is  s p l i t .  A sharp s i n g l e  

peak w a s  obtained by increas ing  t h e  f i n a l  KH2P04 concentration t o  

3OmM i n  t he  mobile phase. 

i n  the KH2P04 and a c e t o n i t r i l e  concentrations on the  e lu t ion  of ME 

and 6-neo-endorphin. The peak shape of ME w a s  e s s e n t i a l l y  unchanged 

while t h e  peak shape of 6-neo-endorphin broadened. 

Figure 2 shews the e f f e c t  of s m a l l  changes 

D. Ion-pairing Reagents. Data obtained wi th  t r i f l u o r o a c e t i c  

ac id  and nonylamine ind ica ted  t h a t  the re t en t ion  t i m e s  of both ME and 

LE were s imi l a r ly  decreased with incMasing ion-pairing reagent con- 

cen t r a t ions  i n  the  mobile phase. 

hydrogen s u l f a t e  concentration caused small increases  i n  the  reten- 

t i on  of ME and LE. 

Increases i n  tetrabutylamonium 

After examining the e f f e c t  of var ious  mobile phase components 

on endorphin chromatography, t he  composition of t he  i s o c r a t i c  mobile 

phase w a s  adjusted so t h a t  the  ME and LE peaks were c l e a r l y  resolved 

from the  o ther  endorphin standards using the  Aquapore RP-300 column. 

As s h a m  i n  Figure 1, a mobile phase cons is t ing  of 128ml [ 5 W  
KH PO 

+ 29% CH3CN] d i lu t ed  t o  25Oml wi th  w a t e 3 w a s  warmed t o  27'C i n  a 
c i r cu la t ing  water ba th  and used f o r  endorphin chromatography. 

buf fer  w a s  s u i t a b l e  as a mobile phase f o r  endorphin chromatography 

using each of t he  reversed phase columns described above by making 

small adjustments i n  the  phosphate o r  a c e t o n i t r i l e  concentrations.  

Therefore, this mobile phase w a s  used f o r  most of t hese  s tud ie s .  

55uM glycylglycine,  pH 2.3 (adjusted wi th  85% phosphoric acid) 2 4- 

This 

Glycylglycine w a s  added to  the  mobile phase t o  prevent absorp- 

t i on  of the  endorphins to  res idua l  s i l a n o l s  on the  column packing 

material (10). There w a s  no change i n  the  shape of t he  endorphin 

peaks with an  increase  i n  glycylglycine concentration i n  the  mobile 

phase. The order of endorphin e lu t ion  w a s  a-neo-endorphin 1-8 

followed by a-neo-endorphin 1-10, dynorphin 1-6, ME, 6-neo-endorphin, 

LEA, LE, a-endorphin, and pro-enkephalin (Table 2).  BE and dynorphin 
1-17 w a s  no t  e lu ted  from the  column with t h i s  mobile phase. 

of endorphin e lu t ion  w a s  d i f f e r e n t  from t h a t  predicted by the  summa- 

t i on  of the  r e t en t ion  coe f f i c i en t s  of component amino ac ids  as deter- 

mined by Wilson et  a1 (15) and Meek and Rossetti (25) (Table 2). 

The order 
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LC-EC OF ENDORPHINS 80 1 

ME 

$ 

C '+ 
Ql 

ME 

I 
FIGURE 2 

Effec t  of changes i n  mobile phase on ME and 8-neo-endorphin (BNE) 
e lu t ion .  Column = Aquapore RP-300; Oxidation Po ten t i a l  = +1.05V 
vs Ag/AgCl; Flow Rate = l.Oml/min; Reference Bars: Ordinate = 
0.lnA; Abscissa = 4 min.; arrow denotes in jec t ion .  
A = 128 m l  of 52mM m2P04-55pM glycylglycine,  pH 2.3 containing 
32% CH3CN d i lu t ed  t o  250 m l  wi th  H20. 
B = 128 m l  of 5OmM KH2PO4-55~M glycylglycine,  pH 2.3 containing 
29% CH3CN d i lu t ed  t o  250 m l  wi th  H20. 
C = 128  ml of 47mM KH2PO4-55pM glycylglycine,  pH 2.3 containing 
31% CH3CN d i lu t ed  to  250 m l  wi th  H20. 

Electrochemis t r y  
1. Hydrodynamic Voltammograms 

Hydrodynamic voltammograms €or ME, LE and LEA w e r e  performed 

with the mobile phase described i n  Figure 1. 

ind ica t e  t h a t  ME, LE and LEA are oxidized by the  glassy carbon working 

e lec t rode  a t  po ten t i a l s  above +.9OV referenced to  Ag/AgCl. 

The curves i n  Figure 3 

The 
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TABLE 2 

FLEMING AND REYNOLDS 

Order of Endorphin Elution 

Endorphin This study Meek & Rosse t t i  Wilson e t  a1 
(25) (15) 

a-neo-endorphin 
a-neo-endorphin 
dynorphin 1-6 
ME 
0-neo-endorphin 
LEA 
LE 
a-endorphin 
pro-enkephalin 

1-8 1 
1-10 2 

3 
4 
5 
6 
7 
8 
9 

The order of endorphin e lu t ion  observed i n  t h i s  study was compared 
with the  order ca lcu la ted  by the  summation of t he  r e t en t ion  coef f i -  
c i en t s  (25,15) of the  amino ac ids  contained i n  each endorphin. I n  
t h i s  study, endorphins were chromatographed with e i t h e r  the  VBondapak 
o r  hquapore RP-300 reversed phase columns a t  a flow rate of 1.0 m l / m i n  
with an i s o c r a t i c  mobile phase cons is t ing  of 128 m l  of t50mK KH2P04 
-55uM glycylglycine,  pH 2.3 (adjusted with 85% phosphoric acid) 
containing 29% a c e t o n i t r i l e ]  d i lu t ed  to 250 m l  with water. The 
mobile phase reservoi r  w a s  siispended i n  a c i r cu la t ing  water ba th  
a t  27'C. 

plateau region of the  curve occurs 

and LEA. For ME, however, the  peak he ight  i s  s t i l l  increasing with 

increasing oxidation po ten t i a l s .  Other endorphins, a-neo-endorphin 

1-8 and 1-10, dynorphin 1-6, B-neo-endorphin, a-endorphin and pro- 

enkephalin w e r e  a l s o  e l ec t roac t ive  a t  applied po ten t i a l s  above 

+.9OV. A po ten t i a l  of +1.05V was  chosen f o r  these  s tud ie s  as a 
compromise between increasing peak he ight  and increasing noise.  

(A chela tor  such as ethylenediamine-tetraacetic ac id  w a s  no t  

used i n  the  mobile phase due to  its oxidation a t  these poten- 

t i a l s ) .  

2. Standard Curves 

a t  approximately +1.09V f o r  LE 

The de tec tor  response w a s  l i n e a r  from 1 ng t o  20 ng of ME, 

LE o r  LEA ( the  concentration range used f o r  these  s tud ie s ) .  

3. Sens i t i v i ty  

The most s i g n i f i c a n t  f a c t o r  a f f ec t ing  the  s e n s i t i v i t y  of electro- 

chemical de tec t ion  of endorphins w a s  t h e  age of t he  working electrode. 
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HY DRODY NAMlC VOLTAMMOG RAMS 
ME, LEA, LE 

Y 
4 w a 

+.b3 ' +.47 '+1101 l + l f O 5  '+1.09 '+1.13 

APPLIED POTENTIAL vs AglAgCl 

I 

FIGURE 3 

Chromatographic conditions as in  Figure 1. (Peak height in  
centimeters;  Applied po ten t i a l  i n  vo l t s ;  Sens i t i v i ty  = 2nA/V). 

With a new TL-5 glassy carbon e lec t rode  (Bioanalytical  Systems) 

approximately 300 picograms of ME ( s igna l  t o  noise  = 3; 1.7nAfng) 

were detected.  

w a s  approximately 600 picograms. 

gradually decreased wi th  continued use  a t  high po ten t i a l s  (>+l.OV). 
Repolishing the  e l ec t rode  res tored  some of t he  s e n s i t i v i t y  but  n o t  

to  i ts  o r i g i n a l  l e v e l .  Another f a c t o r  influencing the  s e n s i t i v i t y  

of EC detec t ion  w a s  t he  composition and pH of the  mobile phase. 

ME and LE oxidized more r ead i ly  i n  a mobile phase cons is t ing  of 10mM 

ammonium a c e t a t e  (adjusted t o  pH 4.25 with g l a c i a l  a c e t i c  ac id)  con- 

ta in ing  methanol wi th  an optimal po ten t i a l  of +.99V referenced t o  

AgfAgC1. 

cur ren t  and base l ine  noise  causing a small increase  i n  s e n s i t i v i t y .  

The de tec t ion  l i m i t  f o r  LE using the  same e l ec t rode  

The s e n s i t i v i t y  of the  e lec t rode  

Both 

The use of a lower po ten t i a l  decreased the  background 
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804 FLEMING AND REYNOLDS 

The chromatographic resolut ion of the endorphins, however, w a s  im- 

proved when the  phosphate-acetonitrile mobile phase w a s  used. 

Other f ac to r s  aiding Ec s e n s i t i v i t y  included several minor 

modifications to  the LC system. The mobile phase reservoir  was 
suspended i n  a c i r cu la t ing  water bath a t  a constant temperature 

(27OC) to  minimize basel ine s h i f t .  Stainless  steel solvent reser- 

voir  f i l t e r s  w e r e  omitted from a l l  mobile phase reservoirs  to 

eliminate basel ine noise due to  oxidation of metal l ic  contaminants 

(personal communication, D r .  Michael Joseph, MRC Clinical  Research 

Centre, U.K.) A Topaz power conditioner was  used to  protect  the 

electrochemical detector  from aberrant  power l i n e  f luctuat ions.  

DISCUSSION 

Several previous s tudies  of endorphin chromatography have 

used gradient e lut ion to  separate  and invest igate  the behavior of 

a series of endorphin standards on reversed phase columns (10, 14 ,  
15, 24, 25). This study investigated the use of an i s o c r a t i c  mobile 

phase f o r  the elut ion of endorphins. Using LC-EC, various chromato- 

graphic conditions w e r e  manipulated to  separate  ME and LE from 

other endorphins of similar hydrophobicity. The chromatographic 

behavior of the endorphins i n  response to ce r t a in  changes i n  the 

composition of the i s o c r a t i c  mobile phase w a s  d i f f e ren t  from the 

behavior t h a t  has been reported fo r  gradient elutions (15, 25, 26). 

Alterations i n  the  organic modifier and t o t a l  sa l t  concentration 

affected endorphin resolut ion dramatically,  e i the r  by a change i n  

K o r  by a change i n  peak shape. The r o l e  of the t o t a l  sa l t  concen- 

t r a t ion  i n  t h e  mobile phase observed i n  t h i s  study f o r  the i soc ra t i c  

resolut ion of endorphins, however, is  i n  agreement with the r e s u l t s  

obtained with gradient e lut ion (26). The most important f ac to r s  fo r  

endorphin retent ion w e r e  t he  concentration and type of organic modi- 

f i e r  i n  the  mobile phase. 

(261, the peptides used i n  t h i s  study were e f f i c i e n t l y  chromatographed 

only within a l imited concentration range f o r  each organic modifier. 

In  addition, endorphin retent ion could not be predicted solely on the 

basis  of polar i ty  considerations when subst i tut ing d i f f e ren t  organic 

modifiers i n  the mobile phase (Table 1 ) .  Like somatostatin (271, 

s e l e c t i v l t y  w a s  increased when a c e t o n i t r i l e  w a s  used as the organic 

1 

A s  reported f o r  ACTH-related peptides 
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LC-EC OF ENDORPHINS 805 

modifier instead of methanol. This is i n  contrast  t o  what has been 

observed using gradient e lut ion (26 ) .  Reversals i n  re tent ion order 

w e r e  reported with the use of some organic modifiers but ,  f o r  the 

most par t ,  the  re tent ion t i m e s  of the polypeptides w e r e  sh i f t ed  
according to  the polar i ty  of the solvent ( 2 6 ) .  

Recently, the elut ion cha rac t e r i s t i c s  of an extensive series 
of peptides have been investigated i n  an e f f o r t  t o  co r re l a t e  pep- 

t i d e  retent ion with amino acid composition (15, 25). I n  both re- 

ports ,  l a rge  numbers of peptides (n=95-100) w e r e  used to determine 

the hydrophobicity o r  re tent ion coeff ic ients  for  each amino acid.  

An examination of predicted and ac tua l  re tent ion t i m e s  of peptides 

using gradient elution, showed a high degree of correlat ion (Meek 

and Rosset t i  (25 ) ,  correlat ion coe f f i c i en t  = 0.98; Wilson e t  a1 (15) 

correlat ion coeff ic ient  = 0.83). However, t h i s  study demonstrates 

t ha t  these retent ion coeff ic ients  can not be used to  predict  t he  

order of endorphin elut ion when using i s o c r a t i c  mobile phases 

(Table 2).  

behavior of endorphins when comparing gradient e lut ion and iso- 

c r a t i c  e lut ion w a s  not unexpected s ince  some of the endorphins are 
par t icular ly  affected by changes i n  the mobile phase composition. 

The observation of differences i n  the chromatographic 

The spec i f i c  a i m  of t h i s  study w a s  to use LC-EC t o  separate 

and detect  a series of endorphin standards. Therefore, various 

chromatographic parameters w e r e  investigated to  develop conditions 

fo r  the i s o c r a t i c  e lut ion of endorphins. A simple phosphate buffer  - 
a c e t o n i t r i l e  i s o c r a t i c  mobile phase w a s  used t o  separate  endorphins 

on C8 o r  C18 reversed phase columns. 

both ME and LE were examined by hydrodynamic voltammetry and the 

e l ec t roac t iv i ty  of several  other endorphins (a-neo-endorphin 1-8 and 

1-10, dynorphin 1-6, B-neo-endorphin, a-endorphin and pro-enkephalin) 

w a s  demonstrated. These data indicate  t h a t  the s p e c i f i c i t y  and 

and s e n s i t i v i t y  of LC-EC may provide an e f f i c i e n t  and inexpensive 

a l t e rna t ive  to  R I A  fo r  the assay of endorphins. 

technique to the study of brain samples is current ly  i n  progress. 

The oxidation character is t ics  of 

Application of t h i s  
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