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SUMMARY 

The speclflc aim of this study was to mvestrgate the selectlvlty of hquld 
chromatography-electrochemistry for mmor varratlons m the structure of small endorphms 
Using lsocratlc mobile phases, chromatographlc condltlons were estabhshed for the separa- 
tion of a series of closely related endorphms Hydrodynamrc voltammetry showed that each 
peptlde exhtblted a characterlstlc oxldatlve behavror that was also reflected m peak current 
ratios Changes n-r a small moiety altered both the chromatographlc behavior and electro- 
actlvlty of these neuropeptldes 

INTRODUCTION 

The discovery of increasing numbers of closely related neuropeptldes has 
made the need for highly selective assay techniques more apparent Currently, 
the most selectlve and sensltlve technique has used some form of llquld chro- 
matographlc (LC) fractlonatlon step followed by radlolmmunoassay (RIA) 
quantlflcatlon [l-6] . This necessarily restricts the choices of solutions used for 
the chromatographlc portion of the techmque to those solutions which are 
volatile or compatible with the RIA analysis [3] The lack of commercmlly 
available antlbodles to some of the neuropeptldes has caused investigators to 
prepare and charactemze their own antlbodles. Differences m antibody specl- 
ficlty make it difficult to compare data between laboratories. The develop- 
ment of a technique m which a senes of neuropeptldes could be identified and 

*A preliminary report of this work was presented at the 1985 Electroanalytlcal Symposium 
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quantified from a smgle sample, would ehmmate the present need for multi- 
step time-consummg separate determmations 

Some research efforts to develop a new assay techmque for endorphms and 
other neuropeptldes have focused on LC with electrochemical detection (ED) 
[‘I-11] Electrochemrstry provides additional selectivity to the assay since 
only those compounds which are oxidizable or reducible at the applied 
potential will be detected Other advantages of usmg electrochemistry are its 
modest cost, both of mstrumentation and reagents, and its versatility An 
LC-ED assay for oxytocm solutions was developed by White [ 81 Mousa and 
Coun [9] studied the metabohsm of synthetic methionme-enkephalm (ME) 
by serum and bram ammopeptidases usmg LC-ED A column-switching 
LC-ED procedure was used to determme cholecystokmm tetrapeptide and 
octapeptide sulfate levels from rat bram [lo] . This procedure was subsequently 
modified and used to assay ME and leucme-enkephalm (LE) from rat brain by 
LC-ED [ll] 

In a previous paper 1121, we investigated conditions for the isocratic elution 
of a senes of endorphms Factors which affected the performance of the 
electrochemical detector were also examined. The specific aim of this study 1s 
to mvestigate the selectivity of LC-ED for mmor variations m endorphm 
structure 

EXPERIMENTAL 

The endorphms used m this study are listed in Table I with their abbrevla- 
tions, ammo acid compositions and suppliers Reagents included HPLC-grade 
potassium dihydrogen phosphate, phosphonc acid (85%), methanol and aceto- 
mtrde (Fisher Scientific, Pittsburgh, PA, U S A.). All water used for LC m&de 

phases was prepared by adding activated charcoal (Sigma) to fresh glass-distilled 
water After standing overrught, the water was filtered through a 0.2~pm 
Nylon-66 filter (Ramm, Woburn, MA, U.S.A.) and degassed 

The chromatographic system consisted of Waters Assoc (Mllford, MA, 

U S A.) Model 6000A pumps, a Model U6K sample mlector and a Bioanalytical 
Systems (West Lafayette, IN, U S A ) LC-4, LC-4B or LC-4B/17 amperometnc 
detector w-ith a TL-5A or TL-5A dual glassy carbon working electrode A 

TABLE I 

ENDORPHIN STRUCTURE 

Endorphm Abbrevlatmn Ammo acid composltlon Suppher’ 

01 Neo endorphm 1 8 aNE18 Tyr Gly-Gly Phe Leu Arg-Lys Tyr 1 
01 Neo-endorphm 1 10 aNE 110 1 
Dynorphm 16 

Tyr-GlyCly-Phe Leu Arg Lys Tyr Pro-Lys 
Dyn 16 1 

li Neo-endorphm 
Tyr Gly Giy Phe Leu Arg 

BNE Tyr Gly Gly-Phe Leu Arg Lys Tyr Pro 1 
[D Ala2 I-leuclne-enkephallnamlde LEA 3 
Leucme-enkephahn 

Tyr D Ala-Gly Phe Leu NH, 
LE Tyr Gly Gly Phe Leu 3 

Methlonme enkephalm ME 
Methlonlne-enkephallnamlde 

Tyr Gly Gly Phe Met 3 
ME NH, Tyr Gly-Gly Phe Met NH, 3 

[L Ala’ I -methmnmeenkephahn L Ala2 ME Tyr-Ala Gly-Phe-Met 3 
[D Ala’] methmnrne enkephalm D-Ala2-ME Tyr D Ala Gly PheMet 3 
[D Ala’] -methlonlne-enkephallnamlde D-Ala’-ME-NH, Tyr D-Ala-Gly-Phe Met NH, 3 
Methlonme-enkephalm lysme ME-Lys Tyr-Gly Gly Phe Met Lys 2 
Methlonme enkephalm argmme ME Arg Tyr Gly-Gly-Phe Met Arg 2 

‘1 = Bachem (Torrance, CA, u 8 A ), 2 = Penmsula Labs (Belmont, CA, U S A ), 3 = Sigma (St LOUIS, MO, u S A ) 
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Topaz Lme 2 power condltloner (Topaz Electronics, San DIego, CA, U S A ) 
was used with the amperometmc detectors for all experiments A Soft 
Sealguard column (Apphed Science Labs , State College, PA, U S A ) packed 
w&h IO-pm Ultrapack-Octyl (Altex, Berkeley, CA, U S A.) was used with a 
IO-pm Aquapore RP-300 column (250 mm X 4 6 mm) (Brownlee Labs, 
Santa Clara, CA, U S A ) A Phantom mlcrobore CB guard column (C -M Labs, 
Nutley, NJ, U S.A ) and an m-line filter were used with a Zorba? Golden 
Series C8 column (8 cm X 6 2 mm) (DuPont de Nemours, Wilmington, DE, 
U.S A.). Only lsocratlc mobile phases were used and then compositions are 
described m the figure legends All mobile phases were filtered through a 
0.2~pm Nylon-66 filter and degassed before use Ts prevent the formation 
of mlcrobubbles, the mobile phase was sparged with hehum gas (99 995% 
purity) Steel solvent reservoir filters were omitted from moblle phase 
reservoirs Where indicated, the mobile phase reservon- was suspended in a 
circulating water bath at 27°C A flow-rate of 1 0 ml/mm was used for all 
separations While establishing chromatographlc condltlons, an applied 
potential of +1 05 V vs Ag/AgCl was used for the detection of the endorphms 
[=I 

Endorphm standards were dissolved m 30 mM KH,PO,--27 5 PM glycyl- 
glycme, pH 2 3 (adjusted with 85% phosphoric acid) Ahquots were lyophlhzed 
and stored desiccated at -20°C Prior to chromatography, the endorphm 
standards were dissolved m an appropriate volume of 25 mM KH,PO,- 27 5 PM 
glycylglycme, pH 2 3, and stored for approxunately one month at -20°C 

The TL-5A dual glassy carbon workmg electrode was cleaned by the 
alumina-pohshlng procedure recommended by the manufacturer. To generate 
hydrodynamic voltammograms with the TL-5A dual glassy carbon working 
electrode, the two working electrodes were placed m parallel conflguratlon 
and set at the same potential The mean response for each potential was 
plotted The TL-5A glassy carbon workmg electrode was cleaned by the 
chromic acid procedure of Anton [13] The chromatographlc condltlons used 
to generate the hydrodynamic voltammograms are described m the figure 
legends 

Peak current ratios were calculated by placing the TLdA dual workmg 
electrodes in the parallel conflguratlon. Working electrode A was always set 
at the smaller applied potentlal and B at the larger applied potential The 
Aquapore RP-300 column and a mobile phase of 20 8 mlM KH,PO,- 20 PM 
glycylglycme, pH 2 3 (with H3P04)- acetonltnle (85.2 14 8) at 27°C was used 
to separate endorphms for generation of peak current ratios 

RESULTS 

Chromatography 
Fig 1 shows the separation of aNE l-8, arNE l-10, Dyn 1-6, ME, ONE. LEA 

and LE on the Aquapore RP-300 column The lsocratlc mobile phase that gave 
the best separation of these endorphms was 20 8 mM KH,PO,- 20 PM glycyl- 
glycme, pH 2 3 (with 85% H,PO,)- acetomtnle (85 2 14 8) warmed to 27°C in 
a clrculatmg water bath A characterlstlc broadened peak shape was obtamed 
for ONE with this mobile phase m agreement with a previous report [12]. 
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Fig 1 Isocratic elutlon of endorphms Chromatographlc conditions column, Aquapore 
RP-300, mobile phase, 20 8 n-&f KH,PO,-20 UM glycylglycme, pH 2 3 (with H,PO,)-aceto- 
mtrlle (85 2 14 8) at 27”C, flow-rate, 1 0 ml/mm, electrode, TL-5A with a glassy carbon 
auxihary electrode, applied potential, +l 05 V vs Ag/AgCl Peaks 1 = (uNE l-8, 2 = olNE 
1-10;3=Dyn1-6,4=ME,5=@NE,G=LEA,7=LE 

Fig 2 Isocratic elutlon of endorphms and ME analogues Chromatographlc conditions 
column, Zorbax Golden Series C,, mobile phase, 27 8 m&f RI-&PO,- 78 pM glycylglycme, 
pH 2 3 (with H,PO,)-acetomtrile (85 4 14 6), flow-rate, 1 0 ml/mm, electrode, TL-5A with 
a stamless-steel auxiliary electrode, applied potential, +l 05 V vs Ag/AgCl Peaks 1 = arNE 
l-8, 2 = ME-Lys, 3 = ME-Arg, 4 = &NE l-10, 5 = ME-NH,, 6 = ME, 7 = L-Alaz-ME, 8 = 
D-Ala*-ME, 9 = LEA, 10 = LE 

Attempts to manipulate the isocratic moblle phase concentration to obtam a 
longer retention of olNE 1-8 were not successful because other peptldes 
co-eluted or were excessively retained Decreasing the concentration of salt 
and organic modifier m the mobile phase caused a deterioration m the shape of 
the later elutmg peaks (data not shown) 

To examme the selectivity of the chromatographlc system for changes m 
endorphm composltlon, ME and ME analogues with small moiety differences 
were separated on the Zorbax@ Golden Series Cs column (Fig 2) The hexa- 
peptldes m peaks 2 and 3 differ only m the C-terminal ammo acid which is 
basic m both peptldes (lysme and argmme, respectively). Substltutmg an amide 
group for the carboxyl terminal group of ME (peaks 5 and 6) decreased the 
retention time by 6 mm Although the pentapeptldes m peaks 7 and 8 differ by 
a single methyl group (alamne is substituted for glycme in position 2 of the 
ME ammo acid sequence), they are well separated m this chromatographlc 
system. Even the most closely-related peptldes m this series which differ by 
stereolsomerlsm of a single ammo acid, L-Ala’-ME and D-Ala’-ME are separated 
by approxnnately 3 mm 

Electrochemrstry 
Hydrodynamzc uoltammogmms. To determine oxidative charactenstlcs of a 
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senes of endorphms, hydrodynamic voltammetry was performed The hydro- 
dynamic voltammograms m Figs 3- 5 show that each peptlde exhlblts 
charactenstlc oxldative behavior. In Fig 3, the slope of the curves for aNE 
l-10, Dyn l-6 and @NE are relatively flat, showing only a small change m 
nA/ng over the range of applied potentials These curves begin to plateau at 
approximately +l.O V After an lmtlal steep increase m the nA/ng ratio for 
arNE l-8, the rate of change becomes smaller wth mcreasmg applied potential 
wlthout reaching a plateau The slope of the voltammogram for ONE, how- 
ever, increases sharply between apphed potent&s +1 15 V and +1 18 V The 
voltammogram for LE does not plateau but continues to slowly mcrease the 
nA/ng ratio with mcreasmg potential In contrast, the oxldatlve behavior of 
ME 1s different from that of the other endorphms shown m Fig 3 There 1s an 
approxnnately Imear increase m the nA/ng ratio with mcreasmg potent&. 
ME also exhibits the greatest electroactivlty at higher applied potentials 

The hydrodynamic voltammograms for ME and the hexapeptldes ME-Arg 
and ME-Lys are shown m Fig 4 Although argmme and lysme are basic ammo 
acids, they affect the electroactlvlty of ME differently The electroactlvlty of 
ME 1s enhanced mth the addition of a lysyl residue and 1s slightly decreased by 
the addition of an argmyl residue A comparison of the hydrodynamic 
voltammograms for ME m Fig. 3 and 4 shows snmlar slopes but differences m 
the oxldatlve response of ME at higher potent& This difference illustrates the 
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Fig 3 Hydrodynamic voltammograms of endorphms Chromatographlc con&tlons column, 
Aquapore RP-300, mobile phase, 20 8 mM KH,PO,-- 20 PM glycylglycme, pH 2 3 (with 
H,PO,)-acetomtnle (85 2 14 8) at 27”C, flow-rate, 1 0 ml/mm,electrode, TL-SA dual with 
an additional connectmg wire from the auxiliary electrode pm to the stamless-steel outlet 
tube of the reference electrode compartment 
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Fig 4 Hydrodynamic voltammograms of ME-related peptldes Chromatographlc condltlons 
column, Zorbax Golden Senes C,, mobile phase, 25 7 ti KH,PO,, pH 2 3 (with H,PO,)- 
acetomtnle (86 7 13 3) at room temperature, flow-rate, 1 0 ml/mm, electrode, TL-SA with 
a stamless-steel auxiliary electrode 

Fig 5 Hydrodynamic voltammograms of ME analogues Chromatographlc condltlons 
column, Zorbax Golden Series C,, mobile phase, 25 7 mM KH,PO,, pH 2 3 (mth H,PO,)- 
acetomtnle (86 7 13 3) at room teyperature, flow-rate, 1 0 ml/mm, electrode, TL-5A with 
a stamless-steel auxiliary electrode 

importance of changes m electrode configuration and moblle phase composl- 
tion m the oxldatlve behavior of ME The hydrodynamic voltammetry must be 
re-evaluated for each new working electrode and set of mobile phase condl- 
tions 

Fig 5 shows the hydrodynamic voltammograms for ME and analogues with 
small moiety changes Although the substltutlon of an alanyl residue for a 
glycyl residue m position 2 of the ammo acid sequence of ME adds only a 
methyl group to the pentapeptlde, the electroactlvlty of L-Ala*-ME is 
decreased by approxnnately 50% at the higher potentials Substitution of the 
D-form for the L-form of alanme, however, increases the electroactlvlty of the 
peptlde (D-Ala2-ME vs L-Ala2-ME) approximately 100% at higher potentials 
An amide group substltutlon at the C-terminal posltlon of ME (ME-NH? 
vs ME) decreases the electroactlvlty of ME by shifting the hydrodynamic 
voltammogram to the right 

Peak current rutzos As an addltlonal approach to evaluating selectivity, peak 
current ratios were calculated for the endorphms and are listed m Table II 
The potentials used to generate the peak current ratios were selected by 
exammmg the hydrodynamic voltammograms for the greatest differences m 
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TABLE II 

PEAK CURRENT RATIOS 

Chromatographlc condltlons column, 10 pm Aquapore RP-300, mobile phase, 20 8 m&f 
KH,PO,-20 FM glycylglycme, pH 2 3 (with H,PO,)-acetomtrle (85 2 14 8) warmed to 
27°C Amperometrlc detector was a Model LC-4B/17 with TL-5A dual glassy carbon 
workmg electrode with an addltlonal connectmg me from the auxiliary electrode pm to the 
stainless-steel outlet tube of the reference electrode compartment The data are expressed 
as the mean i S D 

Endorphm +0 99 V/+1 05 V +l 030 V/+1 085 V +l 050 V/+1 085 V 

orNE l-8 - - 0 78 + 0 04 
aNE l-10 081 f 011 121 llliOO6 
Dyn l-6 0 48 ? 0 04 0 31 f 0 01 0 28 
ME 0 55 f 003 0 42 t 0 05 0 68 * 0 04 
ONE 0 64 k 0 04 108 -f 0 02 105+001 
LEA 0 44 f 0 01 0 21 i 0 02 046 c 001 
LE 0 47 027tO04 0 55 ? 0 06 

endorphm electroactivity Numerical values from the hydrodynamic 
voltammograms m Fig. 3 cannot be used to generate the peak-current ratios 
because these curves represent mean responses of both working electrodes at 
each applied potential. Working electrode B always gave a larger nA/ng 
response at a given potential than electrode A for any of the endorphms. 

The +0 99 V/+1 05 V peak-current ratios are similar for several of the 
endorphms, Dyn l-6, ME, LEA and LE Differences m peak current ratios were 
the greatest usmg applied potentials of +l 05 V/+1 085 V with standard 
devlatlons averaging approxnnately 5% No attempts were made to use apphed 
potentials greater than +1.085 V because of mcreasmg baseline noise 

DISCUSSION 

The potential use of LC-ED for the measurement of endorphms was sug- 
gested by the observation of the electroactlvlty of ME and LE [ 71. Subsequent- 
ly, a voltammetrlc study [14] showed that several protems were oxldlzed by 
a graphite electrode at a neutral pH at potentials of 0 7-0.8 V vs. SCE To 
determine which groups m the protems were oxldlzed, linear sweep 
voltammetry and dlfferentlal pulse voltammetry of free ammo acids and model 
peptldes were performed Hlstldme, methlomne, cystme and cysteme showed 
some electroactlvlty but tyrosme and tryptophan were the ammo acids 
pnmarlly responsible for the electroactlvlty of the protems. The electroactlvlty 
of several neuropeptldes was shown by Bennett et al [15] using dlfferentlal 
pulse voltammetry More recently, several groups [8- 12 3 have used electro- 
chermstry as the basis for detection of neuropeptldes after separation by LC 
It was our sun to determine the potential selectlvlty of electrochem&ry for 
detection of closely related small endorphms separated by LC 

Changes m small moieties altered both the chromatographlc behavior and 
electroactivity of the endorphm The changes m chromatographlc behavior 
were reflected by shifts m retention times indicating that altering a small 
functional group in the endorphm alters its hydrophoblclty Substitution of an 
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alanY residue for a glycyl residue m position 2 m the ME amino acid sequence 
increased the hydrophobicity of the peptide Stereoisomerism of the alany 
residue (L-Ala’-ME vs. D-Ala2-ME) further increased the hydrophobicity, 
SO that even such closely related pentapeptides were clearly resolved The 
&erations m the electroactivity of the peptide caused by changes m a small 
moiety were reflected m the hydrodynamic voltammograms of ME and ME 
analogties The substitution of an alanyl residue for the glycyl residue in POSl- 

tlon 2 of the ME ammo acid sequence (L-Ala2-ME vs. ME) which adds only a 
methyl group to the pentapeptide, substantially decreases the electroactlvlty. 
The electroactivity of the peptrde is dramatically mcreased by stereolsomerl~ 
of that methyl group (D-Ala2-ME vs. L-Ala2-ME) The differences in the electro- 
activity of LE and Dyn 1-6, ME and ME-Arg suggest an electron-withdrawmg 
effect of argmyl residues. The decrease m electroactivlty of olNE l-10 and WE 
by comparison to (wNE l-8, may be an effect of the prolyl residue next to the 
tyrosyl residue m position 8 of the ammo acid sequence The greater electro- 
activity of ME by comparison to LE suggests that the oxidation of the C-termmal 
methionme contributes to the electroactivlty of the peptade Even the most 
closely related endorphms exhibited charactenstic oxidative behavior which 
suggests that hydrodynamic voltammetry could be used to determme peak 
purity m an LC--ED assay of endorphms This approach has been used to verify 
the identity of the norepmephrme peak m chromatograms of clu-ucal samples 

WI 
The selectivity that can be obtamed with ED has led to the development of 

multiple-electrode detectors [17-251 Blank [ 171 pubhshed one of the first 
reports of dualelectrode detection with an electrochemical identrfication of 
chromatographically overlapping compounds Subsequently, dual 
=nperometric [18, 20, 21, 23, 251, dual coulometric [24, 251, and dual 
coulome tnc-amperome tric detectors have been developed with several 
working electrode configurations [19, 22, 24, 251 These detectors have been 
used in assays to remove contaminants and to mcrease sensitivity by unprovmg 
the signal-to-noise ratio [ 17-251. Dual working electrodes can be used to 
obtain peak current ratios which are analogous to the absorbance ratios 
obtained with dual wavelength absorbance detectors Peak current ratios, like 
absorbance ratios, are characteristic for each compound [ 241 In this study, 
the parallel adjacent position of dual amperometnc electrodes was used to 
generate peak current ratios for several endorphms Using peak current ratios m 
an LC-ED assay of endorphms would provide an additional assurance of peak 
purity 

In this study, we have examined the selectivity of LC-ED for minor vana- 
tions in endorphm structure Usmg isocratic mobile phases, we have shown 
that endorphms differing by small moieties such as stereoisomers of a single 
ammo acid residue can be adequately resolved by LC These differences are also 
reflected m changes m the electroactivity of the peptides determined by hydro- 
dynamic voltammetry and peak current ratios. These data suggest that hydro- 
dynamic voltammetry and peak-current ratios could be used m an LC-ED 
assay of endorphms to determine peak purity. Application of this technique 
to brologically relevant samples is currently m progress 
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