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H I G H  PERFORMANCE L I Q U I D  
CHROMATOGRAPHY O F  ENKEPHALIN 
AND ENDORPHIN PEPTIDE ANALOGS 

Bruce L. Currie '  
Department of Medicinal Chemistry 

Universi ty  of I l l i n o i s  a t  t h e  Medical Center 
Chicago, I l l i n o i s  60680  

and 

J a w  - Kang Chang 
Peninsula  Labora tor ies ,  P. 0. Box 1111 

San Carlos ,  C a l i f o r n i a  94070  

and 

Robert Cooley 
Waters Associates ,  Inc . ,  Maple Street  

Milford,  Massachusetts 01757 

ABSTRACT 

Reverse phase systems a r e  presented which u t i l i z e  
a u alkylphenyl  column and ammonium acetate buf fered  
aqueous a c e t o n i t r i l e  mobile phases t o  sepa ra t e  mix- 
t u r e s  of enkephalin and endorphin pept ide  analogs.  
High pressure  l i q u i d  chromatographic s e p a r a t i o n s  of 
mixtures  of enkephal in  diastereomers  as w e l l  a s  mix- 
t u r e s  of o t h e r  c l o s e l y  s i m i l a r  analogs have been 
developed. 

fndorphin analogs were observed t o  be q u i t e  hy- 
drophobic and requi red  mobile phases conta in ing  4 0 %  
o r  more a c e t o n i t r i l e  f o r  reasonable  e l u t i o n  t i m e s .  
The enkephalin analogs by comparison r equ i r ed  2 0 %  o r  
more a c e t o n i t r i l e .  Detect ion a t  both 254  and 280 nm 
w a s  u se fu l  i n  recognizing t h e  important  peaks i n  t h e  
e l u t i o n  p r o f i l e .  
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514 CURRIE, CIiANC, AND COOLFIY 

INTRODUCTION 

Methionine-enkephalin, leucine-enkephalin and t h e  

endorphin family of pept ides  have r e c e n t l y  been i s o l a t -  

ed from t h e  b r a i n  and o t h e r  t i s s u e s  of mammals (1-3). 

These pept ides  have op ia t e - l i ke  b i o l o g i c a l  a c t i v i t y  

as w e l l  as o t h e r  e f f e c t s  on the c e n t r a l  nervous 

system ( 4 ) .  Elucida t ion  of t h e  sequence of these pep- 

t i d e s  brought the r e a l i z a t i o n  t h a t  t h e  e n t i r e  sequence 

of methionine-enkephalin is homologous t o  t h e  amino 

terminal  po r t ion  of the endorphins. The endorphin 

s t r u c t u r e s  have been found with in  the carboxyl  te rmina l  

po r t ion  of t h e  p i t u i t a r y  hormone, 6- l ipo t ropin ,  and t h u s ,  

are presumed t o  arise phys io log ica l ly  from 8- l ipo t ropin .  

The r o l e  of these  pept ides  as components of a 

. 

n a t u r a l  pain c o n t r o l  system has generated much r ecen t  

i n t e r e s t  i n  t he  s tudy of t h e  pharmacological p r o p e r t i e s  

of this class of pept ides .  

have been prepared i n  o rde r  t o  gain a b e t t e r  under- 

s tanding  of the func t iona l  r o l e  of t h e s e  pept ides  and 

t o  develop more poten t ,  and poss ib ly  o r a l  a c t i v i t y  a s  ana l -  

gesic agents ,  and t h a t  may have less dependence l i a -  

b i l i t y  than t h e  o p i a t e  a lka lo ids .  

Many s y n t h e t i c  analogs 

This paper r epor t s  t h e  development of HPLC systems 

that  can be used  t o  eva lua te  the p u r i t y  of these types  

of syn the t i c  pept ides  and t h a t  may be  use fu l  a l s o  a s  
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ENKEPULIN AND ENDORPHIN PEPTLDE ANALOGS 515 

p u r i f i c a t i o n  methods. Also repor ted  are i s o c r a t i c  

systems f o r  t h e  r e s o l u t i o n  of  diastereomeric p a i r s  of 

enkephal ins  a s  w e l l  as o t h e r  c l o s e l y  similar analogs.  

MATERIALS 

A l l  o f  t h e  pep t ides  i n  T a b l e s  1 and 2 are com- 

merc ia l ly  a v a i l a b l e  samples from Peninsula  Labora tor ies .  

A l l  r epor ted  sepa ra t ions  were conducted on a uBONDAPAK/ 

Phenyl column, 3.9 mm I D  x 30 c m ,  1 0  P p a r t i c l e  s i z e .  

A c e t o n i t r i l e  w a s  g l a s s  d i s t i l l e d ,  "W grade" from 

Burdick and Jackson Labora tor ies  CMuskegan,Michigan). 

Water was g l a s s  d i s t i l l e d  and f i l t e r e d  through a 0 . 2 2  u 

membrane. Pept ide  samples were d i s so lved  i n  g l a s s  

d i s t i l l e d  water a t  a concent ra t ion  of  1 mg/lO m l  and 

s t o r e d  frozen when n o t  i n  use. Ammonium acetate and 

acetic acid were a n a l y t i c a l  reagent  grade.  

METHODS 

A Waters Associates ,  Inc.  (Milford, Massachuset ts)  

M-6000 s o l v e n t  de l ive ry  system w a s  used to  d e l i v e r  a 

flow rate  of  1.0 ml/min of  t h e  mobile phases r epor t ed  

i n  Tables 1 and 2. A l l  s o l v e n t  systems w e r e  used iso- 

c r a t i c a l l y  a t  ambient temperature (22-24OC) . Pep t ide  

samples i n  d i s t i l l e d  water were i n j e c t e d  through a 

whi te  s i l i c o n  rubber CWSR) septum wi th  a P rec i s ion  

Sampling Corporation Pressure-Pak l i q u i d  sy r inge  series 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL

E 
1 

CA
PA

CI
TY

 
FA

CT
OR

S 
FO

R 
EN

KE
PH

AL
IN

 
A

N
A

LO
G

S
 

O
N

 
pB

ON
DA

PA
K/

PH
EN

YL
 

Pe
rc

en
t 
Ac

e 
to

ni
 tr
il

e+
 

PE
PT

ID
ES

 
25
 

30
 

45
 

50
++

 
55

 

Ty
 r 
- D
- 
A1

 a 
-G

1 y
- 
Ph

e -
Me

 t
 -N
H 

2 
( 1
 ) 

2.
54
 

1.
94
 

' 
1.
77
 

2.
07
 

1.
45
 

Ty
r-

D-
Al

a-
Gl

y-
Ph

e-
Me

t(
2)

 
-
 

1.
37
 

1.
26
 

1.
25
 

T
yr

-D
-A

la
-G

ly
-P

he
-L

eu
-f

?H
2(

?)
 

3.
15
 

2.
38
 

2.
00
 

1.
64
 

1.
33
 

1.
15
 

Ty
r-

Gl
y-

Gl
y-

Ph
e-

Le
u 
(5

 1 
1.
30
 

1.
17
 

Ty
r-

Gl
y-

Gl
y-

Ph
e-

Le
u-

NH
2 

(4
) 

2.
75
 

1.
95
 

1.
77
 

2.
00
 

1.
70
 

Ty
r-

D-
Me

t-
Gl

y-
Ph

e-
Pr

o-
NH

2(
6)

 
3.
40
 

2.
32
 

2.
00
 

2.
21
 

Ty
r 
- 2

 -M
eA

la
-G

l 
y 
-P

he
-M

e 
t -

N
H
T
 (1

) 
3.
35
 

2.
25
 

2.
00
 

2.
21
 

3,
5-

Br
2-

Ty
r-

Gl
y-

Gl
y-

Ph
e-

Le
u(

c)
 

1.
97
 

1.
80
 

A
la

-A
la

-A
la

-T
y

r-
G

ly
-G

ly
-P

h
e-

M
et

(n
) -
 

1.
16
 

1.
11
 

3,
5-

B
r2

-T
yr

-G
ly

-G
ly

-P
h

e-
M

et
 

(1
4)
 

1.
94
 

1.
56
 

M
 

-
 

Ty
r-

Gl
y-

Gl
y-

Ph
e-

Me
t-

NH
2(

8)
 

2.
20
 

1.
69
 

Ty
r-

Al
a-

Gl
y-
Ph
e-
Me
t-
NH
2(
$)
 

2.
35
 

2.
10
 

1.
85
 

2.
15
 

Ty
r-

Gl
y-

Gl
y-

Ph
e-

Me
 t
 (
10
) 

1.
21
 

1.
16
 

A
la

-A
la

-A
la

-!
l'

yr
-G

ly
-G

ly
-P

h
e-

L
eu

(l
2)

 
1.
47
 

1.
40
 

-
 

U
 .. 

+
 
Th

e 
mo

bi
le

 p
ha

se
 
co

ns
is

ts
 o
f 

aq
ue

ou
s 
ac

et
on

it
ri

le
 
co

nt
ai

ni
ng

 
0.
01
 

fi 
NH

qO
Ac

 

"T
he
 

mo
bi

le
 
ph

as
e 

co
ns

is
ts

 o
f 

aq
ue

ou
s 
ac

et
on

it
ri

le
 c
on

ta
in

in
g 

0.
00
5 

ad
ju

st
ed

 
to

 p
H 

4.
5 

wi
th

 
HO

Ac
. 

ad
ju

st
ed

 
to

 p
H 

4.
5 

wi
th

 
HO

Ac
. 

0
 

NH
qO

Ac
 

ti 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL

E 
2 

CA
PA

CI
TY

 F
AC

TO
RS

 F
OR

 E
ND

OR
PH

IN
 A

N
A

LO
G

S
 

ON
 
vB

ON
DA

PA
K/

PH
EN

YL
 

Pe
rc

en
t 

Ac
et
on
it
ri
le
' 

PE
PT

ID
ES

 
40

 
45

 
SO

++
 

D-
Al

a2
 --
-E
nd
or
 

ph
i 
n 

(H
um

an
 (

 15
) 

3.
09
 

2.
69
 

1.
85
 

Ga
mm

a-
En

do
rp

hi
n 

(6
-L

ip
ot

ro
pi

n 
61

-7
7)

(1
6)

 
-
 

2.
18
 

1.
15
 

1.
08
 

Al
ph

a-
En

do
rp

hi
n 

(8
-L

ip
ot

ro
pi

n 
61

-7
6)

(1
7)

 
-
 

1.
94
 

1.
15
 

1.
00
 

Ar
g-

Be
ta

-E
nd

or
ph

in
 
(H

um
an

) (
19
) 

2.
67
 

2.
46
 

--
 

2-
Me

Al
a2

-=
-E

nd
or

ph
in

 
(H

um
an

) (
18

) 
-
 

3.
27
 

3.
08
 

1.
92
 

-
 

Be
ta

-E
nd

or
ph

in
 

-
 

(H
um

an
) 

(B
-L

ip
ot

ro
pi

n 
2.
26
 

1.
82
 

61
-9

1)
 (
g
)
 

Be
ta

-E
nd

or
ph

in
 
(C

am
el

) (
21
) 

2.
76
 

2.
55
 

--
 

-
 

+
 
Th

e 
mo

bi
le

 p
ha

se
 c

on
si

st
s 
of
 a

qu
eo

us
 a
ce

to
ni

tr
il

e 
co

nt
ai

ni
ng

 0
.0
1 

fi 
NH

qO
Ac

 

++
?h
e 

mo
bi

le
 p

ha
se

 c
on

si
st

s 
o
f
 a
qu

eo
us

 a
ce

to
ni

tr
il

e 
co

nt
ai

ni
ng

 0
.0
05
 

2 
NH

40
Ac

 
ad

ju
st

ed
 t

o 
pH

 
4.
5 

wi
th

 H
OA

c.
 

ad
ju

st
ed

 t
o 

pH
 
4.
5 

wi
th

 H
OA
c.
 

ul P
 

U
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



518 CURRIE, CHANG, AND COOLEY 

8-110 Baton  Rouge, Louis iana) .  A Waters-Beckman 

LC-25 a t  280 nm, 0.1 aufs, and a Waters Associates  

Model 440 a t  254 nm, 0.01 au f s ,  connected i n  series, 

were used a s  de t ec to r s .  Chart  speed w a s  6"/hr.  

RESULTS 

Twelve s y n t h e t i c  analogs of  either methionine- 

enkephalin o r  leucine-enkephalin a s  well as s y n t h e t i c  

samples of t h e  two n a t u r a l  enkephalins,and seven pep- 

t i d e s  of  the endorphin family were t h e  samples used 

i n  this study. The enkephalins ranged i n  s i z e  from 

f i v e  t o  e i g h t  amino a c i d  res idues  and included a p a i r  

of diastereomers  t h a t  d i f f e r e d  only i n  the  configura-  

t i o n  of  t h e  amino acid a t  the second pos i t i on .  I n -  

cluded were seven samples t h a t  were carboxy te rmina l  

amides and seven t h a t  were carboxy t e rmina l . ac ids .  

All fourteen samples had f r e e  te rmina l  amino groups. 

The endorphin analogs ranged i n  s i z e  from s i x t e e n  t o  

thir ty- two res idues .  

These two groups of c lose ly  s imilar  pept ides  

were used t o  eva lua te  t h e  separa t ion  p o t e n t i a l  of  

uBONDAPAK/Phenyl f o r  t he  r e so lu t ion  of o l igopept ides .  

All of these samples were monitored a t  254 and 280 nm 

by using two d e t e c t o r s  i n  series. The use  of ammonium 

a c e t a t e  buffered aqueous a c e t o n i t r i l e  mobile phases 

provided no s i g n i f i c a n t  i n t e r f e r e n c e  a t  these wave- 
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ENKEPHALIN AM) ENDORPHIN PEPTIDE ANALOGS 519 

l engths  under t h e  i s o c r a t i c  cond i t ions  employed i n  

these  s t u d i e s .  

Var i a t ion  of  t h e  a c e t o n i t r i l e  component of t h e  

mobile phase from 55% t o  25% revea led  t h e  gene ra l  beha- 

v i o r  of t h e  column as " reverse  phase",  s i n c e  a decrease  

i n  t h e  organic  component of t he  so lven t  r e s u l t e d  i n  an  

inc rease  i n  t h e  r e t e n t i o n  of t h e  sample ( T a b l e  1). 

This  w a s  f u r t h e r  i l l u s t r a t e d  by t h e  observa t ion  t h a t  

the pept ides  with f r e e  carboxyl ic  a c i d  te rmina l  groups 

were less r e t a i n e d  than t h e  pep t ide  of t h e  same se- 

quence except  having a carboxy terminal amide. 

I t  w a s  apparent ,  also, t h a t  t h e  r e t e n t i o n  of t h e  

pept ides  w a s  s e n s i t i v e  t o  changes i n  t h e  molar i ty  of 

t h e  bu f fe r  component of  t h e  mobile phase as can be 

seen  from the da ta  i n  T a b l e s  1 and 2. A decrease i n  t h e  

N H 4 0 A c  concent ra t ion  gene ra l ly  r e s u l t i n g  i n  an in-  

creased r e t e n t i o n  of t h e  pept ides .  

Most of  t h e  pep t ide  samples cons i s t ed  of  one peak 

o r  one major peak (>90%) a t  280 nm, while  a t  254 nm 

one o r  more a d d i t i o n a l  peaks may be apparent  usua l ly  

c l o s e  t o  the so lven t  f r o n t .  These may be due t o  a 

s m a l l  amount of s o l v e n t  res idue  and probably do not  

r ep resen t  pept ide  impur i t i e s  (F igures  1,2 and 3 . ) .  

A similar sample s i z e  f o r  both t h e  endorphin and 

enkephalin analogs was used, 1.e. 2.5 ug. Smal le r  

amplitude peaks were observed f o r  t h e  endorphin 
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520 CURRIE, CEANG, AND COOLEY 

F I G U R E  1: Sample, Tyr-D-Ala-Gly-Phe-Met-" (1); mobile 
phase, 25% aqueous CH3CN containing 0.01 M 
NH OAc adjusted to pH 4 . 5 ;  flow rate, 1 mi/min; 
detector, trace A, 2 8 0  nm, 0.1 aufs, trace B, 
254  ~ n ,  0.01 aufs. 

samples compared to the enkephalin samples. This ob- 

servation is consistent with the relatively less aro- 

matic amino acid content fo r  the endorphin samples 

compared to the enkephalin samples (Figure 6). 

The resolution of the diastereomeric analogs with 

either L-Ala or D-Ala at the two position could be 

achieved using the 2 5 %  acetonitrile system. Even 

though the amino acid sequence of these peptides are 

identical with the exception of the optical configura- 

tion of the alanine resiche, the resulting conforma- 

tional change produces a difference in polarity that 
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ENKEP€IA.LW AND ENDORPHIN PEPTIDE ANALOGS 521 

FIGURE 

I I0 

B 

1 10 
Jc. 1 

2: Sample, Tyr-0-Ala-Gly-Pne-Met (2); mobile 
phase, 25% aqueous CH3CN containing 0.01 M 
NH OAc adjusted to pH 4.5; flow rate, 1 mr/min; 
detector, trace A, 280 nm, 0.1 aufs, trace B, 
254 nm, 0.01 aufs. 

permits the separation. The peptide containing the 

&-isomer eluting first followed by the 

Mixtures containing the above diastereomers and also 

the a-methylalanine analog, 2 ,  or the a-methylalanine 
analog, 1, and the natural glycine, i, containing 
analog could also be separated using the 20% aceto- 

nitrile system (Figures 4 and 5 . ) .  

isomer. 

DISCUSSION 

The results of this study show the utility of 

high performance liquid chromatography as a tool for 
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522 CURRIE, C W C ,  AND COOLEY 

A 

clr , w .  , 1 
2 o D  20 lo ' 

F I G U R E  3: Sample, mix tu re  of Tyr-Gly-Gly-Phe-Leu ( 5 )  
and Tyr-Gly-Gly-Phe-Met ( 1 0 1 ,  l e f t  t o  r i g h t ;  
mobile phase,  2 5 %  aqueous CH3CN c o n t a i n i n g  0 . 0 1  
M MI OAc a d j u s t e d  to .pH 4 . 5 ;  f low r a t e ,  
T mlfmin; d e t e c t o r  , trace A, 280 nm, 0 . 1  a u f s  , 
trace B, 2 5 4  run, 0 . 0 1  a u f s .  

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

v e r s a t i l i t y  of t h e  uBONDAPAK/Phenyl column f o r  p e p t i d e  

samples ranging i n  s i z e  from f i v e  t o  t h i r t y - t w o  resi- 

dues i n  l e n g t h .  The g r e a t e r  hydrophob ic i ty  o f  t h e  

endorphins  r e l a t i v e  t o  t h e  enkepha l ins  was a p p a r e n t  

s i n c e  a t  least  4 0 %  a c e t o n i t r i l e  m i x t u r e s  were r e q u i r e d  

for r easonab le  e l u t i o n  times f o r  t h e  endorph ins .  The 

enkepha l ins  cou ld  be e l u t e d  w i t h  s i m i l a r  r e t e n t i o n  

t i m e s  w i t h  2 0 %  a c e t o n i t r i l e  mix tu res .  

The a b i l i t y  to  s e p a r a t e  diastereomeric p a i r s  of 

p e p t i d e s  i s  e s p e c i a l l y  u s e f u l  f o r  t he  d e t e r m i n a t i o n  
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FIGURE 4: Sample, mixture of Tyr-2-Me-Ala-Gly-Phe-Met- 
NH ( 7 ) ,  Tyr-D-Ala-Gly-Phe-Met-NH (1) and Tyr- 
Ad-G~y-Phe-Met-NH2 ( 9 )  , left to 3ight; mobile 
phase, 25% aqueous CHTCN containing 0.01 
NH OAc adjusted to pH 4.5; flow rate, 1 ml/min; 
detector, trace A, 280 nm, 0.1 aufs, trace B, 
254 run, 0.01 aufs. 

of the extent of racemization that may occur during 

peptide synthesis. The resolution of diastereomers 

as well as the other closely similar peptides demon- 

strates the resolving power of this HPLC system. Pre- 

vious reports have appeared in the literature concern- 

ing peptide diastereomer separations of several model 

dipeptides. These previous studies have utilized 

either microsilica ( 5 )  or alkyl silica, C8 or c18 (6, 

7) columns and were able to achieve baseline separa- 

tion of'the diastereomers under investigation. 

Separation of diastereomeric oxytocin peptides has 

recently been reported using a uC18 column ( 8 ) .  Also 

using Cg and Cia, analytical and preparative separa- 
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I 

FIGURE 5: Sample, mix ture  of Tyr-2-MeAla-Gly-Phe-Met-NH, 
( 7 1 ,  Tyr-D-Ala-Gly-Phe-Met-NH ( 1 1 ,  Tyr-Ala- ' 

Gry-Phe-Met-NH (9) , and Tyr&y-Gly-Phe-Met- 
NH (a) l e f t  t8  r r g h t ;  mobile  phase ,  2 0 %  
aq8eous CH3CN c o n t a i n i n g  0.01 M NH OAc  a d j u s t -  
ed t o  pH 4 . 5 ;  f low rate  1 m l / m h ;  A e t e c t o r ,  
trace A,  280  nm, 0 . 1  a u f s ,  trace B, 254  nm, 
0 . 0 1  a u f s .  

t i o n s  of enkephal in  diastereomers were r e p o r t e d  (9) 

whi le  t h i s  manuscr ipt  w a s  i n  p r e p a r a t i o n .  

Recent r e p o r t s  have also appeared r e g a r d i n g  HPLC 

of  t h e  n a t u r a l l y  o c c u r r i n g  enkephal ins  as w e l l  as 

o t h e r  p e p t i d e s  and p e p t i d e  hormones. .  The Ucl8 (10,ll) 

and f a t t y  a c i d  a n a l y s i s  (12) columns were used i n  

t h e s e  s t u d i e s .  The u s e  of trialkylammoniunr phosphate 

buffers w i t h  s e v e r a l  column t y p e s  for chromatography 

of p e p t i d e s  has  also been r e p o r t e d  (13). 
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FIGURE 6: Sample, Beta-endorphin (camel) (21); mobile 
phase, 45% aqueous CH3CN containing 0.01 M 
NH OAc adjusted to pH 4.5; flow rate, 1 mr/min; 
detector, trace A, 280 nm, 0.1 aufs, trace B, 
254 nm, 0 . 0 1  aufs. 

Our results with the recently introduced phenyl- 

silica type of column indicate that this packing 

material can be added to the arsenal available to the 

peptide chemist to be used in addressing the diffi- 

cult separation problems that often occur. The 

addition of low concentrations of buffer to the mobile 

phase increases the sharpness of peaks and thus the 

resolving power of the solvent system and seems to be 

particularly important for these peptide samples. 

The use of both 254 nm and 280 nm wavelengths was 
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particularly useful in distinguishing peaks observed 

that were probably not peptidic or at least lacked 

the amino terminal tyrosine residue. 
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