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HPLC IN THE ANALYSIS AND SEPARATION O f  PHARMACEUTICALLY 
IMPORTANT PEPTIDES 

K. Krummen 

Analytical Research and Development 
Pharmaceutical Department 

SAND02 Ltd., Basle, Switzerland 

I NTRODUC T I O N  

Since the introduction o f  alkylsi anized silicas o f  small 
particle diameter a s  stationary phases f o r  peptide separFtions 

several years aoo (1-41, the importanc o f  reversed phase hinh 

?erforrnance liquid chromatography (RP-HPLC) has been g r o w i n -  

continuously and is now a.well established method for the 3 s -  

say o f  biological or synthetic peptides. 
Several reviews dealt with various aspects o f  the anplica- 

tizns o f  HPLC to peptides ( 5 - 9 ) .  The present review i s  .:r:[fic.:- 

ted t o  the use o f  H P L C  f o r  the assay o f  pharmaceuticall; I,. J - ' : -  

tant neptides. 

GELERAL FEATURES OF PEPTIDE SEPARATIOXS B Y  HPLC 

Most o f  the work published was performed by using chemi-' 
cally modified silicas as stationary phases i.e. alkylsilani- 

zed !C8 o r  C 1 8 ) - ,  alkylphenvl- o r  cvanoalkbl-silicas, o r i d  c ~ n i  

few separations were reported on other stationary phases. ? . ? .  

polystyrene - divinylbenzene copolymers '10: or ion e x c h a n 2 2 r ;  

:ll). Bonded phases have the advantage of high efficiency and 

good reproducibility, but they c a n  only be used within a p H -  

range o f  about 2 to 7.5. 
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M o b i l e  p h a s e s  c o n s i s t i n g  o f  m i x t u r e s  o f  a n  aqueous  b u f f e r  

w i t h  a n  o r g a n i c  m o d i f i e r ,  e . g .  a c e t o n i t r i l e ,  m e t h a n o l  e t c .  a r e  

u s u a l l y  emp loyed .  The p a r a m e t e r s  i n f l u e n c i n g  t h e  c h r o m a t o g r a -  

p h y ,  e .q . ,  t h e  t y p e  o f  s t a t i o n a r y  p h a s e ,  t h e  t y p e  and  t h e  am- 

o u n t  o f  t h e  o r g a n i c  m o d i f i e r ,  t h e  s a l t  c o n c e n t r a t i o n  i n  t h e  

m o b i l e  phase ,  t h e  pH, t h e  t e m p e r a t u r e  a n d  t h e  f l o w  r a t e  were 

i n v e s t i g a t e d  f o r  s e v e r a l  g r o u p s  o f  p e p t i d e s ,  among t h e s e  o c y -  

t o c i n  and v r a o p r e s s i n s  ( 1 2 , 1 3 ) ,  s o m a t o s t a t i n ,  i n s u l i n  and  

o t h e r s  ( 1 4 ) .  A t h o r o u g h  t r e a t m e n t  c o v e r i n g  32 h o r m o n a l  p e p t i -  

d e s  and  some p r o t e i n s  was p u b l i s h e d  b y  O ' H a r e  and  N i c e ( 1 5 . 1 6 ) .  

A r e c e n t  s t u d y  i n c l u d i n g  v a s o p r e s s i n s ,  o x y t o c i n ,  A C T H ,  P - e n d o r  

p h i n ,  g l u c a g o n  and  i n s u l i n  s t e m s  f r o m  B iemond  e t  a 1  ( 5 8 ) .  

The n a t u r e  o f  t h e  o r g a n i c  m o d i f i e r  a f f o r d s  a l i m i t e d  de -  

g r e e  o f  s e l e c t i v i t y ,  some p e a k  r e v e r s a l s  may o c c u r  ( 1 2 , 1 3 * 1 5 ) .  

O f  g r e a t  i m p o r t a n c e  i s  t h e  s a l t  c o n c e n t r a t i o n  i n  t h e  m o b i l e  

p h a s e  and t o  some e x t e n t ,  a l s o  t h e  pH. A m i n i m a l  s a l t  c o n c e n -  

t r a t i o n  i s  m a n d a t o r y  f o r  e f f i c i e n t  c h r o m a t o g r a p h y  ( 5 8 ) .  D e l e -  

t i o n  o f  t h e  s a l t s  r e s u l t s  u s u a l l y  i n  b r o a d  p e a k s  a n d  m a r k e d  

l o s s  o f  r e s o l u t i o n  ( 1 5 ) .  Some p e p t i d e s ,  e . g .  L y s ' - v a s o p r e s s i n ,  

c o u l d  n o t  b e  e l u t e d  a t  a l l  w i t h o u t  s a l t s  ( 1 2 ) .  P h o s p h a t e  b u f -  

f e r s  a r e  e x t e n s i v e l y  used b e c a u s e  of t h e i r  l o w  UV a b s o r b a n c e .  

V o l a t i l e  b u f f e r s  s u c h  a s  ammonium f o r m i a t e  a r e  p r e f e r r e d  if 

t h e  e l u t e d  s u b s t a n c e s  m u s t  b e  c o l l e c t e d  f o r  f u r t h e r  i n v e s t i -  

g a t i o n .  The k i n d  o f  s a l t  u s e d  h a s  i n  m o s t  c a s e s  a m i n o r  i n -  

f l u e n c e  upon  t h e  s e p a r a t i o n  ( 1 7 ) .  I t  was Found t h a t  c h l o r i d e  

c o u l d  b e  s u b s t i t u t e d  f o r  p h o s p h a t e  (15) w i t h o u t  n e  

f e c t .  

A s p e c i a l  b u f f e r  i t r i e t h v l a m m o n i u m  . ~ h o s p h a t e )  

mended for h i g h  r e s o l u t i o n  and  h i g h  r e c o v e r y  espec  

l a r g e  p e p t i d e s  w h i c h  c o u l d  n o t  be  e l u t e d  o t h e r w i s e  

a t i v e  e f -  

was recom-  

a l l y  f o r  

! 1 4 ) .  

C h a n g i n g  t h e  pH o f  t h e  m o b i l e  p h a s e  i s  a s u i t a b l e  means t o  

s o l v e  s e p a r a t i o n  p r o b l e m s ,  e s p e c i a l l y  f o r  p e p t i d e s  w i t h  b a -  

s i c  amino a c i d s .  L y s * - v a s o p r e s s i n  and  O r n ' - v a s o p r e s s i n  c o u l d  

b e  s e p a r a t e d  i n  a l k a l i n e  m e d i a  o n l y  ( 1 2 ) .  However ,  m o s t  o f  

t h e  s e p a r a t i o n s  were p e r f o r m e d  i n  t h e  p H - r a n g e  o f  2 t o  4 .  
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Usually higher efficiency a n d  s h o r t e r  e l u t i o n  t i m e  e n s u e  

from a n  e l e v a t i o n  in t e m p e r a t u r e  (15). This e f f e c t  is, h o w e v e r ,  

s o m e t i m e s  a c c o m p a n i e d  by a d e c r e a s e  o f  s e l e c t i v i t y  (14). Most 
s e p e r a t i o n s  w e r e  t h e r e f o r e  p e r f o r m e d  at r o o m  temperature. 

C a t i o n i c  and a n i o n i c  i o n  p a i r i n g  and c o l u m n  m o d i f y i n g  

r e a g e n t s  such a s  h e x a n e s u l f o n a t e ,  s o d i u m  d o d e c y l s u l f a t e  

o r  tetraal!<ylammonium s a l t s  h a v e  been used t o  c o n t r o l  t h e  

e l u t i o n  o f  t h e  peptides. E x t e n s i v e  s t u d i e s  were c a r r i e d  

out by t h e  g r o u p  o f  Hancock, B i s h o p  and H e a r n  (8, 18). 
Recently a study w a s  p u b l i s h e d  by K i n k e l  et el. (19). 

Th e  e l u t i o o  t i m e  o f  p e p t i d e s  i s  very s e n s i t i v e  t o  
t h e  c o n t e n t  o f  t h e  o r g a n i c  m o d i f i e r  in t h e  m o b i l e  phase. 

Even s l i g h t  c h a n g e s  may dramatically a l t e r  t h e  e l u t i o n  t i m e  

(14, 15, 20). This e f f e c t  c a n  be utilized a d v a n t a g e o u s l y  
f o r  t h e  p r e c o n c e n t r a t i o n  o f  aqeous p e p t i d e  s o l u t i o n s  o n  t o p  

o f  t h e  c o l u m n  ( 2 1 1 ,  for e x a m p l e  t h e  d e t e r m i n a t i o n  o f  o x y t o -  
c i n  in l o w  d o s a g e  a m p o u l e s  (31) a n d  t h e  a s s a y  o f  s o m a t o s t a -  

t i n  i n  plasma e x t r a c t s  ( 4 5 ) .  

The separation o f  different p e p t i d e s  from each o t h e r  w a s  
explained in t e r m s  o f  t h e  hydrophobicity o f  t h e  s i d e  c h a i n s  

o f  t h e  a m i n o  acids, but i n  s o m e  c a s e s  c o n f o r m a t i o n a l  and hy- 

drophobic p r o p e r t i e s  o f  t h e  whole m o l e c u l e  and i t s  s i z e  had 
t o  be t a k e n  i n t o  a c c o u n t  (15,20,22). It w a s  f o u n d  that t h e  
r e t e n t i o n  t i m e  o f  s m a l l e r  p e p t i d e s  (I 1 5  a m i n o  a c i d s )  c o r r e -  
lated w i t h  t h e  lipophilicity o f  t h e  peptides, e x p r e s s e d  in 
t e r m s  o f  t h e  f r a g m e n t a l  h y d r o p h o b i c  c o n s t a n t s  o f  t h e  a m i n o  

a c i d s  according t o  R e k k e r  (23). 
D e t e c t i o n  i s  usually performed at w a v e l e n g t h s  b e t w e e n  

200 and 220 nm, yielding very low d e t e c t i o n  l i m i t s  for m o s t  

peptides. Even lower l i m i t s  and e n h a n c e d  s e l e c t i v i t y  c a n  be 
achieved with pre- or post c o l u m n  derivatisation. Post c o l u m n  
d e r r v a t i s a t i o n  o f  f r e e  NH2-groups w i t h  fluorescarnine or o -  

p h t h a l a l d e h y d e  has been extensively u s e d  (24-26, 2 8 ,  2 9 ) .  

P r e c o l u m n  d e r i v a t i z a t i o n  w a s  e m p l o y e d  f o r  o x y t o c i n ,  vasoto- 
c i n  and Arg'-vasopressin (30). 
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INDIVIDUAL P E P T I D E S  

8 Oxytocin, L y s  - V a s o p r e s s i n  and s i m i l a r  N o n a p e p t i d e s  

K r u m m e n  a n d  F r e i  s e p a r a t e d  O x y t o c i n  from Lys’-vasopressin 

and 3 other c l o s e l y  r e l a t e d  p e p t i d e s  o n  a l k y l s i l a n i z e d  s i l i c a s  
(12). The method w a s  used f o r  t h e  q u a n t i t a t i o n  o f  t h e s e  h o r m o -  

n e s  in pharmaceutical d o s a g e  f o r m s  by t a k i n g  a d v a n t a g e  o f  p r e -  

concentration e f f e c t s  (31, 32). D o s a g e  f o r m s  c o n t a i n i n g  2 1.U. I ’  

m l  could b e  e x a m i n e d  u s i n g  injection v o l u m e s  up t o  750 pl. 

The results w e r e  in s a t i s f a c t o r y  a c c o r d a n c e  w i t h  t h o s e  o f  t h e  
b i o a s s a y 3  (31, 3 3 ) .  

The high selectivity o f  t h e  c h r o m a t o g r a p h i c  s y s t e m  i s  

demonstrated i n  Fig. 1, w h i c h  s h o w s  t h e  s e p a r a t i o n  o f  o x y t o -  

c i n  from 3 o f  its diastereoisomers. 

Larsen e t  a 1  ( 1 3 ,  3 1 )  s e p a r a t e d  o x y t o c i n  f r o m  7 o f  its 
diastereoisomers. The e l u t i o n  o r d e r  d e p e n d e d  o n  t h e  kind o f  

o r g a n i c  m o d i f i e r  and to a lesser e x t e n t  o n  pH. 

1,- - 
o J l  ~ n j e c t i c n  

3 = [D-Tyr 2 ,D-Gh‘]o~ytzC:?. 
3” 2 

1 = oxytoc  
2 = [D-Gln Ioxytoc in  4 = [D-Tyr IoxytocFn 

F i g u r e 1  : C h r o m a L o g r a m  o f  100 ~1 o f  a m i x t u r e  o f  o x y t o c i n  a n d  
d i a s t e r e o i s o m e r s  ( 5  20 pg/ml each). Gradient e l u t i o n  b e g i n n i n g  

with 30% o f  p h a s e  B w i t h  a linear i n c r e a s e  o f  l%/min up to 
5 0 1  o f  phase 8 .  C o n d i t i o n s  w e r e  a s  follows: c o l u m n  R P  18, 5 u ,  
125 x 1.6 m m ;  flow r a t e  1.0 ml/min; p r e s s u r e  at c o l u m n  inlet 
1 6 0  bars; UV m o n i t o r  at 215 nm. In ( 3 3 ) .  
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O x y t o c i n ,  vasotoxin and Arg*- v a s o p r e s s i n  w e r e  deter- 
m i n e d  i n  individual rat posterior p i t u i t a r i e s  (30,35). T h e  

gland extract w a s  deproteinized and c l e a n e d  up by p a s s a g e  

t h r o u g h  copper Sephadex. The resulting p e p t i d e  f r a c t i o n  w a s  

allowed t o  react with fluorescamine, and t h e  f l u o r o p h o r s  w e r e  

s e p a r a t e d  by RP-HPLC. The s a m e  c h r o m a t o g r a p h i c  p r o c e d u r e  w a s  

applied for t h e  purity t e s t i n g  o f  s y n t h e t i c  oxytocin, w h i c h  

could be separated from 1 6  s i m i l a r  p e p t i d e s  ( 3 8 ) .  

The separakion o f  oxytocin from v a s o p r e s s i n  o n  a c a t i o n  

e x c h a n g e  c o l u m n  w a s  a l s o  reported ( 2 8 ) .  RP-HPLC w a s  used for 

t h e  c o n t e n t  uniformity testing o f  o x y t o c i n  t a b l e t s  (36) and 

for t h e  in process c o n t r o l  o f  t h e  o x y t o c i n  s y n t h e s i s  (37). 

Adrenocorticotropic hormone (ACTH), E n k e p h a l i n s  and r e l a t e d  

p e p t i d e s  

Many g r o u p s  are working in t h i s  field, w h i c h  i s  o f  major 
interest from t h e  pharmaceutical and b i o l o g i c a l  standpoint. 

Accordingly, a great number o f  p a p e r s  a p p e a r e d  and only t h e  
most recent o n e s  will be reviewed here. F o r  earlier p a p e r s  

r e f e r e n c e  is m a d e  t o  t h e  p r e v i o u s  reviews. Excellent s e p a r a -  

t i o n s  o f  a large number o f  h o r m o n a l  p e p t i d e s  h a v e  b e e n  a c h i e -  
ved by O ' H a r e  and \ i c e  ( 1 5 )  w i t h  phosphate buffer g . 2  1.1 - 
acetonitrile gradients. The optimum c h r o m a t o g r a p h i c  c o n d i -  

t i o n s  w e r e  thoroughly explored. 2 1  a n a l o g u e s  o f  ACTH w e r e  

s e p a r a t e d  by Terabe et a1 ( 2 0 )  w i t h  t a r t r a t e  buffer-acetoni- 

trile s y s t e m s  containing butanesulfonate. The ion pair RP- 

H P L C  t e c h n i q u e  was c h o s e n  b e c a u s e  ACTH c o n t a i n s  many b a s i c  

a m i n o  acid residues. The effect o f  the n a t u r e  o f  t h e  r e s i d u e s  

upon the elution order o f  the peptides w a s  discussed. 

Ligand exchange chromatography on a copper-ammonia-silica- 
column w a s  applied t o  enkephalin d e g r a d a t i o n  s t u d i e s  in mouse 

brain ( 5 0 ; .  Trifluoroacetic acid w a s  recomsended for Ion-pair 

R P - H P L C  o f  opioid peptides ( 5 1 ) .  Radioimmunoassay was used t o  

quantify peptides isolated by RP-HPLC fr9m biolooical s a m p l e 5  

(52. 2":. 
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1248 KRVMMEN 

A n  acetonitrile-ammoniumocetate g r a d i e n t  with t r i e t h y l -  

a m i n e  g a v e  s h a r p  p e a k s  for Ph-endorphin and r e l a t e d  p e p t i d e s  

and w a s  useful for c h e c k i n g  t h e i r  purity (54). Ch r o m a t o g r a -  
phic c o n d i t i o n s  for t h e  a s s a y  o f  t e t r a c o s a c t r i n  were investi- 

gated in an a t t e m p t  t o  eventually r e p l a c e  t h e  bioassay in t h e  
P h a r m a c o p e i a  ( 3 6 ) .  

Insulin 
O i n n e r  a n d  L o r e n z  (53) s e p a r a t e d  b o v i n e  i n s u l i n  (51 a m i n o  

a c i d s )  by RP-HPLC from t h e  by-products m o s t  c o m m o n l y  e n c o u n t e -  

red d u r i n g  i t s  purification. I s o c r a t i c  e l u t i o n  w i t h  a 0.2 M 

ammonium sulfate/acetonitrile m i x t u r e  w a s  uaed. B o v i n e  insu- 

lin w a s  s e p a r a t e d  from s i m i l a r  p r o t e i n s  s u c h  a s  p o r c i n e  

insulin. Seemingly minor s t r u c t u r a l  differences a m o n g  t h e  
investigated proteins, e.g. t h e  s u b s t i t u t i o n  o f  o n e  aspara- 
g i n e  by aspartic acid, resulted i n  s i g n i f i c a n t l y  d i f f e r e n t  

retention times. A very g o o d  r e p r o d u c i b i l i t y  w a s  f o u n d .  

Insulin w a s  a l s o  c h r o m o t o g r a p h e d  o n  c o n t r o l l e d  p o r o s i t y  
g l a s s  beads bonded with g l y c e r y l  p r o p y l s i l a n e  a s  s t a t i o n a r y  

phase (40). RP-HPLC s e p a r a t i o n s  o f  i n s u l i n  and d e s a m i n o i n s u -  
l i n  (36, 5 8 1 ,  o f  human, p o r c i n e  a n d  b o v i n e  i n s u l i n  (.20,5B) 

and o f  insulin f r o m  o t h e r  p e p t i d e s  (14,15, 39, 47) we r e  pub- 
1 ished. 

RP-HPLC w a s  used for t h e  a n a l y s i s  a n d  p u r i f i c a t i o n  o f  
insulin related peptides prepared by s o l i d  phase s y n t h e t i c  

procedures. M o b i l e  p h a s e s  c o n t a i n i n g  8 - m e r c a p t o e t h a n o l  a l l o -  
wed t h e  direct a n a l y s i s  o f  i n s u l i n  r e d u c t i o n  p r o d u c t s  (41;. 

Somatostatin 

Somatostatin and its a n a l o g s  w e r e  s e p a r a t e d  and purified 

o n  (LBondapak C 1 8  c o l u m n s  w i t h  t r i e t h y l a m m o n i u m  phosphate-ace- 

n i t r i l e  m i x t u r e s  (42, 8 3 ) .  A n o t h e r  s t u d y  r e p o r t s  t h e  s s p a r a -  

t i o n  o f  six a n a l o g s  o f  s o m a t o s t a t i n  w h i c h  were prepared b y  

s o l i d  phase s y n t h e s i s  o f  t h e i r  c o r r e s p o n d i n g  d i a s t e r e o m e r i c  

m i x t u r e s  followed by their c o m p l e t e  r e s o l u t i o n  by p r e p a r a t i v e  
p a r t i t i o n  chromatography (84). RP-HPLC with g r a d i e n t  elutidn 
afforded resolution, w h e r e a s  t h i n  l a y e r  c h r o m a t o g r a p h y  was 

inadequate to r e s o l v e  t h e  d i a s t e r e o i s o m e r i c  mixtures. 
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RP-HPLC was used in a study to elucidate the in vivo de- 
gradation of somatostatin in the rat after intravenous injec- 

tion ( 4 5 ) .  Preparative RP-HPLC was employed for the purifica- 
tion o f  somatostatin and its chemical precursor (60). 

Calcitonin 
The purity of solid-phase synthesized calcitonin was 

tested by RP-HPLC ( 4 6 ) .  The method was also applied to iso- 

lation and separation of the components of a mixture o f  

calcitonin like proteins secreted by human tumor-cells in 

vitro (56). However, no complete resolution of the compo- 
nents could be achieved. RP-HPLC may not be inherently ca- 

pable of completely resolving all components of a natural 

protein mixture. 

Antibiotics 

Commercial gramicidin claimed t o  have 100 5 biological 
activit\ was separated into 5 oeaks, which were suggested to 
be various conformers ( 2 2 ) .  A thorough study of bacitracin 

was performed by Tsui ( 3 ) .  Structurally similar polvpeptide 
components of bacitracin powder were separated on u8ondapak 

C18 with gradient elution. The polymyxins, a group o f  closely 
related cyclic decapeptides, were also examined. Recently 
rang et al. ' 5 9 )  separated the pol\m\xins B 1  snd 6 ,  1 ~ 3 r r 9 t i -  

cally with 2 2 , 5  I acetonitrile in aqueous tetramethyl-ammoni- 
um chloride. 

V A R  ICUS P E P  T I D E S  

The luteinizing hormone-releasing hormone !LH-PH:, a deca- 

peptide, and two analogs were separated b y  Terabe ' 2 0 ; .  Sepa- 

rations were also reported by  other workers ' l & .  46 . 
iprotiiin bo\ine pancreatic trypsln inhibitor g f  kunltz . 

a pol\peptide w i t h  58 amino acids, was assayed on a PP 8 c o -  

lumn b v  isocratic elutlon with a triethyl ammonium phoschate- 
acetonitrile mixture. An excellent reproducibility was o b s e r -  

ved 5 5 : .  

The insulin antagonist glucagon, a peptide with 2 9  amino 
acids was chromatographed by RP-HPLC (1, 58) and on "glyco- 
phase G" ( 4 0 ) .  A trifluoracetic acid-diethylamine-buffer was 

also recommended f o r  RP-HPLC of this compound (613. 
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S y n t h e t i c  p e p t i d e s  o f  t h e  a n g i o t e n s i n  t y p e  w e r e  s e p a r a t e d  

b o t h  i s o c r a t i c a l l y  ( 5 7 )  a n d  w i t h  a 0 , l  M p h o s p h a t e  b u f f e r - a c e -  

t o n i t r i l e  g r a d i e n t  ( 2 2 ) .  
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