
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Quantitative Determination of Polypeptides by Gradient Elution High
Pressure Liquid Chromatography
M. E. F. Biemonda; W. A. Sipmanb; J. Oliviéc

a Corporate Research Department, Akzo Research Arnhem, Arnhem, The Netherlands b Diosynth B.V.
(Akzo Pharma), Pilot Plant, Oss, The Netherlands c Research Development, Biochemistry Department,
Organon, Serifontaine, France

To cite this Article Biemond, M. E. F. , Sipman, W. A. and Olivié, J.(1979) 'Quantitative Determination of Polypeptides by
Gradient Elution High Pressure Liquid Chromatography', Journal of Liquid Chromatography & Related Technologies, 2:
9, 1407 — 1435
To link to this Article: DOI: 10.1080/01483917908060146
URL: http://dx.doi.org/10.1080/01483917908060146

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483917908060146
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF L I Q U I D  CHROMATOGRAPHY, 2 ( 9 ) ,  1407-1435 ( 1 9 7 9 )  
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GRAUILN‘I ELUTION HIGII PRESSURE LIQUID CIIROhIATOGRAPHY 
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Organon ,  R e s e a r c h  Deve lopmen t  , B i o c h e m i s t r y  D e p n r t m c n t ,  
E r a g n y  s u r  E p t e ,  P.O. Box 0 ,  (30590 S e r i f o n t a i n e  ( F r a n c e )  

AR STRAC’T 

I I i g h  p r e s s u r e  l i q u i d  c h r o m a t o g r a p h i c  (IIPLC) me thods  
a r e  d e s c r i b e d  f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  
p o l y p e p t i d e s  i n  p h a r m a c e u t i c a l  d o s a g e  fo rms  o r  i n  
s y n t h e t i c  and  n a t u r a l  p r o d u c t s .  

Owing t o  t h e  a d d i t i o n  o f  an e l e c t r o l y t e  f o r  t h e  
i n a c t i v a t i o n  o f  t h e  r e s i d u a l  s i l a n o l  g r o u p s  p r e s e n t  on  
t h e  m o d i f i e d  s i l i c a  s u r f a c e ,  hydrophobic s t a t i o n a r y  
p h a s e s  w e r e  f o u n d  w h i c h  p r o v e d  t o  b e  v e r y  s u i t a b l e  f o r  
t h e  a n a l y s e s  o f  p o l y p c p t i d e s .  

E . x c e l l e n t  r e s u l t s  were o b t a i n e d  w i t h  t e t r a n i e t h y l -  
ainmonium c o n t a i n i n g  b u P f e r  s y s t e m s  a t  ptI 3 i n  a g r a d i e n t  
o f  w a t e r - m e t h a n o l .  Thus t h e  p o l y p e p t i d e s  a r g i n i n e - ,  
l y s i n e  v a s o p r e s s i n ,  o x y t o c i n ,  ACTH ( 1 - 2 4 ) ,  AC’I’II, 

- - - - - - - - - -  
t o  whom a l l  c o r r e s p o n d c n c c  s h o u l d  b e  a d d r e s s e d .  
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1408 BIEMOND, SIPMAN, AND O L I V I E  

6 -cn t io rph i r i ,  g l  i r cago i~  and p o r c i n e -  and  bov i nr I n s u l  i n  
c-ould b c  d e t e r m i n e d  wi t l i  c o e f f i c i e n t s  o f  v a r i a t i o n  
b e l o w  2:. 

I n  t h e  p a s t  Tew y e a r s  h i g h  p r e s s u r e  l i q u i d  c h r o -  
riint.ogrnphy (HPLC' )  h a s  bccome i n c r c a s i n g l y  i m p o r t a n t  i n  
t h e  c l i a r a c t c r i z a t i o n  o f  p h a r m a c e u t i c a l  s u b s t . a n c e s .  

E s p e c i a l l y  t h e  i n t r o d u c t i o n  o f  c h e m i c a l l y  bonded  r e -  
v e r s e d  phase m a t e r i a l s  h a s  l e d  t o  ;I t rc:meiidoiis i n c r e a s e  
i n  t h e  a p p l i c a b i l i t y  o f  t h i s  t cchn iquc ,  f o r  t h e  
s e p i l r a t i o l i  o f  amino a c i d s  and  p o l y p e p t . i d e s .  
The p u r i t y  o f  p o l y p c p t  i des  and  t h e  f o r m a t i o n  o f  by- 
p r o d u c t s  c a n  b e  t ic tc r rn ined  b y  d i f f e r e n t .  a n a l y t i c a l  
t c c h n i q u c s ,  1 i k c  e l e c t r o p h o r e s i s ,  i s o t n c h o p h o r e s i s ,  i o n  
cxchnngc - ,  g e l  f i l t r a t i o n -  o r  t h i n  l a y e r  c h r o m a t o -  
g r a p h y ( ' )  and r e c e n t l y  b y  H1'I.C ( 2 ) .  

T h e  piirposc o f  t h i s  s t u d y  was t o  develop a u n i f o r m  
III'I,C:-inethotl f o r  t h e  c h a r a c t e r i z a t i o n  o f  t h e  p o l y -  
p c p t  i d e s  a r g i n i n e - ,  l y s i n e  v a s o p r e s s i n ,  o x y t o c i n ,  ACT11 

( 1 - 2 4 1 ,  A C ' I ' H ,  B - e n d o r ! ~ l i i r i ( d ) ,  g I i u c a g u ~ i ( ~ )  , b o v i n e  and  
p o r c i n e  i n s u l i n ( ' )  , t h e i r  ~ i y -  and def!r;id;it.ion 

p r o d u c t s ,  

'l'he use o f  c h e m i c a l l y  bondcd  p h a s e s  on a s i l i c a g e l  

m a t r i x  i n  h i g h  p r e s s u r c  1 i q u i d  ctit-oiiiatogral,liy i s  we1 1 

known f o r  t h e  c h a r a c t e r  i z a t i o n  o f  p h a r m a c e u t i c a l  
p r o c ~ u c t : s ( ~ ' ~ ) .  m e  innst. w i d e l y  u s e d  t y p e s  a r c  t h e  r c -  
v e r s e d  p h a s e  rn ; i t . e r i ; i l s .  A d i s a d v a n t a g e  o f  t h e s e  
m a t e r i a l s ,  however, is t h e i r  i n s t a b i l i t y  a g a i n s t  h i g h e r  
( >  7 . 5 )  nnd l o w e r  ( <  2 )  p H - v a l u e s .  A c o n s i d e r a b l e  de -  
cornpos i t . ion  can  lie o b s e r v e d  f o r  b u f f e r s  O P  p I I -va lues  
h i g h e r  t h a n  7 ( 8 ) .  The s u p p o r t  d i s s o l v e s  v e r y  s l o w l y  
u n d e r  t h e s e  c o n d i t i o n s ,  w h i c h  i s  conf - i rmed  by  t.he work 
o f  W c h r l i  . 19) 

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



QUANTITATIVE DETERMINATION OF POLYPEPTIDES 1409 

From the literature ( 1 0 7 " ' 1 2 )  it is known that R1)- 

modified silica still contains some acidic silanol 
groups. Resides a n  ion-pair phenomenon, owing to certain 
additives (hydrophobic or hydrophilic modifiers), also 
an ion exchange effect can participate in the separation 
mechanism('3). A sufficient deactivation of the un- 
reacted silanol groups rnay be achieved when an electro- 
lyte is added to the solvent as ii modifier. The degree 
of deactivation depends on the concentration and the 
nature of the cation. 

The use of ammonium-, alkylatcd ammonium-, 
potassium or sodium salts 
ture(8, ? , I S ,  1 6 , 1 7 , 1 8 , 2 7 )  

i s  described in the 1 itera- 

As shown by Buytenhuys et al. (14) the TMA' cation is 
extremely effective in deactivating unreacted silanol 
groups in reversed-phase chromatography with chemically 
modified silicas. This system is applied by Van der 
Maeden et al. ( 1  2 )  

In this paper the performance of the tetramethyl- 
ammonium ion as  a modifier (if IIP-silica for the separ- 
ation of polypeptides is described. 
Earlier studies" 2 9 1 9 )  have shown that gradient elution 
HPLC can excellently be used for accurate and rapid 
analyses. 
Quantitative gradient-elution HPLC methods have been 
developed for arginine-, lysine vasopressin, oxytocin, 
ACTH ( 1 - 2 4 ) ,  ACTH, B-endorphin, glucagon, porcine and 
bovine insulin. 

E XPE R I MENTAL ___ 

Apparatus 

The gradient elution high performance liquid chro- 
matograph consisted of two Waters 6000 pumps and a 
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1410 BIEMOND, SIPMAN, AND OLIVIE 

s o i v c n t  progr;iiiinicr inodcl 0 0 0  i n  con junc : t . i on  w i  t11 ii V a r . i a n  

(?'ccht 1-011 6351, o r  (:veil 272 var i ; i h Ic  n i u l t i w a v c l e n g t h  

d c t e c t o r  ( s e t  a t  2 1 0  o r  2 8 0  nm). 
Thc s;iiiiplcs werc i n t r o d u c c c l  by ii V a l c o  7 0 0 0  p s i  

i i i j e c t i o n  v a l v e .  
A c o m p u t i n g  i n t c g r a t o r  s y s t e m  (SP 4 0 0 0 ,  S p e c t r a -  

P h y s i c s )  w:is used f o r  i n  t . e g r a t  i o n  and  d a t a  t r c ; i t m c n t  . 
D u r i n g  the: i n v e s t i . g ; l t i o n  ii 30-cm LiBondapak C 1 8  

ct>Iiirnn (Waters Assoc., b l i  1 f o r d ,  Msss., USA) or two 

30-cm 1,ic:Iirosort) ' I H  (Merck, l l i i rms ta t l t ,  Ger~ i i :~ny ,  
1 0  um) c.o lumns i I I  s e r i e s  , pacltcttl hy ;I b a l a n c e d - d c n s  i t . y  
s I ur r y t e c h n  i q u e  ( ' 4 ~ 2 " ~ 2 ' ~ ,  a n d  various g r a d i e n t s  o f  
water -me t.lianol i i i i  x t u r c s  wcrc  u s e d .  

111 a1 1 expc r imen t . s  d i s t . i  1 l e d  watc!r. a n d  r e a g e n t  
g r a d e  mcthano 1 a n d  o r t h o ~ ~ h o s ~ ~ h ( ~ r i c  a c i d  ( H a k c r ,  
L ) c v c n t c r ,  T h e  IGcthcrl  ands )  were uscd. 
'1'c:t.ramctliyl ;iiiirnonium h y d r o x i d e  was ap!).! i e d  as ;i 2 0 %  

s o l u t i o n  i r i  rriethanoI ( A l d r i c h ,  Mi lwaukee ,  lV i sc . ,  USA) .  

I n  o r d e r  t o  d e m o n s t r a t e  the s e p a r a t i o n  powcr o f  t he  
I 11) I , C  - s y s t c!iii , t hc p o 1 y 11 e p t i de  s i nvc  s t i g a t e  d wc re t a k e n  
froiii 1 ) i o s y i i t h ' s  p r o d u c t i o n  i n  v a r i o u s  s t a g e s  o f -  thc 
c:ricl 1) ur i Ii ca  t i o 11 . 
'I'lic cxtc\r.riaI s t anc t i i rd s  w c r c  o b t a i n c d  by c x t r a  p u r i f i -  
c a t i o n  v i a  c h r o r n a t o g r a p h y ,  g e l  l i l t r a t i o n  o r  i n  cast: of  
t c t r a c o s n c t i d c : ,  c .oun te r  c u r r e n t  d i s t r i b u t i o n .  

Thc 6 - e n d o r p h i n  o r i g i n a t e s  f r o m  t h e  Organon  O r g a n i c  
Chcmic: i l  R e s e a r c h  1 ) e p a r t m c n t .  

1' I'( 1 c e d 11 r c s 

T h e  g r a d i c n t  e l u t i o n  procedures were i n  a l l  c a s e s  

s t a n d a r d i z e d  a s  follows: 
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QUANTITATIVE DETERMINATION OF POLYPEPTIDES 1411 

after running the appropriate gradient, followed by a 
reverse program of 5 min to initial conditions, the 
column was re-equilibrated for 10 min. A column tem- 
perature of 2OoC was applied and thc flow rate was 
1 ml/min (pressure between 100- 150 bar). Prior to use 
thc solvents were degassed by vacuum with simultaneous 
stirring. 

The samples were dissolved in the initital mobile 
phase or in aqueous acetic acid. 

Thc following elution systems were used: 
(i) €or studying the influence of the pH and the buffer 

concentration of the mobile phase system: a linear 
gradient in 60 min from 20% H in A to 70% B in A 
and 30% B in A to 100% B for glucagon. 

Solvcnt A was a 0.050 M solution of  TPIAH in 
water-mcthanol 50:50 (v/v) adjusted to a pH o f  2-5 
with orthophosphoric acid, and solvent B contained 
the same buffer at the same pH in water-methanol 
20:80 (v/v) , 

For the cxperirnents at pH < 2  a linear gradient 
from 35% B in A to 100% €3 in 60 min was applied. 
Here the solvents wcre methanol-water 50:50 and 
80:ZO (v/v), rcspectively, adjusted to pH 0.5 and 
2 with perchloric acid. 

To study the influence of the buffer concen- 
tration, the same elution systcms were used but 
with variablc TMAII concentrations ( 0 . 0 0 5 - 0 . 0 5  M) 
and adjusted to pH 3 with orthophosphoric acid. 

(ii) Quantitative Analysis 

For thc quantitative determination of the 
polypeptides linear gradients were applied with 
the solvent systems as given i n  Table 1 .  
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14 12 BIEMOND, SIPMAN, AM) OLIVIE  

I po 1 y p e p t  i de I g r a d i e n t  ( v / v )  jr Linn i n g  
I 

, t ime @in)  

a r g i n i n c  v a s o p r e s s i n  

5 9  D i n  C .+ 7 0 %  D i n  C 4 5  
5 0 %  D i n  C + l o 0 9  D i n  C 30 
509 A i n  D + 1 0 0 %  D 60 

2 0 9  A i n  D .+ 7 0 9  A i n  6 0  
3 0 %  D i n  C +. 1 0 0 %  D 4 5  

1 y s i n  c va s op re  s s i n  
oxy t o c i n c  
t c t r a c o s a c t i d e ,  ACT11 
( 1 - 2 4 )  
p o r c i n e  ACI'II  
g 1 u c ;I Son 
i n s u l i n  ( p o r c i n e  

nd b o v i n e  ) 
6-endorph i n  

- _ _  ______ 
A = 5 O : S O ;  B = 80:20; C = 75:ZS; Il = 2 0 : 8 0 ;  
L = 5 5 : i 1 5  ( v / v )  w a t e r - m e t h a n o l .  

I n  a l l  s o l v e n t s  t h e  l 'blAll-concentr: i t ion had  been  made 
0 . 0 5 0  !.I arici t.he plI had been a d j u s t e d  a t  pli 3 with 

o r t 11 oph o s p h o  r i c iic i d . 

RESULTS AND DISCUSSION - 

I n  o r d e r  t o  f i n d  t h e  o p t i m a l  c o n d i t i o n s  f o r  t h e  
s e p a r a t i o n  and q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  t h c  p o l y -  
p e p t i d e s  u n d e r  i n v e s t i g a t i o n ,  a s t u d y  was made o f  t h e  
e f i e c t s  on t h i s  s e p a r a t i o n  o f  t h e  pll ,  o f  t h e  b u f f e r  @'MA- 

p h o s p h a t e )  c o n c e n t r a t i o n  and o f  t h e  s t a t i o n a r y  p h a s e .  

pH o f  t h e  Mobile  Phase  ___. 

The pII of t h e  m o b i l e  p h a s e  h a s  a p ronounced  
e f f e c t  ( 8 2 9 ~ 1 1 y 1 3 y 2 2 ~ 2 3 2 2 4 )  upon t h e  s e p a r a t i o n  o f  t h e  
main- a n d  b y - p r o d u c t s  of  p o l y p e p t i d e s .  Under b a s i c  
coridi t i o n s  t h e  r e v e r s e d - p h a s e  m a t e r i a l s  and a l s o  some 
of  t h e  p o l y p e p t i d e s  m e n t i o n e d  a r e  u n s t a b l e .  
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QUANTITATIVE DETERMINATION OF POLYPEPTIDES 1413 

On t h e  o t h e r  h a n d ,  i n s u l i n  L S  i n s o l u b l e  n e 3 r  i t s  i s o -  
e l e c t r i c  p o i n t  ( P I  = 5 . 5 ) .  I lence we i n v e s t i g a t e d  t h e  
i n f l u e n c e  o f  t h e  pfl on t h e  r e v e r s e d - p h a s e  s e p a r a t i o n  

o f  p o l y p e p t i d e s  o v e r  t h e  p l l - r ange  0 . 5  - 5 .  
Under t h e s e  a c i d i c  c o n d i t i o n s  t h e  side-chain 

g r o u p s  of l y s i r i e  a n d  a r g i n i n e  are protonated 
(pKa -. 1 0 ) .  A t  p I I -va lues  l o w e r  t h a n  a b o u t  2 a l l  
c s r b o x y l i c  a c i d  g r o u p s  ( s i d e  c h a i n  a n d  t e r m i n a l )  a r e  
u n d i s s o c i a t e d .  

A t  p H - v a l u e s  be tween  2 and  4 t h e  6 - c a r b o x y l i c  
a c i d  g r o u p s  ( s i d e  c h a i n )  a r e  s t i l l  u n d i s s o c i a t c d ,  
w h i l e  t h e  t e r m i n a l  c a r b o x y l i c  a c i d  g r o u p s  a r e  
d i s s o c i a t e d  ( 2 5 ’ 2 6 ) .  The c h r o m a t o g r a m s  i n  F i g .  

t h a t  t h i s  l e a d s  t o  a s t r o n g  d e c r e a s e  i n  r e t e n t i o n .  
O b v i o u s l y ,  t h e  h y d r o p h i l i c  c h a r a c t e r  o f  t h e  p o l y -  
p e p t i d e s  i n c r e a s e s  f rom p I I  2 t o  4. The a symmet ry  
ant i  t h e r e f o r e  t h e  p o o r  r e s o l u t i o n  b e t w e e n  i n s u l i n  
a n d  monodesamido i n s u l i n  i s  p r o b a b l y  due  t o  t h e  

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

1 show 

The r e p l a c e m e n t  o f  p e r c h l o r i c  a c i d  by  o r t h o p h o s -  

p h o r i c  a c i d  h a s  no  i n f l u e n c e  on  t h e  r e t e n t i o n  ( e l u t i o n  
w i t h  t h e  g r a d i e n t  a t  6 3 :  ( v / v )  m e t h a n o l ) .  The b e t t e r  
p e a k  p e r f o r m a n c e  i n  t h e  c a s e  o f  o r t h o p h o s p h o r i c  a c i d  i s  
p r o b a b l y  due  t o  t h e  h i g h e r  a c i d  c o n c e n t r a t i o n  a t  pH 2 

compared  w i t h  t h a t  o f  p e r c h l o r i c  a c i d .  
The a d d i t i o n  o f  a c i d  t o  t h e  e l u e n t  r e s u l t s  i n  l e s s  
i n t e r a c t i o n  b e t w e e n  t h e  p o l y p e p t i d e s  and  t h e  r e m a i n i n g  
s i l a n o l  g r o u p s ,  t h u s  i m p r o v i n g  t h e  p e a k  s h a p e  ( 2 2 )  . 
The p e a k  p e r f o r m a n c e  c a n  b e  improved  f u r t h e r  by t h e  
a d d i t i o n  o f  ammonium c a t i o n s ,  e s p e c i a l l y  TElA i o n s  
wh ich  d e a c t i v a t e  t h e  r e m a i n i n g  s i l a n o l  g r o u p s  o f  t h e  
RP-phase  a n d  p e r h a p s  a l s o  a f f e c t  t h e  c a r b o x y l i c  a c i d  
g r o u p s  o f  t h e  p o l y p e p t i d e s ,  i f  w o r k i n g  a t  pH > 2 .  

( 1  2 , 1 4 1  
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1414 BIEMOND, SIPMAN, AND O L I V I E  

r , 
0 10 20 40 50 60 30 -min  

'I'hc a d d i t i o n  o r  t h c  mod i f i o r  tc t ramet .hylamnionium p h o s -  

p h a t e  t o  t h e  e l u e n t  y i e l d s  n b e t t e r  peak pcr for i r in i ice ,  
b u t  h a s  n o  f u r t h e r  i r i f l  uence upon the  r e t c n t i o n  
coriip;~ rot1 1.c t h c  s c p a ~ a t .  i o n  w i t h  t h e  samc s o l v e n t  systcm 
w i t h o u t  'TblA-ions.  F i g .  2 . ~ 1 ,  h s h o w s  t h i s  e f f e c t  f o r  
i i i s u l i i i .  
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QUANTITATIVE DETERMINATION OF POLYPEPTIDES 1415 

t i 
0 20 30 40 

lo - min 

F i g u r e  1 :  G r a d i e n t  I I P L C - s e p a r a t i o n  o f  b o v i n e  i n s u l i n  

a :  w i t h  p e r c h l o r i c  acid a t  pli 0.5, 
b :  p e r c h l o r i c  a c i d  at p H  2 .  

1 = s o l v e n t  p c a k ;  2 = b o v i n e  i n s u l i n ;  
3 = desamido i n s u l i n .  
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1416 BIEMOND, SIPMAN, AND OLIVIE 

1 

A d 

1 I I 
0 10 20 30 40 50 60 -- min 

(a) 

So t h c  c f f c a c t  o f  tetramcthylaiiinrcinium c a t i o n  c a n  
b e  t w o r o l d :  
(1) r c a c t  i o n  wi th  t hc  carboxyl ir a(’iL1 E r o u p s  p r2 t , s ? r i t  

i r i  polypeptides arid 

( i i )  d e a c t i v a t i o n  o f  t h e  r e s i d u a l  s i l a n o l  g r o u p s  on  
KF-modi f i c d  s i l i c a  s u r f a c e .  

The influence o f  t h e  pH o f  t h e  m o b i l e  p h a s e  on  t h e  
r e s o l u t i o n  ( R s )  o f  i r i s u l  i n - d c s a m i d o  i n s u l i n  arid 
g l u c a g o n - d c s a m i d o  g l u c a g o n  i s  s i g n i f i c a n t  (‘Table 2 )  . 

I n  v i ew o f  t h e  l i f e - t i m e  o f  t h e  s t a t i o n a r y  phases 
and  t h e  possible d e g r a d a t i o n  o r  f i b r i l i z a t i o n  o f  pol).- 
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QUANTITATIVE DETERMINATION OF POLYPEPTIDES 1417 

I 1 
0 10 20 30 40 50 60 

___f min 

F i g u r e  2 :  G r a d i e n t  HPLC-scpa ra t ion  o f  b o v i n e  i n s u l i n  

a :  w i t h o u t  T M I I ;  plI 2 ( H 3 P 0 4 ) ,  
b :  0 . 0 5  M TMA-phosphate (pH 2 ) .  

F u r t h e r  see  F i g u r e  1 .  

TABLE 2 

1 . 1 1  
1 . 1 1  
0 . 9 8  
0 . 9 8  

1 .so 
1 . a 0  
1 . 3 3  
1 . 3 1  
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1418 BIEMOND, SIPMAN, AND OLIVIE 

I 7 
a 10 50 30 40 50 60 

+min 

(a) 

p e p t i c l c s  w h i c h  c a n  o c c u r  n t  l o w e r  pll 's  ( c :  2 )  ;I pti o f  3 

was choscri  f u r  t h e  Pur - the r  i n v e s t i g a t i o n s .  

( : o n c e n t r a t  i o n  0 1  t h c  B u f f e r  _ _ _ ~ _  

V , i r i a t i o n  o f  t h e  c o n c c n t r n t i o n  o f  t h e  t e t r a m c t h y l -  

'immoniiim p h o ~ p h ~ i t e  h u f f e r  f rom 0 . 0 0 5  t o  0 . 0 5  EI a t  pll 3 

lids no i i i f l u c n c c  up011 t h e  r c t c n t  i o n  01 i n s u l  111 o r  
g l u c , i g o n .  Ihc  pc'tk per for i i ianLc  improves w i t h  i n c r e a s i n g  
b u f f c r  c o n c c n t r c r t i o n  up t o  0 . 0 3  bl (I i g s .  3.,i  a n d  3 . b ) .  

A t  h i g h e r  b u f f c r  c o n c e n t r a t i o n s  ( 0 . 0 3  - 0 . 0 5  M) no  
improvement  i s  o h s e r v c d .  So a f u r t h e r  d e a c t i v a t i o n  o f  
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QUANTITATIVE DETERMINATION OF POLYPEPTIDES 14 1 9  

I 1 I 1 
0 10 20 30 40 50 60 

___t min 

(b )  

Figure 3: Gradient HPLC-separation of bovine insulin 

a: with 0.005 M tetramethylammonium; 
b: with 0.03 M tetramethylammonium. 

Further see Figure 1. 

the residual silanol g r o u p s  is achieved by applying 
tetramethylammonium phosphate buifer, while ion-exchange 
is improbable at these low p H - v a l u e s  (( 3). 

Stationarv Phase 

The choice of the stationary phase depends on the 
polypeptides which have to be characterized. Arginine- 
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14 20 BIEMOND, SIPMAN, AND OLIVIE  

t 
20 30 40  

'0 -----twin i, 

and l y s i n c  v a s o p r e s s i n ,  oxytocin, ACTH ( 1 - 2 4 ) ,  ACTH 
3 ~ i d  U-cndorphinc c a n  b c  cxcell ently c h a r a c t e r i z e d  on  a 

pBondapak C 1 8  column (J:ig. 4 ) .  
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QUANTITATIVE DETERMINATION OF POLYPEPTIDES 1421 

1 

I I 
0 10 20 30 40 

-min 

The selectivity o f  this material (even with two 
columns in series) is insufficient for the separation 
of insulin-monodesamido insulin and glucagon-monodes- 
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1 4 2 2  HIEMOND,  SIPMAN, AND O L T V J E  

I 

0 20 30 40 
lo u r n i n  

(c)  

aiii i do g 1 uc a go  11 ow i i i g  t o  i t s re 1 ii t i v c 1 y 'I o w  h y d r'o17 h o I> i c 

c h a r a c t e r .  'The b c s t  s c p a r a  t i o n  o f  t h c  dcsarniilo coriipounds 

from t.he i I' in : i  i n  p r o d u c t s  i s  a c h i c v c d  o n  two humc-rrindc 
30 cm L i c h r o s o r b  IIP 18 co lumns  i n  s c r i c s .  

In  o u r  c x p c r i c n c c ,  t h i s  i s  t h e  rnos t hytlr.ophol-,i c 
s t i l t i o n i i r y  p1i;isc w i  t.h t l i t :  best. selectivity t c s t c d  Tor 
p o 1 y p e 1' t. i t l  c s . 
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QUANTITATIVE DETERMINATION OF POLYPEPTIDES 1 4 2 3  

t 1 
0 10 30 40 45 

*O F m i n  

The s e p a r a t i n g  power oC t h e  L, ic l i rosorb RP 1 8  system 
i s  d e m o n s t r a t e d  i n  F i g .  5 ,  showing  t h e  complete 
s e p a r a t i o n  o f  b o v i n e -  a n d  p o r c i n e  i n s u l i n .  
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1424 BIEMOND, SIPMAN, AND OLIVIE 

b I 1 I I 

0 10 20 40 50 60 
30 -min 

(C) 

The d i f f e r e n c e s  be tween  t h e s e  two compounds a r e  the  
aniino a c i d s  i n  t h e  p o s i t i o n s  A8 ,  1 0  ( a l n n i n e  and v a l i n e  
t o r  b o v i n c  i n s u l  i n  and  t h r y p t o p h n n  and  i s o l e u c l ~ ~ e  t o r  

p o r c i n e  i n s u l i n l  . 

'l'he a p p l i c a t i o n  or i s o c r a t i c  e l u t i o n  has a l s o  
b e e n  i n v e s t i g a t e d .  I lowever ,  i t  g i v e s  1 c s s  i n f o r m a t i o n  
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1 

r 
0 20 30 do 

lo -min 
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1426 BIEMOND, SIPMAN, AND O L I V I E  

i 

I 1 I I a I 
0 10 20 30 40 50 60 

___t min 
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QUANTITATIVE DETERMINATION OF POLYPEPTIDES 1 4 2 7  

about the possible impuritics present in the sample: 
somc by-products can bc retained to such an extent or 
irreversibly bonded that no rcproducible quantitative 
rcsults can be obtained. These by-products will elute 
from the column in narrow hands i n  applying a gradient 

Undesirable mixing effccts of the solvcnts used 
for the mobile phase have heen minimized by optimi- 
zing the water-methanol mixtures in such a way that 
thc two pumps deliver solvent mixtures, that diffcr in 
composition a s  little as  possible. 

@an t i t a t i v e Ana 1 y s i s 

The proportionality of the peak area to thc amount 
of oxytocin injected was measured in the ranee 5-100 pg. 

Thc calibration graph proved to be linear in this range 
(correlation factor 0.9995). 
Similar results were obtained for lysinc- and arginine 
vasopressin, ACTH (1-24) and ACTH. 
The  quantitative determination of B-endorphin, glucagon 
and the two insulins was carried out according to a 
100% analysis. 

Figure 4: Gradient IIPLC-separation of polypeptides of 
various purities 

a :  arginine vasopressin 
b: lysinc vasopressin 
c: oxytocin-acetate solution 

e : 6-endorphin 

f: porcine ACTH 69 1.U-/mg 
g :  glucagon 

Injection: 20 ul 

d :  ACT11 (1-24) 

6.6 mg/ml 
11.5 mg/ml 
5 m g / m l  
6 mg/ml 
0.2 m g / m l  

6 m g / m l  
0.3 mg/ml 

(210 nm) 

(210 nm) 
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1428 BIEMONI), SIPMAN, AND OLIVIE 

// 
r I I 1 

0 10 20 40 50 60 30 -min 

F i g u r e  5 :  G r a d i e n t  HPLC-sepa ra t ion  o f  b o v i n e  and 
p o r c i n e  i n s u l  i n  

0 :  s o l v e n t  p e a k ;  I : p - h y d r o x y b c n z o i c  a c i d ;  
2 :  p-hydroxymethy l  b e n z o a t e ;  3:  b o v i n e  
i n s u l i n ;  4 :  monodesamido b o v i n e  i n s u l i n ;  
5 :  p o r c i n e  i n s u l i n ;  6 :  monodesamido p o r c i n e  
i n s u l i n ;  7 :  p r o i n s u l i n  ( ? ) .  
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QUANTITATIVE DETERMINATION OF POLYPEPTIDES 1429 

By r e p e a t e d  i n j e c t i o n  of t h e  same p o l y p e p t i d e  
s o l u t i o n  t h e  c o e f f i c i e n t s  0 1 '  v a r i a t i o n  o f  t h e  chroma-  
t o g r a p h i c  p r o c e d u r c s  were  Sound t o  b e  < 1 . 2 % .  
The c o e f f i c i e n t s  o f  v a r i a t i o n  f o r  t h e  t o t a l  a n a l y s e s  
( i n c l u d i n g  s a m p l i n g  a n d  w e i g h i n g )  a r e  5 2 9 , .  

- S t a b i l i t y  o f  - P o l y p c p t i d e s  ___. 

The s t a b i l i t y  o f  t h e  p o l y p c p t i d e s  i n  t h e  chroma-  

t o g r a p h i c  s y s t e m  d e p c n d s  on  t h e  pH a n d  t h e  n a t u r e  o f  

t h e  s o l v e n t  
T h e r e f o r e  t h e  s t n b i l  i t y  o f  p o l y p e p t i d e s  was i n v e s t i g n -  
t e d  i n  d i f f e r e n t  s o l v e n t s  a n d  a t  v a r i o u s  p t i - v a l u e s .  
I n  s o l u t i o n  a t  room t e m p c r n t u r e  i n s u l i n  ( a n d  o t h e r  

p o l y p e p t i d e s  which c a n  c o n v e r t  i n t o  ;I d e s a m i d o  compound 
e .  g . g l u c a g o n )  d e g r a d e s  upon s t a n d i n g .  

( 2 5 , 2 6 )  

The f o r m a t i o n  o f  t h e  p r i m a r y  d e g r a d a t i o n  p r o d u c t  
monodesamido i n s u l i n  as a f u n c t i o n  o f  pIl and  TMA- 

p h o s p h a t e  was f o l l o w e d  f o r  2 wcehs by means o f  q u a n t i -  
t a t i v e  HPLC. The r e s u l t s  a r e  shown i n  F i g .  6 .  

F o r  i n s u l i n  a n d  g l u c a g o n  t h e  d e c r e a s e  i n  t h e  

c o n t e n t  f o u n d  i s  n e g l i g i b l e  when t h e  p o l y p e p t i d e  
s o l u t i o n  (TMA-phosphate o r  a q u e o u s  a c e t i c  a c i d )  i s  
a n a l y s e d  o n  t h e  d a y  o f  p r e p a r a t i o n  a n d  s t o r e d  a t  l o w e r  
t e m p e r a t u r e  ( 4 ' ~ ) .  

T a k i n g  t h e s e  p r e c a u t i o n s ,  no  d e t e c t a b l e  amount  o €  
i n s u l i n  i s  c o n v e r t e d  i n t o  t h e  desnmido- fo rm e v e n  when 
v e r y  p u r e  i n s u l i n  ( p h a r m a c e u t i c a l  p r e p a r a t i o n  o f  

p o r c i n e  i n s u l i n )  i s  i n j e c t e d  ( F i g .  7 ) .  

CONCLUSIONS 

- G r a d i e n t  e l u t i o n  HPLC o n  RP-modi f i ed  s i l i c a  i s  a n  
e x c e l l e n t  me thod  f o r  b o t h  t h e  q u a n t i t a t i v e  a n d  
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1430 

9- 

8. 
YO mono 
desamido 

insulin 
(Bovine) 

l 7  6 

5 

BIEMONI), SIPMAN, AND O L I V I E  

-~ 

I I 10 15 
-time (days) 

0 5 

I . ig i i i ' e  ( I :  Tnf luencc  o f  t h e  pH a n d  the  n a t u r e  o f  t h c  
s c) 1 v e i l  t on t h t: 1) 1' i m a  ry tle gr a da t i n n 1' roduc  t 
o t  I,ovincx i n s u l  111 

= ;iqiieous a c c t  i c a c i d ,  pll 4 
X = aqueous  a c c t  i c  a c i d ,  pII 3 

0 = ; iquenus a c c t  i L  a c i d ,  pll I .4 
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QUANTITATIVE DETERMINATION OF POLYPEPTIDES 1431 

::? 
b I 1 I 1 I I 
0 10 20 30 40 50 60 - min 

F i g u r e  7 :  G r a d i e n t  f1PLC-sepa ra t ion  o f  n p h a r m a c e u t i c a l  
p r e p  a r a t i on ( NOVO - mo n 0 c omp 0 n e n t ) o f p 0 r c i n e 
i n s u l i n  ( 4 0  I .U./ml) 

1 :  p - h y d r o x y b e n z o i c  a c i d ;  2 :  p - h y d r o x y m c t h y l  
b e n z o a t e ;  3 :  p o r c i n e  i n s u l i n .  
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1 4 3 2  BIEMOND, SIPMAN, AND OLIVIE 

q u a 1  i t a t  i v e  c h a r a c t e r i z a t i o n  o l t h e  po 1 y p e p t  i d e s  
a r g i n i n c - ,  l y s i n c  v a s o p r e s s i n ,  o x y t o c i n ,  ACTH ( 1 - 2 4 ) ,  
A(:'l ' i l ,  g luc : igon ,  f i - e n d o r p h i n ,  h o v i n e -  and p o r c i n e  
i n s u l i n .  

- The pll of t h e  rnobi l e  p h a s e  a l C c c t s  the  r c t e n t i o n  and  

t h e  peak pe r fo rn rance  o f  t h e  p o l y p e p t  i d c s .  j ) [1 -va lucs  
o r  a r o u n d  3 a r c  to be p r e f e r r c d .  

- In o r d e r  t o  p r e v e n t  u n d c s i  r a l ~ l c  r c t a r d n t i o n  e t f e c t s  
( e . g .  i o n - e x c h a n g e )  a n  e l c L t r o l y t c  l i k e  t e t r m e t h y l -  
ammonium p h o s p h a t e  h a s  t o  b e  addccl t o  t h e  s o l v e n t .  
T e t r ;me t 11 y 1 a I I I J I I ~  n i um p h o s p h  a t e i n  s e v e r a 1 c ri n c  e n  t r ii - 
t i o r i s  a f  l e c t s  o n l y  t h e  p e a k  p c r f o r n r a n c c ,  n o t  t h e  
peak r e t e n t i o n .  
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