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A UNIVERSAL HPLC DETERMINATION OF 
INSULIN POTENCY 

H. W. Smith, Jr., L. M. Atkins, D. A. Binkley, 
W. G. Richardson, and D. J .  Miner 

A nalytical Development Division 
Lilly Research Laboratories 

30 7 E. McCmty Street 
Indianapolis, Indian a 4 6 2 85 

ABSTRACT 

A l i q u i d  chromatograph ic  method f o r  d e t e r m i n a t i o n  o f  i n s u l i n  p o t e n c y  
i s  p r e s e n t e d .  I t  i s  a p p l i c a b l e  t o  b o v i n e ,  p o r c i n e  and human i n s u l i n s ,  
a i d  t o  b o t h  i n s u l i n  r r y s t a l s  and i n s u l i n  f o r m u l a t i o n s .  The method u s e s  
a un ique  s t a n d a r d  p r e p a r a t i o n  (40  U / m l  i n  0 . 6  &nil EDTA) which i s  
s t a b l e  enough t o  p e r m i t  u s e  f o r  > I  month.  L i k e w i s e ,  s amples  a r e  
p r e p a r e d  i n  a s t a b l e  form,  s o  t h a t  a n  a u t o i n j e c t o r  may be used .  NPH 
i n s u l i n  s u s p e n s i o n s  a r e  c l a r i f i e d  by a d d i t i o n  o f  h e p a r i n ,  l e i i t e  i n s u l i r i s  
a r e  c l a r i f i e d  by a d d i t i o n  of t e t r a s o d i u m  EDTA, and EDTA i s  added t o  
n e u t r a l  r e g u l a r  i n s u l i r i s  and i n s u l i n  c r y s t a l s .  Chromatography was done 
u s i n g  a p r e v i o u s l y  d e s c r i b e d  0 . 2  M pH 2 . 0  phospha te /26% CH3CN m o b i l e  
p h a s e  and a r e v e r s e d  phase  column. A t h r e e - l a b o r a t o r y  s t u d y  of t h e  method 
found i t  t o  have a p r e c i s i o n  o f  5 2 %  f o r  f o r m u l a t i o n  a s s a y s .  I t  was v e r i f i e d  
t o  be a c c u r a t e  by comparison w i t h  t h e  t r a d i t i o n a l  r a b b i t  b i o p o t e n c y  a s s a y ,  
o v e r  which t h e  l i q u i d  ch romatograph ic  a s s a y  has  s e v e r a l  s i g n i f i c a n t  a d v a n t a g e s  

INTRODUCTION 

HPLC i s  a v e r y  power fu l  t o o l  f o r  a n a l y s i s  o f  p e p t i d e s  and p r o t e i n s .  

As t h i s  f a c t  has  heen r ecogn ized  and a p p r o p r i a t e  rh ro ina tog raph i r  c o r i d i t i o n s  

worked o u t ,  t h e r e  has  been an  e x p l o s i v e  growth i n  t h e  use  o f  HPLC fo r  

p e p t i d e  and p r o t e i n  a s s a y s .  The a n a l y s i s  o f  i n s u l i i i s  has  t r a d i t i o n a l l y  
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420 SMITH ET AL. 

been done with biological assays ( 1 ) .  It is now widely recognized that 

appropriately developed chromatographic assays are superior to biological 

assays for many applications ( 2 ) .  Although there have been a large number 

of reports of studies of the reversed phase chromatography of insulins 

( 3 - 6  and references therein), only one of the reports dealt with insulin 

formulations ( 4 ) .  The work described below arose from a need to quickly 

and efficiently identify and determine the potency of insulin crystals 

and insulin formulations. During the development of such an assay it 

became apparent that stable standard and sample preparations were needed. 

All previous papers, including the only formulation assay ( 4 1 ,  dissolved 

the insulin in dilute acid. This is adequate for qualitative work such 

as the identification of insulins from different species. However, at 

room temperature and low pH insulin undergoes deamidat ion reactions, 

principally at the A-21 asparagine. It i s  inconvenient to acidify 

samples immediately prior to injection and thus an alternative was 

sought. The resulting assay, which provides for stable standard and 

sample preparations, and is applicable to human and pancreatic insulins 

in both crystals and formulations, is described below. 

MATERIALS AND METHODS 

Reagents 

HPLC grade acetonitrile was purchased from Burdick and Jackson. 

The 85% phosphoric acid, tetrasodium ethylenediaminetetraacetic acid 

(Na4EDTA), and the monobasic sodium phosphate (Na2HP04) were of 

analytical reagent grade. The sodium heparin purified was purchased 

from Diosynth, Inc. Purified water was produced using a Milli-Q 

purifying system purchased from Millipore Corp. Crystalline human, 
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DETERMINATION OF INSULIN POTENCY 42 1 

p o r k ,  and bee f  i n s u l i n s  and i n s u l i n  f o r m u l a t i o n s  were p r e p a r e d  a t  E l i  L i l l y  

and Company. 

Appa r.1 t u s  

S e v e r a l  HPLC s y s t f m s  were used d u r i n g  t h e  development  o f  t h i s  

method. They c o n s i s t e d  o f  e i t h e r  a v a r i a b l e  wave leng th  d e t e c t o r  

o p e r a t e d  a t  214 niii ( s u c h  a s  a DuPont s p e c t r o p h o t o m e t e r )  o r  a 214 nm 

s i i i g l r  wave leng th  d e t e c t o r  ( such  a s  a Waters  Model 4 4 1 ) ,  a n  a u t o m a t i c  

s a m p l e r ,  B coluniii oven o r  b l o c k  h e a t e r ,  and a s u i t a b l e  pump. S e v e r a l  

puiiips were used ,  i n c l u d i n g  t h e  Wate r s  A s s o c i a t e s  Models M-45 and M-6000A, 

t h e  A l t r x  Model IIOA, and t h e  Beckman Model 112 .  Data c o l l e c t i o n  and 

r e d u c t i o i i  was done on a c e n t r a l  computer  which p r o v i d e d  e x t e n s i v e  d a t a  

r d l r u l a t i o n  and g r a p h i c s  c a p a b i l i t i e s .  The HYLC columns used  i n  t h i s  

s t u d y  were t h e  DuPont Zorbax TMS and t h e  Brownlee Aquapore RP-300. 

Both columns were a n a l y t i c a l  columns o f  25 cin x 4 . 6  nun d i m e n s i o n s .  Most 

of the work r e p o r t e d  i n  t h i s  p a p e r  was done u s i n g  DuPont TMS columns.  

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

closerl sys t em c o n s i s t i n g  o f  a r e s e r v o i r  f o r  t h e  main s o l u t i o n  and  a 

s m a l l e r  s econda ry  r e s e r v o i r  which c o n t a i n e d  a c e t o n i t r i l e .  These two 

r r s e r v o i r s  were connec ted  t o  e a c h  o t h e r  by a l e n g t h  o f  T e f l o n  t u b i n g  

whose eiiils were above t h e  two s o l u t i o n s .  O t h e r  t h a n  t h i s  t u b e  and t h e  

i i i l e t  l i n e  f o r  t h e  HPLC pump, t h e s e  r e s e r v o i r s  were s e a l e d .  The main 

r e s e r v o i r  was c o n t i n u a l l y  s t i r r e d  a t  low speed  u s i n g  a magne t i c  

s t i r r e r .  The second  r e s e r v o i r  m a i n t a i n s  t h e  vapor  p r e s s u r e  o f  

a r e t o n i t r i l e  i n  t h e  main r e s e r v o i r ,  i n  o r d e r  t o  p r e v e n t  e v a p o r a t i v e  

l o s s e s  o f  a c e t o n i t r i l e  from t h e  m o b i l e  phase .  T h i s  a l l o w e d  l a r g e  volumes 

o f  niohi te  phase  t o  be p r e p a r e d  and used  w i t h o u t  changes  i n  t h e  r e t e n t i o n  

Lime o f  i n s u l i n .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
4
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



422 SMITH ET AL. 

A DuPont model 950 t h e r m o g r a v i m e t r i c  a n a l y z e r  (TGA) was used  t o  

d e t e r m i n e  t h e  v o l a t i l e s  c o n t e n t  of 10 ing samples  of t h e  i i i su l i i i  c r y s t a l s  

and i n s u l i n  r e f e r e n c e  s t a n d a r d s .  A h e a t i n g  r a t e  o f  5OC p e r  minu te  and 

n i t r o g e n  atmosphere ( a t  a f l ow r a t e  of 40 ml/min.)  were u s e d .  

Chromatography 

The mob i l e  phase  was p r e p a r e d  by making a s o l u t i o n  o f  0 . 1  M NaH2P04 

and a d j u s t i n g  t h e  pH t o  2.0 by a d d i t i o n  of c o n c e n t r a t e d  p h o s p h o r i c  

a c i d .  T h i s  s o l u t i o n  is  t h e n  mixed w i t h  a c e t o n i t r i l e  i n  t h e  p r a p o r t i o n s  

74:26 ( b u f f e r : o r g a n i c ) .  The m i x t u r e  i s  f i l t e r e d  and degassed  unde r  

vacuum. The f low r a t e  was no rma l ly  1.0 ml/min. I f  n e c e s s a r y  t h e  m o b i l e  

phase  a n d / o r  f low r a t e  were a d j u s t e d  s l i g h t l y  t o  a c h i e v e  a r e t e r i t i o n  

t ime  f o r  hunian i n s u l i n  of abou t  1000 t o  1300 s e c o n d s .  A l l  samples  were 

i n j e c t e d  a t  room t e m p e r a t u r e .  The i n j e c t i o n  volume was 10 o r  20 ~ i i i c r o l i t e r b .  

The column t e m p e r a t u r e  was 4OOC. 

System s u i t a b i l i t y  c r i t e r i a  based  upon t h e  s e p a r a t i o n  of i i i su l i i i  

and i t s  A-21 desaniido d e r i v a t i v e  were used t o  e n s u r e  t h r  q u a l i t y  of HPLC 

s e p a r a t i o n s  r u n  a t  any g iven  t i m e  and p l a c e .  A s o l u l i o r i  o f  human i n s u l i n  

i s  p r e p a r e d  a t  a c o n c e n t r a t i o n  of ahou t  1 . 6  mg/ml. A p o r t i o n  o f  t h i s  

s o l u t i o n  i s  chromatographed.  The r e s o l u t i o n  f a c t o r  (R) between t h e  

i n s u l i n  and t h e  desamido i n s u l i n  p e a k s  i s  t o  tie n o t  less t h a n  1 .8 ,  and 

t h e  t a i l i n g  f a c t o r  (T) of  t h e  i n s u l i n  peaks  i s  n o t  less t h a n  1 .8 .  

R=2(t2- t l ) / (W2+Wl),  where t 2  and t l  a r e  t h e  r e t e n t i o n  times of  t h e  

desamido and t h e  i n s u l i n  peaks  r e s p e c t i v e l y ,  and W2 and W I  a r e  t h e i r  

peak wid ths  measured a t  5% o f  peak h e i g h t .  T=Wo.05/2F; where WcI.os=width 

of i n s u l i n  peak a t  5% of  i t s  peak h e i g h t  and F= the  w i d t h  from t h e  l e a d i n g  

edge  of t h e  peak a t  5% of  t h e  peak h e i g h t  t o  t h e  peak  maximum. 
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DETERMINATION OF INSULIN POTENCY 423 

Preparation of Insulin Standards 

Standard curves were made by accurately weighing quantities of the 

appropriate species insulin reference standard to give concentrations of  

about 3 4 ,  4 0 ,  and 45 USP insulin units per ml at a pH of  between 8.5 and 

9 . 0 .  This was achieved by dissolving the standard in a solution of 0 . 6  

mg/ml Na,EDTA to which 6 n i l  o f  0 . 1  N HCI had been added per liter. 

Complete dissolution of the solids may require several hours. The 

soliltions may he sonicated briefly (515 seconds) to expedite this 

process. A portion o f  earh standard was injected into the 

chromatographic system. 'The chromatograms were recorded and area 

responses f o r  the main insulin peak determined. A standard curve was 

ronstructed by plotting the standard concentration versus the measured 

peak areas, using the linear least squares method. The curve was no t  

used if the relative standard deviation of the points from the line was 

more than 1.6%. These standard solutions were kept refrigerated and 

used for up to one month before being discarded. 

The desaniido content of the samples was quantitated by comparison 

of  its peak area to that of a standard diluted as follows. One m l  of 

approximately 40 U / m l  standard solution was transferred into a 50 m l  

volumetric flask and diluted with 0 . 6  mg/ml Na4EDTA solutions. The 

quantity of desamido in USP Insulin units was multipled by 0 . 9 ,  which 

is the biological activity of A-21 desamido insulin relative to that 

of  insulin. Total potency was determined as 1+0.9d;  where I=potency 

of  insulin and d=potency of desamido as calculated from an insulin standard. 

Preparation of  Samples 

The potency of insulin crystals was determined by quantitative 

preparation of an approximately 40 U/ml solution of the sample in the 
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424 SMITH ET AL. 

0 . 6  mg/nil EDTA s o l u t i o n  used f o r  p r e p a r a t i o n  o f  s t a n d a r d s .  T h r e e  

r e p l i r a t e  we igh ings  and d i l u t i o n s  were always made. I f  t h e  v o l a t i l r - f r e e  

p o t e n r y  was t o  be d e t e r m i n e d ,  t h e n  a TGA d e t e r m i n a t i o n  o f  v o l a t i l e s  i n  

t h e  sample was o b t a i n e d  c o n c u r r e n t l y .  

I n s u l i n  f o r m u l a t i o n s  were p r e p a r e d  f o r  chromatography hy t h e  

f o l l o w i n g  p r o r e d u r e s .  For n e u t r a l  r e g u l a r  i n s u l i n s  of 40 U / m l  

c o n c e n t r a t i o n ,  0 . 6  mg of  t e t r a s o d i u m  EDTA p e r  ml of  f o r m u l a t i o n  was 

weighed i n t o  t h e  v i a l ,  o r  a sn i a l l  volume o f  a c o n c e n t r a t e d  s o l u t i o n  of 

t e t r a sod iun i  EDTA was added t o  t h e  v i a l .  N e u t r a l  r e g u l a r  i i i s u l i n s  (NRls)  

o f  g r e a t e r  c o n c e n t r a t i o n  were d i l u t e d  w i t h  a Na4EDTA s o l u t i o i i  t o  y i e l d  a 

f i n a l  i n s u l i n  r o n c e n t r a t i o n  o f  about  40 U / m l  and a Na4EDTA conren t r r l t i o i i  

o f  0 . 6  nig/ml. P ro tamine  i n s u l i n  s u s p e n s i o n s  (NPHs) were f i r s t  

c l a r i f i e d  by a d d i t i o n  o f  an 80 mg/nil s o l u t i o n  o f  sodiur i  h e p a r i n  iii 

w a t e r .  T h i s  r e a g e n t  was s t o r e d  r e f r i g e r a t e d ,  b u t  b o t h  samples  and 

h e p a r i n  s o l u t i o n  were a l lowed  t o  come t o  room t e m p e r a t u r e  p r i o r  t o  

inixing.  One m i c r o l i t e r  o f  t h e  h e p a r i n  s o l u t i o n  was added f o r  each  20 

U n i t s  o f  i n s u l i n  p r e s e n t .  A f t e r  t h e  s u s p e n s i o n  c l a r i f i e d  t h e  sample was 

t r e a t e d  w i t h  t e t r a s o d i u m  EDTA aud d i l u t e d  i f  n e c e s s a r y  t o  o h t a i n  a 40 

U / m l  s o l u t i o n  r o n t a i n i n g  0 . 6  mg EDTA/nil. L e n t e  ( z i n c  i n s u l i n )  

s u s p e n s i o n  f o r n i u l a t i o n s  were r l a r i f i e d  by a d d i t i o n  Lo t h e  v i a l s  o f  1 nig 

of t e t r a s o d i u m  EDTA f o r  each  16 U n i t s  o f  i n s u l i n .  I f  n e c e s s a r y  t h e  

s o l u t i o n s  were t h e n  d i l u t e d  t o  a c h i e v e  a 40 U / m l  i n s u l i n  c o n c e n t r a t i o n .  

Three  i n j e c t i o n s  a n d / o r  r e p l i c a t e  d i l u t i o n s  o f  each  f o r m u l a t i o n  were 

made i n  a l l  c a s e s .  I f  t h e  r e l a t i v e  s t a n d a r d  d e v i a t i o n  o f  r e p l i c a t e  

p r e p a r a t i o n s  of  a s i n g l e  sample was g r e a t e r  t h a n  1.6% t h e  a s s a y  was 

r e p e a t e d .  

Method V a l i d a t i o n  

The r e p r o d u c i b i l i t y  o f  t h e  HPLC po tency  a s s a y  was t e s t e d  by 

comparing t h e  r e s u l t s  o b t a i n e d  by t h r e e  l a b o r a t o r i e s  f o r  s amples  from 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
4
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



DETERMINATION OF INSULIN POTENCY 

TABLE 1 

Average Assay R e s u l t s  f o r  NR1,NPH Assay V a l i d a t i o n  S tudy  

Lot Type Label  Lab a v e r a g e  (% l a b e l )  Average 
( u n i t s / m l )  1 2 3 I1 

42 5 

1 NRI 
2 NRI  
3 NRI 
4 NRI 
5 NRI 
6 NPH 
7 NPH 
8 NPH 
9 NPH 

100 
100 
100 
80 
40 

100 
80 
40 
40 

1 0 4 . 2  
9 9 . 0  

100.1 
99 .1  

101.5 
103.9 
96 .8  

101 . o  
101.5 

1 0 4 . 1  105.9 
99.9 100.1 

102.2 101.9 
100.5 99.4 
103.3 101.0 
105.4 105.7 
96.5 97.8 

1 0 2 . 3  101.3 
103.3 101.0 

t h e  same l o t s .  Nine l o t s  were u s e d ,  i n c l u d i n g  N R I  and NPH f o r m u l a t i o n s  

i n  4 0 ,  80, and 100 un i t /n i l  c o n c e n t r a t i o n s .  Most o f  t h e  l o t s  were 

a s s a y e d  o v e r  t h e  c o u r s e  o f  s e v e r a l  d a y s  i n  each  l a b ,  g e n e r a l l y  u s i n g  3 

r e p l i c a t e  a s s a y s  p e r  day on 3 d a y s .  T h i s  s t u d y  d e s i g n  a l l o w e d  t h e  

a s ses smen t  o f  v a r i a t i o n  w i t h i n  each  l a h  a s  w e l l  a s  t h a t  from one  

l a b o r a t o r y  t o  a n o t h e r .  A summary o f  t h e  l o t s  used and number of 

a s s a y s  run i n  each  l a b o r a t o r y  i s  shown i n  T a b l e  1.  

An a d d i t i o n a l  l i m i t e d  s t u d y  was c a r r i e d  o u t  f o r  t h e  Len te  

f o r m u l a l i o n .  One l o t  o f  Len te  i n s u l i n  was a s s a y e d  by 2 a n a l y s t s  from 

one  of t h e  l a b s  u s i n g  s e p a r a t e  i n s t r u m e n t s .  Ten r e p l i c a t e  a s s a y s  were 

o b t a i n e d  on  a s i n g l e  d a y .  T n i s  s m a l l e r  s t u d y  does  n o t  p e r m i t  t h e  

a s s e s s m e n t  o f  l a b - t o - l a b  v a r i a t i o n  b u t  does  s t i l l  p r o v i d e  some u s e f u l  

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

f o r m u l a t i o n s .  

One s o u r c e  o f  v a r i a t i o n  which was n o t  a d d r e s s e d  by e i t h e r  o f  t h e  

s t u d i e s  d e s c r i b e d  above was t h a t  due  t o  v a r i a b i l i t y  i n  t h e  s t a n d a r d s ,  

e i t h e r  t h rough  v a r i a t i o n  i n  p r e p a r a t i o n  t e c h n i q u e s  o r  v o l a t i l e s  

c o r r e c t i o n s ,  s i n c e  e a c h  s t u d y  used a common s t a n d a r d  s o l u t i o n  

t h r o u g h o u t .  A s e p a r a t e  d a t a  set was t h u s  needed i n  o r d e r  t o  measu re  any 
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v a r i a b i l i t y  induced by t h e  s t a n d a r d s .  Nine samples  were a s s a y e d  and 

t h e i r  r e s u l t s  were c a l c u l a t e d  r e l a t i v e  t o  t h e  a v e r a g e  o f  two 3 p o i n t  

s t a n d a r d  c u r v e s  f o r  each  o f  4 s e p a r a t e l y  p r e p a r e d  s e t s  o f  s t a n d a r d s .  

T h i s  d a t a  was used t o  e s t i m a t e  t h e  v a r i a t i o n  i n  t h e  r e s u l t s  which was 

induced by v a r i a b i l i t y  i n  t h e  s t a n d a r d  c u r v e s .  

RESULTS AND DISCUSSlON 

Chromatographic  C o n d i t i o n s  

'The s p e c i f i c  chromatography c o n d i t i o n s  used  i n  t h i s  work were 

p r e v i o u s l y  d e s c r i b e d  hy Kroe f f  and Chance ( 5 ) .  They r e a d i l y  s e p a r a t e d  

b o v i n e ,  human and p o r c i n e  i n s u l i n s ,  and A-21 desamidos from i n t a r l  

i n s u l i n s .  T y p i c a l  cllromatograms a r e  d e p i c t e d  i n  F i g u r e s  1 and 2 .  Low 

pH phospha te  b u f f e r s  have been w i d e l y  used f o r  t h e  r e v e r s e  p h a s e  

chromatography of p r o t e i n s  and p e p t i d e s ,  most f r e q u e n t l y  i n  combil ia t ion 

w i t h  a c e t o n i t r i l e  a s  t h e  o r g a n i c  m o d i f i e r .  Tlie u se  o f  a low p H  m o h i l r  

phase  w i t h  r e a s o n a b l e  i o n i c  s t r e n g t h  f r e q u e n t l y  p r o v i d e s  f o r  good p e a k  

s h a p e s .  Phospha te  b u f f e r s  a r e  of p a r t i c u l a r  i n t e r e s t  h e c a u s e  o t  t l i r i r  

good b u f f e r i n g  c a p a c i t y  a round  pH 2 . 1  and t h e i r  v e r y  low a h s o r h a n c e  i n  

t h e  r ange  of 210 t o  220 nm where t h e  g r e a t e s t  s e n s i t i v i t y  o f  d r L e c t i o n  i s  

r e a l i z e d  f o r  p e p t i d e s .  T y p i c a l  column l i f e  d u r i n g  c o n t i n u o u s  u s e  w d s  

abou t  4 t o  6 weeks.  Use o f  a c e t o n i t r i l e  a l s o  commonly r e s u l t s  i n  

good peak s h a p e s .  As has  been n o t e d  p r e v i o u s l y  (71, t h e  r e t e n t i o n  o t  

i n s u l i n  i s  q u i t e  s e n s i t i v e  t o  t h e  p e r c e n t  a c e t o n i t r i l e  i n  t h e  m o h i l r  

p h a s e .  Thus a 1% i n c r e a s e  o v e r  t h e  26% s p e c i f i e d  h e r e  can  r u t  t h e  

r e t enLion  time o f  i n s u l i n  i n  h a l f  and a 1% d e c r e a s e  c a n  n e a r l y  doub le  

t h e  r e t e n t i o n  t i m e .  I n  o r d e r  t o  p r e v e n t  o v e r l y  f r e q u e n t  " t i t r a t i o n s "  o f  

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

( abou t  20 m i n u t e s ) ,  r e l a t i v e l y  l a r g e  b a t c h e s  o f  m o b i l e  phase  (3  Lo 10 

l i t e r s )  were p r e p a r e d  a t  one time. To m a i n t a i n  r e t e n t i o n  t i m e s  r o n s t a n t  
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DETERMINATION OF INSULIN POTENCY 427 

FIGURE 1 .  Representative chromatograms (on a TMS column) of a 40  U/ml 
human insulin standard, an NPH formulation and a neutral regular 
formulation. Conditions as per text. 

Retention Time, s 

FIGURE 2. Representative chromatogram of a mixed beef/pork Lente 
formulation. Conditions as per text. 
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SMITH ET AL. 

over several days time, the mobile phases were placed in the reservoirs 

described above, which served to prevent evaporative losses of  

acetonitrile. 

As has been noted previously, operation of the chromatographic 

column at elevated temperatures enhances the retention of insulin and 

column performance. Maintenance of constant column temperature of course 

improves the precision of retention times and assays. 

This assay was primarily developed using the Zorbax TMS column. I t  

has also been extensively run on the Aquapore RP-300. Each column has 

its own benefits in terms of selectivity differences among various minor 

insulin-related suhstances. However, both are useful for this assay in 

that they resolve A-21 desamido insulin from insulin and they resolve beef, 

human and pork insulins. Recently, we have evaluated a series of columns 

for prptide and protein separation, including insulin. In terms of peak 

shape and efficiency, the Zorbax C8 lS0x pore column was found to be preferable 

to all others tested. Work done in other laboratories with additional columns 

suggests that they might be suitable also (4.6). 

Design of Standard and Sample Preparations 

The design of  this method was based upon the aforementioned need t o  

avoid acidifying all samples and standards. It was decided to dissolve 

the insulins at neutral or slightly alkaline pH to reduce or  eliminate 

deamidation. A uniform procedure for the treatment of the various 

forms of  insulin was also sought. The use of ethylenediaminetetraacetic 

acid (EDTA) was found to be the key to designing such a method. 

Injection of  10 p1 o f  neutral insulin solutions of 40 U/ml concentration 

in water were found to give spuriously high peak areas on some LC 

instruments. The addition of tetrasodium EDTA and/or raising the pH to 
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DETERMINATION OF INSULIN POTENCY 429 

8.5 or  h i g h e r  e l i m i n a t e d  t h i s  problem (a  f u l l  r e p o r t  o f  t h e  mechanisms 

o f  t h i s  e f f e c t  w i l l  be a t t e m p t e d  a t  a l a t e r  d a t e ) .  A t e t r a s o d i u m  EDTA 

c o n c e n t r a t i o n  o f  0 . 6  mg/ml f o r  a 40 U / m l  s t a n d a r d  s o l u t i o n  was 

a r b i t r a r i l y  chosen a s  s u f f i c i e n t  t o  complex a l l  of t h e  z i n c  p r e s e n t  i n  

t h e  i n s u l i n  c r y s t a l s  and t o  r a i s e  t h e  pH o f  t h e  s o l u t i o n .  

The s t a b i l i t y  o f  s t a n d a r d  s o l u t i o n s  o f  human i n s u l i n  i n  0 .6  mg/ml 

EDTA was s t u d i e d  a s  a f u n c t i o n  o f  pH and t e m p e r a t u r e .  P o r t i o n s  of a 40 

U / m l  s t a n d a r d  s o l u t i o n  were a d j u s t e d  t o  v a r i o u s  pHs o v e r  t h e  r a n g e  7 t o  

10, and were h e l d  r e f r i g e r a t e d  and a t  room t e m p e r a t u r e .  A l i q u o t s  were 

a s s a y e d  v e r s u s  f r e s h l y  p r e p a r e d  s t a n d a r d s  o v e r  a p e r i o d  of 144 h o u r s .  

I t  was found t h a t  t o o  h igh  a pH was d e t r i m e n t a l  t o  t h e  room t e m p e r a t u r e  

s t a b i l i t y  of i n s u l i n .  The d e c r e a s e  i n  main peak i n s u l i n  a r e a  a s  a 

f u n c t i o n  o f  t i m e  a t  pH 9 . 9  and room t e m p e r a t u r e  is d e p i c t e d  i n  F i g u r e  

3. A s  t h e  i n s u l i n  peak  a r e a  d e c r e a s e d ,  abou t  4 e a r l i e r  and  2 l a t e r  

e l u t i n g  components were obse rved  t o  grow. The amount o f  i n s u l i n  

r ema in ing  a f t e r  144 h o u r s  a t  room t e m p e r a t u r e  i s  d e p i c t e d  a s  a f u n c t i o n  

o f  pH i n  F i g u r e  4. The loss of  i n s u l i n  c l e a r l y  a c c e l e r a t e s  above  pH 9 .  

No decompos i t ion  c o u l d  be d e t e c t e d  i n  t h e  r e f r i g e r a t e d  samples ;  t h e  

a v e r a g e  r a t i o  o f  aged t o  f r e s h  samples  was 0 . 9 9 6 .  S t i l l ,  i n  o r d e r  t o  

make t h e  method a s  rugged a s  p o s s i b l e ,  a pH below 9 was chosen  f o r  t h e  

s t a n d a r d s ,  t o  maximize t h e  t i m e  which t h e y  c o u l d  b e  l e f t  on a n  

a u t o i n j e c t o r  p r i o r  t o  chromatography.  I n  a d d i t i o n ,  i t  was d e s i r e d  t h a t  

r e l a t i v e l y  l a r g e  amounts o f  s t a n d a r d s  b e  p r e p a r e d  a t  one t i m e ,  h e l d  

r e f r i g e r a t e d  and used  f o r  s e v e r a l  d a y s  a t  l e a s t .  To v e r i f y  t h e  

f e a s i b i l i t y  o f  t h i s  a p p r o a c h ,  l o n g e r  term s t a b i l i t y  d a t a  on r e f r i g e r a t e d  

s t a n d a r d  s o l u t i o n s  was o b t a i n e d .  F o r  6 human i n s u l i n  s t a n d a r d  s o l u t i o n s  

w i t h  pHs above 9 . 0 ,  a l ea s t  s q u a r e s  l i n e a r  f i t  t o  t h e  p o t e n c y  a s  a 

f u n c t i o n  o f  t i m e  i n d i c a t e d  decompos i t ion  r a t e s  o f  from 0 . 0  t o  0.5% p e r  

month i n  t h e  r e f r i g e r a t o r .  With s t a n d a r d  s o l u t i o n s  o f  pH 8.5 t o  9 . 0 ,  no 
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FIGURE 3. Deromposltlon of human insulin standards i n  EIITA solutlon d l  

room temperature and p H  9.9. 
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FIGURE 4 .  Human i n s u l i n  standard curve stability. Conditions: 144 
hours at room temperature in 0.6 m g f m l  EDTA. 
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DETERMINATION OF INSULJN POTENCY 43 1 

degradation could be detected after 6 months. This confirmed the 

importance of pH adjustment of the standards for maximum stability. 

With this procedure, standard curves can he prepared monthly or even 

less frequently. Our laboratories assay a large number of insulin 

samples, and less frequent preparation of standards increases 

efficiency. In addition, since larger weights and volumes are used, 

greater precision is realized. Quality control is also improved, since 

each new standard curve can be validated by comparison with the previous 

curve. 

The design of the method with regard to preparation of samples for 

chromatography was to provide stable solutions of approximately 40 U/m1 

concentration. Thus all types and strengths o f  insulin samples (of a 

given species origin) can be assayed versus a single set of standards. 

This allows for convenient and efficient assay of many samples. An 

additional benefit is the quality rontrol mentioned above, which would 

not be realizable with multiple s e t s  of standards t o  be kept track o f .  

Bulk insulin crystals can of rourse be handled the same as 

standards. Neutral regular insulin formulations are stable and 

completely solubilized, so it was only necessary to add EDTA to them and 

t o  dilute to 40 U/ml if necessary. As with the standards, it was found 

that EDTA should be added to these formulations to eliminate any 

possible matrix effects. 

The isophane insulin suspension (NPH) formulations presented a 

special problem. These are readily solubilized with acid, but the 

resulting solution is not stable. It was found that the protamine- 

insulin complex could not be broken with tetrasodium EDTA. However, 

protamines are commonly used as heparin antagonists, and indeed it was 
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432 SMITH ET AL. 

found that the protamine and insulin could be solubilized by addition of 

heparin sodium. A study comparing the addition of various amounts of 

heparin showed the specified amount to be sufficient for all NPH's 

tested. If an excess of heparin is added, very poor peaks for insulin 

ran result. It was also found that the reaction must be run at room 

temperature. I f  the NPH sample and/or the heparin solution are cold, 

the formulation may not clarify upon addition of the heparin. If 

this occurs, warming the solution and/or addition of more heparin will 

not clarify the sample. After clarification of NPH samples, EDTA was 

added for the sake of consistency with standards and other samples. As 

a result oC the buffering capacity of the protamine, the additioli of the 

tetrasodium EDTA does not raise the pH of the sample as it does with 

neutral regular and zinc insulin suspension formulations, 

A third type of formulation which was studied was Lente 

suspensions. These are suspensions consisting of a mixture of amorphous 

and crystalline zinc insulins. Extra zinc is added in the preparation 

of this formulation, above that originating from the bulk insulln 

rrystals. It was found that tetrasodium EDTA would readily clarify 

these suspensions, but amounts greater than the 0.6 mg/ml used with 

standards and the other formulations were required. 

Method Characteristirs 

The linearity of the chromatographic assay was assessed by 

preparing five insulin solutions over the range 0.94 to 2.06 mg/nil. 

This range brackets the working range specified above. Chromatography of 

these solutions showed the method linearity to be excellent: a 

correlation coefficient of 0.9998 was obtained and a maximum deviation 

from the least squares fit line of 0.56% was observed. 
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DETERMINATION OF INSULIN POTENCY 433 

The accuracy o f  the method was evaluated by matrix experiments. In 

these experiments, a single pipet was used to transfer a constant amount 

of a single concentrated insulin solution to a series of volumetric 

flasks. These were then diluted to volume with appropriate dilution and 

treatment solvents to obtain simulated standards, insulin in mobile 

phase, and simulated "treated" formulations. Since the final insulin 

concentrations were identical, and a fixed loop injector was employed, 

identical insulin peak areas should result. Within experimental error, 

this was found to be the case. In the case of Lente insulins, the 

formulation is too complex to properly simulate, so  EDTA treatment was 

rompared to clarification of the same samples with acid. 

The mean data from the interlab validation study using NRI and NPH 

material are summarized in Table 1 .  To estimate the precision of the 

HPLC assay, the data set was analyzed using a variance components 

estimation technique, accounting for the variability in assay rpsults 

hetween as well as within laboratories. Although there was some 

variation from one laboratory to another, the major portion of Lhe 

variability occurred among results obtained on the same day in the same 

laboratory. An estimated relative standard deviation (rsd) was also 

obtained for the Lente data. Since the validation study for Lente 

insulin was based on only one laboratory, the Lente rsd only pertains 

to the variability among results within a laboratory. The variation 

introduced by the standards, estimated to be 1.6% in the case where 

results are calrulated against the average of two 3 point curves, was 

also included in the estimated overall relative standard deviation. 

The estimated overall rsd's for assay results within a given lab are 

shown in Table 2 .  Overall variation of the assay including variability 

from one lab to another is shown in Table 3 .  
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TABLE 2 

Estimated Relative Standard Deviations for HPLC 
Assay Results Within a Laboratory 

Formulation Number of rep1 irates: 
1 2 3 

NRI 1.9% 1.8% 1 . 7 %  

Lente 1.8% 1 . 1% 1.1% 
NPH 2 . 3 %  2 . 0 %  1 . 9 %  

SMITH ET AL. 

TABLE 3 

Estimated Overall Relative Standard Deviations f o r  
HI’LC Assay Resiil ts 

Formulation Number of  replicates: 
1 2 3 

NR 1 2 . 1 %  2 . 0 %  1.9% 
NPH 2 . 4 %  2 . 2 %  2 . 1 %  

The room temperature stabiliLy of samples prepared for 

chromatography was assessed by preparing 1 1  samples of various hitman 

insulin formulations and storing a portion refrigerated while the 

remainder was left for 3 days at room temperature. Relative to the 

refrigerated samples, six NPHs showed a decrease after 3 days of froiii 

0 . 5  to 1.8%.  Three neutral regular formulations decreased from 1 . 2  to 

1.9%, and two Lentes l o s t  4 . 2  and 4 . 5 % .  Based on these resulLs it was 

concluded that NPH and neutral regular formulations could be left on a 

turntable overnight without significant losses. The large decrease in 

the Lentes reflects the high pH which results from addition of Lhe 

excess Letrasodium EDTA. In order to better characterize Lente sample 

stability, additional experiments were carried out. 

One lot of earh of seven insulin zinc suspensions (12s) were used 

to further examine the stability of IZS sample preparations. One vial 

from each lot was clarified as described in the Methods section, and 
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DETERMINATION OF INSULIN POTENCY 435 

TABLE 4 

Stability of IZS Sample Preparations 

pork Iletin”’ I 1  Lente’” 
Humulin“‘ all crystalline IZS 
Humulin”’ 70% crystalline IZS 
Iletin”’ I Ultralente“‘ 
Iletin”’ I Lente’” 
Iletin’” I Semilente”’ 
beef Iletin”’ I 1  Lente”’ 

% Change from Initial After 48 Hours 

Refirgerated Room Temperature 

- 0 . 6  - 3 . 2  
-1  .o  - 3 . 8  
- 0 . 2  - 1 . 7  

- 2 . 2  - 6 . 5  
- 2 . 8  - 7 . 5  
- 2  .o -7 .1  

’ - 0 . 4  - 5 . 2  

TABLE 5 

Comparison of HPLC Potency and Rabbit Bioassay Results 
for Human Insulin Zinc Crystals 

- 
X HSD Range 

Biopotency (U/mg) 2 8 . 0 6  2 .8% 2 6 . 4 - 2 9 . 1  

HPLC Potency (U/mg) 2 8 . 3 3  1.0% 2 7 . 8 - 2 9  .O 

from each vial, two replicate dilutions were made. One replicate was 

stored at room temperature, and the other replicate was stored in the 

refrigerator. The concentrations of  the two replicates was determined 

initially, after one day and after two days of storage at the two dif- 

ferent temperatures. The percent change after 48 hours was calculated 

based on a least squares fit of the data. The results are summarized 

i n  Table 4 .  After 48 hours, the pork formulation decreased by 0.6% 

at refrigerated temperature and by 3 . 2 %  at room temperature. The Humulin” 

formulations decreased by an average of 0.6% at refrigerated temperature 

and by an average of 2 . 8 %  at room temperature. However, after 48 hours, 

the beef and the mixed beef-pork formulations decrease by an average 

of 1.9% at refrigerated temperature and by an average of 6 .6% at room 
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temperature. This observation indicates that insulin zinc suspensions 

containing primarily bovine insulin are less stable than those formulated 

with either pork o r  human insulin. 

was not correlated with the pH of the sample preparation; all were between 

9 . 3 2  and 9.65. Comparing the two Humulin'" formulations o r  the Ultralente, 

Lente and Semilente, there does not appear to be any correlation with 

the rrystalline/amorphous ratio in the insulin zinc suspensions either. 

Based on the "worst case" degradation of beef IZS, prepared samples should 

remain at room temperature for less than 8 hours after preparation and 

at refrigerated temperature for less than 24 hours after preparation 

to insure that degradation remains below 1%. 

This difference in sample stability 

Comparisons with other Insulin Assays 

To validate the method described here, it was extensively compared 

to three other assays. Initially it was compared to the method which 

had been developed using hydrochloric acid solutions €or dissolving and 

diluting standards and samples ( 5 ) .  For assay of insulin crystals, the 

current and the acid treatment methods were in excellent agreement. For 

neutral regular and NPH insulins, resul ts  on the average were slightly 

lower with the new procedure ( 1  to 3%) than with the old. Matrix e f fec t  

experiments involving preparation of simulated standards and samples out 

of a single concentrated insulin stock solution indicated that the new 

procedure is  the more accurate of the two. 

The HPLC determination of insulin potency was also validated by 

comparison to the rabbit bioassay ( 8 ) ,  run with analytical reference 

standard human insulin. The results obtained for  21 lots of human 

insulin zinc crystals are summarized in Table 5. A t-test based on the 

paired differences between the biopotency and the HPLC potency results 
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DETERMINATION OF INSULIN POTENCY 437 

for  each of the 21 lots showed no statistically significant difference 

in average results between these two assays (t=-1.56, p-value=0.13). Of 

course, the HPLC assay is significantly more precise (p<.0001) than the 

rabbit bioassay. 

A third validation of the HPLC potency assay is the comparison with 

the results of a determination of insulin-related substances by HPLC 

( 5 ) .  HPLC potency and HPLC purity results for 57 lots of biosynthetic 

human insulin were compared. The potencies for these lots ranged from 

27.9 to 29.0 units/mg, while the purities ranged from 96.9% to 99.1%. 

The correlation coefficient for the potency versus purity results was 

0 . 5 4 ,  which is significantly different from 0 at the .0001 significance 

level. 

Alternative Procedure for 100 U/ml Formulations 

If only 100 U/ml formulations are to be assayed, standards may be 

prepared in 0.6 mg/ml EDTA around the 100 U/ml concentration. Complete 

dissolution of the standard insulin crystals at this concentration may 

take several hours. Injection volume should be limited to 10 p1. 

Samples of neutral regular insulin may be injected directly, NPH samples 

injected after clarification with 50 p l  heparin solution (per 10 n i l  

vial), and Lente samples injected after clarification with 50 mg of 

tetrasodium EDTA. The matrix effects observed i n  the absence of added 

EDTA at the 40 U/ml concentration were not seen at 100 U/m1, and so  EDTA 

need not be added to regular and NPH insulins. 

Simultaneous Determination of Preservatives in Formulations 

Phenol and m-cresol, preservatives commonly used to prevent microbial 

growth in insulin formulations, can be determined simultaneously with 
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insulin. This approach conserves sample and offers greater efficiency 

in the routine analysis of insulin samples. The reagents required are 

the same as those given in the Methods section. The apparatus is also 

the same except that either a dual wavelength detector of two single 

wavelength detectors connected in series are needed. Non-linearity w3s 

observed at 214 nm, so  detection of phenol and y-cresol is performed 

at 245 run where the extinction coefficients for the two are lower. 

Sample preparation is the same as described in the Methods section. 

Evaluation of the linearity, precision and recovery of Lhis approach 

as applied to preservatives in NPH, NRI and IZS formulations, found 

it to he good. The relative standdrd deviations were I % ,  Lhe log-log 

slopes were 1.02, and the recoveries 100 to 101%. 

CONCLUSION 

Reversed phase HPLC has been shown t o  be a precise and accurate 

analytical tool for the determination of the potency of insulins, both 

insulin crystals and formulations. As a result of the speed, precision, 

accuracy and specificity of this or improved chromatographic methods, it 

is to be expected that the biological tests of insulin potency will he 

replaced by HPLC n~ethods. 
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