
JoumaI of Chromarogrophy_ 240 (1982) 445454 
Ekevier !kientifk Publishing Company, Amsterdam - Printed in The Netherlands 

CHROM- 14,716 

ANALYSIS OF INSULIN PREPARATIONS BY REVERSED-PHASE HIGH- 
PERFORMANCE LIQUID CHROlMATOGRAPHY 

L._ F_ LLOYD’ and P_ HI. CORRAN 
Chemirtry Secxtin, NarionaI Imrituxe for BiologicaI S~am.&r& and Control, HoI& Hill, Hampstead, London 

NIV3 6RB (Greax Brifain) 

(Fit received December ISth, 1981; revised manuscript received January 8th 1982) 

SUMMARY 

A reversed-phase high-performance liquid chromatographic system is de- 
scribed for the rapid and complete separation of bovine and porcine insulin from 
their readiiy formed monodesamido derivatives under isocratic conditions in the 
presence of the ion-pairing agent cetrimide. The system is suitable for the direct 
analysis of formulations of insulins of mixed bovine and porcine origin, and gives 
satisfactory results with a number of readily available commercial packings. Human 
insulin is not resolved from porcine in this system, but an alternative system allows 
the complete separation of all three insulins and their monodesamido derivatives, 
although acceptable peak shapes were obtained only on a limited number of pack- 
ings. 

INTRODUCTION 

A wide variety of insulin preparations, differing in formulation, duration of 
action and purity, is available for diabetic therapy. At present all materials use.d in 
Licensed preparations are derived from bovine and porcine pancreases. Although 
total chemical syntheses of insulin by classical fra_ment condensation and by stepwise 
solid-phase methods have been reportedrJ, neither approach has apparently proved 
commercially attractive, though both have been widely used for the preparation of 
analogues for bioactivity studies. Two recent methods for the large-scale production 
of human sequence insulins, one by semi-synthetic modification of the closely related 
porcine sequence’ and the other in genetically moditied micro-organisms (either pro- 
ducing A and B chains separately for subsequent combination or via proinsuli@, 
appear to be economically feasible, and insulins synthesised by both routes are at 
present under clinical trial in a number of countries. 

The amino acid sequences of all three insulins are very similar (Table I), with 
variations occurring in only three positions and the maximum difference being three 
substitutions between bovine and human. 

Although insulin preparations may often be required to be labelled with the 
species of origin, there is at present no officially recognised procedure for satisfac- 
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TABLE I 

SPECIES-SPECIFIC AhlINO ACID RESIDUES IN VARIOUS INSULINS 
- 

Species Position Composition 

A chuin s chin Th Ala 

8 10 30 

OX Ala Val Ala I 3 
Pig Thr 11s Ah 2 2 
Hl;mnn Thr Ilc Thr 3 1 

toriiy verifying this information where the insulin is of mixed origin. The Bririsil 
Pharmacopoeia (19SO)’ includes in the monograph for Insulin a test for species of 
origin in which the identity is deduced from the content of alanine and threonine 
following hydrolysis and amino acid analysis_ This procedure is not sufficiently sensi- 
tive to be applied to the determination of mixtures. Kowever. this information could 
be obtained fcr a mixture of porcine and bovine insulin if the A and B chains were 
separated before the amino acid determination. since bovine A chain contains no 
threonine and porcine A chain no alanine, but this procedure is both complex and 
time-consuming. 

Several reversed-phase hi&performance liquid chromatographic (I-II’LC) sys- 
tems for the Chromatography of insulins have been descrihed8-“~‘4*‘5, some of which 
separate native porcine insulin from native bovine. Only two systemsr6*‘” have been 
shown to resolve bovine and porcine insulins and their readily formed degadation 
products, the Al r monodesamido derivatives which are found to some extent in most 
preparations_ These forms of insulin possess similar biological potency to the native 
hormone and consequently no limit is set upon their content in pharmaceutical pre- 
parations- Most of the chromatographic systems mentioned above fail to resolve 
adequately bovine monodesamido-insulin from native porcine, and clearly this may 
&v-e rise to inaccuracy in results for mi_tures in which sipificant deamidation has 
occurred. It is desirable that any analytical method for an official specification should 
be shown to perform satisfactorily on packing materials from different commercial 
manufacturers.-In each caser6*‘” where resolution of a mixture of bovine and porcine 
native and monodesamido-insulins has been published, the separation has been 
demonstrated only on a single commercial packing. 

We describe here a simple isocratic system which achieves this separation, is 
suitable for the analysis of formulations and gives satisfactory results on a wide range 
of commercia1 packings_ The introduction of human sequence insulin preparations 
onto the market means that future systems should be capabk additionally of resolv- 
ing human native and monodesamido-insulin. In our system native human insulin is 
not resolved from native porcine, and experience suggests that most of the isocratic 
systems quoted above are unlikely to resolve human insulin from bovine and porcine, 
particularly when deamidation has occurred, because of inadequate selectiv3y or 
efficiency or both. We describeanother simple system which resolves alI these species 
and forms of insulin but which &es satisfactory results only on a limited number of 
the commercial packings examined. A preliminary account of the first system is in 
presP. 
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MATERL4LS 

Urea AR, ammonium sulphate AR, sodium dihydrogen orthophosphate and 
cetrimide (cetyltrimethylammonium bromidej were purchased from BDH (Poole, 
Great Britain), L( f)-tartark acid from Sigma (Poole, Great Britain). Acetonitrile 
was obtained from Fisons (Loughborough, Great Britain), or Rathbum Chemicals 
(Walkerbum, Great Britain), far-UV or ‘S’ grade. Iodoacetic acid (BDH) was re- 
cjstallised from petroleum ether before use. HPLC packings were: Nucleosil 5 m 
C,, (Camlab, Cambridge, Great Britain); LiChrosorb RP-IS (BDH); Hypersil ODS 
(Shandon Southern, Runcom, Great Britain); Spherisorb ODS (Phase Separations 
Queensferry, Clwyd, Great Britain); Ultrasphere ODS was purchased prepacked 
from Anachem (Luton, Great Britain) and Zorbax TMS prepacked from DuPont 
(Hitchin, Great Britain); Sephadex G-25 fine and G-50 superfine were obtained from 
Pharmacia (Hounslow, Great Britain). Crystalline highly purified native porcine, 
bovine and semi-synthetic human insulins were a gift of Novo Industries, Copen- 
hagen, Denmark. Monodesamido-insulins were obtained by chromatography of de- 
amidated insulin samples by a modification of published procedures’g. The purity of 
insulin samples was evaluated by polyacrylamide gel electrophoresis (PAGE) at pH 
5.3 (ref. 26). The European Pharmacopoeia first insulin biological reference prepara- 
tion (established 1976) was obtained from the European Pharmacopoeia Secretariat, 
Strasbourg. The fourth international standard for insulin for bioassay NIBSC 58/6 is 
held at this Institute as is the 6rst international reference preparation of human 
insulin for bioassay_ Purified bovine and porcine proinsulins were purchased from 
Novo Industries. 

APPARATUS 

HPLC apparatus was assembled form the following components: Altex 110, 
Cecil 201 or LDC 720 pumps, Cecil 272, 212 or Hewlett-Packard 1030B variable- 
wavelength UV monitors, and Shandon or home-made septum injectors or Rheodyne 
7125 valve injectors_ Columns (IO, 15, or 25 cm x 5 mm I.D.) were slurry-packed in 
propan-2-ol. Amino acid analyses were carried out on an LKB 4102 amino acid 
analyser. 

METHODS 

SJatern I. The mobile phase was prepared by mixing 75 volumes of 5 mM L- 

( +)-tartaric acid (or acetic acidjO. M ammonium sulphate with 25 volumes of 
acetonitrile. Sufhcient solid cetrimide was then added to give a final concentration of 
14 PM. Samples were dissolved in 5 mM tartaric acid-14 PM cetrimide or, in the case 
of neutral formulations, acid&d by the addition of 5 % v/v acetic acid. Formulations 
with pH less than 4 (e.g. soluble insulin BP) were injected direct. Septum injections 
were normally carried out with the llow stopped. The column eflluent was monitored 
at either 280 or 225 nm. Columns were stored in mobile phase. 

$-stem 2. The column eluant was prepared from 0.1 M sodium dihydrogen 
orthophosphate, adjusted to pH 2 with phosphoric acid, 70 volumes, and acetonitrile, 
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JO volumes_ The column was thermostatted at 45°C with a circulating waterbath, 
Crystalline samples were dissolved in 50 mM HCI, and formuiations were treated as 
described above. Detection was carried out at 210 or 280 nm. Columns were washed 
with methanol-water (I :Z vjv) after use. 

Peak identifcation- Peaks were collected, neutral&d, desalted on a column (20 
x 2 cm I.D.) of Sephadex G25 equilibrated with 5 m&f NH,HCO, lyophilised and 
rechromatographed by HPLC. Identity was confirmed by co-chromatography with 
suitable reference compounds or, to confirm that particular peaks were native or 
desamido-insulin, by PAGE at pH 8.3. 

Species identifcation br_ amino acid analysis 
Formulations were precipitated with an equal volume of 20 mM zinc chloride 

and dried- Crystalline insulin samples (10 mg) were dissolved in OS ml of 1.44 M Tris- 
I-ICI. pH 8.6. Then 0.6 g of urea and 10 ,uI of 0.135 1c-i EDTA were added, and the 
insulin was reduced by the addition of 5 ,uI of 2-mercaptoethanol followed by 4 h 
incubation at 37’C. Then 67 mg of recrystallised iodoacetic acid in 0.25 ml of 1 M 
NaOH were added dropwise, and the solution was allowed to stand in the dark for 20 
min. An equal volume of glacial acetic acid was added, the solution applied to a 
column (100 x 1 cm I.D.) of Sephadex G-50 superfine, equilibrated with 50”/, v/v 
acetic acid, and the peaks were eluted at 4 ml/h with the same solvent. Fractions of 1.5 
ml were collected, and the tubes corresponding to the second peak of 280 nm absorp- 
tion, containing the A chains, were pooled, diluted with water and lyophilised. The 
lyophilised solid was hydrolysed with 0.2 ml of 6 M HCl in a sealed, evacuated tube 
for 16 h at 1 lO’C, the HCl was removed over NaOH pellets in racuo. and a suitable 
aliquot (ca_ 20 nmol) was applied to the amino acid analyser- The purity of the A 
chain preparation was confirmed by the absence of phenylalanine (present only in the 
B chains), and the ratio of porcine to bovine insulin was determined by the relative 
amounts of threonine and alanine. 

RESULTS AND DISCUSSION 

Swtem 1 
When mixtures of bovine and porcine native and monodesamido-insulins were 

chromato_eraphed on reversed-phase columns with no ion-pairing agent such as cet- 
rimide, bovine monodesamido-insulin was inadequately resolved from porcine native 
(J 1.06). At high concentrations (0.027 M) of cetrimide, porcine and bovine insulin 
were not resolved from each other, but were well separated from the two unresolved 
monodesamido derivatives_ Over a range of cetrimide concentrations from 2.5 @f to 
25 mM al3 four of these compounds were completely resolved from each other (Fig_ 
1). Over the range M-25 pM cetrimide the absolute and relative retentions of the 
four peaks changed little, and a cetrimide concentration of 14 PM was chosen for 
routine use. When reversed phase columns were conditioned with mobile phase con- 
taining 14 fl cetrimide the time taken to establish stable retention times was exces- 
sive_ Accordingly columns were preconditioned with mobile phase containing 0.027 M 
cetrimide. The delay in breakthrough of cetrimide, detected by its ability to extract 

the dye orange G into chloroform, corresponded to the absorption by the packing of 
ca. 150 mg/g of cetrimide (ie_ ca. 30 ml for a 15-cm coiumn). Equilibration with 
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42s 

Mm 
Fig_ 1. Chromatogam of the Fourth international standard for insulin. Column. Hypenil ODS: mobile 
phase, 14 pdl cetrimide in acetonitrile pius 0.1 M AmSO,- mdf tartaric acid pH 3.0 (X:75). Peaks: a. 
bovine native insdin; b, porcine native insulin; c, bovine monodcsamido-insulin; d, porcine monodes- 
amide-insulin. 

mobiie phase containing 14 plM cetrimide was then continued until retention times 
had stabilised. Little variation was found between batches of Hypersil ODS and 
satisfactory results were obtained with LiChrosorb RP-18 and Nucleosil C,,. 

Reproducibility, recovery and detection limits 
The peak height for either bovine or porcine insulin varied Iinearly with 

amount injected over the range 0.25-100 pg (correlation factor, 0.9980), and it was 
possible to detect less than 0.1% of porcine monodesamido-insulin in a sample of 
bovine insulin. The detection limit for porcine insulin in bovine was about three times 
lower (IO0 pg was the maximum amount injected). 

Use for fornzulariom 
Under the conditions described, formulations containing protamine, globin 

and preservatives such as methyi p-hydroxybenzoate and phenol may be analysed 
without special preparation. Protamine and globin are retained on the column in- 
definitely, and #re use of a precolumn is advisable if more than the occasional sample 
of this type is to be analysed. When an acetonitrile concentration of 24% was used, 
phenol and methyl p-hydroxybenzoate were eluted well before bovine insulin and did 
not interfere with the analysis, but in the absence of these preservatives the acetoni- 
triie concentration could be raised to 25 % to allow a more rapid separation. 

Comparison with e_risting methods 
The proportions of porcine and bovine insulins present in three insulin samples 

of mixed origin were determined by the HPLC system described and by separation of 
A and B chains followed by amino acid anaiysis as outlined in the Methods section. 
All three preparations contained substantial amounts of monodesamido-insulins, and 
the proportions of each species were determined by summing the appropriate peak 
areas (measured at 280 run). The results of this comparison are Listed in Table II. The 
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agreement between results obtained by HPLC and by amino acid analysis of A chain 
preparations is satisfactory, particularly as conventional amino acid analysis typically 
has a coefficient of variation of CQ. 5.0 %, and small losses of threonine -relative to 
aIanine may be expected during hydrolysis. The precision of the HPLC technique 
seems adequate for a pharmacopoeial method, and the detection of better than 0.1 oA 
for one species in another, whether native or destido, is adequate for al.i practical 
purposes. 

The chief disadvantage of this chromatographic system is its inability to dis- 
tinguish human from porcine insulin (a 1.08). Since formulations of human insulin 
may become generally available in the near future this is a serious weakness and 
necessitated the development of an alternative system (2) capable of differentiating 
between porcine and human insulins. For complete resoiution of ail six compounds a 
25cm length column was employed and an operating temperature of 45°C was neces- 
sary to improve the selectivity of the system. The separation of all six compounds: 
bovine, human, porcine native and monodesamido-insulins is illustrated in Fig. 2. In 
contrast to the cetrimide system, the order of elution of porcine native and bovine 
monodesami do-insulin is reversed and porcine insulin is separated from human. The 
infIuence of temperature on capacity factor (k’) is shown in Fig_ 3. Elevation of 
column temperature caused a corresponding increase in k’ vaIues, giving at 45OC 
almost baseline separation of the peaks. In addition the decrease in viscosity of the 
eluant reduced the high back-pressure obtarned with a 25-cm column and s-pm 
packings. Under the conditions used, optimal column performance was always a 
prerequisite for separation of ali six insulins_ Some C,, packings examined (Li- 
Chrosorb RP-IS, Spherisorb ODS) gave poor insulin peak shapes despite good column 
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Fig. 2. Separation of-bovine, human and porcine native and monodesamido-insulins Column. IBra- 

sphere ODS; mobiie phase. acetonitri!e-sodium phosphate buffer pH 2 (30:70). Peaks: a,‘bovine native 
insulin; b, bovine monodesamido-insulin; c, human native in&in; d, porcine &ice insulin; e_ finman 
monodesamido-insulin; f, porcine monodesamido-imnlin. 

Fig. 3. Efkct of temperature on insulin separation e, &vine native-insulin; El, bovine monodesamido- 
insulin;0.human insulin: V. porcine native ins&in: &porciec monucksamid@-imutin 
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test eEicieccies; the most satisfactory results were obtained with Ultrasphere ODS 
an3 Hypersil ODS_ This HPLC method can also be used to determine the species of 
origin of cqsralline insulins and formulations. unambiguous assignment of species in 
this case being made by spiking a standard mixture of insulins with the unknown 
sampIes_ 

Detection of insulin-related contaminants in preparations 
Occasionaliy, unidentified minor components were observed in insulin 

preparations_ The relative amounts of these increased with ageing. Samples of for- 
mulated and bulk insulins subjected to accelerated degradation at elevated tempera- 
tures showed in addition many late-eluting peaks, probably owing to the presence of 
aggregated forms of insulin. However, we did not observe significant amounts of 
these components in formulations which had been subjected to normal treatment and 
which were within the expiry date. Since one of the most important immunogenic 
ccntaminants in insulin preparations is proinsulin, we examined the behaviour of 
purified bovine and porcine proinsulins in both systems (human proinsulin was not 
available)_ Bovine proinsuiin eluted sIightly later than, but was incompletely resolved 
from, porcine native in system 1. and porcine proinsulin was not eluted from the 
column. In system 2 bovine proinsulin was eluted slightly earlier than bovine native 
insulin whereas porcine proinsulin was eiuted after porcine monodesamido-insulin. 

Prediction of elution order of close&- relatedpeptides 

Several workers have attempted to establish methods of predicting the reten- 
tion times and elution order of peptides from a knowledge of their compositionzo-‘3_ 
While it is unreasonable to expect that these computational procedures may enable 
the ca.IcuIation of absolute retention times for different chromatographic systems and 
packings. one might hope that the relative retentions of the homologous series of 
peptides provided by the insulins and their monodesamido-derivatives used in this 
work would be correctly predicted_ in fact only one method predicted the eiution 
order in system 2 at 45°C with any accuracy. that of the 7c values used by PliSka et 
al.” (TabIe III). None of these methods predicted the rather unexpected behaviour of 

TABLE III 

ELW-ION ORDER OF INSULINS IN SYSTEM 2 
_- 

Insuiii7 ACIuaI Predicred ordert 
order 

Method I _lfelhod 2 Merhod 3 Menbd .+ 

Bovine native 1 4 1 1 6 
Bovinedesamido 2 6 5 2s 5 
Htunz.n native 3 1 1 2s 2 
Human desamido 5 3 4 5 1 
Porcine native 4 2 3 4 4 
Porcine desamido 6 5 6 6 3 

* Method 1: computej from relative Iipophilicities using Rekker ~onstanti”_ Method 2: calculated 
from retention c1~A5cients determined by reverss-phase HPLC with NaH,PO, pH 2 mobile phase and 
acetonitriIe _g-adient”_ Method 3: caIcuIated from n values as reported by Plislia et al.“‘. Method 4: 
caIculnted from Zf constantG3. 
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bovine proinsulin in this system_ Other workers”*” have also observed that bovine 
proinsulin is eluted much earlier relative to insulin than might he predicted from 
amino acid compositions, and that the relative retentions of native and proinsulin 
vary considerably from system to system, perhaps owing to interactions with residual 
silanols’q. 

That pcptidcs of identical composition but different sequence, or dia- 
stereoisomeric peptides differing at one position only, can be separated by reversed- 
phase HPLC indicates that other, less well understood, structural factors may be 
involved in retention, and perhaps the more variable C peptide of proinsulin differs 
sufficiently markedly in conformation under chromatographic conditions to explain 
the difference in retention observed. 

CONCLUSIONS 

In analysis of insulins, HPLC has advantages over conventional techniques 
such as amino acid analysis in that it is fast and sensitive and no sample preparation is 
necessary. Both systems described can be used for determining the species of origin of 
formulations as well as bulk insulins. In addition, these systems may be used to assess 
the purity of insulin preparations, although neither system was found suitable for 
quantitation of the content of bovine or porcine proinsulins to the very low relative 
concentration (less than 0.1%) required in the Brifish Hzamzacopoeia. 

REFERENCES 

1 

2 

J. E. Meienhofer, E. Schnabel, H. Brewer, 0. Brinkhoff, R. Zabel, W. Sroka, D. Kiostermeyer, D. 
Branderburg, T. Okuda and H. Zahn, Z. Narurfursclt 5, 18 (1963) 1120-I 128. 
P. G. Katsoyannis, A. M. Tometsko, C. Zalut, S. Johnson and A_ C. Trakatellis, Biochemisrr_v, 6 (1967) 
2635-2642. 

3 P. Sieber, B. Kamber, A. Hartmann, A. Johl, B. Riniker and W. Rittel, Heir. Chim. Acm, 60 (1977) 27- 
37. 

7 
8 
9 

10 
11 

12 
13 
14 
15 

16 
17 
18 
19 

A. Marglin and R. B. Merrifield, J_ Amer. Chem. Sot., SS (1966) 5051-5052. 
R. Obermeier aud R. Geiger, Hoppe-SeyIer’s 2. Physiol. Gem., 357 (1976) 759-767. 
D. V. Goeddel, D. G. Kleid, F. Bolivar, H. L. Heyneker, D. G. Yansura, R. Crea, T. Hirose, -4. 
Kraszewski, K_ Ikatura and A_ D. R&s, Proc. Nar. Acad. Sci_ U.S., 76 (1979) 106-110. 
Brifish Pkzacopoeia. Vol. I, HMSO, London, 1980, f+_ 2-U). 
H_ P. J. Bennett, A_ M. Hudson, C. McMariin and G. E. Purdon, Biocirem. J., 168 (1977) 9-13. 
W. Mizinch and W. Dehnen, J. Chromatogr., 147 (1978) 415-418_ 
W. S. Hancock, C. A Bishop, R L. Prestidge and D. R K. Harding, Science, 200 (1978) 1168-l 170. 
P. H. Corran and D. H. Calam. in A. Frigerio (Editor), Proceedings ofzhe Ninth Intemarional S_wz- 
posiwn on chromatography and eIectrophoresi& Elsevier, Amsterdam, 1979, 341-355. 
S. Terabe, R- Konaka and K_ Inou)ie. J_ Chromarogr., 172 (1979) 163-177. 
A_ Dinner and L Lorenz. Anal. Chem_, 51 (1979) 1872-1873. 
U. Damgaard and J. Markusson, Hormone ,Uemb. Res_, 1 I (1979) 533-588. 
hf. E. F. Biemond, W. A. Sipman and J. Olivii, in D. Brandenburg and G. A_ Wolhner (Editors). 
Proceedings of the Second International Inndin Sympusium, Aachen, C.F. R_, De Gruyter, New York, 
1984 201-286. 
M. E. F. Biemond, W. A_ Sipman and J. Olivie, J. Liquid Chromarogr., 2 (1979) 1407-1435. 
R. E. Chance, E P. Kroeff, J. A_ Hoffmann and B. H. Frank, Diabetes Care, 4 (1981) 136-139. 
L. F. Lloyd, Anal. Proc., 19 (1982) 131-133. 
J. SchlichtkruJl, J. Brange, A_ H. Christiansen, 0. Hallund, L. G. Heding and K. H. Jorgensen, 
Dibbews, 21 SuppL 2 (1972) 649-656. 

20 I. Mob&r and C. Horvzith, J_ Chromarogr., 142 (1977) 62w. 
21 J_ L_ Me& and Z. L_ Rossetti, J. Chromafogr., 211 (1981) 15-28. 



454 L. F. LLOYD, P. EL CORRAN 

22 V. Pk%a, M. !TcEmidt and 3.4.. FaucEte, 3. Chronmroogr_. 216 (1981) 79-92. 
23 K. J. Wilsm, A_ Honk, R P. Sr&zel andGJ_ Hugfics, Bkxhern. J., 199 (1981) 3141. 
21 G_ Siqesi and M. Gazdag 1. Chrcmatogr., 218 (1981) 597-602. 
3 hi_ Gazddg and G. Szepsi, J_ Clirotnatogr_. 218 (1981) 603-61L 
26 Brirish PF .amauopoeia, Vol. II, HMSO, London, 19S0, Appendk III, F A&5. 


