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A number of reports describing reversed-phase separations of insulin, insulin-
related and non-insulin-related substances have recently been published~74.

Of the 74 references listed in Table I, all except refs. 7, 8, 9, 41, 46, 47, 49, 58,
59 and 60 used acetonitrile as organic modifier (alone or as principal constituent).
The stationary phase used was C,g in the majority of reports (all except refs. 6, 7,
10, 16, 18, 19, 20, 55, 57, 63, 64, 70 and 73). pH in the mobile phase was adjusted to
2-5 except in refs. 12, 22, 25, 30, 53, 58, 59, 60 and 69. Only in one of the 74 references
was the recovery of insulin peptide measured.

Since recovery and resolution are critical parameters when estimating the con-
tent of impurities in insulin preparations, we have investigated the influence of col-
umn length and inner diameter upon these parameters by using a single stationary
phase eluted with triethylammonium phosphate (TEAP), ammonium sulphate or
trifluoroacetic acid (TFA) in acetonitrile.

Column efficiency has been determined for insulin peptide and monodesami-
doinsulin (mol.wt. 5700), whereas recovery has been estimated for insulin peptide as
well as proinsulin—insulin dimers (mol.wt. 9000-12 000).

Furthermore, column-to-column and batch-to-batch variations for the actual
stationary phase have been investigated.

MATERIALS AND METHODS

High-performance liquid chromatographic (HPL.C) equipment: Waters M6000

* Parts of this paper were presented as Poster No. 1036 at the Fifth International Symposium on
High-Performance Liquid Chromatography of Proteins, Peptides and Polynucleotides, Toronto, 4—6 Novem-
ber 1985. The majority of the papers presented at this Symposium have been published in J. Chromatogr.,
Vol. 359 (1986).

0021-9673/86/$03.50 © 1986 Elsevier Science Publishers B.V.
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TABLE I

COMPOSITION OF MOBILE PHASES USED FOR REVERSED-PHASE HPLC OF INSULIN (IN-
SULIN AS ONE AMONG SEVERAL POLYPEPTIDES OR SEPARATION OF INSULIN FROM
DIFFERENT SPECIES) AND INSULIN-RELATED SUBSTANCES (DESAMIDOINSULIN, AR-
GININE INSULIN, ETHYL ESTER INSULIN, PROINSULIN, INSULIN DIMERS, A- AND B-
CHAINS AND IODINATED INSULIN DERIVATIVES)

Reference number

Insulin Insulin-related substances
Phosphoric acid 7, 39, 41 23, 50, 52, 53
Acid K/Na phosphates 19, 46, 64 9, 17, 18, 20, 27, 36, 45, 51
Phosphates + additives* 8, 40, 48, 67 3, 5,6, 15, 27, 31, 43, 54, 57
Other salts*™* 29, 38 4,11, 14, 22, 25, 34, 44, 50, 51, 55, 56, 65,

69, 70, 72, 74

Alkylammonium salts 26, 32, 33, 38, 42, 62 1, 12, 24, 53, 56, 59, 60, 65, 69, 74
Alkylammonium salts + 21, 28, 37 2,10, 13
additives***
Trifluoroacetic acid 5, 16, 32, 35, 61, 66, 73 68, 69, 71
Others® 47, 63 30, 49, 58, 59, 60, 71, 72

* Perchlorate or neutral salts.
** Ammonium sulphate, sodium sulphate, ammonium acetate or ammoniumphosphate.
*** Perchlorate.
§ Hexafluoroacetone3?, acetic acid*’, Tris—phosphoric acid*®, Tris®®, perchloric acid*°-6¢, acetic
acid-octanesulphonates3, formic acid”!, TFA-octanesulphonate’?.

pumps; WISP 710 B, 660 solvent programmer, 720 system controller, 730 data mod-
ule and 840 chromatography control station; Pye Unicam or Waters Ay, 480 UV
detectors.

Columns: 50 x 4.0 mm I.D. (LiChrocart), 125 x 4.0 mm L.D. (LiChrocart),
250 x 4.0 mm LD. (LiChrocart), 250 x 7.0 mm L.D. (HiBar steel column), 250 x
2.0 mm LD. (steel column). All columns were packed with LiChrosorb RP-18 (7
pum). The 250 x 2.0 mm I.D. column was packed by Mikrolaboratoriet (Aarhus,
Denmark). All other columns were supplied by Merck.

Mobile phases: three systems were used.

A B
(1) 0.125 M ammonium sulphate 0.125 M ammonium sulphate
(pH 4.0)-22.5% acetonitrile (pH 4.0)-45% acetonitrile
(2) 0.25 M TEAP (pH 3.0) 50% A-50% acetonitrile
(3) 0.05% trifluoroacetic acid 50% A-50% acetonitrile

Gradients were prepared by mixing buffers A and B.

Flow-rates: 1.0 ml/min (4.0 mm 1.D.), 0.25 ml/min (2.0 mm L.D.), 3.1 ml/min
(7.0 mm LD.).

Temperature: 45°C for system 1, ambient for systems 2 and 3.

Samples: (1) crystalline porcine insulin (Nordisk Gentofte A/S Batch G-63)
containing ca. 75% insulin peptide; (2) highly purified porcine insulin (Nordisk Gen-
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tofte A/S batch 297) containing >99% insulin peptide; (3) b-component isolated
from sample 1 (Sephadex G-50SF in 3 M acetic acid) containing primarily proinsulin
and insulin dimers.

Elution schemes:

(1) Isocratic elution: &’ =~ 10-15 for insulin peptide. Number of theoretical
plates (N) was calculated for insulin peptide. Resolution was estimated for insulin
peptide and monodesamidoinsulin. Sample: 1.

(2) Gradient elution: k&’ &~ 1015 for insulin peptide. System 1: isocratic until
elution of insulin peptide followed by a linear acetonitrile gradient (4%) during ap-
proximately ten times the mobile phase hold-up time. Systems 2 and 3: the acetonitrile
concentration was increased linearly or slightly concave (3-5%) during approxi-
mately 25 times the mobile phase hold-up time. Samples: 1, 2 and 3.

(3) Recovery analyses: the area under the UV curve obtained after gradient
elution relative to that obtained after injecting the same sample directly into the UV
photometer. Samples: 2 and 3.

N was calculated according to the formula N = 25(¢tp/W4.4)?, tr being the
retention time for insulin peptide and W, 4 the peak width measured at 4.4% peak
height. Resolution = 2.5(t"k— t3)/(W4 4 + Wi.4). Symbols marked ” indicate mono-
desamidoinsulin, ‘ indicates insulin peptide.

UV detection was performed at 215 nm, except for recovery analyses (280 nm).
Estimations of resolution, recovery and plate number were performed in triplicate or
more.

RESULTS

Gradient elution of 100 ug of crystalline porcine insulin and 100 ug of b-com-
ponent in relation to various column lengths and inner diameters are shown in Fig.
1 (system 1) and Fig. 2 (system 2), respectively. The elution positions for the principal
components (insulin peptide, monodesamidoinsulin, proinsulin and insulin dimer)
are marked on the figures.

Use of shallow acetonitrile gradients in system 3 did not result in any accept-
able resolution of insulin peptide and insulin-like components, due to poor peak
shape. Acceptable peak shape could only be obtained using steep acetonitrile gra-
dients (0-50% acetonitrile during 60 min), but, under these conditions, selectivity
(i.e. the ability to separate the numerous, closely related insulin-like components in
crystalline insulin) was seriously diminished.

Isocratic elution of 100 ug of crystalline porcine insulin using systems 1, 2 and
3 are shown in Fig. 3. Under these conditions, the use of TFA-acetonitrile resulted
in poor peak shape, whereas almost symmetrical peaks were obtained using TEAP
and ammonium sulphate in acetonitrile.

Resolution, plate number and recovery for LiChrosorb RP-18 columns in re-
lation to varying column length and inner diameter for systems 1 and 2 are given in
Table II. Due to the above-mentioned non-ideal peak shape obtained using system
3, correct estimations of recovery and resolution could not be performed. In addition,
the same parameters have been calculated for six individual 250 x 4.0 mm I.D.
columns, representing two different batches (Table IIT).
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Fig. 1. Gradient elution of 100 ug of crystalline porcine insulin (——) or 100 ug of b-component -
using LiChrosorb RP-18 columns with varying length and 1.D. Mobile phase: system 1. The peaks marked
with numbers correspond to insulin peptide (1), monodesamidoinsulin (2), proinsulin (3) and insulin dimer
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Fig. 2. Gradient elution of 100 ug of crystalline porcine insulin (——) or 100 ug of b-component (-—-)
using LiChrosorb RP-18 columns with varying length and I.D. Mobile phase: system 2. The peaks marked
with numbers correspond to insulin peptide (1), monodesamidoinsulin (2), proinsulin (3) and insulin dimer

.

DISCUSSION

Reversed-phase HPLC analyses of crystalline insulin using LiChrosorb RP-18
(7 pm) as stationary phase and TEAP or ammonium sulphate in acetonitrile as mobile
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Fig. 3. Isocratic elution of 100 ug of crystalline porcine insulin using a 250 x 4.0 mm LD. LiChrosorb
RP-18 column eluted with buffer system 1 (upper panel), system 2 (middle panel) or system 3 (lower
panel).

phase, are comparable in the main: all columns tested separated crystalline insulin
into two fractions, one being insulin peptide and insulin-like compounds (mol.wt.
5700), the other proinsulin-insulin dimers (mol.wt. 9000-12 000). However, minor
differences between the two buffer systems can be observed: the separation in the
proinsulin-insulin dimer region was better using buffer system 1, whereas insulin
peptide-monodesamidoinsulin was better resolved in system 2 (see Figs. 1 and 2).

It is common for both systems that satisfactory separation between insulin
peptide and monodesamidoinsulin requires a 125-mm column length, and optimal
separation of all components present in crystalline insulin (including proinsulin and
insulin dimers) requires a 250-mm column length. This emphasizes the need for max-
imum separation capacity when closely related polypeptides are analysed (long col-
umns, shallow gradients).

From the figures, it can further be concluded that a 4.0-mm inner diameter is
superior to 2.0-mm and 7.0-mm inner diameters, indicating potential problems in the
packing procedure for these columns. In the case of the 2.0 mm L.D. column, wall
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TABLE III

RESOLUTION PLATE NUMBER AND RECOVERY FOR SIX INDIVIDUAL 250 x 4.0 mm 1.D. LICHRO-
SORB RP-18 COLUMNS ELUTED WITH BUFFER SYSTEMS 1, 2 OR 3

Column Il ID. % Res- Theo- Vins
No. (mm) (mm) Acetonitrile olu- retical (min)
tion platesjm
509083 TEAP 250 4.0 26 2.56 6200 18.7
(NH,4),SO, 250 4.0 28 2.03 10000 30.6
TFA 250 4.0 33 n.d. 350 22.3
509222 TEAP 250 4.0 26 2.38 4800 18.1
(NH,),80, 250 4.0 28 2.03 10000 29.2
TFA 250 4.0 33 n.d. 330 20.2
509266 TEAP 250 4.0 26 2.51 6300 20.1
(NH,),S0, 250 4.0 28 2.36 7800 30.0
TFA 250 4.0 33 n.d. 310 19.5
508242 TEAP 250 4.0 26 2.50 5900 19.1
(NH,4),SO4 250 4.0 28 2.36 10700 304
TFA 250 4.0 33 n.d. 350 18.3
509226 TEAP 250 4.0 26 2.51 4500 17.5
(NH,),SO, 250 4.0 28 2.20 9900 30.4
TFA 250 4.0 33 n.d. 350 21.1
419289 TEAP 250 4.0 26 2.30 6100 229
(NH,4),;S0, 250 4.0 28 2.25 8500 39.0
TFA 250 4.0 33 n.d. 610 13.1

effects may explain some of the reduced separation effectivity. Contradictory to these
separations, TFA was found inapplicable for this type of analysis. This probably
reflects that the LiChrosorb stationary phase is a non-end-capped material which
needs shielding buffer additives in order to minimize non-specific adsorbtion. This
is fulfilled by TEAP and ammonium sulphate, whereas the diluted TFA is highly
ineffective as cover for free silanol groups.

Except for the 2.0 mm I.D. column, recovery for insulin peptide is close to
100%, independent of column geometry and buffer system. Recovery of b-component
was found to be substantially lower (60-80%), see Table II. Since the recovery of
insulin peptide and b-component were remarkably similar for the two buffer systems,
it may be concluded that the reduced recovery figures found for the 2.0 mm 1.D.
column can be referred to the deviating packing procedure. Recovery figures for six
individual 250 x 4.0 mm L.D. columns were identical. No column-to-column vari-
ations (identical batch no.) were found with respect to plate number and hydropho-
bicity (#x for insulin peptide under identical acetonitrile concentration), whereas
batch-to-batch variations in hydrophobicity were observed.

As can be seen in Table I, the majority of reversed-phase separations of insulin
and insulin-related compounds can be divided into two major groups, according to
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Column I 1.D. % Recovery (%)
No. (mm) (mm) Acetonitrile
Insulin b-Com-
peptide ponent
509083 TEAP 250 4.0 26-30 92.2 nd.
(NH,4),SO, 250 4.0 28-32 100.8 69.4
TFA 250 4.0 32-37 n.d. nd.
509222 TEAP 250 4.0 26-30 91.8 nd.
(NH,4),S0, 250 4.0 28-32 99.9 60.1
TFA 250 4.0 32-37 nd. n.d.
509266 TEAP 250 4.0 26-30 97.0 n.d.
(NH,),SO, 250 4.0 28-32 100.6 72.5
TFA 250 4.0 32-37 n.d. n.d.
508242 TEAP 250 4.0 26-30 90.7 nd.
(NH,),S0, 250 4.0 28-32 101.4 71.2
TFA 250 4.0 32-37 n.d. nd.
509226 TEAP 250 4.0 26-30 93.9 nd.
(NH,4),SO, 250 4.0 28-32 100.6 68.1
TFA 250 4.0 32-37 nd. n.d.
419289 TEAP 250 4.0 26-30 92.4 n.d.
(NH,),SO, 250 4.0 28-32 98.6 67.1
TFA 250 4.0 32-37 n.d. n.d.

the buffer substances used: one based upon acid or neutral salts and another em-
ploying ion-pairing substances (TEAP, TFA). The present work demonstrates that
identical results (with respect to separation capacity and recovery) can be obtained
when a single stationary phase is eluted with an ion-pairing buffer system or a salt
buffer.

ACKNOWLEDGEMENTS

We thank Ingelise Fabrin, Susanne Munch and Peter Krebs for skilful tech-
nical assistance.

REFERENCES

1 B. S. Welinder, S. Linde and B. Hansen, J. Chromatogr., 348 (1985) 347-361.

2 U. Grau, Diabetes, 34 (1985) 1174-1180.

3 L. Benzi, P. Marchetti, P. Cecchetti, F. Caricato, A. Masoni and R. Navalesi, J. Nucl. Med., 28 (1984)
81-84.

4 J. Markussen, K. H. Jorgensen, A. R. Sorensen and L. Thim, Int. J. Peptide Protein Res., 26 (1985)
70-717.



366 NOTES

5 P. Marchetti, L. Benzi, V. Pezzino, D. Gullo, A. M. Ciccarone, P. Cecchetti, A. Masoni, R. Vigneri
and R. Navalesi, J. Endocrinol. Invest., 1 (1985) 156.

6 D. J. Smith, R. M. Venable and J. Collins, J. Chromatogr. Sci., 23 (1985) 81-88.

7 J. P. Chang, W. R. Melander and Cs. Horvath, J. Chromatogr., 318 (1985) 11-21.

8 K. Hayakawa and H. Tanaka, J. Chromatogr., 312 (1984) 476-481.

9 B. R. Srinivasa, J. Chromatogr., 295 (1984) 236-239.

0 R. Obermaier and G. Seipke, Process Biochem., February (1984) 29-32.

1 J. Markussen, Int. J. Peptide Protein Res., 25 (1985) 431-434.

2 M. N. Lioubin, M. D. Meier and B. H. Ginsberg, Prep. Biochem., 14 (1984) 303-311.

3 T. Tarvin, Waters Lab. Highlights, 0175 (7/84).

14 M. Ohta, H. Tokunaga, T. Kimura, H. Satoh and J. Kawamura, Chem. Pharm. Bull., 32 (1984)
4641-4644.

15 P. Marchetti, L. Benzi, P. Cecchetti and T. Navalesi, J. Nucl. Med., 28 (1984) 31-34.

16 V. Lance, J. W. Hamilton, J. B. Rouse, J. R. Kimmel and H. G. Pollock, Gen. Comp. Endocrinol., 55
(1984) 112-124.

17 M. Knip, Horm. Metab. Res., 16 (1984) 487-491.

18 H. W. Smith, L. M. Atkins, D. A. Binkley, W. G. Richardson and D. J. Miner, J. Lig. Chromatogr.,
8 (1985) 419-439.

19 A. S. Chawla, 1. Hinberg, P. Blais and D. Johnson, Diabetes, 34 (1985) 420-424.

20 V. Pingoud and 1. Trautschold, Anal. Biochem., 140 (1984) 305-314.

21 H. S. Tager, Diabetes, 33 (1984) 693-699.

22 B. H. Frank, A. H. Pekar, J. M. Pettee, E. M. Schirmer, M. G. Johnson and R. E. Chance, Int. J.
Protein Peptide Res., 23 (1984) 506-515.

23 K. Hofmann, W. J. Zhang, H. Romovacek, F. M. Finn, A. A. Bothner-By and P. K. Mishra, Bio-
chemistry, 23 (1984) 2547-2553.

24 P. S. L. Janssen, J. W. van Nispen, R. L. A. E. Hamelinck, P. A. T. A. Melgers and B. C. Goverde,
J. Chromatogr. Sci., 22 (1984) 234-238.

25 B. H. Frank, P. J. Burck, F. F. Hutchins and M. A. Root, in K.-G. Petersen, K. J. Schliiter and L.
Kerp (Editors), Neue Insuline, Freiburger Graphische Betreibe, Freiburg, 1982, pp. 45-50.

26 J. Rivier, R. McClintock, R. Galyean and H. Anderson, J. Chromatogr., 288 (1984) 303-328.

27 A. McLeod and S. P. Wood, J. Chromatogr., 285 (1984) 319-331.

28 S. Shoelson, M. Fickowa, M. Haneda, A. Nahum, G. Musso, E. T. Kaiser, A. H. Rubenstein and H.
Tager, Proc. Natl. Acad. Sci. U.S.A., 80 (1983) 7390--7394.

29 M. Ohta, H. Tokunaga, T. Kimura, H. Satoh and J. Kawamura, Chem. Pharm. Bull., 31 (1983)
3566-3570.

30 G. E. Tarr and J. W. Crabb, Anal. Biochem., 131 (1983) 99-107.

31 K. Rose, H. De Pury and R. E. Offord, Biochem. J., 211 (1983) 671-676.

32 J. Rivier and R. McClintock, J. Chromatogr., 268 (1983) 112-119.

33 H. Jaffe and D. K. Hayes, J. Lig. Chromatogr., 6 (1983) 993~1013.

34 J. W. Marsh, A. Nahum and D. F. Steiner, Int. J. Peptide Protein Res., 22 (1983) 39—49.

35 Supelco Reporter 11, Supelco, Bellefonte, PA, 1983, pp. 6 and 7.

36 A. U. Parman and J. M. Rideout, J. Chromatogr., 256 (1983) 283-291.

37 S. Shoelton, M. Haneda, P. Blix, A. Nanjo, T. Sanke, K. Inouye, D. Steiner, A. Rubenstein and H.
Tager, Nature (London), 302 (1983) 540-543.

38 M. T. W. Hearn, B. Grego and C. A. Bishop, J. Lig. Chromatogr., 4 (1981) 1725-1744.

39 W. S. Hancock, C. A. Bishop, R. L. Prestidge, D. R. K. Harding and M. T. W. Hearn, Science
( Washington, D.C.), 200 (1978) 1168-1170.

40 K. J. Wilson and G. J. Hughes, Chimia, 35 (1981) 327-333.

41 G. Vigh, Z. Varga-Puchony, J. Hlavay and E. Papp-Hites, J. Chromatogr., 236 (1982) 51-59.

42 C.T. Wehr, L. Correla and S. R. Abott, J. Chromatogr. Sci., 20 (1982) 114-119.

43 G. Szepesi and M. Gazdag, J. Chromatogr., 218 (1981) 597-602.

44 P. Rivaille, D. Raulais and G. Milhaud, Chromatogr. Sci., 12 (1979) 273-282.

45 M. J. O’Hare and E. C. Nice, J. Chromatogr., 171 (1979) 209-226.

46 W. Monch and W. Dehnen, J. Chromatogr., 147 (1978) 415-418.

47 H. R. Morris, A. Dell, T. Etienne and G. W. Taylor, in T.-Y. Liu, G. Mamiya and K. T. Yasunobu
(Editors), Frontiers in Protein Chemistry, Elsevier, New York, 1980, pp. 193-209.

48 K. Morihari, T. Oka, H. Tsuzuki, Y. Tochino and T. Kanaya, Biochem. Biophys. Res. Commun., 92
(1980) 396-402.

1
1
1
1



NOTES 367

49 J. Markussen and U. D. Larsen, in D. Brandenburg and A. Wollmer (Editors), Insulin. Chemistry,
Structure and Function of Insulin and Related Hormones, Walter de Gruyter, Berlin, 1980, pp. 161-168.

50 L. F. Lloyd and D. H. Calam, J. Chromatogr., 237 (1982) 511-514.

51 L. F. Lloyd and H. Corran, J. Chromatogr., 240 (1982) 445-454.

52 M. T. W. Hearn, W. S. Hancock, J. G. R. Hurrell, R. J. Fleming and B. Kemp, J. Lig. Chromatogr.,
2 (1979) 919-933.

53 B. Gregoand M. T. W. Hearn, Chromatographia, 14 (1981) 589-592.

54 M. Gazdag and G. Szepesi, J. Chromatogr., 218 (1981) 603-612.

55 A. Dinner and L. Lorenz, Anal. Chem., 51 (1979) 1872-1873.

56 U. Damgaard and J. Markussen, Horm. Metab. Res., 11 (1979) 580-581.

57 R. E. Chance, E. P. Kroeff, J. A. Hoffmann and B. H. Frank, Diabetes Care, 4 (1981) 147-154.

58 D. H. Calam, J. Chromatogr., 167 (1978) 91-108.

59 M. E. F. Biemond, W. A. Sipman and J. Olivié, J. Liq. Chromatogr., 2 (1979) 1407-1435.

60 M. E. F. Biemond, W. A. Sipman and J. Olivi¢, in D. Brandenburg and A. Wollmer (Editors), Insulin.
Chemistry, Structure and Function of Insulin and Related Hormones, Walter de Gruyter, Berlin, 1980,
pp. 201-206.

61 H. P. J. Bennett, C. A. Browne and S. Solomon, J. Lig. Chromatogr., 3 (1980) 1353-1365.

62 D. Bataille, J. Besson, C. Gespach and G. Rosselin, in G. Rosselin, P. Fromageot and S. Bonfils
(Editors), Hormone Receptors in Digestion and Nutrition, Elsevier, Amsterdam, 1979, pp. 79-88.

63 N. Asakawa, M. Tsuno, T. Hattori, M. Ueyama, A. Shinoda and Y. Miyake, J. Pharm. Soc., 101
(1981) 279-283.

64 N. Asakawa, M. Tsuno, Y. Saeki, M. Matsuda, T. Hattori, M. Ueyama, A. Shinoda and Y. Miyake,
J. Pharm. Soc., 102 (1982) 43-48.

65 D. Kalant, J. C. Crawhall and B. 1. Posner, Biochem. Med., 34 (1985) 230-240.

66 S. Seino, Z. Z. Fu, W. Marks, Y. Seino, H. Imura and A. Vinik, J. Clin. Endocrinol. Metab., 62 (1986)
64—69.

67 M. Haneda, M. Kobayashi, H. Maegawa, N. Watanabe, Y. Takata, O. Ishibashi, Y. Shigeta and K.
Inouye, Diabetes, 34 (1985) 568-573.

68 A. E. Kitabchi and F. B. Stentz, Biochem. Biophys. Res. Commun., 128 (1985) 163-170.

69 J. M. Rideout, G. D. Smith, C. K. Lim and T. J. Peters, Biochem. Soc. Trans., 13 (1986) 1225-1226.

70 F. G. Hamel, D. E. Peavy, M. P. Ryan and W. C. Duckworth, Endocrinology, 118 (1986) 328-333.

71 O.Ladrdn de Guervara, G. Estrada, S. Antonio, X. Alvarado, L. Guereca, F. Zamudio and F. Bolivar’,
J. Chromatogr., 349 (1985) 91-98.

72 P. S. Adams and R. F. Haines-Nutt, J. Chromatogr., 351 (1986) 574-579.

73 J. D. Pearson, Anal. Biochem., 152 (1986) -189-198.

74 B. S. Welinder and F. H. Andresen, in J. L. Gueriguian (Editor), Hormone Drugs. Proceedings of the
FDA-USP Workshop on Drug and Reference Standards for Insulin, Somatropins and Thyroid-Axis
Hormones, United States Pharmacopeial Convention, Rockville, 1982, pp. 163-177.



