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INTRODUCTION

Since the introduction of alkylsilanized silicas of small
particle diameter as stationary phases for peptide separcztions
several years ago (1-4), the importance of reversed phase high
~rerformance liquid chromatography (RP-HPLC) has been growin-
continuously and is now a well established method for the as-
say of biological or synthetic peptides.

Several reviews dealt with variocus aspects of the applica-

tions of HPLC to peptides (5-9). The present review is uedica-

ted to the use of HPLC for the assay aof pharmaceutically twan

tant peptides.
GENERAL FEATURES OF PEPTIDE SEPARATIONS BY HPLC

Most of the work published was performed by using chemi--
cally modified silicas as stationary phases i.e. alkylsilani-
zed (CB or C18}-, alkylphenvl- or cvanoalkyl-silicas, and onl
few separations were reported on other stationary phases, e.q.
polystyrene - divinylbenzene copolymers 10} or ion exchangers
{11). Bonded phases have the advantage of high efficiency and
good reproducibility, but they can only be used within a pH-

range of about 2 to 7.5.
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Mobile phases censisting of mixtures of an aqueous buffer
with an organic modifier, e.g. acetonitrile, methanocl etec. are
usually employed. The parameters influencing the chromatogra-
phy, e.qg., the type of stationary phase, the type and the am-
ount of the organic modifier, the salt concentration in the
mobile phase, the pH, the temperature and the flow rate were
investigated for several groups of peptides, among these ocy-
toecin and vcsopressins (12,13), somatostatin, insulin and
others (14). A thorough treatment covering 32 hormonal pepti-
des and some proteins was published by O'Hare and Nice(l15,16).
A recent study inecluding vasopressins, oxytocin, ACTH, f-endar-
phin, glucagon and insulin stems from Biemond et al (58).

The nature of the organic modifier affords a limited de-
gree of selectivity, some peak reversals may oaccur (12,13,15).
0f great importance is the salt concentration in the mobile
phage and to some extent, also the pH. A minimal salt concen-
tration is mandatory for efficient chromatography (58). Dele-
tion of the salts results usually in broad peaks and marked
loss of resolution (15). Some peptides, e.g. Lyss—vasopressin,
could not be eluted at all without salts (12). Phosphate buf-
fers are extensively used because of their low UV absarbance.
Volatile buffers such as ammonium formiate are preferred if
the eluted substances must be collected for further investi-
gation., The kind of salt used has in most cases a minor in-
fluence upon the separation (17). It was found that chloride
could be substituted for phosphate (15) without negative ef-
fect,

A special buffer (triethylammonium ohasphate) was recom-
mended for high reseolution and high recovery especially for
large peptides which could not be eluted otherwise (14).
Changing the pH of the mobile phase is a suitable means to
solve separation problems, especially for peptides with ba-
sic amino acids. Lysa-vasnpressin and Drna-vasopreasin could
be separated in alkaline media only (12). However, most of

the separations were performed in the pH-range of 2 ta 4.
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Usually higher efficiency and shorter elution time ensue
from an elevation in temperature (15). This effect is, however,
sometimes accompanied by a decresse of selectivity (14). Most
seperations were therefore performed at room temperature.

Cationic and anionic ion pairing and column modifying
reagents such as hexanesulfonate, sodium dodecylsulfate
or tetraalkylammonium salts have been used to control the
elution of the peptides, Extensive studies were carried
out by the group of Hancock, Bishop and Hearn (8, 18).
Recently a study was published by Kinkel et al. (19).

The elution time of peptides is very sensitive to
the content of the organic modifier in the mobile phase.

Even slight changes may dramatically alter the elution time
(14, 15, 20). This effect can be utilized advantageously
for the preconcentration of aqeous peptide solutions on top
of the column (21), for example the determination of oxyto-
cin in low dosage ampoules (31) and the assay of somatosta-
tin in plasma extracts (45).

The separation of different peptides from each other was
explained in terms of the hydrophobicity of the side chains
of the amino scids, but in some cases conformational and hy-
drophobic properties of the whole molecule and its size had
to be taken into account (15,20,22). It was found that the
retention time of smaller peptides (< 15 amino acids) corre-
lated with the lipophilicity of the peptides, expressed in
terms of the fragmental hydrophobic constants of the amino
acids according to Rekker (23).

Detection is usually perfarmed at wavelengths between
200 and 220 nm, yielding very low detection limits for most
peptides. Even lower limits and enhanced selectivity can be
achieved with pre- or post column derivatisation. Post column
derivatisation of free NHz-groups with flucrescamine or o-
phthalaldehyde has been extensively used (24-26, 28, 29).
Precolumn derivatization was employed for oxytocin, vasoto-

cin and Arga-vasopressin (30).
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INDIVIDUAL PEPTIDES

Oxytocin, Lyse- Vagopressin and similar Nonapeptides

Krummen and frei separated Oxytocin from Lyss-vasopressin
and 3 other closely related peptides on alkylsilanized silicas
(12). The method was used for the guantitation of these hormo-
nes in pharmaceutical dosage farms by taking advantage of pre-
concentration effects (31, 32). Dosage forms containing 2 I.U./
ml could be examined using injection volumes up to 750 ul.

The results were in satisfactory accordance with those of the
biocassays (31, 33).

The high selectivity of the chromatographic system is
demonstrated in Fig. 1, which shows the separation of oxyto-
cin from 3 of its diastereoisomers.

Larsen et al (13, 34) separated oxytacin from 7 of its
diastereoisomers. The elution order depended an the kind of

arganic modifier and to a lesser extent on pH.

4 —
-
OJE Injecticon
2 4 .
1 = oxytocin 3 = [D-Tyr_,D-Gln Joxytccin
2 = (D-Gln Joxytocin 4 = [D-Tyr Joxytocin

Figurel : Chroma.ugram of 100 ul of a mixture of oxytocin and
diasterecisomers (= 20 pg/ml each). Gradient elution beginning
with 30% of phase B with a linear increase of 1%/min up to

50% of phase B. Conditions were as follows: caolumn RP 18, 5 u,
125 x 4.6 mm; flow rate 1.0 ml/min; pressure at column inlet
160 bars; UV monitor at 215 nm. In (33).
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Oxytocin, vasotoxin and Arge- vasopressin were deter-
mined in individual rat posterior pituitaries (30,35). The
gland extract was deproteinized and cleaned up by passage
through copper Sephadex. The resulting peptide fraction was
allowed to react with fluorescamine, and the fluorophors were
separated by RP-HPLC. The same chromatographic procedure was
applied for the purity testing of synthetic oxytocin, which
could be separated from 16 similar peptides (38).

The separation of oxytocin from vasopressin on a cation
exchange column was also reported (28). RP-HPLC was used for
the content uniformity testing of oxytocin tablets (36) and

for the in process control of the oxytocin synthesis (37).

Adrenocorticotropic hormone (ACTH), Enkephalins and related
peptides

Many groups are working in this field, which is of major

interest from the pharmaceutical and biological standpoint.
Accordingly, a great number of papers appeared and only the
most recent ones will be reviewed here. fFor earlier papers
reference is made to the previous reviews. Excellent separa-
tions of a large number of hormonal peptides have been achie-
ved by 0'Hare and Nice (15) with phosphate buffer 0.2 M -
acetonitrile gradients. The optimum chromatographic condi-
tions were thoroughly explored. 21 analoques of ACTH were
separated by Terabe et al (20) with tartrate buffer-acetoni-
trile systems containing butanesulfonate. The ion pair RP-
HPLC technique was chosen because ACTH contains many basic
amino acid residues. The effect of the nature of the residues
upon the elutian order of the peptides was discussed.

Ligand exchange chromatography on a copper-ammonia-silica-
column was applied to enkephalin degradation studies in mouse
hrain (SO0). Trifluorcacetic acid was recamrended for ion-pair
RP-HPLC of opioid peptides (51). Radioimmunoassay was used to
gquantify peptides isolated by RP-HPLC from bioloaical samples

(sz, 29).
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An acetonitrile-ammoniumacetate gradient with triethyl-~
amine gave sharp peaks for ﬂh-endorphin and related peptides
and was useful for checking their purity (54). Chromatogra-
phic conditions for the assay of tetracosactrin were investi-
gated in an attempt toc eventually replace the biocassay in the

Pharmacopeia (36).

Insulin

Dinner and Lorenz {(53) separated bovine insulin (51 amino
acids) by RP-HPLC from the by-products most commonly encounte-
red during its purification. Isocratic elution with a 0.2 M
ammonium sulfate/acetonitrile mixture was used. Bovine insu-
lin was separated from similar proteins such as porcine
insulin. Seemingly minar structural differences amang the
investigated proteins, e.g. the substitution of one aspara-
gine by aspartic acid, resulted in significantly different
retention times, A very good reproducibility was found.
Insulin was also chromatographed on controlled porosity
glass beads bonded with glyceryl propylsilane as stationary
phase (40). RP-HPLC separations of insulin and desaminoinsu-
lin (36, 58), of human, porcine and bovine insulin (20,58)
and of insulin from other peptides (14,15, 39, 47) were pub-
lished.

RP-HPLC was used for the analysis and purification of
insulin related peptides prepared by solid phase synthetic
procedures. Mobile phases containing B-mercaptoethancl allo-

wed the direct analysis of insulin reduction products (41).

Somatostatin

Somatostatin and its analogs were separated and purified

on uBondapak Cl8 columns with triethylammonium phosphate-ace-
nitrile mixtures (42, 43), Another study reports the separa-
tion of six analogs of somatostatin which were prepared by
saolid phase synthesis of their corresponding diastereomeric
mixtures followed by their complete resolution by preparative
partition chrometography (44). RP-HPLC with gradient elutiun
afforded resolution, whereas thin layer chromatography was

inadequate to resolve the diastereoisomeric mixtures.
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RP-HPLC was used in a study to elucidate the in vivo de-
gradation of somatastatin in the rat after intravenaus injec-
tion (45). Preparative RP-HPLC was employed for the purifica-

tion of somatostatin and its chemical precursor (60).

Calcitonin

The purity of solid-phase synthesized calcitonin was
testec by RP-HPLC (46). The method was also applied to iso-
lation and separation of the components of a mixture of
calcitonin like proteins secreted by human tumor-cells in
vitro (56). However, no complete resclution of the compo-
nents could be achieved. RP-HPLC may not be inherently ca-
pable of completely resolving all components of a natural

protein mixture.

Antibiotics
Commercial gramicidin claimed to have 100 % biclogical
activity was separated into 5 peaks, which were suggested to
be various conformers (22). A thorough study of bacitracin
was performed by Tsui (3). Structurally similar polypeptide
components of bacitracin powder were separated on uBondapak
Cl8 with gradient elution. The polymyxins, 3 group of closely
related cyclic decapeptides, were algo examined. Recently
Fong et al. (59) separated the polvmvxins Bl and B2 isgrrati-
cally with 22,5 % acetonitrile in aqueous tetramethyl-ammoni-
um chloride.
VARICUS PEPTIDES

The luteinizing hormone-releasing hormone (LH-PH;, a deca-
peptide, and two analogs were separated by Terabe '20). Sepa-
rations were also reported by other workers 7l4, 4§’

dprotinin "bovine pancreatic trypsin inhibitar of Kunitz!,
a polvpeptide with 58 amino acids, was assayed on a PP § co-
lumn by isocratic elution with a triethyl ammonium phaoschate-
acetonitrile mixture. An excellent reproducibility was obser-
ved :55;.

The inmsulin antagonist glucagon, a peptide with 29 amino
acids was chromatographed by RP-HPLC (1, 58) and on "glyco-
phase G" (40). A trifluoracetic acid-diethylamine-buffer was

also recommended for RP-HPLC of this compound (61).
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Synthetic peptides of the angiotensin type were separated
both isocratically (57) and with a 0,1 M phosphate buffer-ace-
tonitrile gradient (22).

REFERENCES

1) Burgus, R. and Rivier, J., in "Proc. l4th European Peptide
Symposium”, ed. Loffett, A,,Editions de l'Universite de
Bruxelles, Brussels, 1976, p. 85.

2) Tsuji, K., Robertson, J.H. and Bach, J.A.

J. Chromatogr. 39, 597, (1974).

3) Tsuji, K. and Robertson, J.H.
J. Chramatoqr. 112, 663, (1975)

4) Hancock, W.S5., Bishop, C.A. and Hearn, M.T.W
FEBS Letters 72, 139 (1976).

.

5) Karger, B.L. and Giese, R.W.,
Anal. Chem. 50, 1048A, (1978).

6) Rivier, J. and Burgus, R.,
Chromtogr. Sci. 10, 147, (1979}

7) Adams, R.F.,
Chromatogr. Sci. 9, 1273, (1979},

8) Hearn, M.T.W. and Hancock, W.S.
Chromatogr. Sci. 12, 243, (1979)

9) Boehlen, P.,
Psychopharmacaol. Bull. 15, 46, (1979)

10) Kroeff, E.P. and Pietrzyk, D0.J.
Analyt. Chem. 50, 502, (1978)

11) Voelter, W., Bauer H., Fuchs, S. and Pietrzik, E.,
J. Chromatogr. 153, 433, (1978)

12) Krummen, K. and fFrei, R.W.;
J. Chromatogr. 132, 27, (1977).

13) Larsen, B., fox, B.L., Burke, M,F. and Hruby, V.J.,
Int., J, Peptide Protein Res. 13, 12, (1979)




19: 06 24 January 2011

Downl oaded At:

PHARMACEUTICALLY IMPORTANT PEPTIDES

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

27)

28)

Rivier, J.E.,

J. Liquid Chromatogr. 1,

0'Hare, M.J. and Nice, E
J. Chromatogr. 171, 209,

343, (1978)

.C.,
(1979)

Nice, E.C. and 0O'Hare, M.J.,

). Chromatogr. 162, 401,

Hancock, W.S., Bishop, C
D.R.K. and Hearn, M.T.W.

J. Chromatogr. 168, 377

Hancock, W.S., Bishop,C.

Chem. N.Z. 43, 17, (1979

Kinkel, J.F.M., Heuver,
Chromatographia 13, 145,

Terabe, S., Konaka, R. a
J. Chromatogr, 172, 163,

Schauwecker, P., Frei, R.

J. Chromatogr., 136, 63,

Molnar, 1. and Horvath,
J. Chramatogr. 142, 623,

(1979)

.A., Battersby,

s

, (1979)

A. and Hearn,

)

G. and K
(1980).

nd Ken,
(1979)

W. and
(1977)

c.,
(1977)

raak,

I.,

Erni,

J.E.,

M.T.W.,

J.C.,

F

Recker, R., "The Hydrophobic Fragmental Constant"
7, p. 301

Elsevier, Amsterdam, 197

Frei, R.W., Michel, L. and Santi, W.,

J. Chromatogr. 126, 665,
Frei, R.W., Michel, (.
J. Chromatogr. 142, 261,

€Erni, F., Krummen, K.

Chromatographia 12, 399,

(1976)

(1977)

(1979)

Knox, J.H. and Szokan, G.

J. Chromatogr. 171, 439,

Radhakrishnan, A.N., Ste
and Udenfriend, S.,
J. Chromatogr. 132, 552,

{(1979)

in, S.,

(1977)

and Santi, W.,

and Pellet, A.

Licht,

A

Gruber,

K.

Harding,

Al



19: 06 24 January 2011

Downl oaded At:

1252 KRUMMEN

29) Lewis, R.V., Stein, S. and Udenfriend, S.,
Int. J. Pept. Protein Res. 13, 493, (1979)

30) Gruber, K.A., Stein, S., Brink, L., Radhakrishnan, A.
and Udenfriend, S.,
Proc. Not Acad. Sei. USA 73, 1314, (1976)

31) Krummen, K. and Frei, R.W.,
J. Chromatoqr., 132, 429,(1977)

32) Maxl, F. and Krummen, K.,
Pharm. Acta Helv, 53, 207, (1978)

33) Krummen, K., Maxl, F. and Nachtmann, F.,
Pharm. Technol. 3, 77,(1979)

34} Larsen, B., Viswanatha, V., Chang, S.Y. and Hruby, V,J,
Jd. Chromatogr. Sci. 16, 207, (1978)

35) Stein, S., Rubinstein, M. and Udenfriend, S.,
Psvchgpharmacol. Bull. 14, 29, (1978)

36) Calam, D.H.in "Proc. 12th Int. Symp. Chrom. Baden-Baden",
ed. G. Schomburg and L. Rohrschneider, Elsevier, Amsterdgam.

1978, p. 55.

37) Nachtmann, F.,
J. Chromatogqr. 176, 391, (1979)

38) Live, D.H., Agosta, W.C. and Cowburn, O.
J. Crg. Chem. 42, 3556, (1977}

39) Ménch, W. and Cehnen, 4.
J. Chromatogr. 147, 4l15, (1978)

40 Fischer, L.J., Thies, R.L. and Charkowski, D.
Analyt. Chem. 50, 2143,'1%78)

41) Hearn, M.T.W., Hancock, W,S., Hurrell, J.G.R.,
Fleming, R.J. and Kemp, B.,
J. Liquid Chromatagr. 2, 919, (1979)

42) Rivier, J., Spiess, J,, Perrin, M., Vale, W.,
Chromatogr. Sei. 12, 223, (1979)




19: 06 24 January 2011

Downl oaded At:

PHARMACEUTICALLY IMPORTANT PEPTIDES

43)

44)

45)

46)

47)

48)

50)

51

53

545

55)

Pradayrol, L., Vaysse, N., Cassigneul, J., Ribet, A.,
in " Horm. Recept. Dig. Nutr. Proc. Int. Symp, Horm.
Recept. Dig. Tract. Physiocl., 2nd", ed. G. Rosselin,
Elsevier, Amsterdam, 1979, p. 95

Meyers, C.A., Coy, D.H., Huang, W.Y., Schally, A.V.
and Redding, T.W.,

Biochemistry 17, 2326, (1978)

Bennet, H.P.J., Hudson, A.M., McMartin, C. and

Purdon, G.E.
Biochem. J. 168, 9, (1977)

—

Rivaille, P., Raulais, D, and Milhaud, G.

Chromatogr. Sci. 12, 273, (1979)

—

Damgaard, U. and Markussen, 1J.,
Horm. Metab. Res. 11, 580, (1979)

Feldmann, J.A. Cohn, M.L., Blair, D.,
3. Liguid, Chromatogr. 1, 833, (1978}

feldmann, J.A. and Cohn, M.L.
Chromatogr. Sei. 10, 225, (1979)

Guyon, A., Roques B.P., Guyon, f., Foucault, A.,
Perdrisot, R., Swerts, J. and Schwartz, J.
Life Sci, 25, 1605, (1979)

Dunlap, C.E., Gentleman, S., tLowney, L.I.,
J. Chromatogr. 160, 191, /1978)

Loeber, J.G., Verheoef, J., Burbach, J.P.H. and
Witter, A.,
Biochem. Biophys. Res. Commun. 86, 1288, (1979

Dinner, A. and Lorenz, L.,
Analyt. Chem. 51, 1872, (1979)

———

Coy, D.H.,
Chromatogr., Sci. 12, 283, {1979)

Nachtmann, F. and Gstrein, K.,

submitted to J. Chromatogr.



19: 06 24 January 2011

Downl oaded At:

1254

56)

57)

58)

59)

60)

61)

Nice, E.C., Capp, M. and O'Hare, M.J.,
J. Chromatoqr. 185, 413, (1979)

Hearn, M.T.W., Bishop, C.A., Hancock, W.S.,
Harding, D.R.K. and Reynolds, G.D.,
J. Liquid Chromatogr. 2, 1, (1979)

B8iemond, M.E.F., Sipman, W,A. and Olivie, J.
J. Liquid Chromatogr. 2, 1407, (1979)

Fong, G.W.K. and Khao, B.T.,
3. Liguid Chromatogr. 2, 957, (1979)

Trouquet, C., Guimbard, J.P. and Paolucci, F.

in "Horm. Recept. Dig. Nutr. Proc. Int., Symp. Horm.

Recept. Dig. Tract. Physiol. 2nd", ed G. Rosselin,

Elsevier, Amsterdam, 1979, p. 89

Bataille, D.,, Besson, J., Gespach, C. and
Rosselin, G., in Horm. Recept. Dig. Nutr. Proc.
Symp. Horm. Recept. Dig. Tract. Physigl. 2Znd",
G. Rosselin, Elsevier, Amsterdam, 1979, p, 79.

Int.
ed

KRUMMEN



