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The behaviour of neurohypophyseal hormones and their anaIogue.s in reversed- 
phase high-performance liquid chromatography (RP-HPLC) has been the subject of 
recent investigations. E&ummen and Freil were able to separate the pharmaceutical 
peptides oxytocin, deamin o-oxytocin, lysin*vasopressin (LVP), omithine-vasopres- 
sin and 2-phenylalanine_LVP from each other and from by-products and additives by 
HPLC on octyl- or octadecyi-silica. However, the separation of ornithin~vasopressi 
from the next higher homologue, LVP, could be effected only at pH 10, a require- 
ment severely affecting the lifethe of the column packing material. A systematic study 
of the chromatographic properties of oxytocin and seven of its diastereoisomers, 
excluding only 3-D-isoleucine-oxytocin, was undertaken by Larsen et aL2s3_ With 
the exception of 6-hemi-wcystine- and 7-D-proline-oxytocin, aI1 the compounds could 
be comp!eteIy separated on an octadecyl-silica support. The influence 6f solvent, pH 
and salt concentration was also investigated by both groups. Neurohypophyseal 
hormones have also been included in studies of more general character, e.g., by 
Burgus and Riviefl and by O’Hare and NiceS, 

For most of the substances studied by Krummen and Frei difherences in 
chromatographic behaviour are indeed expected_ At neutral pH the net charge of 
oxytocin and deamin o-oxytocin is one and two units, respectively, lower than those of 
the other compounds_ Elimination of the phenolic hydroxyi group, accomplished by 
substitution of phenylalanine for tyrosine in position 2, also leads to profound 
changes in poIarity. Even replacement of an amino acid by its D-isomer can be 
expected to result in a rather dras& change of the properties of a compact cyclic 
peptide such as oxytocin. Of course not all positions are equally sensitive to con- 
f&urational changes, Not unexpectedly, the cysteine and tyrosine residues in positions 
I and 2, mspectively, were among those most easiIy afEcted_ Changes in ionic strength 
or pH were of relatively little importance for the separation, although the order of 
elution was reversed in some cases when the pH was increased from 4 to 6. How- 
ever, the choice of organic modiGer was found to exert a greater in&ence on the 
chromatographic behaviour 

l Present address: Pentapbam AG, “l&ge&se 109, C&002 &seI, Switrerland. 
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In the present investigation the separation properties of arginine-vasopressin 
(AW) and seven cfoseiy related anaIogues were studied (Table I). The effeas of the 
follow&g structural modifktioos were compared: (I) elimination of tie aamino 
group: (2) elongation of the arginine side chain and (3) inversion of the con- 
fimtion of the basic amino acid_ The composition of the mobile phase was varied 
using 0.05 M ammonium acetate or tritiuoroacetate as buffer, with methanol, ethanol 
or acetcnitile as organic modifxer. The stationary phase in ail cass was I- 
octadcxyl-silica_ The pH region was limited to 2,%X5 because of the low stability 
of the bonded p6ase below pH 2 and above pH 7. T6e choice of buffers was further 
dictated by the desire that these be voIatile and removable by Iyophiiization. 
Phosphate buffers and HCLNaCI mixtures were therefore not included. 

TABLE I 

STRUW OF ARCiINlXE-VASOPRESSM AND ANAJXGUES INVESTIGATED 
Ehr = Komoxgihe; Mpa = @-mercaptopropiouic acid. 

Rerlgms 
Arginine-vasopressin, D-arginine-vasopressin and their deamino analogues 

weie obtained from Feting (M&G, Swede& Other peptides were prepaid in this 
faboratofl’. AcGonitrile (HPLC ,erade; Rathburn Chemicals, Walkerbunz, Great 
Britain), methanol (analytical grade; May & Baker, Dage&am, Great Britain) and 
95 % etknol (a&yticaI _-de; Svensk Sprit, Stockboim, Sweden) were used without 
farther purification. Buff& solutions were 0.05 iW in total acid, and were prepared by 
titration of aqueous acetic or triffuoroacetic acid with concentrated ~onia to the 
desired pH and dilution to the final volume with Milli-Q reagent grade water 
&%il.lipore, Bedford, MA, UXA.). Aqueous solutions were passed through a 0.4* 
MF-Millipore filter and were then evacuated for several minutes, Organic solvents 
‘were degassed in an uItrasonic bath. 

HPLC prccedures 
The chromatomphic system (Waters Assoc., Milford, MA, U.S.A.) included 

-0 Model 6000-4 pumps. a Model 660 solveat fiow pro&met, a Model U6EC in- 
jector and a Model 450 variable-wavelength detector set at 220 n.m. The column 
(250 x 5 mm I.D.) was packed with l&pm octadecyl-silica (Nuckosil 10 G; 
LUacherey, Nagel & Co., Diiren, 6. F. R.) and was run at room temperature in the 



NolEs 429 

isocratic mode. The ffow-rate was 2 ml/min_ The peptides were dissolved in water 
(0.5 m&ml) and were injected in amoucts of 5-10 nmol. 

Since the deamino anafogues were least a%cted by changes in the eluent com- 
position, the most retarded peptide, l-deamino-S-r>-hornoa~~v~opr~i~ 
(VIII), was chosen as the reference. The concentration of organic component in the 
mobile phase was adjusted so as to produce a k’ value of ca_ 8 for this compound. 
The capacity factor, k’, is deiined by 

where V, is the retention volume of the substance of interest and K, the retention 
volume for an unretarded substance (usually the solvent). The retention data for the 
compound A are here discussed in terms of the Iogarithm of the separation factor 
(selectivity), Q, given by 

vR - vo k’s 
a!= VA-v0 =- (2) 

where V, > VA, and consequently 

log (I = log k’, - log k’, (3) 

where R is the reference substance L-deamino-S-n-homoarginine-vasopressin. The 
use of log a permits easy comparison of any two compounds, since: 

log CC- = Iog a, - log a, (4) 

JXESUL.TS AND DISCUSSION 

The dependence of log a on pEI in different solvent systems is shown in Table 
II_ The order of retention is the same in ail the systems investigated, with AVP as the 
least and l&amino-S-n-homoarginin~vasopressin as the most retarded component. 
The deamin o analogtrees are not afkcted by pH changes. In fact, for these peptides 
log a is quite independent dso of the choice of organic component in the mobile 
phase. Small deviations are observed only with ammonium acetate at pH 6.5. For 
the compounds carrying an a-amino group, on the other hand, a Iower pH value 
leads to considerabiy shorter retention times, probably as a consequence of the in- 
creasing degree of protonation of this group. The efkts are smdler in systems con- 
taining trifluoroacetic acid than in those containing acetic acid, which may be due to 
ion-pG formation with the stronger acids, In acetate buEers the pH dependence is 
greatly infiuenced by ffie nature of the organic co-solvent. The weakest effects are 
observed with acetonitrile, indicating that this solvent with its higher dipole moment 
is better able to solvate polar regions of the molecule than are the akoho13. The 
larger overall difherence between amino and deamino analogues in this solvent also 
supports such a concept, 

Changes ofiog Q related to structural modifications other than deamination are 
virtuaIIy independent of pH as shown by the parallel shifts within the sets of amino 



T
A

B
L

E
 II
 

IN
PL

U
B

N
C

E
 O
F 

SO
L

V
E

N
T

 A
N

D
 Il

U
FP

E
R

 C
O

M
PO

SI
T

IO
N

 O
N

 T
II

E
 L

O
O

hR
lT

C
lM

 O
F 

T
H

E
 S

E
PA

R
A

T
IO

N
 PA

C
I’

O
R

 C
I 

V
nl

uc
s of

 C
L

 rc
fc

r to
 tr

cp
ar

nt
io

n fr
om

 tll
c m

os
t r

ct
ar

dc
d c

om
po

ne
nt

, l-
dc

um
ln

o~
H

~n
~h

om
oa

rg
~n

in
c-

va
so

pr
cv

si
n 

(V
II

I)
, C

T
., te

xt
, C

ol
um

n:
 N

uc
lc

os
ll 1

0 C
L

8 
(2

50
 x 

5 
m

m
). 

E
lu

cn
t: u

s i
nd

lc
nt

ct
l; t

ol
ul

 ac
id

 co
nc

cn
tr

ut
lo

n,
 0.
05

 M
; f

lo
w

at
c,

 2
 m

l/r
ni

n,
 

--
 

__
-.

 
__

__
 

._
--

--
__

._
_-

__
.._

--
--

--
-_

__
__

_.
_ 

__
-_

^-
_-

 
._

__
_ -

 
__

--
-_

.-
_.

-_
__

.I
_-

-_
 

C
or

tl~
or

rt
lf

f 
So

lV
E

tlr
: ct
f,o

ff 
Sf

~l
vc

nt
: c

,tt
~o

tf 
so

h?
nt

: 
C

H
,C

N
 

L.
.--

I..
l 

__
...

-_
 -

__
_-

.-_
.--

I--
 

---
 

-I 
-, 

.- 
__

_ _
_”

 ._
_.

 - 
._

I 
--_

L _
...

-_
 -._

- 
_.

.- 
_-

-_
-_

__
__

__
__

 
-I_

-_
 

C
t$

C
O

O
N

ti4
 

bu
flc

r 
C

t1
3C

O
O

N
tI,

 
hf

fe
r 

C
t$

C
O

O
N

ti,
 

br
rff

cr
 C

H
JC

O
O

N
H

~ lu
ge

r 
C

i$
C

O
O

N
H

, h
ff

cr
 

C
H

aC
O

O
N

H
d b

@
cr

 
__

__
__

__
_ 

“.
_.

_W
. 

I.-
-- 

-_
_ 

,-s
_-

 
_.

__
 -._

. 
__

^-
_.

_-
_ 

- 
pH

2,
5 

40
 

6,
5 

4,
0 

6,
$ 

2,
s 

4,
O

 
6.

5 
4,

O
 

6,
5 

2,
3 

(1
.0

 
6.

5 
4.

0 
6,

5 
--

*-
- 

__
__

__
__

__
.._

_-
._

 
_.

_.
. --

-_
 -_

-_
-”

 
._

._
 --
_-

_I
-.

--
. 

_.
.^

 __
_.

^.
. -.

__
--

__
__

-_
__

__
.._

_l
_ 

I 
(L

.A
~&

V
P 

0.
47

 
a4

4 
0.

35
 

0,
59

 
0,

33
 

0.
42

 
08

38
 0

.3
4 

0,
68

 
0,

38
 

0,
51

 
0.

48
 0

,4
0 

0,
50

 
o.

rH
) 

II
 

(L
-M

nr
@)

.V
P 

0.
45

 
44

2 
0.

33
 

0,
58

 
0.

30
 

0,
39

 
0,

37
 

0.
31

 
O

h6
 

0,
32

 
0,

49
 

0.
47

 
0.

37
 

0.
47

 
0,

36
 

II
I 

@
.A

rg
’)

W
 

0.
43

 
04

40
 0

83
2 

08
54

 
0,

26
 

08
37

 
O

n3
5 

0.
29

 
0,

63
 

0,
29

 
0,

49
 

0.
46

 
0,

37
 

0.
47

 
0.

36
 

IV
 

(n
-f

Ia
lq

.V
P 

0.
38

 
0,

36
 

0,
27

 
0,

50
 

08
22

 
0,

32
 

0,
31

 
0.

24
 

O
S9

 
0.

24
 

0,
45

 
0,

42
 

0.
33

 
0.

43
 

0.
31

 
V

 
(M

pn
’,

~.
A

rg
~)

W
 0,

12
 

08
12

 0
.1

2 
0,

12
 

0.
15

 
0,

12
 

0,
ll 

0.
12

 
0,

13
 

0,
13

 
O

*I
l 

0.
11

 
0.

11
 

o,
(r

) 
0.

12
 

V
I 

(M
pa

L
,b

Ii
nP

)~
V

P 
0,

ll 
O

Jl
 

0.
11

 
0,

lO
 

0,
12

 
O

JO
 

om
 

0.
10

 
0.

11
 

0,
ll 

0.
09

 
0.

m
 

0.
09

 
0.

08
 

0.
10

 
V

II
 (

M
pn

’,
 ~

A
rf

).
V

l’
 

0.
06

 
0.

05
 

0,
06

 
0,

06
 

0,
07

 
0,

O
G

 0
,O

S 
0.

06
 

0,
06

 
0,

06
 

0,
O

S 
0,

06
 

0.
05

 
0.

04
 

0.
06

 
V

Il
I(

M
po

’,
 w

?W
).

V
D

 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

- 
- 

--
--

--
_.

- 
-_

--
.-

.-
--

--
--

-.
-.

.-
 

_-
 

_.
_.

_I
 

_.
_ -

_.
_.

--
-_

^_
-_

_ 
-_

I-
 



NOTES 431 

arid deamirto wmpou~ds_ Small deviations from parallelism are observed only in 
the presence of acetate. Next to d eamination, inversion of ffie co&uration of the 
basic amino acid yields the greatest e&&s on log (I. The largest cM%erence is observed 
for the dean&o analogues, indicating that in those mokcules greater portions are 
made accessible for interaction with the hydrophobic stationary phase. Substitntion 
of homoarginine for arginine produces smaller shifts of log a. However, the e&&s 
are more pronounced for the D- than for the L-isomers. En the former, therefore, the 
side chain of the basic amino acid residue seems to be exposed to the environment 
to a greater extent than is the case for the peptides containing L-arginine or L-homo- 
arginiae. 

From the data presented in Table II, ammonium acetate at pH 6.5, &mixed 
with methanol or ethanol, would seem the best choice of mobile phase for separation 
of the peptides investi_gated_ A typical chromatogram illustrating the influence of the 
three types of structura.I mod&&ions in such ;P solvent mixture is shown in Fig_ 1_ Of 

~artimlar interest is the complete separation of D-arginine- and I&amino-8-~-a& 
nine-vasopressin from the corresponding homoarginine compounds at this rather 
Iow pH value, Acetonitrile, frequentIy advocated as “the organic modifier” in 
RP-HPLC of peptides, in this case yields the least satisfactory results. 

E 
&*z- 
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z 01: . . 

0 10 to. 30 rob 
RUTION VOLUHE(mLl 

Fi_ I_ chmmatogcam of vzlJpressin analogues. Column: Nuckosil 10 C,, (250 x 5 mm). Fluent: 
O-05 A4 CHsCOON& (pH 6_S)-CH,OH (39x, v/v); flow-rate, 2 ml/&. Sample size: $-IO nrnol. 
For identification of peaks see Table 1. 
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