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ABSTRACT

The recoveries of substance P (SP) and five related peptides were evaluated on different types of solid-phase extraction sorbent. Best
results were obtained by use of a C,, silica gel cartridge. Marked differences of extraction yields occurred for the different peptide
fragments and, in general, recovery increased with increasing hydrophobicity of the peptide when reversed-phase materials like C, ; and
C, cartridges were used. This observation is indicative of a sorption~desorption mechanism by prevailing solvophobic interactions. A
similar trend was found when phenylpropyl silica gel (Cpy,,,,,), generally known as a reversed-phase adsorbent of lower hydrophobicity,
was used. It was concluded that a substantial participation of analyte-matrix =—= interactions has to be taken into account when
extraction yields are compared with corresponding values obtained by use of a C, cartridge. With CN silica gel cartridges, marked
differences in extraction yields were obtained by use of acetonitrile or methanol as the organic modifier. As an attempt to explain this
observation, conformational effects were assumed for the sorption—desorption behaviour of the peptides on the polar matrix.

INTRODUCTION

The undecapeptide amide substance P (SP) is a
member of the tachykinin family, with the se-
quence Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-
Leu-Met-NH,. It is one of the most investigated
neuropeptides and plays a key role in pain per-
ception. Furthermore, it seems to be involved in
the regulation of the extrapyramidal system, in
common with substance K, and in neuroimmun-
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ological pathways. SP is rapidly degraded in tis-
sue by different enzymic activities [1-11], generat-
ing a multitude of fragments.

The low concentrations of SP and related pep-
tides in biological samples require extremely sen-
sitive and specific detection methods. For this
reason samples are usually subjected to high-per-
formance liquid chromatography (HPLC) and
fractions which coeluted with the synthetic pep-
tides are collected. These are subsequently mea-
sured by radioimmunoassay (RIA) by use of a
specific antibody raised in rabbits against a con-
jugate of synthetic SP;_; and bovine serum al-
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bumin. The antibody exhibits no (or only negli-
gible) cross-reactions towards a variety of other
members of the tachykinin family, which share
the common C-terminal part Phe-X-Gly-Leu-
Met-NH,; where X represents the only variable
amino acid. *?°I-[Tyr®]-SP,_1; was used as the
radiolabel. Additionally, in order to minimize
possible interferences with both HPLC separa-
tion and RIA, it may be considered as a reason-
able assumption that reliable and reproducible
results can be obtained only by application of a
very efficient sample pretreatment.

During the past decade, the solid-phase extrac-
tion (SPE) technique [12-24] has proved to be
preferentially used for peptide extraction and of-
fers a rapid and highly valuable tool for sample
enrichment from biological sources. The undeca-
peptide amide SP possesses a hydrophilic N-ter-
minal region containing the basic Arg! and Lys3
residues and a hydrophobic C-terminal part con-
taining the Phe”-® amino acids. For this reason,
enzymic cleavage leads to formation of fragments
with a wide range of both polarity and basicity.
Therefore, interpretation of results from determi-
nations of SP-related peptides requires measure-
ment of their individual recoveries in biological
matrices in order to correct for extraction treat-
ment. Owing to the marked variation in their po-
larities, the chosen examples provided a suitable
means for the study of recovery values as a func-
tion of either the hydrophobicity of the SPE ad-
sorbents or of the SP fragments.

To our knowledge, no data are yet available on
the extraction yields of different peptides all asso-
ciated with the sequence of SP by use of different
types of SPE material. For this purpose, the re-
coveries of synthetic SPy_;;, SP2_11, SPa_;y,
SP4-11, SPs_;; and pyroGlu-SPs_i; (pGlu-
SPs_11) were determined by use of reversed-
phase [e.g. octadecylsilyl (C;s), octylsilyl (Cs),
phenylpropylsilyl (Cuneny1) silica gel], as well as
bonded-phase [e.g. cyanopropylsilyl (CN) silica
gel] SPE cartridges. Results were evaluated after
HPLC separation of samples and subsequent
RIA of appropriate fractions (HPLC-RIA cou-
pling) as described elsewhere [10,11,19,20,25-28].
This study was restricted to the measurement of
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SP fragments containing at least the C-terminal
SP¢.11 sequence, which also permits measure-
ment of N-terminally extended precursor forms
of SP, i.e. the total amount of the so-called “C-
terminal” substance P-like immunoreactivity
(SPLI).

EXPERIMENTAL

Materials and chemicals

SPE was performed by using a type spe-10
multiple extraction system from Baker (Gross-
Gerau, Germany). The velocity of either sample
application or rinse or elution was adjusted to 2
ml/min by a slight vacuum. As adsorbents Baker-
bond SPE cartridges (Baker) containing Cys, Cs,
Cpnenyt and CN silica gel were used. SP; i,
SP2_11, SP3_11, SP4_11, SP5_11 and pGlu-SP5,11
were obtained in HPLC quality from Peninsula
Labs. (Belmont, CA, USA). As the radiolabeled
antigen for RIA '2°I-[Tyr®]-SP;_,; from Penin-
sula Labs. was chosen. Methanol and acetonitrile
(both HPLC grade) and trifluoroacetic acid
(TFA, for synthesis) were purchased from Merck
(Darmstadt, Germany). Water was purified for
use in HPLC with a Seralpur Pro 90 C system
(Seral, Ransbach-Baumbach, Germany). Pep-
tides were dissolved in a special buffer system (as-
say buffer) described elsewhere [28-31], which
was also used for the RIA quantification and
mimicking the environment in cerebrospinal fluid
(CSF). In brief, the buffer system consisted of 0.1
M sodium phosphate (pH 7.5) containing 0.025
M EDTA, 0.15 M sodium chloride, 0.005 M
(0.02%) sodium azide, and 0.25% bovine serum
albumin. For HPLC separation a Spherisorb
ODS II column (125 mm X 4.6 mm LD.)
(Bischoff Analysentechnik, Leonberg, Germany)
was used.

Solid-phase extraction procedure

SPE cartridges were rinsed with 2 ml of metha-
nol followed by 3 ml of water, at a flow-rate of 2
ml/min. Then 250 pg of each peptide, dissolved in
2 ml of assay buffer, were passed through the car-
tridge at slightly reduced pressure. After a rinse
with 1 ml of 0.25 M aqueous acetic acid (w/v) and
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2 ml of water, the peptide material was eluted
with two 1-ml portions of 80:20 (v/v) acetoni-
trile—water supplemented with 0.1% (v/v) of
TFA. For estimation of the RIA blank value, a
buffer aliquot used for sample dissolution was
processed identically and the value was subtract-
ed from those obtained from measurement of a
sample spiked with SP or its fragments. The el-
uate was evaporated to dryness in a Univapo
SVC concentrator centrifuge (UniEquip, Mar-
tinsried, Germany) at 30°C and reduced pressure.
The residues from both samples and blanks were
dissolved in 200 ul of methanol containing 0.1%
of TFA and subjected to HPLC separation.

Chromatographic system

HPLC was performed with a gradient system
consisting of two pulse-dampened one-piston LC
T 414 pumps controlled by a Model 200 gradient
controller (both from Kontron Analysentechnik,
Munich, Germany) at a flow-rate of 1 ml/min.
For this purpose, aqueous acetonitrile containing
0.1% TFA was used. First an initial isocratic step
with 25% of acetonitrile was applied for 17 min.
The percentage of acetonitrile was linearly raised
to 31% from 17 to 31 min, and elution continued
isocratically up to 40 min. The acetonitrile con-
tent was then raised to 100% within 2 min, and
elution performed in this manner for 10 min. Re-
establishment of initial conditions was caried out
within 2 min followed by reequilibration of the
column for 15 min. The column was rinsed with
an equimolar aqueous solution of arginine and
lysine (5 mM) for 30 min, either before or after
each injection of a sample, in order to minimize
peptide adsorption on the column matrix via
residual silanol groups, and followed by a switch
to the starting conditions and reequilibration for
20 min before injection of another sample. In-
jection of samples was done by use of a type 7125
switching valve (Rheodyne, Cotati, CA, USA)
equipped with a 250-ul sample loop. Fractions (2
ml) were collected with a Frac 200 sample collec-
tor (Pharmacia, Uppsala, Sweden) and evaporat-
ed to dryness as described above. The residues
were dissolved in 200 ! of assay buffer and sub-
jected to the RIA quantification procedure (limit
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TABLE I

RECOVERIES OF SYNTHETIC SP, ,, AND RELATED
FRAGMENTS ON DIFFERENT SORBENTS WITH ACE-
TONITRILE AS THE ORGANIC MODIFIER

Sample volume, 2 ml, containing 250 pg/ml.

Peptide Recovery (mean + S.D., n = 6) (%)
CIS CS CPhenyl CN

SP,_,, SO+9 265 42%5 47+ 12
SP, |, 81+£9 36+4 616  64+3
SP, |, 92+9 54+9  90+8  T0+£2
SP, ., 9+4 82+6 91x16 59+6
SP,_ ., 86 + 10 73+ 8 76 £ 16 47 £ 7
pGlu-SP, ,,84 + 3 91 £ 6 95 £ 7 39 £ 2

of determination 20 pg, limit of detection 5 pg) as
described elsewhere [28-31].

RESULTS AND DISCUSSION

The results of the extraction procedures with
acetonitrile as the organic modifier are summa-
rized in Table I. A general trend towards an in-
crease of extraction yields with increasing hydro-
phobicity of SP fragments was observed with C, 3
and Cg materials. Nevertheless, use of the C;g
cartridge with SP3;_,; and SP,_,; produced a pla-
teau of recovery values virtually exhibiting an in-
verse U-shaped dependence of extraction yields
as a function of increasing retention time (and
thus reflecting a concomitant increase in hydro-
phobicity). In the same direction a deviation
from the gradual recovery increase was observed
with SPs_y; on the Cg matrix. In comparison
with the C; 5 material, the extraction yield is sub-
stantially lower with the less hydrophobic Cg ma-
trix. These observations suggest sorption—de-
sorption characteristics on the basis of prevailing
hydrophobic analyte—matrix interactions. The
extent of these effects depends markedly on the
length of the alkyl chain, and, as a consequence,
on the cartridge hydrophobicity.

With Cohenyr cartridges, which are more polar
adsorbents than Cg materials, a substantial in-
crease of recovery values was obtained for the
investigated peptides instead of the expected de-
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crease. For this reason, it seems that the sorp-
tion—desorption behaviour is influenced not only
by solvophobic solute-matrix interactions but al-
so by attractive forces based on n—n interactions
[32-34] between the Phe side-groups of the pep-
tide backbone and the aromatic substituents of
the cartridge matrix. This view is further support-
ed by observation of a marked increase of k' val-
ues of the Z-Phe-Phe dipeptide, which exhibits a
high density of n-electrons with respect to other
“low-rw-electron-density” peptides on rn-electron-
rich stationary phases (e.g. copolymers of styrene
and divinyl benzene) in comparison with alkyl-
bonded silica [35].

Unlike the results obtained by use of “pure”
reversed-phase materials, no general trend to-
wards improved recovery as a function of the
peptide hydrophobicity was observed on the CN
material. Recovery data exhibited a maximum
value (70%) for SP3_;,, which is a fragment of
intermediate hydrophobicity in the range of pep-
tides investigated. On the other hand, the more
polar as well as the more hydrophobic fragments
exhibited a substantial decrease of recoveries.
However, a markedly higher extraction yield
would have been expected for SP;_;;, owing to
its presumed ability to increase polar interactions
with the sorbent. Nevertheless, the reduced ex-
traction yields for SPs_;; and pGlu-SP;s_;, are in
accordance with decreased polar interactions due
to the hydrophobicity of these peptide fragments.

Currently we cannot give a comprehensive ex-

TABLE II

RECOVERIES OF SYNTHETIC SP, ,, AND RELATED
FRAGMENTS ON A CN CARTRIDGE WITH METHA-
NOL AS THE ORGANIC MODIFIER

Sample volume, 2 ml, containing 250 pg/ml.

Peptide Recovery (mean + S.D., n = 6) (%)
SP, ., 38+5
SP, ., 43+ 5
SP,_,, 65+ 5
SP, ., 67 + 7
SP,_,, 61 £ 9
pGlu-SP;_,, 72+ 6

153

planation of the underlying sorption mechanism.
However, it should be emphasized that the CN
matrix is able to undergo hydrogen bonding with
the amide linkages as well as with functional
groups of peptides and proteins (e.g. hydroxy,
amino, carboxy, imino, mercapto and guanidino
residues), which all contain exchangeable hydro-
gens. In general, as the hydrogen bonds become
stronger, the efficiency of acetonitrile to break
them decreases, and the peptide will be displaced
with more difficulty from the sorbent [36]. In such
cases, methanol is usually recommended as the
more suitable elution solvent [36]. In contrast,
however, when methanol was used as organic
modifier, extraction yields increased with increas-
ing peptide hydrophobicity, except for SPs_;;
(see Table II). This effect is surprising because it
is assumed that SP,_;; and SP,.,; might exhibit
the most polar and SPs_;; and pGlu-SPs_;; the
least polar interactions with the CN matrix com-
pared with the polarity of the other investigated
peptides. For this reason the more polar peptides
should be displaced more easily from the car-
tridge with methanol than with acetonitrile. Nev-
ertheless, it should be remarked that “binding”
interactions of peptides with appropriate sor-
bents may also depend markedly on the peptide’s
actual “hydrophobic surface”, i.e. on its confor-
mation. For this reason, conformational effects
as described for the unusual chromatographic be-
haviour of crown ethers on C;5 columns [36,37]
and their possible consequences towards interac-
tions of peptides with CN materials is one way to
interpret the results.

In this respect, it should be noted that a corre-
sponding effect may bring about the plateau in
recovery values, which was observed for SP;_;;
and SP4 ;; on the C,;5 cartridge (see above).

Sequential cleavage of amino acids from the
N-terminus of SP produces fragments with in-
creasing hydrophobicity in the sequence SPy_y;
< SP2_11 < SP3_11 < SP4..11 < SP5_11 <<
pGlu-SPs_;, owing to the gradual loss of hydro-
philic (e.g. the basic amino acids Arg' and Lys®)
and the concomitant preponderance of hydro-
phobic amino acids (e.g. Phe”'®). This fact was
shown by HPLC of different peptide species of
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the tachykinin family, which exhibited a substan-
tial hydrophobicity-dependent shift of retention
time values [38]. This effect was extremely
marked in the case of pGlu-SPs_;; [37]. In order
to approximate peptide extraction under real-
sample conditions (e.g. a sample of CSF), the
peptides were applied in a buffer solution mim-
icking their environment in CSF [28-31]. Recov-
eries of peptides directly subjected to HPLC were
quantitative (96-104%) and, therefore, results
from the present study permit a reliable compari-
son of extraction yields. Owing to the vast dis-
crepancies in recoveries often observed by use of
SPE materials from different suppliers [39], sor-
bents from only one producer were chosen. Fur-
thermore, in order to minimize interactions of
polar peptide sites with residual silanol groups of
the cartridge matrix “‘end-capped” sorbents were
applied.

The study is in accordance with similar investi-
gations exhibiting marked phase-to-phase varia-
tions during SPE extraction of pharmaceutical
substances [40]. It can be concluded that the more
hydrophobic the peptide the more marked is its
adsorption on C,g and Cg materials, whereas a
likely participation of n—= interactions must also
be taken into account when Cppe,y matrices are
used. Best results were obtained with C;g car-
tridges.

No general trend was found when CN car-
tridges were used with acetonitrile as the organic
elution component. In contrast, methanol fa-
voured recoveries of more hydrophobic peptide
fragments, although an increase in the extraction
yields of the more polar fragments was expected.
This observation may be attributed to different
inherent conformational effects rather than to a
preferential cleavage of hydrogen bonds (formed
between polar sites of the peptides and residual
silanols of the cartridge matrix) by methanol.

Nevertheless, the sorption—desorption mecha-
nism should be further investigated in order to
optimize extraction yields of peptides from bi-
ological sources.

We do not claim that this method is generally
applicable to the SPE extraction of a wide variety
of peptides, because marked batch-to-batch vari-
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ations [41] are always present, as well as phase-
to-phase and manufacturer-to-manufacturer
variations (see above). Furthermore, the choice
of an appropriate sample enrichment procedure
by use of SPE can also depend on the type of
biological matrix from which the peptide is ex-
tracted [41]. Despite these restrictions, the results
may be useful in the planning of similar experi-
ments.
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