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Abstract

High-flow pneumatically assisted electrospray ionization mass spectrometry (ESI-MS) has been extensively used for the
characterization and determination of peptides and peptide hormones available for biomedical research and therapeutic
applications. The aim of this study was to optimize a method of characterization and determination of a mixture of peptide
hormones with therapeutic interest by liquid chromatography (LC) coupled to ESI-MS. In this work the linear solvation
energy relationship methodology was used in order to optimize the mobile phase to be used in the LC separation of the
peptide hormone series and the operational parameters of the source and analyzer of ESI were also optimized to obtain the
best signal stability and the highest sensitivity. To validate the proposed method for peptide hormone analysis, quality
parameters were determined and satisfactory results were obtained. Likewise, the method detection limit was picomole level

n1for most of the peptides employing selected-ion monitoring of the [M1nH] ions.  2000 Elsevier Science B.V. All
rights reserved.
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1. Introduction efficient separation and identification of components
in mixtures with greater specificity than can be

Over the last few years, high-flow assisted electro- obtained using liquid chromatography and ultraviolet
spray ionization mass spectrometry (ESI-MS) has detection.
been extensively used for the characterization and The main goal of this work is the establishment of
determination of peptides and peptide hormones a methodology of analysis of commercially available
available for biomedical research and therapeutic peptide hormones by liquid chromatography coupled
applications [1–5]. The combination of liquid chro- to electrospray mas spectrometry in order to apply
matography (LC) with mass spectrometry allows this method to the analysis of the synthesis crudes of

peptides and other biological peptide samples. In this
way, in our work, we propose a quantitative method

qPresented at the 9th Symposium on Handling of Environmen- easy to use for an increasing number of new and
tal and Biological Samples, Porto, 10–13 October 1999.

challenging biomedical problems call.*Corresponding author. Tel.: 134-93-4021-797; fax: 134-93-
Liquid chromatography (LC) coupled to ESI-MS,402-1233.
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0021-9673/00/$ – see front matter  2000 Elsevier Science B.V. All rights reserved.
PI I : S0021-9673( 00 )00673-7



96 I. Toro et al. / J. Chromatogr. A 893 (2000) 95 –106

with good accuracy, but also allows specific frag- chromic parameters of the mobile phase. Eq. (2)
allows the chromatographic behaviour of the studiedments be generated from individual compounds in a
solutes to be predicted for any composition of themixture that can help to verify or deduce chemical
eluent system and it has been widely verified withstructures. On the other hand, the ability of ESI to
different substances [1,10,16,17]. Taking into ac-generate multiply charged species is, of course, one
count that b values of acetonitrile are nearly constantof its attractive features because it greatly extends
over most of the composition range [18,19], and thethe effective mass range of the ESI-MS system.
observed correlation between the normalized Dim-Thus, LC–ESI-MS has become the coupling method

Nroth and Reichardt polarity parameter, E [20], andof choice for the analysis of peptides and peptide T
N

p* and a solvatochromic parameters, E 5 0.009 1hormones [6]. T

0.415p* 1 0.465a [19], Eq. (2) can be reduced to aIn order to avoid long empirical optimization
single solvent parameter-dependent expression:procedures, a system for predicting peptide retention

times is of great advantage. Linear solvation energy NLog k 5 C 1 eE (3)Trelationship (LSER) formalism has been used suc-
cessfully to study retention in LC [7–10] and seeks Eq. (3) has been widely used to correlate chromato-
to relate chromatographic retention to variations in graphic retention of different solutes with the polari-
characteristic properties of mobile phases such as the ty of the mobile phases [1,10,16,17,21,22], and the
solvatochromic parameter p*, that evaluates solvent good linearity obtained indicates that suitable predic-
dipolarity /polarizability [11] and parameters a, b, tion for a specific solute in a fixed stationary phase

Nthat evaluate solvent hydrogen-bond acidity [12] and can be achieved from the E of the eluent and a fewT

solvent–hydrogen bond basicity [13] respectively. experimental data.
The general equation is: In this work the optimization of the hydroorganic

mobile phase, used for the chromatographic sepa-2 2 ¯Log k 5 (log k) 1 M(d 2 d )V /1000 s m 2 ration was performed using LSER methodology. The
N* * *1 S(p 2 p )p 1 A(a 2 a )b verified linearity of log k versus E parameters m 2 s m 2 T

previously demonstrated [1,10,16,17,22], allows the1 B(b 2 b )a (1)s m 2
elution behaviour of the peptide hormones to be

Here, k is the chromatographic capacity factor; predicted from only three experimental measure-
¯(log k) is the intercept of the regression equation, V ments of k values. We have used LC coupled to0 2

2is the molar volume of the solute, d is the square of high-flow pneumatically assisted electrospray for the
the Hildebrand solubility parameter (a measure of the separation, characterization and determination of
solvent cohesive energy). Subscripts s and m denote peptide hormones with molecular masses ranging
the stationary and mobile phases respectively and from 500 to 1600. The optimization of the different
subscript 2 refers to the solute properties. The values operating parameters such as sample cone voltage,
of M, S, A and B are the correlation coefficients for counter-electrode (high-voltage lens) voltage, ion
this equation and do not depend on the solute [14]. energy and source temperature was performed [2,23]
When a system with a fixed pair of solute and in order to obtain the best signal and the highest
stationary phase is considered, and assuming the sensitivity for the peptide hormones studied. The
invariance of the properties of the stationary phase LC–ESI-MS method proposed for peptide hormone
with the change in the mobile phase composition analysis established the quality parameters: re-

2[14] and the relationship between d and the solvato- peatability, reproducibility, linearity range, limit of
chromic parameters of the mobile phase [14,15], Eq. detection (LOD) and limit of quantitation (LOQ).
(1) can be simplified to:

*Log k 5 (log k) 1 sp 1 aa 1 bb (2)0 m m m 2. Experimental
where (log k) depends on the parameters of the0

2.1. Chemicals and reagentsstationary phase and the solute; s, a and b are the
correlation coefficients which depend on the solute

Water with a conductivity lower than 0.05 mS/cmparameters, and p , a and b are the solvato-m m m
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and acetonitrile (Merck, Darmstadt, Germany) were ODS2 narrow-bore (5 mm) column 15032.1 mm
of LC grade. Trifluoroacetic acid (TFA), potassium I.D. (Tecknokroma, Barcelona, Spain) at ambient
bromide and potassium hydrogenphthalate were all temperature and with a flow-rate of 100 ml /min.
analytical grade obtained from Merck. The peptides Instrument control and data analysis were performed
used in this study were purchased: Met-enkephalin, using MASSLYNX application software from Mi-

´Leu-enkephalin from Sigma Quımica (Alcobendas, cromass. Generally the mass spectral data are the
´Madrid, Spain), buserelin from Hoechst Iberica average of three separate measurements. The e.m.f.

(Barcelona, Spain), triptorelin from Lasa (Barcelona, values used to evaluate the pH of the mobile phase
Spain) and desmopressin, carbetocin, eledoisin and were measured with a potentiometer (60.1 mV)
somatostatin from Lipotec (Barcelona, Spain). A Model 2002 (Crison Instruments, Barcelona, Spain)
summary of the hormone peptides studied here, using an Orion 8102 ROSS combination pH elec-
listing their amino acid sequence and molecular trode (Orion, Boston, MA, USA).
weight is shown in Table 1. All the amino acids
except glycine and several of those in the sequence 2.3. Procedures
of buserelin and triptorelin have L-configuration. All
the peptides were stored in a freezer at 248C when 2.3.1. Optimization of the operational parameters
not in use. Stock solutions of the peptides were of the mass spectrometer
prepared by dissolving approximately 5 mg of each For the optimization of the source and analyzer
peptide and diluting to 5 ml; working solutions were parameters of ESI-MS, three peptide hormones were
prepared by ten-fold dilution of each stock solution chosen: Met-enkephalin, carbetocin and buserelin to
respectively. The mixtures of the nine peptides cover the molecular mass range from 500 to 1600.
studied were prepared by 10–100-fold dilution of the The optimization of the operational parameters was
stock solutions and by 100-fold dilution of the performed using 50 mg/ml solutions of each selected
working solutions. peptide, that corresponds to molar concentrations

ranging from 30 to 80 pmol /ml approximately, and
2.2. Apparatus acetonitrile–water (40:60, v /v) with 0.05% TFA as

eluent. Each peptide hormone selected was intro-
LC–ESI-MS measurements were performed using duced directly into the ESI source, at a flow-rate of

two Phoenix 20 syringe pumps (Carlo Erba, Milan, 100 ml /min and working in full scan mode of data
Italy) with a Rheodyne 7125 injection valve (Cotati, acquisition.
CA, USA) with a 10-ml sample loop, coupled to a
VG Platform II single quadrupole mass spectrometer 2.3.2. Optimization of the mobile phase
(Micromass, Manchester, UK) equipped with a For the optimization of the mobile phase com-
nebulizer-assisted electrospray source. position, eluents were acetonitrile–water mixtures

The separation was performed on a Spherisorb containing 0.05% (v/v) TFA [24,25], pH approxi-

Table 1
International name, amino acid sequence and molecular mass (M) of the peptide hormones studied

International name Amino acid sequence M

Leu-enkephalin Tyr-Gly-Gly-Phe-Leu 555.2
Met-enkephalin Tyr-Gly-Gly-Phe-Met 573.7
Carbetocin CO-CH -CH -CH -------S 988.22 2 2

u u
Tyr(OMe)-Ile-Gln-Asn-Cys-Pro-Leu-Gly-NH cyclic (1–6) disulfide2

Bradykinin Arg-Pro-Pro-Gly-Ser-Pro-Phe-Arg 1060.2
Desmopressin CO-CH -CH S-----S 1069.22 2

u u
Tyr-Phe-Gln-Asn-Cys-Pro-D-Arg-Gly-NH cyclic (1–6) disulfide2

Eledoisin ,Glu-Pro-Ser-Lys-Asp-Ala-Phe-Ile-Gly-Leu-Met-NH 1188.42

Buserelin ,Glu-His-Trp-Ser-Tyr-D-Ser(tert.-Bu)-Leu-Arg-Pro-NHC H 1239.72 5

Triptorelin ,Glu-His-Trp-Ser-Tyr-D-Trp-Leu-Arg-Pro-Gly-NH 1311.52

Somatostatin Ala-Gly-Cys-Lys-Asn-Phe-Trp-Arg-Pro-Thr-Ser-Cys cyclic (3–14) disulfide 1637.9
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mately 2.2, at several proportions of organic solvent 2.3.4. Quality parameters
from 32 to 38% (v/v). The aqueous component of The repeatability (n55) and the long-term repro-
the eluent was filtered through a 0.45-mm filter ducibility (n515) were determined by injecting the
(MSI, Scharlau, Barcelona, Spain) before use. Mo- peptide hormone mixture at individual concentrations
bile phases were flushed under a stream of helium ranging from 10 to 150 pmol /ml in the above
and the flow-rate was maintained at 100 ml /min. optimized experimental conditions, five times in one

The hold-up time, t , was established for every day and for three different days respectively. The0

mobile phase tested by injection of a 0.01% (w/v) repeatability and long-term reproducibility have been
potassium bromide solution in water [26] and moni- calculated as percent of relative standard deviation
toring the eluate at m /z 39 in positive ionization (PI) (RSD, %) of retention times and areas obtained. The
mode. The retention times and the retention factors data acquisition was in both cases full scan mode.
for all the peptide hormones at each mobile phase The range of linearity has been established by
composition were determined from three different injecting a solution of the peptide hormone mixture
injections of the compound solutions, which were with individual concentrations ranging from 0.4 to
filtered through a 0.22-mm filter (MSI). TIC (total 200 pmol /ml depending on the peptide. The LODs
ion current) chromatograms and ESI–MS spectra were calculated by using a signal-to-noise ratio of 3
were obtained at optimum conditions of the mass (the ratio between the peak intensity using selected
spectrometer and working in full scan mode (m /z ion monitoring (SIM) conditions and the intensity of
250 to 1750) of data acquisition and positive mode the noise was used). The LOQs were calculated by
of ionization. using a signal-to-noise ratio of 10 (the ratio between

The pH of the mobile phase was measured by the peak intensity in SIM conditions and the intensity
using a 0.05 mol /kg potassium hydrogenphthalate of the noise was used). The data acquisition for the
solution as primary standard buffer reference dis- determination of linearity range, LODs and LOQs

n1solved in the appropriate acetonitrile–water medium was in SIM mode of [M1nH] ions.
[27,28] and a commercial combination pH electrode
as described in previous works [10,16,29].

3. Results and discussion
2.3.3. ESI-MS spectra of peptide hormones

In order to characterize the different peptide Source and analyzer parameters of ESI-MS system
hormones, a solution of each compound was injected were optimized in order to obtain the best signal and
into the LC–ESI-MS system. The narrow-bore C the highest sensitivity of the peptide hormones.18

column was equilibrated for 30 min with the opti- Likewise, the percentage of relative response for the
mized mobile phase acetonitrile–water containing three representative peptides selected (Met-en-
0.05% (v/v) TFA. ESI-MS spectra of each peptide kephalin, carbetocin and buserelin), varying the cone
hormone were obtained at optimum conditions of the voltage is shown in Table 2. The buserelin appears to
mass spectrometer and working in full scan mode of have, at the same molar concentration, better re-
data acquisition and positive mode of ionization. sponse than carbetocin and Leu-enkephalin; more-

Table 2
Values of the percentage of relative response normalized by an equimolar concentration for the three selected peptide hormones,

aLeu-enkephalin, carbetocin and buserelin at sample cone voltages of 30, 50, 70, 90 and 110 V

Cone voltage Relative response (%)
(V)

Leu-enkephalin Carbetocin Buserelin

30 9.6 3.7 11.5
50 17.3 12.2 43.0
70 15.1 22.6 68.9
90 15.7 22.5 89.7

110 16.8 19.0 100.0
a Eluent: MeCN–water (40:60), 0.05% (v/v) TFA.
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Table 3
NValues of the logarithm of the retention factors of the peptides studied and the E values at various percentages of acetonitrile in the mobileT

phase

NMeCN (%) E Log kT

Desmopressin Carbetocin Eledoisin Met-enkephalin Leu-enkephalin Bradykinin Triptorelin Buserelin Somatostatin

32 0.8 20.384 20.019 0.168 20.014 0.193 0.227 0.680 0.831 0.950

37 0.8 21.000 20.753 20.274 20.257 20.023 0.183 0.328 0.498 0.637

38 0.8 21.160 20.891 20.366 20.305 20.097 0.176 0.273 0.460 0.599

over, the response increased if the cone voltage is For the optimization of the mobile phase com-
increased, especially for the buserelin; in the case of position, the logarithm of the retention factor values
Leu-enkephalin, the response appears to be constant (log k) were obtained using acetonitrile–water mix-
in the range of cone voltage studied. The cone tures at three percentages of acetonitrile, 32, 37 and
voltage of 90 V was selected since the carbetocin 38% by volume, for the peptide hormone series. The

Nresponse decreased at a higher cone voltage. Another Reichardt’s E polarity parameter values (known forT

point to consider from this result is that, at this the whole range of compositions of acetonitrile–
selected cone voltage, more structural information is water) [30] (Table 3), were related with the retention
obtained as compared to a lower cone voltage, and factors of the peptide hormones studied, using the
consequently, this higher voltage will be recom- LSER methodology. All the peptide hormones

Nmended when characterization is required. The other showed a similar elution profile. Log k and E T

parameters were optimized in the same way, main- correlate linearly (correlation coefficients greater
taining the previously optimized parameters constant. than 0.999) over the whole experimental range of
Then, optimum values of the different operating acetonitrile contents studied. Fig. 2 shows plots of

Nparameters were: ES voltage 3.5 kV, counter-elec- log k of the peptide hormones versus E values. ThisT

trode voltage 0.5 kV, sample cone voltage 90 V, ion behaviour can be explained taking into account the
energy 3.0 V and source temperature 808C. structural features of the acetonitrile–water mixtures

NFig. 1. Plots of log k of the peptide hormone mixture studied versus E parameters of the mobile phase. Symbols: ( ) Somatostatin, ( )T

buserelin, ( ) triptorelin, (.) bradykinin, (d) Leu-enkephalin, ( ) Met-enkephalin, (m) eledoisin, (♦) carbetocin and ( ) desmopressin.
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Fig. 2. Variation in selectivity values for compound pairs with acetonitrile percentage. Solid lines indicate predicted values of selectivity
from Eq. (3) and points represent experimental values of selectivity: ( ) carbetocin /desmopressin, (d) eledoisin /carbetocin, (1)
Met-enkephalin /eledoisin, (.) Leu-enkephalin /Met-enkephalin, ( ) bradykinin /Leu-enkephalin, (3) triptorelin /bradykinin, (j)
buserelin / triptorelin, (♦) somatostatin /buserelin.

[19] considered in previous papers [1,10,16]. In this
study, we have worked in one structural region of
acetonitrile–water mixtures, and as was expected, we
have obtained one straight line for every peptide
hormone.

Therefore, suitable prediction of the retention for a
Nspecific solute can be achieved considering E T

values of the mobile phase and a few k experimental
data. In our case, only three experimental data for
each substance studied were used to correlate log k

Nversus E values of MeCN–water media consideredT

as it is shown in Fig. 1.
The use of the linear relationships of log k versus

NE values, Eq. (3), involves an important reductionT

in experimental work in the separation of complex
peptide mixtures. The verified linearity between the
two parameters, would be very useful for practical
concerns in reference to the wide number of peptides

Fig. 3. Total ion current (TIC) chromatogram of a solutionthat could exist in a given mixture.
containing the mixture of peptide studied, with a mobile phase ofIn order to examine the accuracy of retention
acetonitrile–water (38:62, v /v), 0.05% TFA. Mode of data

prediction using Eq. (3), the selectivity was obtained acquisition in full scan. (1) Desmopressin, (2) carbetocin, (3)
for adjacent solute pairs with separation problems, in eledoisin, (4) Met-enkephalin, (5) Leu-enkephalin, (6) bradykinin,

(7) triptorelin, (8) buserelin and (9) somatostatin.the usual way, a 5 k /k . Fig. 2 shows variation ofi j
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selectivity for the solute pairs versus percentage of position and of different operating parameters of the
acetonitrile in the mobile phase. Solid lines indicate ESI-MS system, is given in Fig. 3. Good separation
theoretical selectivity values obtained using Eq. (3), is achieved in all cases except between the pairs
and points represent experimental selectivity values. desmopressin /carbetocin and eledoisin /Met-en-
Fig. 2 shows that values of a are concordant from kephalin, which are not resolved under these con-
the two methods. Thus it appears clear that three ditions.The order of elution is: desmopressin, car-
measurements per compound of k are enough to betocin, eledoisin, Met-enkephalin, Leu-enkephalin,
predict the optimum mobile phase composition, in bradykinin, triptorelin, buserelin and somatostatin.
accordance with the results obtained in previous The electrospray mass spectra has been obtained
works [1,11,17]. by injecting individually in the optimal conditions

From Figs. 1 and 2 we can concluded that the each peptide hormone. The spectra obtained for the
optimum chromatographic separation between the triptorelin and buserelin have been illustrated as an
peptide hormone present in the mixture can be example in Fig. 4, as well as the structural assign-
achieved at percentages of acetonitrile in the mobile ments for the observed fragments of these peptide
phase from 37 to 38% (v/v). The mobile phase hormones according to the nomenclature of Roep-
composition of 38% was chosen because of the storff et al. [31].
better selectivity values for the most of the peptides Table 4 summarizes the most relevant m /z values
and shorter analysis times. observed with the relative intensities of the peaks

A TIC chromatogram of the peptide hormone between parentheses, the structural assignments of
series at optimal conditions of mobile phase com- respective charged forms and the number of basic

Fig. 4. Electrospray mass spectra of triptorelin and buserelin associated with the TIC peaks at the retention time indicated: (a) 12.4 mm and
(b) 16.8 mm. Experimental conditions indicated in Fig. 3.
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Table 4
Results obtained by LC–ESI-MS: mass-to-charge ratios (m /z) with relative intensities in parentheses, structural assignments, basic residues
and observed fragments according to the nomenclature of Roepstorff et al. [31]

Substance m /z of major ions Interpretation Basic Fragments
(abundance) residues

1Desmopressin 1069.5 (100) (M1H) 1 Arg y , y -NH3 3 3
21535.3 (90) (M12H)

Carbetocin 285.2 (100) Fragment y y , z , c , a , b , b ,3 3 4 5 6 6 9
1988.6 (84) (M1H) 2 a -NH6 3

704.3 (80) Fragment b6

1Eledoisin 1188.9 (100) (M1H) 1 Lys c , b , b , y6, b , b -3 5 6 10 5
21594.8 (80) (M12H) 1 Met H O2

1Met-enkephalin 574.1 (100) (M1H) 1 amino N- y , b , a , b2 3 4 4

terminus
1Leu-enkephalin 556.2 (100) (M1H) 1 amino N- z , b , z , a , b2 3 3 4 4

terminus
21Bradykinin 530.8 (100) (M12H) 2 Arg y , y3 2

11060.7 (20) (M1H) 1 amino N-
terminus

21Triptorelin 656.3 (100) (M12H) 1 Arg b , y , z , y , y , y ,3 3 3 4 5 6
11311.7 (30) (M1H) I His y7

21Buserelin 620.4 (100) (M12H) 1 Arg y , b , v , y -tBu2 3 4 6
11239.8 (45) (M1H) I His

21 1Somatostatin 819.6 (100) (M12H) 2 Lys [Trp-Lys-NH ]3
31546.7 (15) (M13H) 1 amino N-

11638.0 (12) (M1H) terminus

residues present in the primary structure of each species of each peptide with different charges, [M1
n1peptide hormone responsible of most of the charges nH] ions, ranging n from 1 to 3, depending on the

of the peptide hormone. Likewise, the m /z values peptide. The molecular mass obtained for the peptide
observed for the fragments of each peptide hormone hormone studied from the corresponding spectrum,
in the electrospray mass spectra were indicated with agree well with theoretically value (RSD,0.09%).
the corresponding name according the nomenclature The experimental molecular mass values, M, were
of Roepstorff et al. [31]. The electrospray mass calculated using an averaging algorithm of MASSLYNX

spectra associated with the other peptide hormone software, from the set of m /z peaks of spectrum
were shown in Fig. 5. corresponding to the series of charged states of each

The electrospray mass spectra associated with molecular species.
triptorelin and buserelin, Fig. 4, t 512.4 min and In order to calculate repeatability, five replicateR

t 516.8 min respectively, show the ion corre- analyses of standard solutions of a peptide hormoneR
1sponding to the [M1H] (triptorelin: m /z 1311.7 mixture with individual concentrations ranging from

and buserelin: m /z 1239.8) and the ion corre- 10 to 150 pmol /ml of each substance were carried
21sponding to the [M12H] (triptorelin: m /z 656.3 out under the optimum conditions. Relative standard

and buserelin: m /z 620.4) and a series of minor deviations (%RSD) based on peak area and retention
signals corresponding to fragments of the each time in the range from 0.2 to 9% were obtained.
peptide hormone. In order to test the day-to-day reproducibility, five

The ions selected to work in mode of data replicate analyses of a peptide hormone mixture with
acquisition SIM were corresponding to the molecular individual concentrations ranging from 10 to 150
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Fig. 5. Electrospray mass spectra of the other studied peptide hormone associated with the TIC peaks at the retention time indicated.
Experimental conditions as indicated in Fig. 3.

pmol /ml of each substance were carried out under working in data acquisition mode of full scan. It has
the optimum conditions on three different days. been reported by others authors that the reproducibil-
RSDs based on peak area and retention time in the ity often exceeds 20%. The range of the values
range from 1.5 to 20% were obtained. obtained by us is slightly better for most of the

Repeatability and reproducibility were obtained peptide hormones [7,32], Table 5. The quantitation
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Fig. 5. (continued).

was performed by external calibration, plotting peak linear in all the cases using seven points in the range
area versus concentration injected into the system from 0.4 to 200 pmol /ml approximately depending

n1using positive ion mode and SIM of the [M1nH] on the peptide hormone.
ions. The calibration equations are shown in Table 6 The LOD and LOQ were calculated by using a
(coefficient correlations of 0.999). The system was signal-to-noise ratios of 3 and 10 respectively,
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Table 5
n1 aLimit of detection (LOD) and limit of quantification (LOQ) for the peptide hormone mixture studied using SIM of the [M1nH] ions

Substance LOD LOQ RSD (%) (1) RSD (%) (1) RSD (%) (2) RSD (%) (2)
(pmol /ml) (pmol /ml) n55 n515 n55 n515

Desmopressin 0.46 1.53 1.5 1.6 4.3 13.6
Carbetocin 0.42 1.40 0.3 2.9 9.0 10.7
Eledoisin 0.57 1.90 0.3 3.6 0.6 10.3
Met-enkephalin 0.57 1.90 1.6 1.9 4.9 10.2
Leu-enkephalin 0.77 2.56 3.4 2.4 4.7 10.1
Bradykinin 1.13 3.77 3.0 3.4 7.6 8.6
Triptorelin 0.50 1.67 3.3 3.1 4.5 20.2
Buserelin 0.51 1.70 3.5 5.1 4.4 19.7
Somatostatin 0.87 2.90 3.9 5.8 2.1 16.9

a Values of repeatability (RSD, n55) and reproducibility (RSD, n515) of retention times (1) and areas (2) respectively.

Table 6
Calibration data and correlation coefficients (r) for the peptide

n1hormone mixture studied using SIM of the [M1nH] ions

Substance Linear equation (pmol /ml) r

Desmopressin A5746.511303.8C 0.999
Carbetocin A51153.311051.0C 0.999
Eledoisin A5671.711706.3C 0.999
Met-enkephalin A51404.41903.4C 0.997
Leu-enkephalin A51140.911317.5C 0.999
Bradykinin A57685.512074.7C 0.999
Triptorelin A51091.01831.0C 0.999
Buserelin A53787.713058.4C 0.999
Somatostatin A52194.914859.3C 0.999

n1employing SIM of the [M1nH] ions (Table 5)
and the method detection limit was of the picomole
level for most of the peptide hormones. A chromato-
gram of the peptide hormone mixture at the optimal

Fig. 6. LC–ESI-MS–SIM chromatogram of a solution containingconditions working in SIM at a concentration level
the mixture of the studied peptides at a concentration level closeclose to the detection limits is shown in Fig. 6.
to each peptide hormone detection limit. Mobile phase and
numbers indicated in Fig. 3.

4. Conclusions
efficient tool for characterization and determination
of the peptide hormone series, which is representa-We can conclude that the verified linearity of the

N tive of the complex media commonly encountered inlog k values of the peptides versus E values in theT

the usual peptide analysis.practical range of acetonitrile–water ratios allows the
mobile phase to be optimized from only three log k
values, using Eq. (3), and this involves an important
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