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Abstract

Gonadotropin-releasing hormone isoform I (GnRH), a neuro-deca-peptide, plays a fundamental role in development and
maintenance of the reproductive system in vertebrates. The anomalous release of GnRH is observed in reproductive disorder
such as hypogonadotropic hypogonadism, polycystic ovary syndrome (PCOS), or following prenatal exposure to elevated
androgen levels. Quantitation of GnRH plasma levels could help to diagnose and better understand these pathologies. Here,
a validated nano-high-performance liquid chromatography—high-resolution mass spectrometry (HPLC-HRMS) method to
quantify GnRH in ewe plasma samples is presented. Protein precipitation and solid-phase extraction (SPE) pre-treatment
steps were required to purify and enrich GnRH and internal standard (lamprey-luteinizing hormone-releasing hormone-III,
[-LHRH-III). For the validation process, a surrogate matrix approach was chosen following the International Council for
Harmonisation (ICH) and FDA guidelines. Before the validation study, the validation model using the surrogate matrix was
compared with those using a real matrix such as human plasma. All the tested parameters were analogous confirming the use
of the surrogate matrix as a standard calibration medium. From the validation study, limit of detection (LOD) and limit of
quantitation (LOQ) values of 0.008 and 0.024 ng/mL were obtained, respectively. Selectivity, accuracy, precision, recovery,
and matrix effect were assessed with quality control samples in human plasma and all values were acceptable. Sixteen samples
belonging to healthy and prenatal androgen (PNA) exposed ewes were collected and analyzed, and the GnRH levels ranged
between 0.05 and 3.26 ng/mL. The nano-HPLC-HRMS developed here was successful in measuring GnRH, representing
therefore a suitable technique to quantify GnRH in ewe plasma and to detect it in other matrices and species.
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Introduction

Gonadotropin-releasing hormone isoform I, hereafter
GnRH, is a decapeptide playing a crucial role as a master
regulator of reproductive functions in all vertebrate species
studied so far [1, 2]. In mammals, GnRH-secreting neurons
represent a small population of cells (few hundred/thousand)
B Federica Dal Bello located in the hypothalamus, which release the decapeptide
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(estradiol, progesterone, testosterone) and other neuroendo-
crine hormones [6, 7]. Alterations in GnRH secretion and/
or GnRH signaling are associated with several reproductive
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dysfunctions in humans [8]. Circulating androgens during
fetal life induce alteration of GnRH release in adult females
as observed in women with PCOS (polycystic ovary syn-
drome) and in prenatally androgenized animal models [9].
Characterization of GnRH levels in different subjects with
different biochemical conditions helps to understand both
normal and pathophysiological states and it is useful for the
diagnosis of complex diseases [10]. The difficulty in GnRH
measurement in peripheral circulation relies on its short
half-life, varying concentrations of GnRH depending on the
estrous cycle stage for examples, and relatively low concen-
trations of the decapeptides. In the 1970s, several research
groups carried out analytical determination to address this
question and GnRH concentration was determined in human
plasma based on age, sex, body mass, and clinical state using
radioimmunoassay (RIA). These early experimental tests
identified and quantified GnRH basal levels in reproduc-
tive age healthy women during follicular phase, children,
and healthy men with values of 69.6, 30.0, and 67.9 pg/mL
respectively [11]. Subsequent RIA studies have reported
dissimilar values of GnRH plasma levels obtained from dis-
tinct type of subjects (i.e., men or women during menstrual
cycle phases) with different extraction procedures [12]. For
example, the maximum levels of GnRH detected in men
peripheral blood samples were 9.5 pg/mL [13] and in plasma
samples from women during mid cycle were 29 pg/mL [14]
or 17 pg/mL [15]. However, GnRH levels were undetectable
with the RIA assays in most of the studied subjects.

GnRH and analogous molecules (i.e., cetrorelix and gan-
irelix) are widely used as drugs in several conditions. Both
agonists and antagonists of GnRH-related compounds are
employed for pathologies such as PCOS and endometrio-
sis, for assisted reproduction during infertility cases and as
contraceptive methods [16]. Therefore, despite that RIA and
immunoassays in general reach very low sensitivity with pg/
mL limit of detection, they have a reduced specificity due to
cross-reactivity [17], and consequently, analogues might rep-
resent a source of interference for immunochemical tests [18].
To our knowledge, no recent RIA methods were developed to
quantify GnRH in biological samples. However, the immu-
noaffinity principle was employed in immunoaffinity capil-
lary electrophoresis technique (IACE) and immunoaffinity
chromatography (IAC) both coupled with mass spectrometry
[19-21]. IACE and IAC have several drawbacks. IAEC suffers
the unavailability of pre-assembled immunoaffinity devices
with the antibody of interest. Consequently, the devices should
be handmade by the analyst reducing the reproducibility of
the analysis. For IAC, many immunoaffinity columns are
commercially available but they are very expensive. Despite
these disadvantages, both IAEC-MS and IAC-MS systems
allow the detection and identification of several peptides
including epitope sequences using different antibodies. In the
last 20 years, efficient HPLC-(HR)MS methods have been
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developed to quantify proteins, peptides, and endogenous neu-
ropeptides [22-28]. In order to achieve sensitive and selective
quantitative data in targeted proteomic analysis, triple quad-
rupole in SRM mode or HRMS were typically used [29, 30].
Nowadays, a wide number of studies investigated peptides in
biological samples; however, only few works [31-35] dealt
with GnRH levels in biological matrices. Moreover, the use
of HRMS allows to obtain higher sensitivity and specificity in
discerning molecules with 500 k of resolving power and 3 ppm
of mass accuracy [36].

Abundant protein depletion and quantitation of low-abun-
dance proteins or peptides (LAPs, < 100 ng/mL) in biologi-
cal fluids is a well-known challenge. To overcome this issue,
several improvements in pre-treatment steps were carried out
to enrich and simplify matrices using one or a combination
of several clean-up approaches such as centrifuge filtration
kits, solid-phase extraction, and immunoaffinity [37]. Another
common issue of proteomics and in particular of biomarker
discovery is the wide variability of procedures for sample han-
dling and validation process [38]. Additionally, the best way
to evaluate the accuracy and precision of a method for endog-
enous substances in biological matrices for clinical purposes is
the use of certified reference materials (CRMs). Nevertheless,
the development and evaluation of CRMs for peptide and pro-
tein analysis require an important endeavor making the process
really troublesome. As an example, only recently, a new CRM
for the well-known C-peptide was available [39]. Finally, a
validation process is always required for the evaluation of the
efficiency and reliability of the analytical developed methods.

The aim of this study was to present a validated nano-
HPLC-HRMS method to quantify GnRH in biological fluids
with special attention to ewe plasma. For the validation pro-
cess, the surrogated matrix approach was selected as recom-
mended by ICH and FDA guidelines [40, 41]. The surrogate
matrix was here compared with a biological matrix such as
human plasma to expand the application of the method also
to pathological human plasma or biological fluid samples.
The parameters of limits of detection (LOD) and quantita-
tion (LOQ), lower LOQ (LLOQ) precision and accuracy,
intra- and inter-day precision and accuracy, recovery, and
matrix effect were assessed. The method was then applied
for the quantitation of the neuropeptide in healthy and PNA
ewe plasma samples. A preliminary goal of our study was
to evaluate a possible correlation between measured GnRH
and other circulating hormones, such as LH.

Materials and methods

Chemicals and reagents

Analytical standards (purity >98%) of GnRH and /-LHRH-
IIT were purchased from GeneCust (Chalmont, France).
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Stock solutions were prepared with a concentration of
1000 ng/mL using methanol and were stored at —20 °C
until use. Further dilutions were obtained in 0.1% formic
acid in water using plastic vials in order to avoid adsorp-
tion. All aqueous solutions were prepared with HPLC-grade
water from a Milli-QAcademic System (Millipore, Burl-
ington, MA, USA). Acetonitrile hyper-grade for LC-MS,
formic acid, and TFA (trifluoroacetic acid) were purchased
from VWR International (Radnor, PA, USA); acetic acid
and SigMatrix Serum Diluent were purchased from Merck
(Darmstadt, Germany). Human plasma samples were pro-
vided by “Centro Produzione e Validazione Emocomponenti
(C.P.V.E.) SC Banca del Sangue, Citta della Salute e della
Scienza” Torino, Italy. The fresh human plasma refrigerated
was maintained at the temperature of +4 °C until use. We
employed ten different lots of human plasma refrigerated,
previously analyzed to detect traces of GnRH. Each lot was
used for the validation protocol only in the case of undetect-
able GnRH (< LLOQ, vedi infra).

Animal and sample collection
Animals

PNA (prenatal androgen) ewes (n=38) were generated by
injecting pregnant mothers twice a week from the 65th day
of gestation to the 105th day of gestation with 100 mg of tes-
tosterone propionate diluted in sesame oil. The control group
(n=28) received sesame oil only according to previously vali-
dated protocols [42, 43]. Ewes were born between the 7% and
the 17" of September 2018; within 24 h after birth, animals
were separated from their mother and fed artificially with
free access to artificial milk. After, weaning females were
fed daily with barley straw, lucerne hay, and commercial
concentrate, with free access to water and mineral blocks.

Experiments were conducted on Ile de France ewes pro-
vided by the INRAE experimental unit UEPAO Val de Loire
(Indre et Loire, France—Ilatitude 47° 32 N and longitude 0°
46E, https://doi.org/10.15454/1.5573896321728955E12).
All procedures were performed in compliance with the Euro-
pean directive 2010/63/EU on the protection of animals used
for scientific purposes and were approved by the local ethical
committee for animal experimentation (CEEA VdL, Tours,
France, n 2,016,062,917,335,667).

Blood sampling

Blood samples were taken through a jugular catheter from
PNA and control ewes. Blood samples in heparinized tubes
were centrifuged at 3000 rpm for 15 min and the plasma
was stored (not more than 1 month) at—20 °C until LH and
GnRH assays.

LH assay

LH concentrations were determined by using double-anti-
body ELISA immunoassays developed in our laboratory
[44]. The sensitivity of the assay was 0.1 ng/mL.

Sample extraction and purification

For GnRH sample extraction and purification, we adapted
the protocol described in a previous work by Tata and co-
workers [45] for the cetrorelix (a GnRH synthetic analogous)
quantitation in dams brain and fetal brain samples. Briefly,
250 pL of ewe plasma and human plasma or surrogate
matrix (SigMatrix Serum Diluent) for calibration curves was
treated, after fortification with 30 ng/mL of IS, with 400 uL.
of formic acid in cold acetonitrile and incubated for 15 min
at—20 °C for protein precipitation step. After centrifugation
(20 min, 4 °C, 15,000 g), the supernatant was freeze-dried
using a CentriVap (Labconco Co., Kansas City, MO, USA)
and reconstituted with 1 mL of 3% acetic acid and 1% TFA
water solution, hereafter loading solution (LS). The recon-
stituted sample was sonicated and centrifuged for 15 and
10 min, respectively. The supernatant was purified with a
solid-phase extraction (Strata-X 33 um Polymeric Reversed
Phase, 60 mg/3 mL, Phenomenex, Bologna, Italy). The car-
tridges were equilibrated with 3 mL of methanol and 3 mL
of LS and, after loading samples, washed with 3 mL of LS/
methanol (70:30 v/v), and eluted with 3 mL of methanol and
3% acetic acid (70:30 v/v). The eluted solution was freeze-
dried using a CentriVap and reconstituted with 100 pL. 0.1%
formic acid in water ultra-pure solution and injected into the
nano-HPLC-HRMS system. All samples were prepared and
analyzed in duplicate.

Nano-HPLC-HRMS setting

Separation and analysis were achieved using a nano-HPLC-
HRMS instrument. The nano-HPLC system consisted of a
Thermo Dionex Ultimate 3000 chromatograph coupled for
identification and quantitation to an Orbitrap Fusion ana-
lyzer (Thermo Scientific, Milan, Italy).

The chromatographic separation was achieved with a Pep-
Map™ RSLC C18 column (2 um, 100 /0%, 75 um x50 cm;
Thermo Scientific, Milan, Italy) preceded by a nano-pre-
concentration column (C18 PepMap trap cartridge 100 A,
5 um, 0.3 mm X 5 mm; Thermo Scientific, Milan, Italy). Elu-
ents were 0.1% formic acid in water (A) and 0.1% formic
acid in acetonitrile/water 8/2 (B) for the separation column,
and TFA 0.05% in water/acetonitrile 98/2 (P) for the pre-
concentration one. The run gradient started from 5% of B
maintained for 8 min (to pre-concentrate), and increased to
45% of B in 45 min up to 90 in 2 min. This final washing step
was maintained for 13 min. Then, the column went back to
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the initial conditions in 2 min and reconditioned for 30 min.
The flow was set to 300 nL/min; the injection volume was
3 pL. Nano-column has a low capacity and with complex
matrices, such as plasma and other biological fluids; it is
not possible to inject more than 3—5 pL to avoid saturation
of active sites of the stationary phase. The pre-concentration
step was reached with 100% of P at a flow rate of 5 uL/min
and lasted 8 min. It was conducted in a backflush mode and
the pre-concentration column went back to the initial condi-
tion 20 min before the end of the separation run.

The PepMap column was connected to a nano-ESI source
set with the following parameters: spray positive voltage
2000 V and ion transfer tube temperature 275 °C. Full-scan
spectra were acquired in the range of m/z 3002000 with
a resolution of 60 k. MS? spectra of analyte (m/z 591.8,
z=2) and IS (m/z 630.3, z=2) protonated molecular ions
were acquired in the range of m/z 100-1300 with a resolu-
tion of 30 k. CID activation mode was used, with quad-
rupole as isolation mode and 1.6 Da as isolation window.
CID collision energy was set at 28% and it was optimized
with a direct injection experiment of analytical standards of
GnRH and LHRH-III. We used the MS? dedicated experi-
ments performed in CID activation mode to quantify GnRH
and /[-LHRH-III in all the matrices. The mass accuracy of
recorded ions (vs. calculated) was + 2 milli mass units (with-
out internal calibration).

Method validation

A full single-laboratory and single-operator validation pro-
cess was performed following guidelines proposed by the
ICH [40] and FDA [41]. The validation parameters LOD,
LOQ, LLOQ, linearity, intra- and inter-day accuracy and
precision, selectivity, recovery, matrix effect, and carry-over
were evaluated. For method validation, we used two dif-
ferent matrices: surrogate matrix and human plasma. The
first was used as a calibrant matrix and the calibration curve
was prepared fortifying it with GnRH at the following con-
centrations: 0.08-0.1-0.5-1-5-10-30 ng/mL with IS at final
concentration 30 ng/mL. Human plasma was used both as
real matrix to evaluate the surrogate matrix reliability and
as quality control matrix. Quality control (QC) samples was
prepared using human plasma with no detectable GnRH
amount fortified at low (LQC), medium (MQC), and high
(HQC) concentration levels (0.1-1-10 ng/mL). Hereafter,
the human plasma samples have to be intended as human
plasma with undetectable GnRH amount (< LLOQ), except
when precisely annotated. Other QC samples for the evalu-
ation of recovery were prepared using control ewe plasma
with undetectable amount of GnRH spiked with a low con-
centration level (0.1 ng/mL).
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LOD and LOQ were calculated as three and ten times,
respectively, the calculated standard deviation of signal in
zero samples (sample fortified with only IS). We evaluated
and compared LOD and LOQ measurements obtained in the
surrogate matrix (SM) and human plasma (HP). For LLOQ
measurement, we also evaluated the accuracy and precision.

Linearity of calibration curves was evaluated using
XLStat® (version 23.4.1203.0, 2021) software, and the
best-weighted linear regression model was applied. The intra
(repeatability)- and inter (reproducibility)-day precision and
accuracy were estimated in QC samples at three concentra-
tion levels (L/M/HQC) plus zero-QC and were repeated 5
times in 3 days.

The ICH recommends evaluating selectivity for endog-
enous analytes analyzing the samples with the use of a dis-
criminative detection system. The parameter, usually accept-
able when lower than 25% of the LLOQ signal, was here
tested using a high-resolution mass spectrometer (Orbitrap
Fusion) with MS/MS experiments. Both analyte signals in
the surrogate matrix and human plasma were assessed.

Recovery and carry-over were estimated with a post-
extraction fortification of QC samples at three concentra-
tion levels of GnRH (L/M/HQC) and analyzing solvent
(0.1% formic acid in water ultra-pure solution) after the
analysis of a high concentration level of GnRH (30 ng/mL),
respectively.

For matrix effect, we considered the comparison between
the signals of GnRH obtained in solvent vs. QC samples
both spiked with different concentrations of GnRH (L/M/
HQCO).

Finally, we also evaluated the chromatography efficiency
analyzing the precision (RSD%) of the retention time of
GnRH and IS in one (n=10) and 3 runs (n=50) for intra-
and inter-run precision respectively.

All the analyses for validation purposes were done three
times.

Results
HRMS characterization of the studied molecules

For the quantitation of GnRH and /-LHRH-III (Fig. 1),
we previously characterized their mass spectra acquired
in high-resolution mode (R=50 K). The molecules eluted
(Fig. 2a) at 35.94 min (/-LHRH-III) and 40.10 min (GnRH).
As shown at the bottom of Fig. 2b, c, after the ionization
process, the full-scan spectra present a double-charged ion
at m/z 591.7938, z=2 for GnRH, and bi- and tri-charged ions
at m/z 630.2889, z=2 and 420.5302, z=3 for I-LHRH-III.
The double-charged species for both analytes were selected
as precursor ions of MSZ.
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GnRH
Chemical formula Cg5H;5N1;045
Exact mass: 1181.5730

Iz

.,,///
U
H

OH

NH,

I-LHRH-III

Chemical formula CggH74N15044
Exact mass: 1258.5632

Fig. 1 Structure of GnRH (top) and its lamprey variant /-LHRH-III (bottom)

Tandem mass spectrum acquired in CID activation
mode for GnRH showed as most intense product ions
the y5 (m/z=498.3147), y7 (m/z="748.4100), and b8
(m/z=1011.4795) fragments. Other abundant product
ions (with z=1) were as follows: y3 (m/z=328.2092), b3
(m/z=435.1775), b4 (m/z=522.2096), b5 (m/z=0685.2729),
b7 (m/z=2855.3784), and y8 (m/z=934.4894).

For [-LHRH-III, the most abundant product ions as Fig. 2
shows were b8 (m/z=1088.4767) and b6 (m/z=774.3004). As
for GnRH, many other product ions were present in MS? spectra:
b2 (m/z=249.0982), y3 (im/z=300.2030), b3 (m/z=435.1775),
y4 (m/z=486.2860), b4 (m/z="522.2096), y5 (m/z=601.3093),
b5 (m/z=659.2685), y6 (m/z="738.3682), y7 (m/z=_825.4002),

b7 (m/z=960.3747), and y8 (m/z=1011.4697). As noticed by
other work, the isoforms of GnRH of different shared the prod-
uct ions b4 (m/z=>522.2096) and b4-H,O (m/z=504.21990)
useful to identify analogue molecules [31]. The sum of y5, y7,
and b8 product ion AUCs (areas under the curves) was used to
quantify GnRH in samples.

Validation of the method
The nano-HPLC-HRMS method validation was performed
with a surrogate matrix for calibration curves and with

human plasma for quality control analysis. The results of
the validation process are shown in Table 1.
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«Fig. 2 Chromatographic separation (a), full-mass spectra with bi- and
tri-charged precursor and MS/MS spectra of GnRH, 10 ng/mL (b)
and /-LHRH-III, 30 ng/mL (c). The zoomed boxes in Figure 2b and
2¢ show the ion b4-H,O (m/z=504.21990) for GnRH and /-LHRH-III
useful to identify analogue molecules

LOD and LOQ values for GnRH reached in the surro-
gate matrix were 0.008 and 0.024 ng/mL, respectively. In
the human plasma, the concentrations for LOD and LOQ
were 0.009 and 0.028 ng/mL. The lower limit of quantita-
tion (LLOQ) was also evaluated for the surrogate matrix
and it corresponded to the low concentration point of the
calibration curve (0.08 ng/mL reduced to 0.032 ng/mL fol-
lowing the sample preparation) with accuracy and precision
of 22.5% and 17.5%, respectively.

The linearity of the calibration curve was assessed using
a regression plot and the curves resulted heteroscedastic.
Then, we investigated 1/x, 1/y, 1/x%, and 1/x° as weight
coefficients of the regression model using XLStat® soft-
ware, and 1/x*3 was the best weight coefficient giving
minimal standard relative error value and an R-squared
value > 0.99.

The accuracy and precision of intra-day analysis esti-
mated at three concentration levels of GnRH in the QC
samples (L/M/HQC) ranged between 16.3 and 20.4%, and
19.0 and 26.3% respectively. The same was applied for the
inter-day tests and the results, depicted in Table 1, ranged
between 18.0 and 21.0% for accuracy, and 11.0 and 25.1%
for precision.

The selectivity in the not-spiked surrogate matrix and
human plasma at the retention time of the analyte were
17.3% and 23.8% of the analyte response at the LLOQ level,
respectively.

The obtained recovery values in QC samples were 63.1%,
80.1%, and 77.0% for low, medium, and high levels respec-
tively. We checked the recovery also in three real QC sam-
ples obtained from control ewe plasma, fortified with 0.1 ng/
mL, and the results were similar to the one obtained in the
surrogate matrix (65.4%). No carry-over was observed ana-
lyzing a blank solution after the higher level of the calibra-
tion curve.

Matrix effect percentage assessed at three concentration
levels of GnRH (L/M/HQC) was 77.5%, 58.2%, and 74.4%,
respectively.

Finally, the intra-run precision of retention time of GnRH
and IS was 0.47% and 0.46%, respectively, and the inter-run
precision of GnRH retention time was 1.59% and 1.18% for IS.

Application of the method to ewe plasma samples
and results

The validated method was applied to real biological sam-
ples belonging to a group of healthy and PNA ewes. The

Table 1 Validation parameters for GnRH

Parameters Validation results
LOD (ng/mL) 0.008 (SM)
0.009 (HP)
LOQ (ng/mL) 0.024 (SM)
0.028 (HP)
LLOQ 0.08 ng/mL BIAS% RSD%
22.5 17.5
Intra-day (n=3)
BIAS% RSD%
0.1 ng/mL 16.3 26.3
1 ng/mL 20.4 21.6
10 ng/mL 19.0 19.0
Inter-day (n=15)
BIAS% RSD%
0.1 ng/mL —13.1 11.0
1 ng/mL —18.0 25.1
10 ng/mL 21.0 12.7
Selectivity 17.3% (SM)
23.8% (HP)
Recovery (n=3)
0.1 ng/mL 63.1%
1 ng/mL 80.1%
10 ng/mL 77.0%
Matrix effect (n=3)
0.1 ng/mL 77.5%
1 ng/mL 58.2%
10 ng/mL 74.4%

quantitation of GnRH was achieved in all the analyzed
samples and the results, as the average values of duplicate
analysis, are shown in Table 2 together with LH assay meas-
urements (“LH assay”).

The control (n=8) group presented an average concentra-
tion of GnRH and LH of 0.19 and 0.28 ng/mL respectively;
in contrast, the PNA (rn=8) group showed an average con-
centration of GnRH and LH of 1.07 and 0.89 ng/mL, cor-
respondingly. In Fig. 3, the GnRH and IS chromatograms
and MS/MS spectra with fragmentation patterns in the real
pathological sample are shown.

Discussion

Method validation discussion

For qualitative and quantitative analyses of endogenous
compounds, such as GnRH, ICH guidelines propose four
different approaches: (i) standard addition; (ii) background

subtraction; (iii) surrogate matrix; and (vi) surrogate ana-
lytes. We selected the third approach, the surrogate matrix,
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Table2 Ewe plasma analysis Sample name GnRH level LH level Sample name GnRH level LH level

results of GnRH and LH (ng/mL) (ng/mL) (ng/mL) (ng/mL)
Ewe_Control_1 0.09 0.10 Ewe_PNA_1 1.17 0.10
Ewe_Control_2 0.22 0.30 Ewe_PNA_2 0.05 0.10
Ewe_Control_3 0.09 0.30 Ewe_PNA_3 0.12 0.40
Ewe_Control_4 0.47 0.10 Ewe_PNA_4 0.23 0.10
Ewe_Control_5 0.21 0.10 Ewe_PNA_S5 3.16 5.00
Ewe_Control_6 0.15 1.10 Ewe_PNA_6 0.41 0.60
Ewe_Control_7 0.14 0.10 Ewe_PNA_7 0.17 0.40
Ewe_Control_8 0.17 0.10 Ewe_PNA_8 3.26 0.40
Average 0.19 0.28 Average 1.07 0.89

because the first one is a very time-consuming method; the
surrogate analyte for GnRH is difficult and expensive to
obtain and the background substation strictly depends on
the biological matrix used [46]. Moreover, we selected the

Fig.3 Chromatographic separa-
tion (a), MS/MS spectra of
GnRH, 3.26 ng/mL (b), and
[-LHRH-III, 30 ng/mL (c) in
ewe PNA sample number 8
(Ewe_PNA_8)
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that is, ewe plasma. The chosen surrogate matrix of choice
might mimic the real biological one, demonstrating the
similitude of the two by the evaluation of the linearity of
the calibration curves, the recovery, and the matrix effect
of the sample preparation. In our study, we compared the
surrogate matrix with human plasma used as a real bio-
logical matrix. As previously described, the lots of human
plasma used for the comparison had an undetectable level
of GnRH (<LLOQ, 0.08 ng/mL). Human plasma was used
as the substrate for the standard addition approach fortified
with GnRH at the same concentration used in the case of
the calibration curve (IS 30 ng/mL). The linearity of cali-
bration curves was obtained in the two matrices evaluating
the slopes of the weighted linear regression (with equation
y=mx+gq). The slope values were mgoae mawix =0-226 and
Mpyuman plasma = 0-350, respectively. Thus, the concentration of
endogenous GnRH in human plasma samples was assessed
using the standard addition approach and the calculated con-
centration value (0.469 ng/mL) was compared with that cal-
culated using the surrogate matrix calibration curve obtain-
ing a mean value of 0.433 ng/mL. The difference between
the two results was 7.7%. The two methodologies gave a
comparable calculated concentration of endogenous GnRH
confirming the eligibility of the surrogate matrix to quantify
the neuropeptide. Finally, recovery and matrix effect values
measured at the medium concentration QC level (1 ng/mL)
were 70.0% and 58.7% for surrogate matrix, and 80.1% and
58.2% for human plasma, and also in this case, the values
were comparable. Hence, the parameters of linearity, recov-
ery, and matrix effect in the two matrices matched.

With the developed and validated method, we obtained
suitable values of LOD (0.008 SM ng/mL) and LOQ (0.024
SM ng/mL) to quantify GnRH in biological samples of ewe
plasma. There are no international recommended criteria for
these parameters and their values should be able to identify
the lower acceptable limits of measurements above the back-
ground signal. The LLOQ corresponded to the lower con-
centration level of the calibration curve, 0.08 ng/mL. With
respect to the works of Wang et al. [32] and Bussy et al. [34],
the limits of detection and quantitation here obtained with
the use of high-resolution mass spectrometry and injecting
3 uL of samples were comparable. Hence, the efficiency and
reliability of the nano-HPLC-HRMS analytical method here
presented were satisfactory. Other research groups achieved
a LOD of approximately 1 to 5 pg/mL, quantifying GnRH as
equine doping drug after an external administration [35, 47].

For method validation, we followed FDA and ICH proto-
cols as previously described. The guidelines indicate a+ 15%
limit for accuracy and precision of inter-/intra-day analysis
for small molecules, but other research articles on peptides
and proteins reported an acceptance level of +30% [48-50].
Our obtained results were acceptable because of below 30%.
The maximum deviation was achieved for intra-day LQC

level RSD (26.3%). It is important to highlight that we ana-
lyzed 4 concentration levels (zero/L/M/HQC) and the intra-
day was to intend as intra-day of sample preparation, since
the nano-HPLC separation run and the analysis set last 92
and 1840 (approx. 31 h) min, respectively.

Since we used the MS*-dedicated experiments to quantify
the analyte in the QC samples and in the surrogate matrix,
the achieved selectivity was satisfactory (17.3% in SM and
23.8% in QC) and no interferences were found in both matri-
ces. This approach was the same used in other proteomics/
peptidomics studies where the analytes were quantified with
an ion trap MS/MS experiment or with a triple quadrupole
mass analyzer in MRM mode [51-53].

Recovery and matrix effect results were acceptable and
consistent with an average of 73.4% and 70.0% respectively.
ICH does not mention limits for recovery and matrix effect
but, at all the concentration levels, the extent of recovery of
the analyte should be constant, and the matrix effect should
be controlled. Although the sample preparation and purifica-
tion steps were quite long (3 days) and challenging (many
solvent exchanges, SPE, etc.), the validated method demon-
strated to have a good recovery, but most importantly, that it
was repeatable, as suggested also by other studies [54, 55].
No carry-over was observed using the surrogate matrix and
QCs, indicating that during the nano-HPLC-HRMS analy-
sis no further blank samples were required. By analyzing
the results of the nano-chromatographic separation, satis-
factory reproducibility and robustness were shown. Despite
some other studies stating that the nano-HPLC system is
not reproducible and less satisfactory compared with HPLC
methods [56-58], we obtained very good values for intra-
and inter-day precision of chromatographic retention time.
These results were obtained because in the room where the
instrument was maintained at a controlled environmental
temperature (20 +2 °C), both the nano-column and pre-con-
centration column were thermostated (45 °C) and we used
the pick-up injection mode for injecting 3 uL of samples.

Biological sample result discussion

As previously explained, the quantitation of GnRH in bio-
logical samples was obtained by weighting the area values
of the calibration curve in the surrogate matrix for 1/x*>, It is
worthy of note that in all of the analyzed samples the GnRH
was detected, in some cases at a very low concentration (i.e.,
0.05 ng/mL in PNA ewes 2). As regards plasma storing,
we did not perform the long-term stability or heparinized
sample stability of GnRH. However, the pioneering work
of Alain Caraty [59] regarding the collection and measure-
ment of GnRH levels in the serial portal blood of ram was
performed on animals treated with a very high level of hepa-
rin: 25,000 UI first and 5000 UI each 30 min for 7-8 h. The
serial sampling of portal blood consisted in collecting blood
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by draining a hemorrhage after a physical lesion of the portal
blood vessels. From this protocol, we supposed that heparin
should not affect the GnRH stability.

The first evidence was that the average amount of the neu-
ropeptide in the ewe control group was quite lower compared
to the PNA group (0.19 vs. 1.07 ng/mL). The amounts of LH
in the studied ewes indicated the same trend (control 0.28
vs. PNA 0.89 ng/mL). Some other studies in the literature
suggested a correlation with a prenatal androgen exposure
and the changing in hormonal levels [9, 60]. Future deter-
mination of the variation of hormone concentration during
the ovulatory cycle might provide the kinetics of hormonal
release correlating GnRH and LH secretion.

The results of PNA group samples showed a very high
variation, from 0.05 to 3.26 ng/mL: this evidence may be
related to the characteristic pulsatile release of GnRH [3,
4]; the GnRH level will vary if the samples occur during or
between pulses’ variability. It could be also related to the
phenotype of the ewes. The same phenomenon was observed
in the control group, although with a lower variation range
(from 0.09 to 0.47 ng/mL).

Conclusion

In conclusion, a nano-HPLC-HRMS for the quantitation of
GnRH in biological matrices was developed and validated
with good results. The method was selective, sensitive, and
robust and it was successfully applied to real biological
samples.

Following the ICH and FDA guidelines, a full single-
laboratory and single-operator validation process was com-
pleted evaluating the fundamental parameters of validation.
The surrogate matrix approach selected for the validation
protocol gave comparable results regarding the slope of the
calibration curve, the recovery, and the matrix effect related
to a real biological matrix, such as human plasma with no
detectable GnRH levels. The endogenous concentrations of
GnRH in human plasma samples, if present, were quantified
using the surrogate or human plasma matrix and they were
comparable (0.469 vs. 0.433 ng/mL).

The LOD (0.008 ng/mL) and LOQ (0.024 ng/mL) values
achieved were suitable to allow the quantitation of neuro-
peptides in biological matrices. Certainly, a very sensitive
analytical method to measure the endogenous levels of pep-
tides (or other biomolecules) is mandatory due to their low
abundance.

The achieved accuracy and precision of the intra- and
inter-day analyses guaranteed good method reliability with
satisfactory repeatability and reproducibility of the results.

The recovery percentage obtained with sample purifi-
cation and enrichment pre-analytical steps here presented,

@ Springer

albeit these were quite long and difficult with many analyti-
cal operations, was satisfactory and allowed both the extrac-
tion and the quantitation of GnRH in analyzed samples. The
application of the analytical method here presented and vali-
dated to ewe plasma samples confirmed its ability to quan-
tify a very low amount of the neuropeptide in the biological
matrix and pave the way for the application of this method
to the quantitation of GnRH in human samples. GnRH could
become an eligible candidate as a biomarker for the early
diagnosis of reproductive distress in the human population.
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