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ARTICLE INFO ABSTRACT

Keywords: The present paper describes the development and the validation process — in compliance with the EMA guide-
D-mannose lines — of a method based on tandem mass spectrometry coupled to liquid chromatography for the accurate
Tandem mass spectrometry quantification of mannose in human plasma samples. The quick sample preparation procedure, simplified by the
S:lLigation absence of any derivatization step, makes the assay suitable for routine use in a clinical chemistry laboratory.

The method validation yielded satisfactory selectivity, with a good separation of mannose from its epimers
(glucose and galactose), linearity over the whole concentration range of interest (0.31-40 pug/mL), reproduci-
bility with RSD < 10%, and accuracy in the range 96-104%. Instrumental LLOD (0.31 pg/mL) and LLOQ
(1.25 pg/mL) were good enough to detect endogenous plasma mannose levels and in agreement with recent data
from the literature. Sensitivity was affected by a 5-fold dilution factor, which, if necessary, can be reduced. The
method robustness was proven in > 600 injections, most of them being of plasma samples, used also to assess the
reference ranges in healthy subjects (9.93 + 3.37 ug/mL) and type 2 diabetic patients (23.47 *= 6.19 ug/mL).

1. Introduction

Mannose, a sugar monomer of the aldohexose series, is important in
mammalian metabolism, especially in humans, where it is involved in
the glycosylation of several proteins and plays a causal role in some
diseases. In fact, several congenital disorders of glycosylation are as-
sociated with mutations in enzymes involved in mannose metabolism
[1]. In particular, biochemical and genetic data have shown that genes
involved in the O-mannose glycosylation pathway may cause forms of
congenital muscular dystrophy in humans [2]. Moreover, mannose has
been implicated in cancer metabolism and is considered to be a reliable
biomarker for esophageal adenocarcinoma (EAC) [3,4], while serum
concentrations of p-mannose have been reported to be higher in me-
tastatic breast cancer patients than in early-stage breast cancer [5]. The
use of this metabolite as a marker for the early detection of both breast
and esophageal cancer may improve the clinical outcome of these dis-
eases [4,5]. Recent studies have also shown that elevated plasma
mannose levels are related with the risk of developing specific chronic
diseases, including type 2 diabetes (T2D), cardiovascular disease (CVD),
and renal impairment (albuminuria) [6]. Thus, mannose is posited as a

new biomarker for the risk of several conditions and their complica-
tions, and its assay might be useful to develop novel therapeutic stra-
tegies.

In the recent literature, methods for the assessment of p-mannose in
biological fluids have included enzymatic [7-9], high-performance li-
quid chromatography (HPLC) [10,11], gas-liquid chromatography [12],
and capillary electrophoretic techniques [13]. Recently, Miwa and Ta-
guchi [11] reported a valuable HPLC method for the analysis of p-
mannose in plasma, which was based on sugar derivatization before
detection. Derivatization is a common practice in the field, utilized for
gas chromatographic separation or for detection; however, derivatiza-
tion lengthens sample preparation time and has significant costs, so it is
not the best choice for routine analysis.

We developed and validated an accurate p-mannose assay by
tandem mass spectrometry coupled to liquid chromatography (HPLC-
MS-MS), capable of discriminating mannose from b-glucose, a C2
epimer of p-mannose, whose plasma concentration is at least 100-fold
higher in humans [4]. Compared to traditional techniques, tandem
mass spectrometry has enhanced selectivity, limited cost of analysis,
and allows the determination of compound of interest in biological
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fluids. Unfortunately, it does not discriminate isobaric compounds such
as epimers, which need to be separated by ad hoc liquid chromato-
graphy prior the MS detection. In the present study, a HILIC column
specific for saccharides analysis was used, which provided a clear se-
paration of p-mannose from its potentially interferent compounds,
namely p-glucose and p-galactose.

2. Materials and method
2.1. Reagents and materials

p-mannose (M) and ®Cg-p-mannose (}3C¢-M), this latter used as an
internal standard (IS), as well as acetonitrile (LC-MS grade), ultra-pure
water (LC-MS grade), and formic acid (MS grade ~ 98%) were provided
by Sigma-Aldrich (Saint Louis, MO, USA). iPhree plates were purchased
from Phenomenex (Torrance, CA, USA).

2.2. Instrumentation

Instrumental layout consisted of an AB Sciex API 4000 triple
quadrupole mass spectrometer (Concord, ON, Canada), equipped with
an electrospray (ESI) Turbo-V ion source, a quaternary HPLC pump
(Series 200, PerkinElmer, Boston, MA, USA), and an Agilent 1290
Infinity UHPLC system (Santa Clara, CA, USA), consisting of a ther-
mostated autosampler, a binary pump, and a column oven. A ten-port
divert valve (Valco Instruments Co.Inc., Huston, TX, USA) allowed the
diversion of eluent flow to waste, when necessary. Chromatographic
separation was carried out by a Showa Denko K.K. (Tokyo, Japan)
Shodex HILICpak VG-50 4E (5pum, 250 X 4.6 mm ID) HPLC column,
protected by a HILICpak VG-50 G 4A (5pum, 10 x 4.6 mm ID) security
guard cartridge. The AB Sciex Analyst version 1.6.3 software was used
for instrument control and data acquisition and the AB Sciex
Multiquant version 3.0.2 software for data processing.

2.3. Plasma samples

Healthy volunteers (age = 33 + 9years; body mass index
(BMI) = 23.1 + 2.9kg/m?%  fasting plasma  glucose = 5.2 +
0.4mmol/L) and patients with type 2 diabetes (T2D, age = 54 =+
4 years; BMI = 27.8 + 2.3; diabetes duration = 14 * 6 years; fasting
plasma glucose = 12.0 + 1.7 mmol/L; all mean + SD) were recruited
at the Department of Clinical and Experimental Medicine, University of
Pisa, Italy. After an overnight fast (10 —12h), a blood sample was col-
lected in EDTA tubes and centrifuged at 3000 rpm for plasma separa-
tion.

2.4. Sample storage and preparation

Plasma samples were stored at —20 °C. Before processing, each of
them was thawed at room temperature, vortexed (15 min), and a 100 pL
aliquot was loaded into an iPhree 96-well plate, where it was added
with 400 uL of a freshly prepared daily precipitation solution (DPS)
containing acetonitrile, formic acid 0.1% (V%), and IS at 3.125 pug/mL
concentration level. The obtained suspension was eluted by a 96-well
plate vacuum manifold and 5 pL of the resulted eluate was injected into
the LC-MS-MS system for the analysis.

2.5. Preparation of calibrators and quality controls

Solutions of mannose (100 pg/mL) and 13Cq-mannose (100 pg/mL)
were stored at —20 °C and used as standard stock solutions. The cali-
bration curve was built using 8 standard solutions, prepared by serial
dilution with water at the following concentrations: 0.31 (L,), 0.63 (L),
1.25 (Ls), 2.50 (Ly), 5.0 (Ls), 10.0 (Le), 20.0 (L,) and 40.0 ug/mL (Lg).
Three quality control solutions, prepared by a proper water dilution of
the mannose stock solution in order to get 2.0 (QC;), 8.0 (QC,), and
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32.0 ug/mL (QCs3) concentration levels, were analyzed in each batch.
Both calibrators and QCs (100 pL each) were added with DPS and
submitted to the same treatment as the samples.

2.6. HPLC conditions

Chromatographic separation was carried out under isocratic con-
ditions, by delivering a solvent mixture consisting of acetonitrile (85%,
by volume) and water (15%) by the binary pump, at a flowrate of
1000 pL/min. A contribution to the robustness of the analytical method
was provided by supplying eluate to the mass spectrometer just in the
time range 9-12.6 min (which includes retention time of p-mannose),
since both head and tail of the chromatographic run were diverted to
waste by the ten-ports switching valve. On the contrary, in the time
ranges 0-9 min and 12.6-16 min the quaternary pump supplied the ion
source with a solvent mixture consisting of methanol (50%, by volume)
and water (50%), at a flowrate of 100 uL/min. A continuous solvent
supply prevented the occurrence of unwanted electric discharges inside
the source, avoiding damages of the mass spectrometer. The HPLC
column was kept at a constant temperature of 40 °C and injection vo-
lume for all samples, QCs, and calibrators was set to 5 pL.

2.7. Mass spectrometry conditions

The MS method was based on negative ion mode selected reaction
monitoring (SRM) and made use of optimized collision energies (CEs)
and collision exit potentials (CXPs). Two transitions for each compound
were monitored, the more intense of which was used as a quantifier (Q)
and the other one as a qualifier (q). These parameters are reported in
Table 1. Further operative parameters were the following: declustering
potential (DPs), 40 V; entrance potential (EP), —10.2V; IQ1 lens po-
tential, —10 V; ionspray voltage (IS), —4.5kV; gas source 1 (GS1) zero
air, 60; gas source 2 (GS1) zero air, 40; source temperature (TEM),
450 °C; collision gas (CAD) nitrogen, operative pressure with CAD gas
on, 4.8 mPa.

2.8. Method validation

The method was validated in compliance with EMA guidelines with
regard to selectivity, linearity, lower limit of detection (LLOD) and
lower limit of quantitation (LLOQ), matrix effect, recovery, accuracy,
precision, and stability [14]. Selectivity was evaluated by separate in-
jection of water solutions of p-mannose, p-glucose, and p-galactose, as
well as solutions containing all of them together. The retention time of
each compound was monitored, in order to exclude a co-elution of p-
mannose with its epimers. Linearity was assessed by calculating the
correlation coefficient of 10 linear calibration curves, built as usual by 8
standard solutions at different levels, within the concentration range
0.31-40.00 pg/mL. Instrumental LLOD and LLOQ, intended as the
smallest concentration of p-mannose that can be reliably detected and
quantified in a sample, respectively, were evaluated by injecting water
solutions of p-mannose at decreasing concentration levels up to signals
3 and 10 times the noise level for LLOD and LLOQ, respectively, cal-
culated by a specific software tool included in the Analyst software.
Ionization suppression or enhancement, commonly referred to as

Table 1
Mass spectrometry operative parameters.
Analyte Operative parameters
SRM transition CE CXP
Mannose q 178.9—59.0 —24 —-4.0
Q 178.9—88.9 -11 —-6.0
Mannose-'3Cq q 184.9—60.9 -28 -9.3
Q 184.9—-92.0 -12 —15.0
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matrix effect (ME), could potentially be induced by the co-elution of p-
mannose with the matrix components. A quantitative estimate of such
an effect was performed according to the Matuszewski's assay method,
by using '3Ce-mannose as a surrogate analyte [15]. In practice, the
chromatographic peak area of *Cg-mannose from a water solution (A)
was compared to those from 9 different human plasma matrices (B), all
of them treated in the same way as the real samples, except for *3Cq-
mannose which was spiked after the iPhree elution, so that its final (i.e.,
injected) concentration was the same as the real samples (2.5 pg/mL).
The matrix effect was then calculated for each human plasma as the
ratio of the peak areas of *Cg-mannose in matrix B and in solution A,
by the formula ME (%) = B/A X 100. Recovery (RE) was evaluated by
processing data from 3 different experiments: a) comparison between
water solutions of *Cg-mannose, prepared by spiking proper amounts
of 13C¢-mannose before the iPhree treatment (C;) or after the elution
(D7), in order to obtain solutions with 2.5 ug/mL as a final concentra-
tion; b) comparison between real human plasma from healthy volun-
teers added with ®Cg-mannose before the iPhree treatment (C,) or
after, i.e., to the iPhree eluate (D), such as its final concentration was
2.5 ug/mlL; ¢) comparison between water solutions prepared by spiking
mannose before (C3) and after (D3) the iPhree treatment, in order to get
mannose at the same final concentrations of QCs, ie., 0.4 (QC;), 1.6
(QCy), and 6.4 pg/mL (QCz). In each experiment recovery was calcu-
lated as the ratio of the peak areas of '>Cg-mannose or mannose in
matrix C and matrix D by the formula RE (%) = C/D X 100. Moreover,
the evaluation of recovery in experiment c) was carried out also by
normalizing mannose peak area with the peak area of '>Cg-mannose,
which was added to the QCs as an IS, according to the procedure de-
scribed in the “Preparation of calibrators and quality controls” section.
Thus, recovery was calculated by the formula RE (%) = [(C/Cis)/(D/
Dis)] x 100). Intra-day accuracy (expressed as accuracy %) and preci-
sion (expressed as relative standard deviation %, RSD %) were mea-
sured on a human plasma sample from a healthy subject, spiked with
mannose prior to the usual sample preparation in order to achieve
additions at 3 different concentration levels (C;, 6.25ug/mL; C,,
12.50 pg/mL; Cs, 25.00 ug/mL). The added mannose was estimated by
two different formulas: d) C,, = Cr,-Cg, i.e., the measured endogenous
concentration in the blank plasma sample (Cp) was subtracted from the
total concentration (Cr,, endogenous + added concentration) in each
spiked sample to determine the concentration value of added mannose
(C, indicates C;, C,, or C3); e) C, = Cry-Crp, Le., the added con-
centration was determined as a difference between the assayed con-
centration values of 2 differently spiked plasma aliquots. All the con-
centrations were assayed by 10 replicate injections, and the statistical
parameters were calculated by using mean concentration values for the
subtrahends in the above reported formulas. Moreover, intra-day ac-
curacy and precision were also assessed using 6 replicate injections of
low, medium and high concentration QCs; intra-day accuracy and
precision were measured on 3 different days and were considered ac-
ceptable when within + 15%. Stability of p-mannose as a result of a
freeze-thaw cycle was evaluated. An aliquot of freshly prepared low,
medium, and high QCs, as well as several plasma samples, were im-
mediately injected into the HPLC-MS-MS system, and the results were
compared to those from a second aliquot of the same QCs and samples
frozen at —20 °C (stored for 30 days) and thawed at room temperature
before sample preparation and assay.

3. Results
3.1. Method validation

HPLC provided an adequate separation of mannose from its main
interferents glucose and galactose (Fig. 1), ensuring the necessary se-
lectivity to the method. The calibration curve, which was built by
plotting the peak area ratio (y) of the analyte to IS versus the nominal
concentration (x) of the analyte, with a weighed (1/x) linear regression,
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Fig. 1. SRM chromatograms of m/z 178.9 — 88.9 Da from standard solutions
containing mannose (a), galactose (b), and glucose (c) at a concentration of
1 ug/mL.

was linear within the acquired concentration range (0.31-40.0 pg/mL),
with a correlation coefficient always > 0.997. The values (mean *+ SD;
n =10) of its slope and intercept were m = 0.091 = 0.029 and
q = 0.0206 = 0.0716, respectively. Instrumental LLOD and LLOQ
were 0.31 and 1.25 pg/mL, respectively, i.e., LLOQ was at least 6 times
lower than the lowest mannose concentration in our samples. The
matrix effect, tested on nine different human plasma matrices and ex-
pressed as mean *+ SD %, was found to be 62.2 * 5.4%. As a con-
sequence, signal was clearly detectable in all the matrices, although it
was suppressed by about 38%. Recovery, tested with '>Cg-p-mannose at
2.5 ug/mL as a final concentration and expressed as mean = SD %, was
91.5 *+ 4.7% in water solutions (experiment a) and 62.5 = 4.5% in
human plasma (experiment b). The addition of mannose to aqueous
solutions before and after the iPhree treatment (experiment c) in order to
get it at a final concentrations of 0.4 (QC;), 1.6 (QCy), and 6.4 ug/mL
(QCs3) provided mean recoveries of 83.4%, 87.4%, and 95.5%, respec-
tively, which increased up to 89.1%, 100%, and 98.8% when mannose
peak areas were normalized by the IS peak areas. Intra-day and inter-
day accuracy assessed on the three quality controls in water solution,
was in the range 96.07-103.68%, while RSD was < 9.81. The above-
mentioned intra-day accuracy was confirmed by further experiments on
a real human plasma sample spiked with mannose at 6.25 pg/mL (C,),
12.50 ug/mL (C,), and 25.00 pg/mL (C3) concentration levels, which
gave 96.59-101.75% as an accuracy range. Also precision was essen-
tially confirmed, as RSD % always resulted < 4.59. All accuracy and
precision data are reported in Table 2. Stability of p-mannose under one
freeze (—20°C, 30days)-thaw (room temperature) cycle for low,
medium and high QC was 95.19 *+ 4.11% (variation * SD), while it
was 92.40 + 1.66% when detected on 5 different plasma samples.

3.2. Concentration values

Twenty healthy subjects and twenty diabetic patients were assayed
in order to establish the reference intervals. The endogenous p-Mannose
concentration, expressed as mean * SD, in healthy volunteers was

9.93 + 3.37 ug/mlL, while in patients with type 2 diabetes it averaged
23.47 = 6.19ug/mL (p < 0.0001 by Mann-Whitney U test).

4. Discussion
4.1. Method performances

The HPLC-MS-MS method was based on the isotope dilution
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Table 2
Accuracy and precision of p-mannose assay.

Nominal Conc. Mean Conc. RSD (%) Accuracy (%)
(ug/mb) (ug/ml)
Intra-day C;-Cg 6.25 6.19 3.69 98.97
Cy-Cp 12.50 12.22 2.27 97.78
C3-Cy 25.00 24.94 0.95 99.77
Cy-Cy 6.25 6.04 4.59 96.59
C3-C, 12.50 12.72 1.86 101.75
C3-Cq 18.75 18.76 1.26 100.03
QG 2.00 1.92 6.27 96.07
QC, 8.00 8.23 2.43 102.98
QCs3 32.00 32.38 2.09 101.21
Inter-day QG 2.00 2.01 9.81 100.25
QC, 8.00 8.29 2.69 103.68
QCs3 32.00 32.40 1.48 101.25

technique [16] and made use of a stable isotope labeled analogue of p-
mannose as an IS, i.e., 13Cg-p-mannose. This compound has equivalent
physical-chemical properties as mannose and, therefore, the same in-
strumental response. As an IS, it compensates for the variability of some
critical parameters, such as MS ionization efficiency, sample stability,
and extraction recovery during samples preparation [17]. Chromato-
graphy of p-mannose in biological samples is complicated by the chal-
lenging separation from its endogenous epimers p-glucose and p-ga-
lactose, which often requires ad hoc strategies and specific materials
[10]. In a recently published HPLC-MS-MS method, White et al. [4]
proposed the use of a Supelcogel Pb (Sigma-Aldrich, Saint Louis, MO,
USA) column capable of separating sugars epimers by means of an ion
exchange resin, which interacts with the analytes by both size exclusion
and ligand exchange, the latter mechanism probably prevailing in the
case of p-mannose. In the course of the present study, a Rezex RCM
Monosaccharide Ca**  (Phenomenex, Torrance, CA, USA)
300 x 7.8 mm column [18], containing an ion exclusion material si-
milar to that of Supelcogel Pb, was extensively tested by running > 100
samples. It provided the needed chromatographic separation, but its
performance degraded quite rapidly for the progressive deactivation of
the stationary phase, so that frequent column regeneration was neces-
sary in order to prevent a significant decrease in the separation cap-
ability. The analytical method centered on this column showed further
limitations, such as long run-times, which made it less than ideal for its
routine use, and the use of just water as a mobile phase, which was
unable to remove most of the organic residues adsorbed on the packing
material. The Shodex HILICpak VG-50 4E, a polymer-based amino
column for hydrophilic interaction chromatography (HILIC) that was
next tested and then adopted for our definitive method, provided an
adequate separation of mannose from galactose and glucose (Fig. 1). A
further structural isomer of mannose, sometimes regarded as a potential
interferent, is fructose. It has a significantly different structure and was
easily separated from mannose by the HILICpak column. Interestingly,
also the HILICpak column exhibited a progressive degradation of the
separation efficiency, but it evolved much slower with respect to the
Phenomenex Rezex column and could be overcome by an occasional
column washing in alkaline solution (0.1 M NaOH). In addition, the
HILICpak column had a longer lifetime.

Instrumental sensitivity was good enough for our aims, with
1.25 pg/mL as a LLOQ, which was at least 6 times lower than the lowest
mannose concentration in our samples. This value is not impressive,
although in a good agreement with data from the literature, as White
et al. [4] gave 1.0 ug/mL as a LLOQ. However, this result was affected
by a 5-fold sample dilution, that was included in sample preparation
step in order to increase the method ruggedness, and by the broadness
of the HPLC peak (~ 40s.), which anyway is a quite common behavior
with monosaccharides [4,11].

Matrix effect was non-negligible, as signal suppression was about
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38% [19], but it was not critical and there was no need to improve the
sample clean-up procedure. This value disagrees with the results from
White et al. [4], who got an insignificant signal suppression by using a
sample preparation based just on protein precipitation. This difference
might be due to the fact that we assessed matrix effect on real plasma
samples rather than on a surrogate sample obtained by spiking b-
mannose to a blank matrix made by 4% BSA in PBS, as White et al. did.

Recovery, assessed by '°Ce-p-mannose at 2.5 ug/mL as a final con-
centration, was significantly higher in water solutions than in human
plasma (91.5 + 4.7% vs. 62.5 = 4.5%), suggesting that protein pre-
cipitate from plasma could hold some *C4-p-mannose, thereby pre-
venting elution of its total amount through the stationary phase. In
addition, recovery was influenced by the analyte concentration, since
mannose in QC; (injected concentration, 0.4 ug/mL in water), QC,
(1.6 pg/mL), and QCs (6.4 ug/mL) exhibited mean recoveries of 83.4%,
87.4%, and 95.5%, which improved up to 89.1%, 100%, and 98.8%,
respectively, when the mannose peak areas were normalized by the IS
peak areas. Also recovery in human plasma was a little disadvantageous
with respect to other method in the literature [4,10,11], but since LLOQ
was more than acceptable, no implementation was made to the sample
preparation procedure in order to preserve its simplicity which makes it
suitable for a routine use.

Intra-day accuracy and precision were assessed by experiments on
either human plasma added with known amounts of mannose or water
solutions with mannose at 3 different concentration levels, namely QCs.
Since no mannose-free plasma was available to be used as a blank
matrix, a sample containing endogenous mannose at a relatively low
concentration level, ie., 7.37 ug/mL, was used in its place and was
spiked with mannose at 3 final concentration levels, ie., 6.25pug/mL
(C41), 12.50 ug/mL (C,), and 25.00 pg/mL (C3). The added concentra-
tions were then estimated by subtracting the mean assayed endogenous
concentration from the total assayed concentrations (C, = Cr,-Cg) and
by calculating the difference between the total assayed concentrations
of two sample aliquots spiked with different amounts of mannose
(C,, = Crn~Crp). As reported in Table 2, all results, obtained by cali-
bration curves built with calibrators in water solution, are within the
acceptance range ( = 15%). Positive outcomes came also from QCs,
which were also used to assess inter-day accuracy and precision, with
similar results (Table 2). These results were satisfactory and in a sub-
stantial agreement with data in the literature [4] and in accordance to
the EMA guidelines [14].

In human plasma, p-mannose is not completely stable under one
freeze-thaw cycle since its concentration decreases of 7.6% on average.
Hence, freshly prepared sample should be processed whenever possible.

4.2. Concentration values

Most of the mannose concentration ranges in the literature refers to
assay methods not based on HPLC-MS-MS, sometimes to serum speci-
mens or to subjects of different ethnicity. Hence, the comparison be-
tween data in the literature and our reference plasma concentration
could be merely indicative. Actually, in plasma specimens from healthy
volunteers Pitkdnen measured a concentration of 7.0 *+ 2.2 ug/mL by
gas-chromatography coupled to mass spectrometry (GC-MS) [12],
Jozwik et al. a concentration of 10.0 = 0.4 pug/mL in samples from
women in a preovulatory period by HPLC coupled to an amperometric
detector [20], Taguchi et al. and Yoshimura et al. levels of
6.4 = 2.3ug/mL and 7.4 = 0.4 ug/mL, respectively, by using HPLC
with a fluorescence detector [10,21], Sone et al. a concentration of
7.4 = 1.6 ug/mL by a colorimetric based technique [22], and Akazawa
etal. 9.8 * 0.4 ug/mL by enzymatic assay on samples collected during
weeks 34-40 of human pregnancy [23]. Serum from healthy volunteers
usually provided lower values, although of the same order of magni-
tude. In particular, White et al., who also used an HPLC-MS-MS based
method, assayed a concentration of 6.3 = 3.6 ug/mL [4], Charcon
et al. a level of 5.4 = 2.3 pg/mL in paediatric samples using capillary
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electrophoresis with a fluorescence detector [13], Soyama et al. and
Etchison et al. values of 3.8 = 2.9ug/mL and 5.4 *+ 1.8 ug/mL, re-
spectively, by enzymatic assay [7,8]. Data in the literature show higher
concentrations levels of plasma mannose in samples from patients with
type 2 diabetes. Actually, Pitkdnen detected mannose at a concentration
level of 21.3 = 10.5pg/mL [12], Yoshimura et al. at 8.1 + 2.3 ug/mL
[21], Sone et al. at 9.3 * 2.4ug/mL [22], and Akazawa et al. at 16.
9 + 0.6 ug/mL [23]. It's worth noting that our results are consistent
with the plasma concentration ranges proposed by Pitkdnen, which
were also obtained by mass spectrometry, although coupled to gas-
chromatography, ie., 9.93 * 3.37pug/mL vs. 7.0 £ 2.2ug/mL in
healthy volunteers, and 23.47 = 6.19 ug/mL vs. 21.3 * 10.5pug/mL
in patients with type 2 diabetes.

5. Conclusions

We developed a simple and reliable LC-MS-MS method for the
quantification of p-mannose in human plasma, which was validated in
compliance with the EMA guidelines [14] to be used in clinical la-
boratories for accurate assays. The method provided satisfactory results
in terms of selectivity, as it distinguished p-mannose from its epimers
glucose and galactose, reproducibility, with RSD always < 10%, and
accuracy, in the range 96-104%. Linearity was good in the concentra-
tion range of interest, i.e., 0.31-40 ug/mL, and instrumental LLOD and
LLOQ were 0.31 and 1.25 pg/mL, respectively. The latter value was at
least 6 times lower of the lowest concentration assayed in human
plasma samples, confirming that sensitivity was adequate for the pur-
pose, although not impressive. It often happens with the separation of
sugar epimers, as chromatography often yields rather broad peaks
which affect the method sensitivity. Moreover, the sensitivity of our
method suffered from the 5-fold sample dilution during sample pre-
paration, which anyway improved the method ruggedness. Another
point of interest was the use of calibrators in water solution, which
simplified the pre-analytical procedure.

The method was used for the assessment of p-mannose in plasma
samples obtained from diabetic and non-diabetic subjects. Our pre-
liminary data on fasting samples document the presence of higher
plasma mannose concentrations in type 2 diabetes, par excellence an
insulin resistant state, thereby confirming the findings obtained by
screening metabolomics [6]. Extensive clinical investigation into the
mechanisms of this increase proves that physiological hyperinsulinemia
is a potent negative regulator of circulating mannose levels, and that
this insulin effect is blunted in patients with type 2 diabetes [24].
Therefore, p-mannose could be further tested a new robust biomarker of
insulin resistance and insulin sensitivity in large-scale studies.
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