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Abstract

A method is developed for the simultaneous extraction of gentisic (GA), salicyluric (SUA) and salicylic acid (SA) in human plasma from
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illowBarkextract, by solid phase extraction (SPE) using Waters Oasis HLB (divinylbenzene–n-vinylpyrrolidone copolymer) cartridges. Als
method is optimized comprising of reversed-phase (RP) high-performance liquid chromatography (HPLC) in connection with el

onization mass spectrometry (ESI-MS), fluorescence detection (FLD) and photo diode array detection (DAD) to identify and qua
UA and SA in the SPE effluents. An improved sensitivity regarding the lower detection limit (LOD) of <7 ng/ml, the limit of quan

LOQ) of 20 ng/ml and short analysis times of <15 min is required. The validated SPE method shows linearity in the range of 9.0–5
or GA, 9.4–191.5 ng/ml for SUA and 12.8–1101.6 ng/ml for SA. The correlation coefficient values are >0.9994 and 0.99 for fluo
etection (FLD) and electrospray ionization mass spectrometry (ESI-MS), respectively. The recoveries are from 91.3–102.1% for g
GA), 86.8–100.5% for salicyluric acid (SUA) and 75.8–81.4% for salicylic acid (SA) depending on the starting concentrations. RP
S/MS studies using collision induced dissociation (CID) confirm that the investigated analytes are not artifacts and facilitate furth

dentification in addition to the determination of the parent ion mass even in the presence of co-eluting peaks. The established me
sed to analyze gentisic (GA), salicyluric (SUA) and salicylic acid (SA), not only after intake ofWillow Barkcapsules (Assalix®, BNO 1455)
ut also as naturally occurring constituents in human plasma after the intake of salicylic acid containing foods.
2004 Elsevier B.V. All rights reserved.
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. Introduction

The ancient Egyptians have used preparations of Wil-
ow Bark for fever, mild rheumatic complaints and pain like

ild headache without causing stomach troubles even in
he case of a long-lasting therapy. Therefore,Willow Bark
xtracts offer an alternative to the well-known Aspirin®

acetylsalicylic acid, ASA), of which more than 80 billion
ablets per year are taken alone in the United States. A
rincipal active ingredient of this is salicin that is metab-

∗ Corresponding author. Tel.: +43 512 507 5195; fax: +43 512 507 2965.
E-mail address:christian.w.huck@uibk.ac.at (C.W. Huck).

olized to saligenin[1,2]. The metabolism pathway show
in Fig. 1 is similar to that of Aspirin® [3,4]. In contras
to Aspirin®, whose activity is known, for the therapeu
mechanism of salicin and its salicylate derivatives, sev
explanations exist[5–7]. One of these theories describ
the bonding of salicylic acid (SA) at the active cente
cyclooxygenase (COX) and as a result the prostagla
synthesis is inhibited. The most common technique fo
analysis of Aspirin® and its major metabolites in plasma
tracts is reversed-phase high-performance liquid chrom
raphy (RP-LC), using either UV-absorbance or fluoresc
detection (FLD)[8–10]. Traditionally, liquid–liquid extrac
tion (LLE) is the preferred method for the separation

570-0232/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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Fig. 1. Metabolites of salicin and acetylsalicylic acid (Aspirin®) found in human plasma.

salicin and its salicylate derivatives from human plasma sam-
ples [11–13]; e.g., Klimés et al.[14] described a method
of LLE with methylene chloride for the isolation of acetyl-
salicylic acid, its metabolites, salicylic, gentisic and possi-
bly salicyluric acid from whole blood, isolated erythrocytes
and plasma. Separation was performed using reversed-phase
chromatography on Separon SGX C18 by applying a mix-
ture of methanol–water (80:100, v/v) as the mobile phase
that allowed the determination down to a limit of 20 and
50 ng/ml for SA and GA, respectively. Liu and Smith[15]
introduced a method for the direct analysis of salicylic acid,
salicyl acyl glucuronide, salicyluric acid and gentisic acid
in human plasma and urine after protein precepitation using
acetonitrile by RP-LC. The LOD was as low as 200 ng/ml.
Shen et al.[16] described the application of ion-pair RP-LC
using a mobile phase consisting of methanol, water and TEA
for the quantitation of aspirin, salicylic acid, gentisic acid
and salicyluric acid in human plasma down to a LOD of 500,
50, 100 and 50 ng/ml, respectively. McMahon and Kelly[17]
described a procedure for the determination of Aspirin® and
salicylic acid (SA) in human plasma by column-switching
liquid chromatography (LC) using on-line solid-phase ex-
traction (SPE), which allowed the determination to a lower
limit of detection (LOD) of 40 ng/ml. Hansen et al.[18] de-
scribed an alternate method of LC, i.e. the non-aqueous cap-
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lytical procedure was developed which was based on solid-
phase extraction (SPE), using Oasis HLB (divinylbenzene–n-
vinylpyrrolidone copolymer)[20] as stationary phase, fol-
lowed by RP-LC determination connected to fluorescence
detection (FLD), diode array detection (DAD) and mass spec-
trometry (MS) via an electrospray ionization (ESI) interface.
The idea behind the first few steps was deduced from the expe-
riences made by Paterson et al.[21] and Blacklock et al.[22].
Paterson et al.[21] showed the occurrence of gentisic acid
(GA) in human plasma extracts by spiking of an “unknown
peak” in the LC–UV chromatogram with an aqueous stan-
dard. Blacklock et al.[22] compared the salicylic acid (SA)
content in serum samples of non-vegetarians and vegetarians
not taking aspirin drugs with patients taking Aspirin®. Gen-
tisic (GA) and salicylic acid (SA) is a normal constituent in
human plasma because of the fact that salicylic acid (SA) can
be found in a large number of foods such as cucumber, melon,
cherry, etc.[23]. In this paper, it is shown that the validated
method requires decreased sample preparation time, offers
higher sensitivity at analysis times <15 min. Furthermore, it
is highly suitable for simultaneous qualitative and quantita-
tive analysis of gentisic (GA), salicyluric (SUA) and salicylic
acid (SA) in human plasma by RP-LC–DAD, RP-LC–FLD
and RP-LC–ESI-MS/MS with high recovery and robustness.
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y the use of hexadimethrine bromide, for the separatio
cetylsalicylic acid, salicylic acid, salicyluric acid and g

isic acid down to a LOD of 500 ng/ml from plasma. As
oncentrations of gentisic (GA), salicyluric (SUA) and s
ylic acid (SA) after digestion ofWillow Bark extracts ar
ne-tenth as compared to that of Aspirin®, some more sen
itive preconcentration steps and analytical technique
equired, which can be directly connected to mass spec
try for further structural identification. This is required es
ially in the case of complex plasma samples where coel
an appear[19]. Therefore, a highly sensitive and fast a
. Experimental

.1. Materials and reagents

Acetonitrile (ACN, analytical reagent-grade), metha
MeOH, analytical reagent-grade) and salicylic acid (SA
lytical reagent-grade) were purchased from Fluka (Bu
witzerland), formic acid (analytical reagent-grade), or
hosphoric acid (H3PO4, 85% analytical reagent-grad
nd potassium dihydrogen phosphate (KH2PO4, analytica
eagent-grade) from Merck (Darmstadt, Germany), gen
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(GA) and salicyluric acid (SUA) from Sigma–Aldrich
(Deisenhofen, Germany). Bidistillated water was purified
by a NanoPure-unit (Barnstead, Boston, MA, USA). Stan-
dard stock solutions of GA, SUA and SA were prepared
in methanol of concentrations about 11 mg/ml and stored
at −18◦C for several weeks. The working solutions were
prepared by dilution with bidistillated water to spike hu-
man plasma and stored in a refrigerator for 2 days. Human
plasma was obtained from the blood bank of the Univer-
sity Hospital (Innsbruck, Austria). Oasis HLB 1cc SPE car-
tridges were from Waters (Milford, MA, USA).Willow Bark
capsules (Assalix®, BNO 1455) were provided by Bionor-
ica AG—The Phytoneering Company (Neumarkt/Oberpfalz,
Germany).

2.2. Instrumentation

2.2.1. High-performance liquid chromatography (LC)
The earlier LC system consisted of a LC Module I plus

(Waters, Milford, MA, USA), to which a fluorescence de-
tector (FLD, Model 474, Waters) with a 16�l flow cell was
connected. The existing system used for RP-PLC consisted
of a low-pressure gradient pump (Model 616, Waters), a con-
troller (Model 600S, Waters), a column heater (Model TC
1900, ICI, Welshpool, Australia), a helium degassing sys-
t hoto
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ond octapole offset, 7/3.75/4.5 V (GA/SUA/SA); inter oc-
tapole lens, 46/28/24 V (GA/SUA/SA). For RP-LC a Pron-
tosil 120-5-C-18-AQ column (250 mm× 2 mm i.d., 5�m,
120Å, Bischoff, Leonberg, Germany) was used. The mo-
bile phase consisted of: (A) 99.76% bidistillated water/0.24%
acetic acid (v/v); (B) ACN; linear gradient: 0 min 92% (A)
→ 15 min 22% (A)→ 17 min 92% (A). The flow rate was
0.3 ml/min at a temperature of 25◦C. The volume injected
was 20�l. The fragmentation pattern of the three acids was
identical with Frauendorf and Herzschuh[24] and Ehring et
al. [25]. The found parent and daughter ions of GA, SUA and
SA were as: SA:m/z= 137 (12%), 93 (100); GA:m/z= 153
(3–10), 152 (30–55), 109 (100); SUA: 192 (>2), 193 (5–45),
150 (100), 93 (6).

2.3. Sample preparation

Solid-phase extraction (SPE) of all plasma samples was
carried out as follows. Conditioning of the cartridge with
2 ml MeOH and 2 ml eluent A (1000 g bidistillated water,
2.69 g KH2PO4 and 2 ml H3PO4) by applying gauge pressure.
To 1 ml of the plasma containing gentisic (GA), salicyluric
(SUA) and salicylic acid (SA) in a glass tube, 20�l H3PO4
was added and vortex mixed for 15 s.p-Toluic acid was used
as an internal standard (10�l of a 761�g/ml MeOH solution
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em, an autosampler (Model 717 plus, Waters) and a p
iode array detector (DAD, Model 996, Waters) with a 10
ath length flow cell. Data was recorded on a computer-b
ata system (Millenium32, Version 3.05.01, Waters). For bo
ystems, a Spherisorb C-8 column (250 mm× 4.6 mm i.d.
�m, 120Å, Sigma–Aldrich, Deisenhofen, Germany) w
sed. The mobile phase comprised of: (A) 20 mM KH2PO4

n 99.8 % bidistillated water/0.2% H3PO4 (85 %) (v/v); and
B) ACN; linear gradient: 0 min 88% (A)→ 16 min 40%
A) → 18.5 min 88% (A). The flow rate was 1.0 ml/min a
emperature of 25◦C. The volume injected was 20�l. For flu-
rescence detection, following wavelengths were used
ex = 323 nm;λem = 442 nm; SUA and SAλex = 297 nm;λem
407 nm.

.2.2. High-performance liquid chromatography
oupled to electrospray ionization quadrupole ion trap
ass spectrometry (LC–ESI-MS/MS)
For routine LC–ESI-MS/MS experiments, a low-press

radient micropump (Model Rheos 2000, Flux, Karlsko
weden), a degasser (Model DG-301, Phenomenex,

ance, CA, USA), a microinjector (Model CC00030, Val
ouston, TX, USA) with a 20�l internal loop connected to
uadrupole ion trap mass spectrometer (Model LCQ, F
an, San Jose, CA, USA) were used. The following pa
ters were applied in all experiments: negative ion m
ource voltage, 4.5 kV; source current, 80�A; sheath ga
ow rate, 75 (Finnigan units; nitrogen); capillary volta
4/−7 V (GA and SA/SUA); temperature of the heated c

llary, 185◦C; tube lens offset,−30/−40/−35 V (GA /SUA
SA); first octapole offset, 9/6.5/8 V (GA/SUA/SA); se
ere added to the plasma).The mixture was passed th
he Oasis HLB 1cc SPE cartridge. The cartridge was wa
ith 1 ml eluent A and dried with nitrogen for 7 min a
ressure of 1.5 bars. Elution was done with 0.5 ml Me
nd after evaporation under a stream of nitrogen at 50◦C; the
esidue was dissolved in 0.2 ml eluent A. Finally, an aliq
art was injected into the LC system.

.4. SPE-method optimization and validation

.4.1. Calibration curves
Weight least-squares method (weighing factor

oncentration−2) was applied to fit the response of the d
ersus the effective concentration to the equation: height
GA and SUA/SA) response = slope× concentration±
ntercept. Calibration curves were obtained by injec
piked plasma standards to achieve the concentrations
n Table 1. Analysis was carried out by RP-LC–FLD.

.4.2. Precision and recovery
Absolute recoveries for GA, SUA and SA from spiked

an plasma were determined at three concentrations fo
GA: 9.1, 27.3, 58.2 ng/ml; SUA: 9.5, 103.9, 191.5 ng/
nd SA: 12.8, 453.9, 1101.6 ng/ml). Comparison of the p
eight was done in the case of SA (due to the slight p

ailing) and comparison of peak area in the case of SUA
A to that of reference samples based on fluorescenc

ection. Reference samples were prepared by solid-pha
raction (SPE) of blank plasma and followed by additio
he individual spiking solution to obtain the same conc
rations as described earlier.p-Toluic acid was used as
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Table 1
Concentrations (ng/ml) of gentisic (GA), salicyluric (SUA) and salicylic acid (SA) for the calibration using aqueous standards or spiked plasma followed by
analysis using RP-LC–FLD and RP-LC–ESI-SIM/MS

RP-LC–FLD RP-LC–ESI-MS

Spiked plasma Aqueous standards Spiked plasma

GA SUA SA GA SUA SA GA SUA SA

9.1 9.5 12.8 29.9 31.0 39.3 49.7 10.3 48.2
18.9 45.9 230.5 59.7 62.0 78.6 98.9 28.7 95.9
28.7 82.3 448.3 89.6 93.1 117.9 147.7 40.8 143.2
38.6 118.7 666.0 119.4 124.1 157.2
48.4 155.1 888.8 149.3 155.1 196.5
58.2 191.5 1101.5 179.1 186.1 235.8

internal standard. For the determination of intra- and inter-
day precision, this practice was repeated six times for each
concentration in a single day or in the span of 6 days time,
respectively.

2.5. Qualitative and quantitative analysis of gentisic
(GA), salicyluric (SUA) and salicylic acid (SA) in human
plasma using RP-LC–DAD and RP-LC–ESI-MS/MS

Qualitative analysis of gentisic (GA), salicyluric (SUA)
and salicylic acid (SA) as the natural constituents of human
plasma was performed by solid-phase extraction (SPE) on a
12 ml sample, followed by RP-LC–DAD, and RP-LC–ESI-
MS/MS in the selected ion monitoring (SIM) and collision
induced dissociation (CID) mode.

Quantitative analysis was performed by RP-LC–FLD us-
ing calibration curve obtained by spiked plasma standards
with p-toluic acid as an internal standard (seeSection 2.4.1)
in the course of the solid-phase extraction (SPE) validation.
Two standardization methods were compared for quantitative
analysis based on RP-LC–ESI-SIM/MS. One was the cali-
bration with aqueous standards and the other was calibration
using spiked plasma standards (Table 1).
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endogenous proteins of gentisic (GA), salicyluric (SUA) and
salicylic acid (SA), which actually lead to loss in recovery and
decreasing limits of detection. Acidification with pure phos-
phoric acid (20�l/1 ml plasma) allowed to detect GA, SUA
and SA down to a lower limit of detection (LOD) of <7 ng/ml
and a limit of quantitation (LOQ) of 20 ng/ml. Elution was
performed four times with 0.25 ml methanol to find the min-
imum amount of methanol required to desorb GA, SUA and
SA. In the third effluent no analyte was detected, which meant
that quantitative desorption was already obtained by 0.5 ml
methanol. Furthermore, it was also tested, especially for sal-
icylic acid (SA), if the drying step caused loss of analytes,
because SA is known to sublimate during the evaporation step
after liquid–liquid extraction (LLE)[14,26]. This was accom-
plished by comparing the peak heights and areas of GA, SUA
and SA in the effluents created after solid-phase extraction
(SPE), with and without a drying step. The loss of analytes
with the drying step was smaller than 2% compared to no
drying. The drying step enabled faster evaporation without
residues from the erythrocyte and from whole blood.

3.1.1. Precision
Precision (repeatability) of the SPE was checked by cal-

culating the intra- and inter-day assay variation of 6 inter-day
data sets at three different concentrations for each compound
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. Results and discussion

For the optimization and validation of solid-phase ext
ion (SPE) and reversed-phase LC procedure, we used
escence detection (FLD). Further quantitative analyses
arried out by FLD, ESI-SIM/MS. For qualitative analy
lso diode array detection (DAD) was applied.

.1. Optimization and validation of the solid-phase
xtraction using RP-LC–FLD

In order to increase the efficacy of the solid-phase
raction procedure, acidic solutions with varying amoun
ethanol as protein precipitation agents were tested pr

he extraction. During the treatment of 1 ml plasma sam
ith 3 ml aqueous phosphoric acid (500 ml bidistillated

er, 1 ml H3PO4), only a partial desorption was observed fr
iven in Table 2. Precision was defined as the percen
ifference between the effective concentration and the m
alculated concentration of GA, SUA and SA in the extra
n order to ensure the highest possible reliability of res
t each concentration, the extraction was repeated six

ollowed by LC measurements using fluorescence detec
he results reported inTable 2indicate that the extractio
ethod was reliable within the reported concentration ra
f gentisic, salicyluric and salicylic acid in human blood

er takingWillowBarkextracts (Assalix®, BNO 1455). Maxi-
um relative standard deviations for intra-day precision w
.4% for SUA, 5.8% for GA, 2.3% for SA and for inter-d
s 2.51 for SUA, 5.46 for GA and 4.48 for GA.

.1.2. Linearity
Fluorescence detection was used to establish calibr

lots of peak height versus concentration for GA, SUA



R. Pirker et al. / J. Chromatogr. B 809 (2004) 257–264 261

Table 2
Intra- and inter-day (6 inter-day data sets) assay precision (repeatability) for gentisic (GA), salicyluric (SUA) and salicylic acid (SA),n= 6, of the SPE procedure
followed by analysis with RP-LC using fluorescence detection (FLD)

Acid Effective
concentration
(ng/ml)

Intra-day Inter-day

Mean calculated
concentration
(ng/ml)

S.D.
(ng/ml)

R.S.D.
(%)

Error
(%)

Mean calculated
concentration
(ng/ml)

S.D.
(ng/ml)

R.S.D.
(%)

Error
(%)

Gentisic acid (GA) 9.09 9.65 0.39 4.07 5.80 9.21 0.40 4.18 1.30
27.27 28.73 0.63 3.76 5.08 28.76 0.64 3.84 5.46
58.19 57.78 1.06 1.83 0.70 58.91 1.08 1.87 1.24
9.45 10.24 0.12 1.14 7.72 10.37 1.34 2.56 1.25

Salicyluric acid (SUA) 103.9 105.1 0.54 2.13 1.11 105.4 1.23 3.21 1.40
191.58 190.7 2.95 1.55 0.40 196.4 3.04 4.25 2.51
226.9 232.3 4.51 1.94 2.30 237.6 4.71 5.61 4.48

Salicyl acid (SA) 453.9 459.3 4.27 2.76 1.18 463.9 6.93 7.98 2.20
1101.6 1091 47.99 4.40 0.97 1116 57.88 65.11 1.24

SA by linear regression analysis of the average of six data
points per concentration in the range of 9.1–58.2, 9.5–191.5
and 12.8–1101.5 ng/ml for GA, SUA and SA, respectively
(Table 1). The variability in these ranges was smaller than
10%. The regression equations were as follows:y = 322x +
4622 for gentisic acid,y= 378x+ 5515 for salicyluric acid and
y= 3258x+ 56821 for salicylic acid using FLD, whereasx is
the concentration (ng/ml) andy is the height (mV) or the peak
area (mV× s). Values for correlation coefficients were found
as 0.9995, 0.9994 and 0.9994. The lower limit of detection
(LOD) for GA, SUA and SA was found as 5.05, 4.32, and
6.57 ng/ml, the limit of quantitation (LOQ) as 14.65, 13.54
and 20.21 ng/ml.

3.1.3. Recovery
The mean absolute recoveries for GA at the concentrations

of 9.1 and 58.2 ng/ml were 91.3 and 102.1%, for SUA at the
concentrations of 9.45 and 191.5 ng/ml were 86.8 and 100.5%
and for SA at the concentrations of 12.8 and 1101.6 ng/ml
were 81.4 and 75.8%. The lower recoveries of SA are caused
by the fact that no quantitative adsorption can be achieved
during the solid-phase extraction procedure.

3.2. Optimization of chromatographic parameters for
RP-LC using fluorescence detection
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t Si-
C The
h mm
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d

3.3. Qualitative analysis using RP-LC–DAD and
RP-LC–ESI-MS/MS

For the qualitative analysis of GA, SUA and SA as nat-
ural constituents of pure human plasma, 12 ml plasma was
extracted and analyzed by the optimized SPE and LC proce-
dure. The presence of the three acids was verified by compar-
ison of their recorded UV-spectra from the chromatogram in
Fig. 3 to those obtained from aqueous solutions of the ana-
lytes using photo diode array detection (DAD). The following
UV-maxima for GA and SA in: (a) pure human plasma ex-
tracts; (b) spiked human plasma extract (GA 621 ng/ml; SA
592 ng/ml); and (c) an aqueous solution (GA: 62.1 ng/ml; SA:
59.2 ng/ml) were found: GA (nm): (a) 212.6, 233.0, 327.1;
(b) 212.6, 236.4, 330.7; (c) 209.1, 237.1, 330.7; SA (nm): (a)
203.1, 240.8, 304.8; (b) 204.4, 238.4, 304.6; (c) 203.3, 234.9,
303.4. In the case of SUA, no UV-spectrum could be achieved
because of strong interference with high concentrated other
blood compounds. The usefulness of RP-LC separation for
a more specific and selective identification of GA, SUA and
SA, especially in plasma extracts with co-eluting peaks, was
greatly enhanced by MS detection. Coupling of the RP-LC
system to MS via an electrospray ionization (ESI) interface

1
(EX) = 323 nm (EX) = 297 nmFLD, mAU

F cylic
a mato-
g A,
3

For the analysis of GA, SUA and SA in human plasma
er SPE, the RP-LC system was optimized to have the sh
ossible analysis time with satisfactory selectivity and se

ivity. Different HPLC-columns packed with Si-C18 and
8 particles owing different pore sizes were evaluated.
ighest efficiency was achieved with Spherisorb C-8 (250

4.6 mm i.d., 5�m, 120Å) as stationary phase (for chr
atographic conditions, seeSection 2). This system was use

or the validation of established SPE using fluorescenc
ection (FLD) to avoid interference caused by endoge
nalytes. As depicted inFig. 2, GA, SUA and SA showe
eaks at 10.24, 11.78 and 14.88 min on using fluoresc
etection after SPE in a spiked human plasma sample.
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ig. 2. Reversed-phase LC of gentisic (GA), salicyluric (SUA) and sali
cid (SA) in spiked human plasma using fluorescence detection. Chro
raphic conditions seeSection 2; concentrations of the spiked plasma: G
7.8 ng/ml; SUA, 127.6 ng/ml and SA, 447.9 ng/ml.
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Fig. 3. Reversed-phase LC of gentisic (GA), salicyluric (SUA) and salicylic acid (SA) as natural occurring consituents in human plasma using diode array
detection. Chromatographic conditions seeSection 2.

allowed, not only the determination of the parent ion mass
of GA, SUA and SA in the selected ion monitoring (SIM)
mode, but also to record tandem mass spectra using collision
induced dissociation (CID), which is depicted inFig. 4. The
yielded fragmentation pattern for GA, SUA and SA in the
pure plasma extract, in the extract of spiked plasma and in
the aqueous solution are identical. For this reason, it can be
affirmed that GA, SUA and SA are natural occurring con-
stituents in human plasma. Furthermore, it was confirmed
that GA, SUA and SA were not artifacts. The yielded frag-
mentation (parent and daughter ions, seeSection 2.4.2) of
the three acids is identical with those described by Frauen-
dorf and Herzschuh[24] and Ehring et al.[25]. The ESI mass
spectra of the analytes in the negative-ion mode are charac-
terized by formation of [M − H]− and [M − 2H]

•− anions
in spite of the use of an acidic LC eluent. The most typical
fragmentation is characterized by the loss of CO2.
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3.4. Quantitative analysis using RP-LC–FLD and
RP-LC–ESI-SIM/MS

The above described optimized methods were used to de-
termine the content of natural occurring GA, SUA and SA in
pure human plasma. Therefore, the assembled SPE LC–ESI-
MS method was validated using spiked plasma standards.
Precision (repeatability) was again checked by calculating
the intra- and inter-day assay variation of six data sets at
the three concentrations of spiked plasma given inTable 1.
Maximum relative standard deviations for intra-day preci-
sion were 6.12% for GA, 8.32% for SUA and 3.45% for
SA (Table 2). Those for inter-day precision were 7.14% for
GA, 2.71% for SUA and 5.68% for SA. Calibration was car-
ried out by the establishment of calibration plots of peak
area versus concentrations given inTable 1with correlation
coefficients >0.99 for all the three investigated acids. The
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Table 3
Concentration of gentisic (GA), salicyluric (SUA) and salicylic acid (SA)
in a pure plasma sample obtained by mass spectrometric (MS) and fluores-
cence detection (FLD) applying calibration with aqueous standards or spiked
plasma

Acid RP-HPLC-MS/SIM RP-HPLC-FLD

Aqueous
standards
(ng/ml)

Spiked
plasma
(ng/ml)

Spiked
plasma
(ng/ml)

Gentisic acid (GA) 6.7 17.6 15.9
Salicyluric acid (SUA) n.d. 2.2 1.7
Salicylic acid (SA) 13.5 40.5 31.5

lower limit of detection (LOD) and the limit of quantitation
(LOQ) for GA, SUA and SA by applying ESI-MS detec-
tion was in the same order of magnitude that obtained by
fluorescence detection: LOD between 5.12 and 7.12 ng/ml,
LOQ between 16.23 and 20.87 ng/ml for GA, SUA and SA.
The mean absolute recoveries for GA at the concentrations of
49.7 and 147.7 ng/ml were 92.1 and 103.1%, respectively, and
for SUA at the concentrations of 10.3 and 40.8 ng/ml were
87.6 and 100.9% and for SA at the concentrations of 42.8
and 143.2 ng/ml were 86.7 and 89.2%. This validated system
was used for the determination of GA, SUA and SA in plasma
samples.

Table 3shows their concentrations obtained as mean of six
consecutive determinations, which also depend on the detec-
tion method (MS and FLD) used. Compared to earlier pub-
lished analytical procedures for the analysis of GA, SUA and
SA in biological fluids, this new method provides a 100 times
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increase in sensitivity instead of using LLE[11,12]and a 20
times increase instead of using earlier described SPE proce-
dures[17]. The concentrations achieved with the calibration
established upon the injection of spiked plasma samples and
the two different detection methods does not differ much ex-
cept for SA, which can be explained by the stronger tailing
of this substance using FLD, caused by interference with co-
eluting plasma components. Furthermore, we compared this
calibration model to a calibration obtained by the injection of
aqueous standards. For calibration, the concentrations given
in Table 1were again injected six times. The reason for the
significantly lower concentrations determined with the aque-
ous standard calibration and RP-LC–ESI-SIM/MS detection
is due to the ion suppression of analytes in the presence of
a variety of “unseen” and undetected matrix components co-
eluting with the peaks of interest[27]. As a result of this,
it can be claimed that quantitative analysis applying aqueous
calibration is not suitable for concentration studies of GA, SA
and SUA in plasma samples. Finally,Fig. 5a depicts a typ-
ical total ion current (TIC) RP-LC–ESI-MS chromatogram
of a pure human plasma extract with naturally occurring GA,
SUA and SA.Fig. 5b shows the TIC of a spiked plasma ex-
tract with concentrations at the LOQ. GA, SUA and SA were
tracked in the plasma extract (Fig. 5b) from selected ion traces
atm/z151.9–153.9 (GA) (Fig. 5c),m/z192.8–194.8 (SUA)
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