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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
Willow Barkextract, by solid phase extraction (SPE) using Waters Oasis HLB (divinylbenzeiredpyrrolidone copolymer) cartridges. Also,
a method is optimized comprising of reversed-phase (RP) high-performance liquid chromatography (HPLC) in connection with electrospray
ionization mass spectrometry (ESI-MS), fluorescence detection (FLD) and photo diode array detection (DAD) to identify and quantify GA,
SUA and SA in the SPE effluents. An improved sensitivity regarding the lower detection limit (LOD) of <7 ng/ml, the limit of quantitation
(LOQ) of 20 ng/ml and short analysis times of <15 min is required. The validated SPE method shows linearity in the range of 9.0-58.2 ng/ml
for GA, 9.4-191.5ng/ml for SUA and 12.8-1101.6 ng/ml for SA. The correlation coefficient values are >0.9994 and 0.99 for fluorescence
detection (FLD) and electrospray ionization mass spectrometry (ESI-MS), respectively. The recoveries are from 91.3-102.1% for gentisic acid
(GA), 86.8-100.5% for salicyluric acid (SUA) and 75.8-81.4% for salicylic acid (SA) depending on the starting concentrations. RP-LC-ESI-
MS/MS studies using collision induced dissociation (CID) confirm that the investigated analytes are not artifacts and facilitate further specific
identification in addition to the determination of the parent ion mass even in the presence of co-eluting peaks. The established method is also
used to analyze gentisic (GA), salicyluric (SUA) and salicylic acid (SA), not only after intaléllofiv Barkcapsules (Assalfk BNO 1455)
but 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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1. Introduction olized to saligenin1,2]. The metabolism pathway shown
in Fig. 1is similar to that of Aspiriff [3,4]. In contrast
The ancient Egyptians have used preparations of Wil- to Aspirin®, whose activity is known, for the therapeutic
low Bark for fever, mild rheumatic complaints and pain like mechanism of salicin and its salicylate derivatives, several
mild headache without causing stomach troubles even inexplanations exisf5-7]. One of these theories describes
the case of a long-lasting therapy. Therefdféllow Bark the bonding of salicylic acid (SA) at the active center of
extracts offer an alternative to the well-known Asplin  cyclooxygenase (COX) and as a result the prostaglandin
(acetylsalicylic acid, ASA), of which more than 80 billion synthesis is inhibited. The most common technique for the
tablets per year are taken alone in the United States. Aanalysis of Aspiriff and its major metabolites in plasma ex-
principal active ingredient of this is salicin that is metab- tracts is reversed-phase high-performance liquid chromatog-
raphy (RP-LC), using either UV-absorbance or fluorescence

* Corresponding author. Tel.: +43 512 507 5195; fax: +43 512 507 2065. detection (FLD)[8-10]. Traditionally, liquid—liquid extrac-
E-mail addresschristian.w.huck@uibk.ac.at (C.W. Huck). tion (LLE) is the preferred method for the separation of
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Fig. 1. Metabolites of salicin and acetylsalicylic acid (Aspfjrfound in human plasma.

salicin and its salicylate derivatives from human plasma sam- lytical procedure was developed which was based on solid-
ples[11-13} e.g., Klimés et al.[14] described a method phase extraction (SPE), using Oasis HLB (divinylbenzene—
of LLE with methylene chloride for the isolation of acetyl- vinylpyrrolidone copolymer)20] as stationary phase, fol-
salicylic acid, its metabolites, salicylic, gentisic and possi- lowed by RP-LC determination connected to fluorescence
bly salicyluric acid from whole blood, isolated erythrocytes detection (FLD), diode array detection (DAD) and mass spec-
and plasma. Separation was performed using reversed-phasgometry (MS) via an electrospray ionization (ESI) interface.
chromatography on Separon SGX C18 by applying a mix- Theideabehind the first few steps was deduced from the expe-
ture of methanol-water (80:100, v/v) as the mobile phase riences made by Paterson efidll] and Blacklock et a[22].

that allowed the determination down to a limit of 20 and Paterson et al21] showed the occurrence of gentisic acid
50 ng/ml for SA and GA, respectively. Liu and Smittb] (GA) in human plasma extracts by spiking of an “unknown
introduced a method for the direct analysis of salicylic acid, peak” in the LC-UV chromatogram with an aqueous stan-
salicyl acyl glucuronide, salicyluric acid and gentisic acid dard. Blacklock et al[22] compared the salicylic acid (SA)

in human plasma and urine after protein precepitation using content in serum samples of non-vegetarians and vegetarians
acetonitrile by RP-LC. The LOD was as low as 200 ng/ml. not taking aspirin drugs with patients taking AspfirGen-
Shen et al[16] described the application of ion-pair RP-LC tisic (GA) and salicylic acid (SA) is a normal constituent in
using a mobile phase consisting of methanol, water and TEA human plasma because of the fact that salicylic acid (SA) can
for the quantitation of aspirin, salicylic acid, gentisic acid be foundinalarge number of foods such as cucumber, melon,
and salicyluric acid in human plasma down to a LOD of 500, cherry, etc[23]. In this paper, it is shown that the validated
50, 100 and 50 ng/ml, respectively. McMahon and K§lly] method requires decreased sample preparation time, offers
described a procedure for the determination of Asfirnd higher sensitivity at analysis times <15 min. Furthermore, it
salicylic acid (SA) in human plasma by column-switching is highly suitable for simultaneous qualitative and quantita-
liquid chromatography (LC) using on-line solid-phase ex- tive analysis of gentisic (GA), salicyluric (SUA) and salicylic
traction (SPE), which allowed the determination to a lower acid (SA) in human plasma by RP-LC-DAD, RP-LC—FLD
limit of detection (LOD) of 40 ng/ml. Hansen et §1.8] de- and RP-LC—ESI-MS/MS with high recovery and robustness.
scribed an alternate method of LC, i.e. the non-aqueous cap-

illary electrophoresis (CE) with reversed electroosmotic flow

by the use of hexadimethrine bromide, for the separation of 2. Experimental

acetylsalicylic acid, salicylic acid, salicyluric acid and gen-

tisic acid down to a LOD of 500 ng/ml from plasma. As the 2.1. Materials and reagents

concentrations of gentisic (GA), salicyluric (SUA) and sali-

cylic acid (SA) after digestion oillow Bark extracts are Acetonitrile (ACN, analytical reagent-grade), methanol
one-tenth as compared to that of Aspftjrsome more sen-  (MeOH, analytical reagent-grade) and salicylic acid (SA, an-
sitive preconcentration steps and analytical techniques arealytical reagent-grade) were purchased from Fluka (Buchs,
required, which can be directly connected to mass spectrom-Switzerland), formic acid (analytical reagent-grade), ortho-
etry for further structural identification. This is required espe- phosphoric acid (EPQs, 85% analytical reagent-grade)
cially in the case of complex plasma samples where coelutionand potassium dihydrogen phosphate @RIy, analytical

can appeafl9]. Therefore, a highly sensitive and fast ana- reagent-grade) from Merck (Darmstadt, Germany), gentisic
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(GA) and salicyluric acid (SUA) from Sigma—Aldrich ond octapole offset, 7/3.75/4.5V (GA/SUA/SA); inter oc-
(Deisenhofen, Germany). Bidistillated water was purified tapole lens, 46/28/24V (GA/SUA/SA). For RP-LC a Pron-
by a NanoPure-unit (Barnstead, Boston, MA, USA). Stan- tosil 120-5-C-18-AQ column (250 mmx 2mm i.d., 5um,
dard stock solutions of GA, SUA and SA were prepared 120A, Bischoff, Leonberg, Germany) was used. The mo-
in methanol of concentrations about 11 mg/ml and stored bile phase consisted of: (A) 99.76% bidistillated water/0.24%
at —18°C for several weeks. The working solutions were acetic acid (v/v); (B) ACN; linear gradient: 0 min 92% (A)
prepared by dilution with bidistillated water to spike hu- — 15min 22% (A)— 17 min 92% (A). The flow rate was
man plasma and stored in a refrigerator for 2 days. Human 0.3 ml/min at a temperature of 2&. The volume injected
plasma was obtained from the blood bank of the Univer- was 20ul. The fragmentation pattern of the three acids was
sity Hospital (Innsbruck, Austria). Oasis HLB 1cc SPE car- identical with Frauendorf and Herzsch[#%] and Ehring et
tridges were from Waters (Milford, MA, USAWillow Bark al.[25]. The found parent and daughter ions of GA, SUA and
capsules (Assalk, BNO 1455) were provided by Bionor-  SA were as: SAm/z= 137 (12%), 93 (100); GAm/z= 153

ica AG—The Phytoneering Company (Neumarkt/Oberpfalz, (3—-10), 152 (30-55), 109 (100); SUA: 192 (>2), 193 (5-45),

Germany). 150 (100), 93 (6).
2.2. Instrumentation 2.3. Sample preparation
2.2.1. High-performance liquid chromatography (LC) Solid-phase extraction (SPE) of all plasma samples was

The earlier LC system consisted of a LC Module | plus carried out as follows. Conditioning of the cartridge with
(Waters, Milford, MA, USA), to which a fluorescence de- 2ml MeOH and 2ml eluent A (1000 g bidistillated water,
tector (FLD, Model 474, Waters) with a 18 flow cell was 2.69 g KHPOy and 2 ml POy) by applying gauge pressure.
connected. The existing system used for RP-PLC consistedTo 1 ml of the plasma containing gentisic (GA), salicyluric
of a low-pressure gradient pump (Model 616, Waters), a con- (SUA) and salicylic acid (SA) in a glass tube, 2DH3POy
troller (Model 600S, Waters), a column heater (Model TC was added and vortex mixed for 15sToluic acid was used
1900, ICI, Welshpool, Australia), a helium degassing sys- as an internal standard (0of a 761ug/ml MeOH solution
tem, an autosampler (Model 717 plus, Waters) and a photowere added to the plasma).The mixture was passed through
diode array detector (DAD, Model 996, Waters) witha10 mm the Oasis HLB 1cc SPE cartridge. The cartridge was washed
path length flow cell. Data was recorded on a computer-basedwith 1 ml eluent A and dried with nitrogen for 7 min at a
data system (Milleniurd?, Version 3.05.01, Waters). For both  pressure of 1.5bars. Elution was done with 0.5ml MeOH
systems, a Spherisorb C-8 column (250 mnd.6 mm i.d., and after evaporation under a stream of nitrogen asthe
5pm, 1204, Sigma—Aldrich, Deisenhofen, Germany) was residue was dissolved in 0.2 ml eluent A. Finally, an aliquot
used. The mobile phase comprised of: (A) 20 mM i@y part was injected into the LC system.
in 99.8 % bidistillated water/0.2% 4ROy (85 %) (v/v); and
(B) ACN; linear gradient: 0 min 88% (A)> 16 min 40% 2.4. SPE-method optimization and validation
(A) — 18.5min 88% (A). The flow rate was 1.0 ml/min at a

temperature of 25C. The volume injected was 20. For flu- 2.4.1. Calibration curves
orescence detection, following wavelengths were used: GA  Weight least-squares method (weighing factor =
Aex =323 NMAem =442 nm; SUA and SAex =297 NMAem concentration?) was applied to fit the response of the data
=407 nm. versus the effective concentration to the equation: height/area
(GA and SUA/SA) response = slope concentrationt
2.2.2. High-performance liquid chromatography intercept. Calibration curves were obtained by injecting
coupled to electrospray ionization quadrupole ion trap spiked plasma standards to achieve the concentrations given
mass spectrometry (LC-ESI-MS/MS) in Table 1 Analysis was carried out by RP-LC—FLD.

For routine LC—ESI-MS/MS experiments, a low-pressure
gradient micropump (Model Rheos 2000, Flux, Karlskoga, 2.4.2. Precision and recovery
Sweden), a degasser (Model DG-301, Phenomenex, Tor- Absolute recoveries for GA, SUA and SA from spiked hu-
rance, CA, USA), a microinjector (Model CC00030, Valco, man plasmawere determined at three concentrations for each
Houston, TX, USA) with a 2@ul internal loop connectedtoa  (GA: 9.1, 27.3, 58.2ng/ml; SUA: 9.5, 103.9, 191.5ng/ml;
quadrupole ion trap mass spectrometer (Model LCQ, Finni- and SA: 12.8, 453.9, 1101.6 ng/ml). Comparison of the peak
gan, San Jose, CA, USA) were used. The following param- height was done in the case of SA (due to the slight peak
eters were applied in all experiments: negative ion mode; tailing) and comparison of peak area in the case of SUA and
source voltage, 4.5kV; source current, |88; sheath gas  GA to that of reference samples based on fluorescence de-
flow rate, 75 (Finnigan units; nitrogen); capillary voltage, tection. Reference samples were prepared by solid-phase ex-
—4/-7V (GA and SA/SUA); temperature of the heated cap- traction (SPE) of blank plasma and followed by addition to
illary, 185°C; tube lens offset-30/—40/-35V (GA /SUA the individual spiking solution to obtain the same concen-
ISA); first octapole offset, 9/6.5/8VV (GA/SUA/SA); sec- trations as described earligr=Toluic acid was used as an
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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 pdagedzbiol
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 95 128 299 310 393 497 103 482

189 459 2305 597 620 786 989 287 959

287 823 4483 896 931 1179 1477 408 1432

386 1187 6660 1194 1241 1572

484 1551 8888 1493 1551 1965

582 1915 11015 1791 1861 2358

internal standard. For the determination of intra- and inter- endogenous proteins of gentisic (GA), salicyluric (SUA) and
day precision, this practice was repeated six times for eachsalicylic acid (SA), which actually lead toloss in recovery and
concentration in a single day or in the span of 6 days time, decreasing limits of detection. Acidification with pure phos-

respectively. phoric acid (2Qul/1 ml plasma) allowed to detect GA, SUA
and SA down to a lower limit of detection (LOD) of <7 ng/ml
2.5. Qualitative and quantitative analysis of gentisic and a limit of quantitation (LOQ) of 20 ng/ml. Elution was
(GA), salicyluric (SUA) and salicylic acid (SA) in human performed four times with 0.25 ml methanol to find the min-
plasma using RP-LC-DAD and RP-LC-ESI-MS/MS imum amount of methanol required to desorb GA, SUA and

SA. Inthe third effluent no analyte was detected, which meant
Qualitative analysis of gentisic (GA), salicyluric (SUA) that quantitative desorption was already obtained by 0.5 ml
and salicylic acid (SA) as the natural constituents of human methanol. Furthermore, it was also tested, especially for sal-
plasma was performed by solid-phase extraction (SPE) on aicylic acid (SA), if the drying step caused loss of analytes,
12 ml sample, followed by RP-LC-DAD, and RP-LC-ESI- because SAis known to sublimate during the evaporation step
MS/MS in the selected ion monitoring (SIM) and collision after liquid—liquid extraction (LLE)14,26] This was accom-
induced dissociation (CID) mode. plished by comparing the peak heights and areas of GA, SUA
Quantitative analysis was performed by RP-LC—FLD us- and SA in the effluents created after solid-phase extraction
ing calibration curve obtained by spiked plasma standards (SPE), with and without a drying step. The loss of analytes
with p-toluic acid as an internal standard (s&ection 2.4.1 with the drying step was smaller than 2% compared to no
in the course of the solid-phase extraction (SPE) validation. drying. The drying step enabled faster evaporation without
Two standardization methods were compared for quantitative residues from the erythrocyte and from whole blood.
analysis based on RP-LC-ESI-SIM/MS. One was the cali-
bration with aqueous standards and the other was calibration3.1.1. Precision
using spiked plasma standardskle J). 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
3. Results and discussion given in Table 2 Precision was defined as the percentage
difference between the effective concentration and the mean
For the optimization and validation of solid-phase extrac- calculated concentration of GA, SUA and SA in the extracts.
tion (SPE) and reversed-phase LC procedure, we used fluodn order to ensure the highest possible reliability of results
rescence detection (FLD). Further quantitative analyses wereat each concentration, the extraction was repeated six times
carried out by FLD, ESI-SIM/MS. For qualitative analyses followed by LC measurements using fluorescence detection.

also diode array detection (DAD) was applied. The results reported ifable 2indicate that the extraction
method was reliable within the reported concentration ranges

3.1. Optimization and validation of the solid-phase of gentisic, salicyluric and salicylic acid in human blood af-

extraction using RP-LC—FLD ter takingWillow Barkextracts (Assali®, BNO 1455). Maxi-

mum relative standard deviations for intra-day precision were
In order to increase the efficacy of the solid-phase ex- 0.4% for SUA, 5.8% for GA, 2.3% for SA and for inter-day
traction procedure, acidic solutions with varying amounts of as 2.51 for SUA, 5.46 for GA and 4.48 for GA.
methanol as protein precipitation agents were tested prior to
the extraction. During the treatment of 1 ml plasma sample 3.1.2. Linearity
with 3 ml aqueous phosphoric acid (500 ml bidistillated wa- Fluorescence detection was used to establish calibration
ter, 1 mlHsPOy), only a partial desorption was observed from plots of peak height versus concentration for GA, SUA and
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Table 2
Intra- and inter-day (6 inter-day data sets) assay precision (repeatability) for gentisic (GA), salicyluric (SUA) and salicylic acid §Séf)the SPE procedure
followed by analysis with RP-LC using fluorescence detection (FLD)

Acid Effective Intra-day Inter-day
concentration
(ng/ml) Mean calculated ~ S.D. R.S.D. Error Mean calculated  S.D. R.S.D. Error
concentration (ng/ml) (%) (%) concentration (ng/ml) (%) (%)
(ng/ml) (ng/ml)
Gentisic acid (GA) D9 965 039 407 580 921 040 418 130
27.27 2873 063 376 508 2876 064 384 546
58.19 5778 106 183 Q070 5891 108 187 124
9.45 1024 012 114 772 1037 134 256 125
Salicyluric acid (SUA) 10® 1051 0.54 213 111 1054 123 321 140
19158 1907 295 155 040 1964 3.04 425 251
2269 2323 451 194 230 2376 471 561 448
Salicyl acid (SA) 453 4593 427 276 118 4639 6.93 7.98 220
11016 1091 4799 440 097 1116 5788 6511 124

SA by linear regression analysis of the average of six data3.3. Qualitative analysis using RP-LC-DAD and

points per concentration in the range of 9.1-58.2, 9.5-191.5RP-LC-ESI-MS/MS

and 12.8-1101.5ng/ml for GA, SUA and SA, respectively

(Table 1. The variability in these ranges was smaller than For the qualitative analysis of GA, SUA and SA as nat-

10%. The regression equations were as folloys:322x + ural constituents of pure human plasma, 12 ml plasma was
4622 for gentisic acidj=378«+ 5515 for salicyluricacidand  extracted and analyzed by the optimized SPE and LC proce-
y = 3258+ 56821 for salicylic acid using FLD, whereass dure. The presence of the three acids was verified by compar-

the concentration (ng/ml) ands the height (mV) or the peak  ison of their recorded UV-spectra from the chromatogram in
area (mVx s). Values for correlation coefficients were found Fig. 3to those obtained from aqueous solutions of the ana-
as 0.9995, 0.9994 and 0.9994. The lower limit of detection lytes using photo diode array detection (DAD). The following
(LOD) for GA, SUA and SA was found as 5.05, 4.32, and UV-maxima for GA and SA in: (a) pure human plasma ex-
6.57 ng/ml, the limit of quantitation (LOQ) as 14.65, 13.54 tracts; (b) spiked human plasma extract (GA 621 ng/ml; SA

and 20.21 ng/ml. 592 ng/ml); and (c) an agueous solution (GA: 62.1 ng/ml; SA:
59.2 ng/ml) were found: GA (nm): (a) 212.6, 233.0, 327.1;
3.1.3. Recovery (b) 212.6, 236.4, 330.7; (c) 209.1, 237.1, 330.7; SA (nm): (a)

The mean absolute recoveries for GA at the concentrations203.1, 240.8, 304.8; (b) 204.4, 238.4, 304.6; (c) 203.3, 234.9,
of 9.1 and 58.2 ng/ml were 91.3 and 102.1%, for SUA at the 303.4. Inthe case of SUA, no UV-spectrum could be achieved
concentrations 0of9.45and 191.5 ng/mlwere 86.8 and 100.5%because of strong interference with high concentrated other
and for SA at the concentrations of 12.8 and 1101.6 ng/ml blood compounds. The usefulness of RP-LC separation for
were 81.4 and 75.8%. The lower recoveries of SA are causeda more specific and selective identification of GA, SUA and
by the fact that no quantitative adsorption can be achieved SA, especially in plasma extracts with co-eluting peaks, was
during the solid-phase extraction procedure. greatly enhanced by MS detection. Coupling of the RP-LC

system to MS via an electrospray ionization (ESI) interface
3.2. Optimization of chromatographic parameters for
RP-LC using fluorescence detection

FLD, mAU MEX)=323nm | A(EX) =297 nm
1104 MEM) =442 nm | MEM) =407 n
For the analysis of GA, SUA and SA in human plasma af- -
ter SPE, the RP-LC system was optimized to have the shortest*° | SUA
possible analysis time with satisfactory selectivity and sensi- 70 - — /
tivity. Different HPLC-columns packed with Si-C18 and Si- 50 GA
C8 particles owing different pore sizes were evaluated. The \
highest efficiency was acrlieved with Spherisorb C-8 (250 mm 30 4,‘/%,_4\}&
x 4.6 mm i.d., Sum, 120A) as stationary phase (for chro- . . : :
matographic conditions, s&ection 2. This system was used 0 5 10 15 20
for the validation of established SPE using fluorescence de- time [min]

tection (FLD) to avoid interference caused by endogenous _ - N .
Fig. 2. Reversed-phase LC of gentisic (GA), salicyluric (SUA) and salicylic

analytes' As dePICted iRig. 2, GA, S_UA and_ SA showed acid (SA) in spiked human plasma using fluorescence detection. Chromato-
peaks at 10.24, 11.78 and 14.88 min on using fluorescenceyraphic conditions seBection 2 concentrations of the spiked plasma: GA,
detection after SPE in a spiked human plasma sample. 37.8ng/ml; SUA, 127.6 ng/ml and SA, 447.9 ng/ml.
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0,124
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2,5 ]
O’O/I /
2,0 6,1 GA [min] 93
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0,010
1,0 |
0,008
0.5 0,006 /
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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 usimgydiode ar
detection. Chromatographic conditions Sstion 2

allowed, not only the determination of the parent ion mass 3.4. Quantitative analysis using RP-LC—FLD and

of GA, SUA and SA in the selected ion monitoring (SIM) RP-LC-ESI-SIM/MS

mode, but also to record tandem mass spectra using collision

induced dissociation (CID), which is depictedriy. 4. The The above described optimized methods were used to de-
yielded fragmentation pattern for GA, SUA and SA in the termine the content of natural occurring GA, SUA and SA in
pure plasma extract, in the extract of spiked plasma and inpure human plasma. Therefore, the assembled SPE LC-ESI-
the agueous solution are identical. For this reason, it can beMS method was validated using spiked plasma standards.
affirmed that GA, SUA and SA are natural occurring con- Precision (repeatability) was again checked by calculating
stituents in human plasma. Furthermore, it was confirmed the intra- and inter-day assay variation of six data sets at
that GA, SUA and SA were not artifacts. The yielded frag- the three concentrations of spiked plasma givemdhle 1
mentation (parent and daughter ions, Ssetion 2.4. of Maximum relative standard deviations for intra-day preci-
the three acids is identical with those described by Frauen-sion were 6.12% for GA, 8.32% for SUA and 3.45% for
dorfand Herzschuf24] and Ehring et a[25]. The ESImass  SA (Table 3. Those for inter-day precision were 7.14% for
spectra of the analytes in the negative-ion mode are charac-GA, 2.71% for SUA and 5.68% for SA. Calibration was car-
terized by formation of 1 — H]~ and M — 2H]'~ anions ried out by the establishment of calibration plots of peak
in spite of the use of an acidic LC eluent. The most typical area versus concentrations givenable 1with correlation
fragmentation is characterized by the loss of,CO coefficients >0.99 for all the three investigated acids. The

MS /MS MS / MS MS / MS
100NC=15884 100.1 @ 1004NL = 3.56E4 150-1@ 100 {NL = 9.34E4 @
° 93.1
o
c
g 75{GA 75{ SUA 75{SA
_§
152.0
<a:) 504 50 50 1
‘73 1931
xr 254 108.4 25 25 1
112.9 137.0
153.1 68.4 932 11209, 923( 1351
0 T — S 0 T L
50 100 150 200 50 100 150 200 50 100 150 200
m/z m/z m/z

Fig. 4. LC-ESI-MS/MS spectra of: (a) gentisic (GA); (b) salicyluric (SUA); and (c) salicylic acid (SA) as natural occurring constituents in a @mwe hum
plasma extract. Stationary phase, Prontosil 120-5-C-18-AQ (2506c&mm i.d., 5um, 120A). Chromatographic conditions s&ection 2 CID-spectra of

parent ions: GAm/z 153; SUA,m/z=192; SA,m/z= 137.
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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

increase in sensitivity instead of using LI[FL,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

plasma : k ‘
Acid RP-HPLC-MS/SIM RPHPLCFLD  thetwo dlﬁeren'g detection methqu does not differ much ex-
_ _ cept for SA, which can be explained by the stronger tailing
Atquzouj Slp"@d Slp'ked of this substance using FLD, caused by interference with co-
stancarcs  pasma - plasma eluting plasma components. Furthermore, we compared this
(ng/ml) (ng/ml) (ng/ml) . : . . . L. .
Gomisie acid (GA py B 159 calibration model to a calibration obtained by the injection of
S;?C;fr;c;cig (s)u A) n.d » 17 aqueous standards. For calibration, the concentrations given
Salicylic acid (SA) 135 i 315 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
lower limit of detection (LOD) and the limit of quantitation avariety of “unseen” and undetected matrix Components co-
(LOQ) for GA, SUA and SA by applying ESI-MS detec-  e|uting with the peaks of intere§27]. As a result of this,
tion was in the same order of magnitude that obtained by it can be claimed that quantitative analysis applying aqueous
fluorescence detection: LOD between 5.12 and 7.12ng/ml, calibration is not suitable for concentration studies of GA, SA
LOQ between 16.23 and 20.87 ng/ml for GA, SUA and SA. and SUA in p|asma_ Samp]es_ F|na"§4’g Ba depicts a typ_
The mean absolute recoveries for GA at the concentrations oficg| total ion current (TIC) RP-LC-ESI-MS chromatogram
49.7and 147.7 ng/mlwere 92.1 and 103.1%, respectively, andof 4 pure human plasma extract with naturally occurring GA,
for SUA at the concentrations of 10.3 and 40.8 ng/ml were SUA and SA.Fig. 5b shows the TIC of a spiked plasma ex-
87.6 and 100.9% and for SA at the concentrations of 42.8 ract with concentrations at the LOQ. GA, SUA and SA were

and 143.2 ng/ml were 86.7 and 89.2%. This validated systemtracked in the plasma extrai¢). 5o) from selected ion traces

was used for the determination of GA, SUA and SAin plasma
samples.
Table 3shows their concentrations obtained as mean of six

atm/z151.9-153.9 (GA)Kig. 5¢), m/z192.8-194.8 (SUA)
(Fig. 5d) andm/z136.0-138.0 (SA)Kig. 5e).

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
SAin biological fluids, this new method provides a 100 times

1004 TIC SUA
NL = 1.18E7 oA j SA
100 sim
8 [ miz = 151.9-153.9 GA @
§ | NL=557E7
E
0
100 SIM
. | miz=19281048 SUA @
£ | NL=1.83E6
E
0_
[ sm
1007 /7 = 135.0-137.0 SA @
NL = 1.18E7
0 T T T
0 5 10 15 time [min]

Fig. 5. LC-ESI-MS of GA, SUA and SA in: (a) pure human plasma ex-
tract total ion current (TIC); (b) spiked plasma extract (concentrations of
the spiked plasma: GA, 28.3ng/ml; SUA, 28.7 ng/ml; and SA, 25.9 ng/ml;
(c)—(e) represent selected ion monitoring (SIM) of GA, SUA, and SA from
the TIC in (b). Chromatographic conditions sgection 2
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