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Abstract 

The in vivo measurement of highly reactive free radicals, such as 
the hydroxyl radical (°ΌΗ), in humans is very difficult if not 
impossible. Specific markers, based on the ability of ° O H to attack 
aromatic molecules and produce hydroxylated compounds, are 
under investigation. In vivo radical metabolism of salicylic acid 
produces two main hydroxylated derivatives: 2,3- and 2,5– 
dihydroxybenzoic acid (DHBA). The measurement of 2,3–DHBA, 
following oral administration of salicylic acid or its acetylated 
form (aspirin), is proposed for the assessment of in vivo oxidative 
stress. The intensity of oxidative stress is a function of the ratio of 
dihydroxylated derivatives to salicylic acid rather than the 
absolute dihydroxylated derivatives levels. Consequently, a simple, 
accurate, and sensitive assay of the salicylic acid level in plasma is 
needed to investigate the in vivo free radical production. In this 
work, a rapid and sensitive method is presented that is useful for 
the quantitation of salicylic acid in biological fluids. The 
methodology uses high–performance liquid chromatography 
with spectrophotometric detection for the identification and 
quantitation of salicylic acid without organic extraction. 
A detection limit of less than 5 μιηοΙ is achieved with 
spectrophotometric detector responses that are linear over at least 
6 orders of magnitude. Plasma concentrations of salicylic acid 
determined by the present technique are reported following the 
administration of 1000 mg aspirin in 20 healthy subjects. 

cylic acid (SA), or its acetylated form, aspirin. 
Aspirin (0–acetyl salicylic acid, ASA) is an analgesic and 

anti–inflammatory agent commonly used by humans (15). After 
ingestion, a substantial amount of ASA is hydrolyzed to SA by 
esterases in the gastrointestinal tract and the liver (16). SA 
reaches its peak in plasma from about 0.5 to 2.0 h after oral in
take. About 60% of SA remains unchanged and can undergo 
°0H attack to produce the following three products: 2,3–dihy– 
droxybenzoate (DHBA), 2,5–DHBA, and, to a lesser extent, cat
echol (17,18). 2,3–DHBA appears to be a useful marker of in 
vivo °0H production when 2,3–DHBA to SA ratios are consid
ered (19). Consequently, a simple, accurate, and sensitive assay 
of SA concentration in plasma is needed to investigate in vivo 
free radical production. 

Several reports have appeared in the literature concerning 
the determination of SA concentrations. Methods to deter
mine concentrations of SA in biological materials were devel
oped in order to conduct pharmacokinetic studies of ASA and 
its metabolites (16,20). Some of the methods employed in
clude: colorimetry, thin–layer chromatography, fluorimetry, 
gas chromatography, and high–performance liquid chro
matography (HPLC) (21–29). The method developed in this 
work enables the reliable estimation of SA in plasma and, as a 
result, reinforces the investigation of the in vivo oxidative 
stress in humans. 

Introduction 

Reactive oxygen species have been implicated in a number of 
diseases (1-5) and in the physiological effects of aging (6,7). 
The in vivo measurement of highly reactive free radicals, such 
as the °OH radical, in humans is difficult. Recently, some direct 
methods have been proposed to identify the in vivo formation 
of the °OH radical. Nearly all are based on the ability of °OH to 
attack the benzene rings of aromatic molecules and to produce 
hydroxylated compounds that can be measured directly (8-15). 
A suitable aromatic compound for this use in humans is sali-

* Author to whom correspondence should be addressed. 

Experimental 

Chemicals 
Aspirin (Aspégic®) was obtained from Synthelabo (Le Plessis 

Robinson; France), and sodium SA was obtained from Merck 
(Darmstadt, Germany). 2,3-DHBA, 2,5-DHBA, 2,4-DHBA, 
2,6-DHBA, and 3,4-DHBA were purchased from Sigma (Paris, 
France). Acetonitrile, methanol, trisodium citrate, sodium 
acetate, ether, and ethyl acetate were obtained from Prolabo 
(Lyon, France). All other chemicals were analytical reagent 
grade and were used without further treatment. Deionized 
distilled water was used throughout the experiment. 
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HPLC instrumentation 
The chromatographic system was obtained from Kontron In

struments (Rotkreus, Switzerland) and consisted of two sol
vent-delivery pumps (Model T414); a sample injector (Kon
tron 234); an analytical stainless steel column packed with a 
5-pm ultrasphere octadecyl silane reversed phase (150 × 4.6-
mm i.d.) (Alltech; Paris, France); a guard column packed with 
10-pm spheri–10 RP18 (30 × 4.6–mm i.d.) (Alltech); and an 
HPLC multiwavelength detection system (Model 430, Kon
tron). The system was controlled by Data System 450 (Kon
tron). The baseline was automatically adjusted to 0 at the be
ginning of each injection. The detector was programmed at 295 
nm to determine SA. The detector sensitivity was set at 0.05 
AUFS. Dihydroxybenzoic acids were assayed by an HPLC–elec-
trochemical detection method as previously described (30). 

Methods 
The initial method of preparing the salicylic acid assay was 

previously described (31). Aliquots (400-µL) of standard solu
tions or plasma samples were mixed with 100 µL of 500μΜ 
3,4-DHBA (internal standard) and acidified with 75 µL con
centrated HCl(35%) in 10- × 70-mm glass tubes. The samples 
were vortex mixed for 30 s. Ether (3 mL) was added, and then 
the solution was extracted for 2 min. The tubes were cen– 
trifuged at 1600 × g for 15 min, and 2 mL of ether phase was 
dried under a nitrogen steam. The dry residue was reconsti
tuted in 200 µL of mobile phase, and 50 µL was injected into 
the column. The mobile phase consisted of 30 mmol/L each of 
sodium citrate and acetate at pH 4.8. The flow rate was 1 
mL/min, and detection was at 305 nm. Standard curves were 
drawn using peak-to-area ratios. Saline and plasma blanks 
were analyzed with each set of standards. The final concentra
tions used for calibration curves were as follows: 0, 62.5,125, 
250,500, and 1000 µmol/L of SA. 

Evaluation of the initial method 

Linearity 
The linearity of responses to different 

concentrations of SA (62.5–1000 µmol/L) 
and of 2,5–DHBA (2.5-40 µmol/L) was 
tested. The coefficients of variation (CV) 
and correlation coefficients (r2) were then 
calculated. 

Reproducibility 
The reproducibility of the assay was de

termined by carrying out 20 replicate 
analyses of human plasma spiked with 500 
µmol/L SA and 40 µmol/L 2,5-DHBA. Coef
ficients of variation were then determined. 

Optimization procedures 

Extraction procedure 
An alternative procedure without organic 

extraction was examined. The volume of 

blood sample, the protein precipitation protocol, and the fil
tration and dilution procedures were studied. 

Choice of eluent 
The optimal composition, the pH of the eluent, and the flow 

rate were determined. The retention time, the separation of 
peaks, and the peak-to-noise ratio were recorded. 

Choice of internal standard 
Three potential internal standards, 2,4-DHBA, 2,6-DHBA, 

and 3,4–DHBA, were compared for optimum response and elu
tion time. 

Preparation of standard curves 
Saline and plasma, which were found to have no detectable 

amount of SA by the present method, were used to make up 
solutions with concentrations that ranged from 62.5 to 1000 
µmol/L SA. Stock solutions of 0.1 mol/L SA were found to be 
stable for at least 2 months when stored at 4°C and protected 
from light. 

Analytical data 
The detection limit was determined according to the method 

of Gatautis and Pearson (32). Samples with SA concentrations 
of 3 to 5 times the mean noise level (6.25 µmol/L) were mea
sured 30 times. The detection limit was calculated using the 
formula (2 × SD × C)/A, where A is the mean relative area, SD 
is the corresponding standard deviation, and C is the concen
tration of the tested solution. 

The linearity was established with correlation coefficients. 
Calibration solutions of SA (30–32,000 µmol/L) were deter
mined. The coefficients of variation and of correlation were 
then calculated. 

The precision was determined according to the ValTec pro-

Figure 1. Spectrophotometric scans of salicylic acid and its hydroxylated products. Solutions containing 
200 µmol/L of all studied substances in buffer (citrate-acetate, 30mM:30mM, pH 5.45) were tested on 
a Uvikon instrument. Spectra are as follows: 1, 2,4-DHBA; 2, 3,4-DHBA: 3, 2,6-DHBA; 4, salicylic 
acid; and 5, aspirin. 
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tocol (33). Intra- and interassay reproducibility were conducted 
on pooled samples of human plasma with known concentra
tions of SA (600 and 1200 µmol/L) for interassay repro
ducibility and concentrations of 200,400, 600, 800, and 1000 
µmol/L for intra-assay reproducibility. 

The accuracy was also evaluated in addition recovery studies. 
Known amounts of SA (333 and 1000 µmol/L) were added to 
saline and to pooled plasma. The preparations were then ana
lyzed in 15 replicates. The peak areas thus obtained were con
verted to concentration values using appropriate standard 
curves, and the results obtained from plasma and saline were 
compared. The ratio of the concentration of SA in plasma to the 
corresponding concentration in saline was used as an index of 
recovery. 

The specificity of the method was studied by assaying plasma 
samples from subjects before and after receiving ASA. Com
parison of the retention times with those of standards estab
lished the peak identity. 

Biological applications 
To show the applicability of the proposed method, salicylic 

acid concentrations in the blood of 20 human subjects were 
measured after a single oral dose of 1000 mg of soluble ASA in 
150 mL water. The doses were prepared just prior to adminis
tration. Blood samples (7 mL) were drawn from the antecubital 
vein into heparinized tubes with a vacutainer system before and 
2 h after ASA administration. 

Statistics 
The PCSM statistic program (Dalta Soft; Meylan, France) 

was used in this study. Normal distribution of data was first ver
ified by using the Kolmogorov-Smirnov test. Statistical 
analyses were conducted using a two-tailed, unpaired student 
t-test and linear regression. Differences between groups were 
considered to be significant when the value of ρ was less than 
5%. Data are represented as mean plus standard deviation. 

Results 

Determination of optimal absorption and molecular 
extinction coefficients 

Standard solutions of SA and its hydroxylated products at 
concentrations of 200 µmol/L were prepared in buffer, and 
spectra between 200 and 350 nm were recorded against buffer. 
As shown in Figure 1, SA absorption is maximal at 295 nm, 
whereas that of hydroxylated products is between 287 and 305 
nm. For optimal sensitivity, the chromatograms for SA deter
mination were recorded at 295 nm. Molecular extinction coef
ficients were 3350 (295 nm), 4635 (290 nm), 3015 (305 nm), 
3380 (287 nm), and 521 (270 nm) M-lCm-1 for SA, 2,4-DHBA, 
2,6-DHBA, 3,4-DHBA, and aspirin, respectively. 

Evaluation of the initial method 
When the initial method was applied, the chromatograms 

shown in Figure 2 were obtained. The complete separation of 
a standard mixture containing SA, 2,5-DHBA, and the internal 

standard (3,4-DHBA) or a plasma sample spiked with SA, 2,5-
DHBA, and the internal standard was achieved. The flow rate 
for the HPLC mobile phase was 1 mL/min, and the chro
matograms were recorded at 305 nm. The three peaks were 
well separated within 20 min with the following retention 
times: 3,4–DHBA, 3.70; 2,5-DHBA, 6.05; and SA, 15.50 min. In 
order to evaluate the analytical performance of the technique, 
its linearity and reproducibility were studied. 

Linearity 
In order to determine linearity, calibration standard solu

tions of 5 degrees of amplitude (SA, 62.5–1000 µmol/L; 2,5-
DHBA, 2.5-40 µmol/L) were determined several times. The 

Figure 2. Chromatogram showing separation of salicylic acid and 2,5-
DHBA by the initial method using HPLC with spectrophotometric detec
tion: A, elution of a standard mixture containing 125μΜ salicylic acid, 
12.5μΜ 2,5-DHBA, and 1000μΜ of internal standard (3,4-DHBA); B, 
plasma sample spiked with 400μΜ salicylic acid and 40μΜ 2,5-DHBA. 
The flow rate for the HPLC mobile phase was 1 mL/min, and the chro-
matograms were recorded at 305 nm. Peak identification: 1,3,4-DHBA; 2, 
2,5-DHBA; and 3, salicylic acid. 
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linear regression and correlation coefficients were then calcu
lated. Surprisingly, the linearity of 2,5-DHBA was always ex
cellent (y = 2.2791x + 0.6289; r 2 = 0.998; CV = 1.2%), whereas 
the salicylic acid assay showed poor linearity (y = 4.0585x + 
90.8362; r 2 = 0.876; CV = 21.3%) (wherey is concentration in 
micromoles and χ is peak area in millivolts times minutes). 
However, when standard solutions were injected directly, 
without any sample preparation, linear responses were ob
tained for the two compounds (SA and 2,5-DHBA) with corre
lation coefficients of 0.999 and 0.999 respectively and coeffi
cients of variation of 0.9% and 0.8%, respectively, as shown in 
Figure 3. 

Reproducibility 
The reproducibility of the assay was checked by several de

terminations of human plasma spiked with 500 µmol/L SA 
and 50 µmol/L 2,5-DHBA on the same day. The following co
efficients of variation were obtained: SA, 18.3% and 2,5-DHBA, 
2.9%. Excellent reproducibility was noted for the 2,5-DHBA 
assay, but the SA determination presented poor reproducibility. 

Many tests were undertaken to ameliorate the unsatisfac
tory analytical performance of the salicylic acid assay. The re
sults of extraction using ethyl acetate were compared with 
those using ether, and the influence of the solvent was studied. 
The dry residue was taken up after evaporation by various 
solutions (mobile phase with different pHs, water, methanol, 

NaOH between 0.001 and 0.50M, and HCI O.lM–water). The ex
traction and the vortex mixing times necessary for extraction 
and solubilization of the SA were also noted. All our attempts to 
improve the analytical performance of the SA assay in terms of 
linearity, reproducibility, and recovery were unsuccessful. Thus, 
the method was abandoned in order to develop an alternative 
one without the extraction step. 

Optimization steps 

Sample treatment 
Different procedures of deproteinization were studied (ace-

tonitrile or absolute ethanol). Deproteinization of plasma was 
undertaken by mixing two volumes of the tested solvent with 
one volume of sample and one volume of internal standard 
(dissolved in buffer). After 10 min of centrifugation, acetonitrile 
seemed to achieve efficient deproteinization, and the super
natant obtained was clear and appeared to be protein free. The 
supernatants were filtered, and 50 µL of filtrate was injected di
rectly into the HPLC column. However, the chromatograms 
were difficult to interpret when acetonitrile was used. Two im
portant unidentified peaks eluted close to the SA and internal 
standard peaks. Ethanol was thus selected for use in the de
proteinization procedure, even though the chromatogram pre
sented a small unidentified peak near the SA peak. The re
sponse of the detector was important, so in order to minimize 

Figure 3. Linearity of salicylic acid assay without (A) and with (B) extraction by the initial (1) and the optimized (2) methods. 
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the possibility of column overload, different dilutions of the su
pernatant were used before or after filtration. The results 
showed that a dilution of 1:20 was appropriate, and the results 
were identical whether this dilution was performed before or 
after filtration. 

Choice of eluent 
An isocratic delivery system consisting of a single eluent 

containing sodium acetate–trisodium citrate (30mM:30mM) 
buffer (pH 5.40–5.45) was used. The different standards (SA, 
and 3,4-DHBA) were injected separately in order to examine 
the peak shapes and retention times. A serum sample was 
then injected and examined. The retention time of SA was 
more than 40 min, and different percentages of methanol were 
tested to shorten it. A mobile phase consisting of 85% buffer 
and 15% methanol was selected to achieve maximum separa
tion and sensitivity (Table I). Flow rates between 0.5 and 1.5 
mL/min were studied. A flow rate of 1.0 mL/min gave an op
timal signal-to-noise ratio with a reasonable separation time 
(Table II). Moreover, isocratic elution allowed a minimum 
eluent consumption, reduced the time period between runs, 
and extended column life. 

Choice of internal standard 
Different substances (3,4 DHBA, 2,4-

DHBA, and 2,6-DHBA) previously used by 
other investigators were studied. In our 
assay conditions, the internal standards 
3,4-DHBA and 2,4-DHBA were eluted 
rapidly and were indistinguishable from the 
unidentified peak in the plasma samples. 
However, the internal standard 2,6-DHBA 
was eluted sufficiently after the SA peak 
and was used in the following protocols. 

Definitive protocol 
Aliquots (100 µL) of standard solutions 

or plasma samples were mixed with 100 µL 
of 2.5 µmol/L 2,6-DHBA and deproteinated 
by 200 µL ethanol in 1.5-mL polypropylene 
conical Eppendorf micro test tubes. The 
samples were vortex mixed for 2 min. The 
tubes were then centrifuged at 1600 × g 
for 15 min, and 50 µL of the supernatant 
was diluted with 950 µL of mobile phase. 
The diluted solution was then filtered on 
0.45-µm filters (Alltech), and 50 µL of 
solution was injected into the column. The 
mobile phase consisted of 30 mmol/L 
sodium citrate and acetate at pH 5.45 and 
methanol (85:15). The flow rate was 1 
mL/min, and detection was at 295 nm. 
Standard curves were constructed from 
measurements of peak-area ratios. Saline 
and plasma blanks were analyzed with each 
set of standards. The concentrations were 
as follows: 0,62.5,125,250,500, and 1000 
µmol/L of SA. 

Analytical performance 

Detection limit 
The detection limit was found to be 3.89 µmol/L in the bio

logical sample when calculated according to the formula of 
Gatautis and Pearson (32). It corresponds to an injected quan
tity of 12.43 pmol SA. These limits demonstrate the excellent 
sensitivity of the proposed method for SA. These ranges allow 
its determination after oral ingestion of ASA in moderate doses 
in all patients who risk intensive oxidative stress. 

Linearity 
Calibration curves of the SA standard solutions prepared in 

water or in plasma were plotted over the range 30–32,000 
µmol/L. The response of SA remained linear up to the highest 
concentration tested (32,000 µmol/L). The regression line of 
SA was also linear when prepared in water (y = 27.8983x + 
23.1792x; r 2 = 0.999) or in plasma (y = –69.359 + 24.289x; r 2 

= 0.999) (where y is concentration in micromoles and χ is peak 
area in millivolts times minutes). The coefficients of varia
tion between assays were 0.6% and 1.1%, respectively, as 
judged by changes in the slope of different calibration curves. 
Figure 3 shows the calibration curves for SA and the corre
sponding correlation coefficients and CVs. 

Table II . Effec 
minutes)* 

t of Flow Ral e (in millil 

1.50 

iters per η 

1.25 

linute) on 1 

1.00 

Retention Τ 

0.75 

ime (in 

0.50 

Unidentified 1 in water – – – – – 
in plasma 1.37 1.65 2.00 2.68 3.87 

3,4-DHBA in water 1.59 1.91 2.29 3.08 4.39 
in plasma 1.58 1.90 2.30 3.10 4.47 

2,4-DHBA in water 1.68 2.10 2.51 3.41 4.93 
in plasma 1.70 2.07 2.53 3.40 4.95 

Unidentified 2 in water – – – – – 
in plasma 4.14 4.99 6.11 8.24 12.0 

Salicylic acid in water 4.78 5.77 6.98 9.49 13.8 
in plasma 4.79 5.76 7.00 9.50 13.8 

2,6-DHBA in water 7.73 9.29 11.3 15.3 22.3 
in plasma 7.74 9.31 11.4 15.4 22.4 

* Mobi le phase consisted of buffer-methanol (85:15). The salicylic acid concentration was 600 μmοΙ/L in water or 
in human plasma. The internal standards were 1mM 3,4-DHBA, 1mM 2 ,4 -DHBA, and 1mM 2,6-DHBA. 
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Table 1. Effect of Mobile Phase Composition on Retention Time (in minutes) 
and Separation of Salicylic Acid (SA) and its Potential Internal Standards (IS)* 

100% buffer 5% methanol 10% methanol 15% methanol 20% methanol 

Salicylic acid 16.53 ± 0.09 12.24 ± 0.06 9.41 ± 0.05 6.02 ± 0.03 4.39 ± 0.02 

Internal standard 34.3 ± 0.17 23.42 ± 0.11 16.52 ± 0.09 9.81 ± 0.07 6.61 ± 0.05 

SA/IS 0.481 0.521 0.570 0.614 0.664 

* Buffer consisted of sodium citrate-sodium acetate (30mM:30mM) at pH 5.45. The flow rate was 1 ml/min. The in
ternal standard was 2.61-DHBA. 
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Precision 
The variability of repeated injections of the same plasma 

sample was less than 1.0% (15 determinations). The overall an
alytical variability among 15 identical samples measured the 
same day was less than 2% (within-run precision). The varia
tion between different days was less than 4% (between-run 
precision). The complete results are given in Table II. The be
tween-run and recovery assays were conducted during a 3-
week period. During this period, the stability of SA was good, 
as shown by the correlation coefficients. 

Table III. Repeatibility and Reproducibility of the Method 

Mean 
Standard 
deviation 

Coefficient of 
variation (%) 

Repeatability (Within-run precision) 

Carried out in water (n= 15) 
Repeatability of the HPLC 
Repeatability of the assay 

603.1 
598.3 

4.11 
8.31 

0.7 
1.4 

Carried out in human plasma (n=15) 
Repeatability of the HPLC 
Repeatability of the assay 

581.9 
575.1 

5.71 
10.3 

1.0 
1.7 

Reproducibility (Between-run precision) 

Carried out in water (n = 6) 
200 µmol SA/L 
1000 µmol SA/L 

195.2 
992.8 

7.64 
30.78 

3.9 
3.1 

Carried out in human plasma (n = 6) 
200 µmol SA/L 
1000µmol SA/L 

192.4 
955.7 

8.37 
33.36 

3.8 
3.5 

Accuracy 
The response of SA in 100-µL plasma spiked with varying 

amounts of SA standard (333 and 1000 µmol/L) was studied. 
Absolute recoveries of SA added at two different concentrations 
to plasma were satisfying, with a mean recovery of 96.2%. Al
most 4% of SA was lost, perhaps stopped on filtration mem
branes or eliminated with plasma protein during depro
teinization. 

Salicylic acid in the plasma of healthy volunteers 
Figure 4 shows a typical chromatogram of a 

blank plasma sample and a chromatogram of a 
plasma sample from a subject receiving ASA. The 
peaks of SA and the internal standard were well 
separated, and the retention times were as fol
lows: SA, 7.2 min and 2,6-DHBA, 11.4 min. No in
terfering peaks were seen in blank plasma sam
ples. Analysis of samples drawn before ASA 
administration shows that volunteers' plasma was 
free of SA. High concentrations of SA, reaching 
more than 800 µmol/L in some subjects, were ob
served in plasma samples that were obtained from 
the volunteers 2 h after aspirin administration. 

Twenty laboratory staff (10 women and 10 
men), aged 20 to 40 years (mean age, 28.2±5.22 
years), participated in this study. Two hours after 
the administration of 1000 mg ASA, the mean SA 
concentration was 487 ± 116 (Μ ± SD). The level 
of 2,3-DHBA in plasma was 63.2 ± 23.8 (Μ ± SD). 
Plasma ASA levels were not determined in this 
study. As a result of individual variations in the 
pharmacokinetics of aspirin, the plasma level of 
salicylic acid could vary largely from one indi-

Figure 4. Chromatogram showing separation of salicylic acid with the modified method using HPLC with spectrophotometric detection: A, elution of a standard 
mixture containing 1mM salicylic acid and 2.5 mmol of internal standard (2,6-DHBA); B, plasma sample from a normal subject before 1000 mg ASA admin
istration; C, plasma sample from the same subject 2 h after ASA administration. The flow rate for the HPLC mobile phase was 1 mL/min, and the chromatograms 
were recorded at 295 nm. Peak identification: 1, salicylic acid and 2, 2,6-DHBA (internal standard). 
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vidual to another (344–868 µmol/L). Consequently, the con
centration of DHBA in plasma should always be corrected to 
that of the concentration of SA in plasma. 

Discussion 

Direct evidence for the formation of free radicals in oxidative 
processes exists, but the causal relationship between free rad
icals and damage is still lacking. The major reason is that free 
radicals are present in minute amounts in the tissues. They are 
highly reactive, and they have short lives (34,35). Specific 
markers, based on the ability of °OH to attack aromatic 
molecules and to produce hydroxylated compounds, are under 
investigation (36). The measurement of 2,3-DHBA following 
oral administration of SA or ASA has been proposed for as
sessment of in vivo oxidative stress (37). The intensity of ox
idative stress is a function of the ratios of dihydroxylated deriva
tives to salicylic acid rather than the absolute dihydroxylated 
derivative levels (38–41). Therefore, a simple, sensitive, and ac
curate method is required for SA determination. 

Many techniques have already been used to evaluate SA and 
its metabolites in biological fluids. Spectrophotometric assays 
were shown to be appropriate for in vitro studies where large 
amounts of SA are usually used or for aspirin intoxication. 
These techniques still lack accuracy and sensitivity. Assays of 
SA by gas chromatography have been reported (21,22). How
ever, time-consuming chemical derivatization, such as silyla-
tion, was necessary. Many HPLC assays have been developed to 
separate and quantitate SA specifically and sensitively in phar
maceutical formulations (42) and biological fluids (23-29). 
However, they usually require solvent extraction, including 
the use of benzene, which is toxic. 

We describe a rapid determination of SA in human plasma 
without organic extraction. The detection limit, calculated ac
cording to Gatautis and Pearson (32) was less than 5 µmol 
SA/L. If other calculation approaches are considered, such as 
the height of the baseline times 3, this limit could be lowered 
to less than 2 µmol SA/L. Of course, this detection limit is 
function of solvent purity, column quality, and apparatus equi
libration. Thus, this method has adequate sensitivity. Under our 
experimental conditions, the calibration curve was perfectly 
linear up to at least 32,000 µmol SA/L (5376 mg/L). Coefficients 
of correlation were close to 1, and the coefficients of variation 
were less than 3%. The proposed protocol gives excellent 
within- and between-run precision with coefficients of variation 
of less than 4%. Finally, the percentage of recovery of the dif
ferent concentrations of SA from spiked human plasma is more 
than 95% for 333 and 1000 µmol SA/L. This percentage is sat
isfactory. 

For accurate determination of SA, at least two precautions 
are necessary. First, the blood samples must be collected, 
preferably into anti-hydrolysis compound–containing tubes 
(potassium fluoride) to prevent ASA from hydrolysis in human 
blood after sampling (27). This is especially true when samples 
are drawn between 0 and 90 min after ASA ingestion when the 
ASA level is high. Secondly, for techniques using organic ex

traction steps, the extraction solvent must be evaporated in an 
ice water bath to prevent underestimation of SA concentration 
due to loss through sublimation (39). 

In the present study, after an oral dose of 1000 mg of soluble 
ASA, the maximum concentration of SA in plasma is in the ex
pected ranges. Two hours after ASA administration, the plasma 
SA level was 487 ± 116; 245-729 µmol/L (Μ ± SD; Μ ± 2.086 
SD). Lo and Bye (23) reported levels of approximately 200 
µmol/L 2 hours after an oral dose of 600 mg soluble ASA. 
Cham and co-workers (24) reported an SA concentration of 600 
µmol/L 2 h after an oral dose of 21 mg/kg (1365 mg). Finally, 
Cham and co-workers (16) found that SA concentration 
reaches its maximum between 30 and 60 min (380 µmol/L) 
when 900 mg efflorescent ASA was ingested, and its concen
tration at 2 h was approximately 200 µmol/L. Because the level 
of 2,3-DHBA in plasma depends on that of SA, which could vary 
between individuals who ingest the same dose of aspirin, the 
concentration of 2,3–DHBA should be expressed as the 2,3– 
DHBA–SA ratio (in millimoles per mole). The presence of 2,3– 
DHBA in the plasma of healthy subjects after taking aspirin 
could be a result of the baseline rate of intracellular °OH for
mation from ionizing radiation (43) and in vivo Fenton reac
tions and by blood leukocytes (41). 

Conclusion 

A newly developed methodology is now available in which SA 
can be easily and specifically identified and quantitated with 
high sensitivity using HPLC coupled with spectrophotometric 
detection. The mobile phase was carefully selected to achieve 
a maximum separation in a minimum amount of time. The iso
cratic elution allows a minimum of downtime. The improved 
SA assay as described in the present paper provides a simple, 
rapid, and convenient method by which SA may be detected 
and quantitated in vivo. Moreover, the small plasma require
ment (0.1 mL) permits determinations in plasma from infants 
and young children. 
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