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Abstract
Aim—To examine sera for the presence of
salicylic acid and 2,3- and 2,5-dihydroxybenzoic acids (2,3- and 2,5-DHBA), in
individuals not taking salicylate drugs.
Methods—Extracts of acidified serum
samples were analysed by high performance liquid chromatography with electrochemical
detection.
The
chromatographic conditions were altered, and the retention times of the
unknown compounds compared against
authentic salicylic acid, 2,3-DHBA, and
2,5-DHBA. Serum samples (some spiked
with salicylic acid) were incubated with
salicylate hydroxylase and analyses undertaken. An extract of acidified serum
was derivatised using N-methyl-Ntrimethylsilyltrifluoroacetamide and the
salicylic acid derivative identified by gas
chromatography–mass spectrometry.
Results—Salicylic acid, 2,3-DHBA, and
2,5-DHBA were identified as being normal constituents of serum.
Conclusions—Salicylic acid, 2,3-DHBA,
and 2,5-DHBA possess anti-inflammatory
properties. The finding that these compounds are present as normal constituents
of serum, possibly arising from diet,
raises important questions as to their role
in the promotion of health.
(J Clin Pathol 1998;51:502–505)
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Salicylates, initially obtained from the bark of
the willow tree, have been used in medicine to
treat inflammatory conditions for many
centuries.1 Within the past century, aspirin
(acetylsalicylic acid) has replaced sodium salicylate as the salicylate of choice, and has been
found to benefit patients not only as an
anti-inflammatory drug, but also in preventing
strokes, myocardial infarction, and death in
patients with atherosclerosis.2 More recently,
aspirin has been found to have a chemopreventive action against colorectal cancer, a property
shared also by other non-steroidal antiinflammatory drugs.3 4 Aspirin is rapidly hydrolysed to salicylic acid in vivo,5 and its antiinflammatory action is believed to be the result
of the formation and action of salicylic acid.6
Salicylic acid has also been found to induce cell
cycle arrest and apoptosis in cultured colorectal
tumour cells,7 indicating that the chemopreven-

tive property of aspirin may act through salicylic
acid formation as well.
While investigating the use of low dose aspirin as an aromatic probe to measure hydroxyl
free radicals (by assessing the hydroxylation of
salicylic acid, with resulting formation of 2,3and 2,5-dihydroxybenzoic acid (2,3- and 2,5DHBA)), we observed the presence of substances which had identical retention times to
salicylic acid, 2,3-DHBA, and 2,5-DHBA in
serum extracts from subjects not taking aspirin.
After excluding the possibility of contamination, we investigated whether these substances
were authentic salicylic acid, 2,3-DHBA, and
2,5-DHBA.
Methods
BLOOD SAMPLES

Blood samples were obtained from healthy volunteers who were not taking any drugs, nor had
they been using other preparations which contain salicylates, for example mouthwashes.
Whole blood was allowed to coagulate before
separating the serum by centrifugation (2000 g
for 10 minutes). Aliquots of serum were stored
at −28°C.
SALICYLATE EXTRACTION AND HPLC ANALYSIS

Ethylenediaminetetra-acetic acid (EDTA; final
serum concentration 100 µmol/litre) was added
to portions of serum (0.5 ml) which were then
acidified to pH 2.0 by the addition of HCl (1.0
mol/litre), and ethyl acetate (2.0 ml) then
added. The extraction tubes were shaken for 15
minutes, centrifuged at 2000 g, and the organic
phase removed and evaporated to dryness at
70°C under oxygen-free nitrogen. The extraction process was repeated and the combined
extracts reconstituted in high performance liquid chromatography (HPLC) mobile phase—
0.50 ml, citrate buVer (0.03 mol/litre) brought
to pH 4.0 with the addition of glacial acetic
acid, methanol (29.6% vol/vol), and EDTA
(100 µmol/litre). A Jasco (Great Dunmow,
Essex, UK) PU-980 HPLC pump and LG
980-02 ternary gradient unit were used to
deliver mobile phase at 1.0 ml/min through an
Apex ODS 5 µm column (Jones Chromatography, Hengoed, Shropshire, UK). Amperometric detection was carried out using an Antec
Decade detector (Presearch, Hitchin, Herts,
UK) with an oxidising potential (Eox) of +1.1
V. Fifty microlitres of the reconstituted extract
were injected with a run time of 30 minutes.
Chromatographic conditions were altered by
reducing the methanol concentration and by
varying the Eox of the electrochemical detec-
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Portions of serum (0.5 ml) from five diVerent
subjects were incubated with reduced nicotinamide adenine dinucleotide (â NADH; 146
µmol/litre) and salicylate hydroxylase (0.48
units, obtained from Pseudomonas sp; Sigma,
Poole, Dorset, UK) in a final volume of 1.5 ml
with phosphate buVer (0.03 mol/litre), pH
7.62. Control reaction mixtures contained no
salicylate hydroxylase or were spiked with salicylic acid (final concentrations 5 µmol/litre).
Reaction mixtures were incubated at 30°C in a
shaking waterbath for 15 minutes before
extraction as described above.
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Figure 1 HPLC chromatograms of extracts of reaction mixtures: (A) blank serum and
NADH; (B) blank serum, NADH, and salicylate hydroxylase; (C) blank serum, NADH,
and salicylic acid; (D) blank serum, NADH, salicylic acid, and salicylate hydroxylase.

tor. To carry out chromatography of 2,3DHBA and 2,5-DHBA, the Eox was +0.65 V
and gradient elution was used: 0–6 minutes
with 100% citrate buVer (0.03 mol/litre), pH
5.25 (by addition of glacial acetic acid), and
6–15 minutes in the same mobile phase with
methanol 28.6% vol/vol. Chromatographic
conditions were altered by changing the mobile
phase to pH 4.75.

ANALYSIS BY GC-MS
To an aqueous solution of salicylic acid (10
µmol/litre, 300 µl volume) was added HCl (100
µl, 1.0 mol/litre) and the resultant solution
extracted twice with ethyl acetate (0.5 ml). The
combined extracts were evaporated to dryness
at 70°C under oxygen-free nitrogen and
N-methyl-N-trimethylsilyltrifluoroacetamide
(MSTFA; 300 µl) added. The reaction mixture
was vortexed for 30 seconds and then heated at
70°C for 20 minutes to prepare the trimethylsilyl (TMS) derivative of salicylic acid.
To serum (7.5 ml) from one individual was
added EDTA (final concentration 100 µmol/
litre) and HCl (1.0 mol/litre to bring to pH 2.0)
and the resultant mixture extracted twice with
ethyl acetate (15 ml). The combined extracts
were evaporated to dryness at 70°C under
oxygen-free nitrogen and MSTFA (50 µl)
added, the reaction mixture then treated in the
same way as the salicylic acid standard above.
The derivatised extracts of salicylic acid and
serum were transferred to sample vials for gas
chromatography–mass spectrometry (GCMS) analysis (Fisons, Manchester, UK: MD
800 mass spectrometer, GC 8000 series, and
AS 800 autosampler, equipped with a 30 m,
0.25 mm DB-5 capillary column). A 1 µl sample was injected using a splitless injection port
and a helium flow rate of 1 ml/min. The GC
column temperature was initially set at 55°C
for one minute, increasing by 30°C a minute to
265°C. The mass spectrometer was set at an
electron energy of 70 eV and full scan mode
(40.00 to 400.0 mass range).

Results
Chromatography of the extracted sera from six
individuals revealed the presence of an unknown substance, in each case having a similar
retention time (tr) to that of authentic salicylic
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Table 1 EVect of mobile phase methanol concentration
(vol/vol) on the retention time (tr) of aqueous standard
(SA, 1 µmol/litre), serum spiked with SA (1 µmol/litre),
and blank serum
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Table 2 EVect of changing the mobile phase pH on the
tetention time (tr) of unknown substances present in serum
and 2,3- and 2,5-DHBA
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results were obtained for all five individuals
investigated.
The TMS2 derivative of salicylic acid was
found to have a tr of 6.461 minutes when analysed by GC-MS. Examination of the chromatogram obtained from the derivatised serum
extract revealed substances with overlapping tr
values of 6.421 and 6.471 minutes. With
GC-MS analysis of MSTFA in hexane, compounds with tr values of 6.431, 6.481, and
6.522 minutes, respectively, were found. Total
ion chromatograms showed the presence of an
abundant ion at m/z 267 in the serum extract
and in MSTFA; however, the best fit for the
fragmentation pattern at 6.441 minutes in the
serum extract was TMS2 salicylic acid (TMS2
salicylic acid molecular ion minus methyl).
Various siloxane compounds best fitted the
MSTFA total ion chromatogram.

Retention time (mins)

Figure 2 HPLC chromatograms of an extract of (A) blank serum and (B) an aqueous
mixture of 2,3- and 2,5-DHBA.

acid (fig 1A, typical chromatogram). When the
methanol concentration of the mobile phase
was reduced, the tr of the unknown substance
increased and paralleled that of salicylic acid
(table 1). Contamination and carryover were
excluded by injecting the extract of a reaction
mixture minus serum, and mobile phase. The
electrochemical response of the unknown substance was obtained by changing the Eox and
comparing this change to that of authentic salicylic acid. Baseline data were collected with an
Eox of +1.1 V and the percentage change of the
response from this setting recorded at Eox values of +1.15, +1.20. and +1.25 V for both the
unknown substance and salicylic acid. Values
of 252%, 697%, and 301% were obtained for
salicylic acid, while for the unknown, values of
220%, 640%, and 240% were determined, a
similar change in response being observed for
the unknown substance and salicylic acid.
Chromatography of the extracted sera (fig 2)
also revealed the presence of unknown substances with similar tr values to 2,3-DHBA and
2,5-DHBA. When the mobile phase pH was
changed to 4.75, the tr values of the unknown
substances changed in an identical fashion to
those of 2,3-DHBA and 2,5-DHBA (table 2).
When serum (some spiked with salicylic
acid) was incubated in the absence and
presence of salicylate hydroxylase, the chromatograms (fig 1) showed that the unknown substance with an identical retention time to that
of salicylic acid disappeared when incubated in
the presence of salicylate hydroxylase and
NADH. A serum sample spiked with salicylic
acid behaved similarly, indicating that the
unknown substance was salicylic acid. Similar

Discussion
We have found three diVerent salicylates—
salicylic acid, 2,3-DHBA, and 2,5-DHBA—to
be present as normal constituents of serum.
The previously unknown substances we had
observed in chromatograms behaved in an
identical fashion to the authentic salicylate
compounds when chromatographic conditions
were changed. Although similar changes in
chromatographic parameters between an unknown substance and an authentic compound
are not absolute proof that they are identical,
the similarities described above, supported by
the evidence obtained from the salicylate
hydroxylase and GC-MS experiments, indicates to us that salicylic acid is present as a normal constituent of serum in “aspirin-free” individuals. The serum analysis was diYcult
because salicylic acid was present in low
concentration and because of potential interference from MSTFA in the GC-MS experiments.
There is, however, no serum sample analysed so
far (n = 60) that has not contained salicylic
acid. Examination of the chromatograms of
blank serum or plasma from published HPLC
methods of salicylic acid analysis reveals also
that an unknown substance is present with a tr
similar to salicylic acid, but which is not
commented upon in the respective papers.8 9 In
addition, RuYn et al reported salicylic acid in
the plasma from 17 of 53 subjects at baseline,
before aspirin intake, in a study examining the
eVect of aspirin on mucosal prostaglandins.10
No information was given as to how they identified the compound as being salicylic acid.
We are currently developing a method for
quantitation of the naturally occurring salicylates and have observed significant diVerences between individuals. It is possible that
diet is the source of salicylic acid since it is
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found in fruits, berries, vegetables, herbs, and
spices.11 Salicylic acid is metabolised in vivo to
various compounds, including 2,3-DHBA and
2,5-DHBA,12 although these salicylates may
also be present in our diet since they are known
to be present in wine.13 Recently, from the
measurement of salicylic acid in urine, the daily
dietary intake of salicylic acid was estimated to
be of the order of a few milligrams.14 The
authors considered this intake to be too low to
aVect the risk of coronary heart disease or
colon cancer “even if most of this would be in
the form of acetylsalicylate” (aspirin). However, the dose of aspirin required to help
prevent colorectal cancer is unknown, as is the
minimum dose of aspirin eVective in protecting
the vasculature. The anti-platelet eVect of aspirin is the major reason for prescribing the drug
in cardiovascular disease, although recent work
suggests that the anti-inflammatory action may
also be important.15 It is possible that the antiinflammatory action and chemopreventive action in colorectal cancer occurs by the same
mechanism. In inflammation16 and colorectal
cancer,17 cyclooxygenase (COX) 2, an enzyme
catalysing the formation of prostanoid compounds, is induced by various stimuli including
cytokines and growth factors, unlike the
constitutively expressed COX 1 which is found
in platelets. Aspirin is more potent than
salicylate at inhibiting prostaglandin synthesis
in vitro through its eVects on COX activity, but
the two compounds are considered to be equipotent as anti-inflammatory agents.6 In vivo,
aspirin probably acts as an anti-inflammatory
prodrug, the active component being salicylic
acid. Salicylic acid has been shown to inhibit
the induction of COX activity by interleukin
-1,18 an eVect observed at nanomolar concentrations of salicylic acid. 2,3- and 2,5-DHBA
have also been shown to inhibit COX activity,
to modulate cytokine production, and inhibit
the formation of prostaglandin E2 in vitro.19–21
We believe that our finding of salicylic acid,
2,3-DHBA, and 2,5-DHBA as normal constituents of serum may provide a link between
diet and the prevention of colorectal cancer
and atherosclerosis. A diet which is rich in fruit
and vegetables helps prevent colorectal cancer
and atherosclerosis, and although various
dietary components have been examined as
possible candidates to explain the benefits of
such a diet, no individual responsible component has been identified, especially in the
prevention of cancer.22 We are currently investigating the relation between diet and serum salicylate concentrations in “aspirin-free” patients.
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