
There is overwhelming epidemiologi-
cal evidence that a high consump-
tion of fruit and vegetables is associ-

ated with reduced mortality from
cardiovascular disease, cancer, and other
causes.1–5 In part, this may simply indi-
cate that high fruit and vegetable con-
sumption is a marker of a healthy
lifestyle, but there is also strong evidence
from in vitro studies and clinical trials
that micronutrients and other compo-
nents of fruit and vegetables have
beneficial biological effects.6–8 Most at-
tention has focused on antioxidants,
B group vitamins, minerals, and fibre,
but several strands of evidence now indi-
cate that increased intake of salicylates
may be another benefit of fruit and veg-
etable consumption.

In this issue of the journal, Lawrence
and colleagues show that urinary excre-
tion of salicyluric acid (SU) and salicylic
acid (SA) is significantly increased in
vegetarians compared with non-
vegetarians.9 They previously reported
that serum SA was also significantly
increased in vegetarians compared with
non-vegetarians.10 Interestingly, urinary
excretion of SA was similar in vegetar-
ians and patients consuming 75 or
150 mg of aspirin/day, although SU
excretion was substantially greater in
the aspirin groups.

“There is strong evidence from in
vitro studies and clinical trials that
micronutrients and other
components of fruit and
vegetables have beneficial
biological effects”

After oral administration, aspirin (ace-
tylsalicylic acid) is rapidly absorbed in
the upper gastrointestinal tract.11 This
drug follows first order kinetics and has
an absorption half life of five to 16
minutes.12 Aspirin is mainly absorbed
unchanged from the lumen of the
gastrointestinal tract, but is rapidly
hydrolysed to salicylate by carboxyleste-
rases in the gut wall and liver, so that
only 68% of the dose reaches the
systemic circulation as acetylsalicylic
acid.12 13 Salicylate and acetylsalicylate
are extensively bound to serum albumin
(∼ 50–80%) and are distributed in the
synovial cavity, central nervous system,
and saliva. The serum half life of acetyl-
salicylate is 20 minutes, and the decrease

in concentration after this time is paral-
lelled by a concurrent rise in salicylate
concentrations,12 the half life of which is
between two and 30 hours, depending on
concentration. SA is metabolised
through glucuronide formation, conju-
gation with glycine, and oxidation to
produce SU, salicyl phenolic glucuro-
nide, salicyl acyl glucuronide, gentisic
acid, and gentisuric acid.12 13 The kidney
eliminates salicylates. The major urinary
metabolites are SU (80%) and salicyl
phenolic glucuronide (10%), but SA is
also partially excreted unchanged
(5%).14

Despite the fact that aspirin has been
in routine use for almost a century, there
is still no common agreement about its
mechanisms of action. Aspirin acts by
preventing the conversion of arachidonic
acid to the cyclic prostenoids via inhibi-
tion of the enzyme cyclooxygenase
(COX) through acetylation of an essen-
tial serine at its active site.11 15 There are
two main COX isoforms, COX-1 and
COX-2. COX-1 is constitutively expressed
in most cells (including platelets) and,
among other functions, is essential for
the production of thromboxane A2,
which causes platelet aggregation.14

COX-2 is not routinely expressed in cells,
but is induced rapidly by inflammatory
stimuli and growth factors,11 and is the
major isoform responsible for prosta-
glandin biosynthesis in inflamed tissue.
Aspirin acts on both forms but is a less
potent inhibitor of COX-2.16 Inhibition of
COX-1 is achieved by acetylation of
serine 530, which is located close to the
active site (tyrosine 385 of COX-1).
Acetylation of this serine residue hinders
the access of arachidonic acid to the
active site. Aspirin inhibits COX-2 by a
similar mechanism, but is less potent
because the substrate channel of COX-2
is larger and more flexible than that of
COX-1.16 Mitchell et al, using a variety of
in vitro models, suggested that aspirin
inhibition of COX-1 was between 25 and
166 times greater than inhibition of
COX-2.17

In contrast to aspirin, salicylic acid has
virtually no effect on purified COX-1 and
COX-2 at pharmacological concentra-
tions, but inhibits prostaglandin synthe-
sis in intact cells.18 The mechanism by
which salicylic acid inhibits COX-2 is the
subject of much current debate.11–23 One
possibility for which there is experimen-
tal evidence is that salicylic acid at

therapeutic concentrations may suppress
COX-2 gene transcription by inhibiting
COX-2 mRNA synthesis and COX-2 pro-
motor activity.16 18 As such, with respect
to its role as an anti-inflammatory agent,
aspirin could be acting as a prodrug for
salicylic acid, which has a much longer
half life than aspirin.24

The presence of naturally occurring
salicylates in fruits, vegetables, spices,
confectionaries, and beverages (both
alcoholic and non-alcoholic) has been
confirmed by several research
groups,25–29 although concentrations
determined do not always agree. Swain
et al suggested that a normal mixed diet
contains total salicylates in the range of
10 to 200 mg/day,26 although other
groups have suggested that this may be
an overestimate owing to a lack of
analytical specificity.27 28 Janssen et al
suggested that intake of dietary sali-
cylates in subjects taking a mixed diet
was only in the order of 2 to 4 mg/day, an
amount probably too low to affect
disease risk.28 However, the work re-
ported here9 and previously10 indicates
that dietary salicylate intake may be sig-
nificant in vegetarians and can produce
concentrations of SA that overlap with
those seen in subjects taking 75 mg of
aspirin/day. Because the anti-
inflammatory action of aspirin is prob-
ably the result of SA,24 and the concen-
trations of SA seen in vegetarians have
been shown to inhibit COX-2 in vitro,18 it
is plausible that dietary salicylates may
contribute to the beneficial effects of a
vegetarian diet, although it seems un-
likely that most people who consume a
mixed diet will achieve sufficient dietary
intake of salicylates to have a therapeutic
effect.

J Clin Pathol 2003;56:649–650

. . . . . . . . . . . . . . . . . . . . .
Authors’ affiliations
L G Hare, J V Woodside, I S Young,
Department of Medicine, The Queen’s University
of Belfast, Belfast, UK

Correspondence to: Professor I S Young,
Department of Medicine, Wellcome Research
Laboratories, Mulhouse Building, Royal Victoria
Hospital, Grosvenor Road, Belfast BT12 6BJ,
UK; I.Young@qub.ac.uk

REFERENCES
1 Joshipura KJ, Hu FB, Manson JE, et al. The

effect of fruit and vegetable intake on risk for
coronary heart disease. Ann Intern Med
2001;134:1106–14.

2 Joshipura KJ, Ascherio A, Manson JE, et al.
Fruit and vegetable intake in relation to risk of
ischaemic stroke. JAMA 1999;282:1233–9.

3 Liu S, Manson JE, Lee I-M, et al. Fruit and
vegetable intake and risk of cardiovascular
disease: the women’s health study. Am J Clin
Nutr 2000;72:922–8.

4 Key TJ, Fraser GE, Thorogood M, et al.
Mortality in vegetarians and nonvegetarians:
detailed findings from a collaborative analysis
of 5 prospective studies. Am J Clin Nutr
1999;70:516S–24S.

5 Key TJ, Allen NE, Spencer EA, et al. The
effect of diet on risk of cancer. Lancet
2002;360:861–8.

Dietary salicylates
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Dietary salicylates
L G Hare, J V Woodside, I S Young
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Another benefit of fruit and vegetable consumption?

EDITORIAL 649

www.jclinpath.com

 group.bmj.com on February 10, 2012 - Published by jcp.bmj.comDownloaded from 

http://jcp.bmj.com/
http://group.bmj.com/


6 John JH, Ziebland S, Yudkin P, et al. Effects
of fruit and vegetable consumption on plasma
antioxidant concentrations and blood
pressure: a randomised controlled trial. Lancet
2002;359:1969–74.

7 Zino S, Skeaff M, Williams S, et al.
Randomised controlled trial of effect of fruit
and vegetable consumption on plasma
concentrations of lipids and antioxidants. BMJ
1997;314:1787–91.

8 Esposito K, Nappo F, Giugliano F, et al.
Effect of dietary antioxidants on postprandial
endothelial dysfunction induced by a high-fat
meal in healthy subjects. Am J Clin Nutr
2003;77:139–43.

9 Lawrence JR, Peter R, Baxter G, et al.
Urinary excretion of salicyluric and salicylic
acids by non-vegetarians, vegetarians and
patients taking low-dose aspirin. J Clin Pathol
2003;56:651–3.

10 Blacklock CJ, Lawrence JR, Malcolm EA, et
al. Salicylic acid in the serum of subjects not
taking aspirin. Comparison of salicylic acid
concentrations in the serum of vegetarians,
non-vegetarians, and patients taking low-dose
aspirin. J Clin Pathol 2001;54:553–5.

11 Awtry EH, Loscalzo J. Aspirin. Circulation
2000;101:1206–18.

12 Needs CJ, Brooks PM. Clinical
pharmacokinetics of the salicylates. Clin
Pharmacokinet 1985;10:2:164–77.

13 Miners JO. Drug interactions involving aspirin
(acetylsalicylic acid) and salicylic acid. Clin
Pharmacokinet 1989;17:5:327–44.

14 Davison C. Salicylate metabolism in man.
Ann NY Acad Sci 1971;179:249–68.

15 Amann R, Peskar BA. Anti-inflammatory
effects of aspirin and sodium salicylate. Eur J
Pharmacol 2002;447:1–9.

16 Wu KK. Aspirin and salicylate—an old
remedy with a new twist. Circulation
2000;102:2022–3.

17 Mitchell JA, Akarasereenont P, Thiemermann
C, et al. Selectivity of nonsteroidal
anti-inflammatory drugs as inhibitors or
constitutive and inducible cyclooxygenase.
Proc Natl Acad Sci U S A 1994;90:11693–
7.

18 Xu X-M, Sansores-Garcia L, Chen X-M, et al.
Suppression of inducible cyclooxygenase 2
gene transcription by aspirin and sodium
salicylate. Proc Natl Acad Sci U S A
1999;96:5292–7.

19 Haynes DR, Wright PFA Gadd SJ, et al. Is
aspirin a prodrug for antioxidant and
cytokine-modulated oxymetabolites? Agents
Actions 1993;39:49–58.

20 Redondo S, Santos-Gallego CG, Ganado P,
et al. Acetylsalicylic acid inhibits cell
proliferation by involving transforming growth
factor-β. Circulation 2003;107:626–9.

21 Ridker PM, Cushman M, Stampfer MJ, et al.
Inflammation, aspirin, and the risk of
cardiovascular disease in apparently healthy
men. N Engl J Med 1997;336:973–9.

22 Serhan CN. Lipoxins and aspirin-triggered
15-epi-lipoxin biosynthesis: an update and
role in anti-inflammation and pro-resolution.

Prostaglandins Other Lipid Mediat
2002;68/69:433–55.

23 Minuz P, Lechi C, Zuliani V, et al.
NO-aspirins: antithrombotic activity of
derivatives of acetyl salicylic acid releasing
nitric oxide. Cardiovasc Drug Rev
1998;16:31–47.

24 Higgs GA, Salmon JA, Henderson B, et al.
Pharmacokinetics of aspirin and salicylate in
relation to inhibition of arachidonate
cyclooxygenase and anti-inflammatory
activity. Proc Natl Acad Sci U S A
1987;84:1417–20.

25 Robertson GL, Kermode WJ. Salicylic acid in
fresh and canned fruit and vegetables. J Sci
Food Agric 1981;32:833–6.

26 Swain AR, Dutton SP, Truswell AS. Salicylates
in foods. J Am Diet Assoc 1985;85:950–60.

27 Herrmann K. Occurrence and content of
hydroxycinnamic and hydroxybenzoic acid
compounds in foods. CRC Crit Food Sci Nutr
1989;28:4315–47.

28 Janssen PLTMK, Hollmann PCH, Reichman E,
et al. Urinary salicylate excretion in subjects
eating a variety of diets shows that amounts of
bioavailable salicylates in foods are low. Am J
Clin Nutr 1996;64:743–7.

29 Venema DP, Hollmann PCH, Janssen PLTMK,
et al. Determination of acetylsalicylic and
salicylic acid in foods, using HPLC with
fluorescence detection. J Agric Food Chem
1996;44:1762–7.

www.jclinpath.com

If you wish to comment on any article published in the Journal of Clinical Pathology you can send an

eLetter using the eLetters link at the beginning of each article. Your response will be posted on

Journal of Clinical Pathology online within a few days of receipt (subject to editorial screening).

eLetters

Have your say

650 EDITORIAL

www.jclinpath.com

 group.bmj.com on February 10, 2012 - Published by jcp.bmj.comDownloaded from 

http://jcp.bmj.com/
http://group.bmj.com/


doi: 10.1136/jcp.56.9.649
 2003 56: 649-650J Clin Pathol

 
L G Hare, J V Woodside and I S Young
 
Dietary salicylates

 http://jcp.bmj.com/content/56/9/649.full.html
Updated information and services can be found at: 

These include:

References

 http://jcp.bmj.com/content/56/9/649.full.html#related-urls
Article cited in: 
 

 http://jcp.bmj.com/content/56/9/649.full.html#ref-list-1
This article cites 26 articles, 14 of which can be accessed free at:

service
Email alerting

box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign up in the

Collections
Topic

 (1279 articles)Immunology (including allergy)   �
 
Articles on similar topics can be found in the following collections

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on February 10, 2012 - Published by jcp.bmj.comDownloaded from 

http://jcp.bmj.com/content/56/9/649.full.html
http://jcp.bmj.com/content/56/9/649.full.html#ref-list-1
http://jcp.bmj.com/content/56/9/649.full.html#related-urls
http://jcp.bmj.com/cgi/collection/immunology_including_allergy
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://jcp.bmj.com/
http://group.bmj.com/

