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The aim of this study was to assess whether regular consumption of cranberry juice results in
elevations in urinary salicylate concentrations in persons not taking salicylate drugs. Two groups of
healthy female subjects (11/group) matched for age, weight, and height consumed 250 mL of either
cranberry juice or a placebo solution three times a day (i.e., 750 mL/day) for 2 weeks. At weekly
intervals, salicylic acid and salicyluric acid (the major urinary metabolite of salicylic acid) concentrations
were determined in urine by HPLC with electrochemical detection. Concentrations of salicylic acid in
plasma were also determined. Consumption of cranberry juice was associated with a marked increase
(p < 0.001) of salicyluric and salicylic acids in urine within 1 week of the intervention. After 2 weeks,
there was also a small but significant (p < 0.05) increase in salicylic acid in plasma. The regular
consumption of cranberry juice results in the increased absorption of salicylic acid, an anti-inflammatory
compound that may benefit health.
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INTRODUCTION

Acetylsalicylic acid (aspirin, 2-acetoxybenzoic acid) (Figure
1) has been used for more than 100 years to provide pain relief
and to treat inflammatory conditions and fevers. More recently,
regular intake has been associated with decreased incidence of
cancers (1-3), particularly colon cancer (4, 5), and three double-
blind, randomized, placebo-controlled trials of aspirin have
demonstrated an unequivocal reduction in colorectal adenomas,
a precancerous lesion (6-8). After absorption from the stomach
and small intestine, aspirin is very rapidly hydrolyzed to salicylic
acid (2-hydroxybenzoic acid) (Figure 1) in the liver and blood,
where it is tightly bound to plasma proteins and widely
distributed to all tissues in the body. The mechanism(s) of the
anti-inflammatory action of aspirin and salicylic acid is (are)
unknown, but recently it has been shown to suppress the
transcription of cyclo-oxygenase 2 (COX-2), a key enzyme in
inflammatory processes and tumorigenesis (9,10).

Salicylic acid is present in plants, where it functions as a
hormonal mediator of the systemic acquired resistance response
to pathogen attack and environmental stress (11), and it is
present in a wide range of fruits, vegetables, herbs, and spices
of dietary relevance (12-17). This has led to the suggestion
that the recognized effects of consuming fruits and vegetables
on lowering risk of colon cancer may be due in part to salicylates
in plant-based foods (18). However, estimated daily intakes of

natural salicylates range widely from 0 to 200 mg/day
(13-17). Some authors (17) have concluded that the amounts
of salicylic acid in fruits and vegetables may be too low and
insufficiently bioavailable to have marked therapeutic signifi-
cance, in addition to not being in the form of aspirin. However,
a dietary source of salicylic acid is suggested by the detection
of the compound and associated metabolites in the plasma and
urine of individuals not taking aspirin or related preparations
(19-22). Moreover, serum and urinary concentrations of
salicylates in vegetarians overlap with those of individuals taking
low-dose aspirin (20,22), suggesting significant absorption from
ingested fruits and vegetables.

However, intervention studies with human volunteers to
assess whether salicylic acid is absorbed from the diet are
lacking. A study on a single volunteer that consumed 1800 mL
of cranberry juice containing 5.6 mg of salicylic acid (23, 24)
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Figure 1. Structures of acetylsalicylic acid (aspirin), salicylic acid, and
salicyluric acid.
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detected salicylic acid by GC-MS analysis in two plasma
samples collected at 45 and 270 min after the juice had been
drunk. Consequently, we wished to study the absorption of
salicylic acid from cranberry juice in more depth by accurately
determining the salicylate concentration in a commercially
available cranberry juice and measuring the effects of its
consumption, over a period of 2 weeks, on the plasma and
urinary concentrations of salicylic acid and salicyluric acid
(Figure 1, the major metabolite of salicylic acid in urine) in a
group of healthy human volunteers.

SUBJECTS AND METHODS

The fruit juice (Ocean Spray Cranberry Select Premium) was
obtained from a local U.K. retailer. All other reagents were obtained
from Sigma-Aldrich (Poole, U.K.) or Merck (Poole, U.K.) unless
specified.

Healthy female subjects (n ) 22) were allocated to two groups
closely matched for age, weight, and height (Table 1). All were
nonsmokers, normotensive, and free from clinical disorders and had
not taken aspirin, vitamin/mineral supplements, or medication for at
least 3 weeks before the start of the study. One subject was subsequently
excluded from the study due to being prescribed antibiotics by her
doctor, and another subject withdrew for reasons not related to the
treatment. For 2 weeks the volunteers consumed 250 mL of either
cranberry juice or a placebo solution having a sugar content similar to
that of the fruit juice [9% (w/v) sucrose in water] three times a day
(i.e., 750 mL/day). Early-morning urine samples were collected 1 week
and immediately prior to the interventions and at weekly intervals
thereafter. In addition, blood was collected from each subject into
vacutainers containing EDTA as anticoagulant (Evacuette, Greiner
Labortechnik, Kremsmuenster, Austria). All subjects were asked to fast
from 10:00 p.m. the previous evening. The trial was approved by the
joint ethical committee of the Grampian Health Board and the
University of Aberdeen.

All samples were kept on ice, and blood was centrifuged (4°C,
1500g, 15 min) within 60 min to obtain plasma. The plasma and urine
were aliquoted, snap frozen in liquid nitrogen, and stored at-80 °C.
Concentrations of salicylates in juice, plasma, and urine were measured
by HPLC with electrochemical detection using 4-methylsalicylic acid
as an internal standard. The cranberry juice was analyzed for salicylic
acid following hydrolysis, 0.5 mL being added to sodium hydroxide
(2.0 mL, 2.5 mol/L), mixed, and kept at room temperature for 24 h.
These samples and the plasma and urine (0.5 mL) were then analyzed
as previously described (20-22). In brief, following adjustment of the
pH to 2.0 with hydrochloric acid (1 mol/L), the organic material was
extracted twice with ethyl acetate (2 mL), evaporated to dryness at 70
°C under nitrogen, and reconstituted in 0.5 mL of the mobile phase
containing 30 mmol/L citrate (pH 3.8) in 5% methanol containing 5.5
µL of EDTA (10 mM). Reconstituted extracts (50µL) were eluted
with a ternary gradient program to give maximum peak resolution (20,
21), substances being detected electrochemically at an oxidation
potential of+1.1 V. The limits of detection for plasma salicylic acid
and urinary salicyluric and salicylic acids were 5 and<10 nmol/L,
respectively. In the original work (20, 21) the identities of the
compounds being measured were confirmed by gas chromatography-
mass spectrometry. Plasma and urinary salicylate measurements were
made blind to the intervention status. Results are presented as mean(

SEM. Changes in parameters across time were assessed by repeated
measures analysis of variance, and testing for differences at equivalent
time points was carried out using Student’st tests.

RESULTS AND DISCUSSION

The total salicylate content of the cranberry juice determined
in quadruplicate was 7.04( 0.02 mg/L. No salicylic acid was
detected in the placebo solution.

Within 1 week of the intervention, daily consumption of the
juice by volunteers was associated with marked increases (p <
0.001) in urinary salicylic acid and salicyluric acid, compared
with those consuming the placebo solution (Figure 2). Con-
centrations of the urinary metabolite were an order of magnitude
greater than salicylic acid. This observed increase in salicyluric
acid in urine in response to consumption of the juice reflects
known first-order kinetic elimination of salicylic acid from blood
and its hepatic and renal conversion to the water-soluble
metabolite prior to renal clearance (25, 26). However, changes
in plasma concentration of salicylic acid were less marked, a
small but statistically significant increase (p < 0.05) being
observed only after 2 weeks of juice consumption (Table 2).
As the half-life of salicylic acid in blood is 2-3 h (26), the
less marked change in plasma concentrations may be due to
the blood samples having been taken after an overnight fast.
This suggests that plasma concentrations may be poor indicators
of dietary salicylate intake. In a study involving a single
individual who consumed 1800 mL of cranberry juice (24),
plasma salicylic acid concentrations of 7.1 and 3.04 mmol/L
were found 45 and 270 min, respectively, following consump-
tion. In contrast to the present study, in which we detected
salicylic acid in all plasma samples analyzed, as have others

Table 1. Anthropometric Characteristics of the Volunteersa

intervention group

parameter
placebo drink,

n ) 9
cranberry juice,

n ) 11

age (years) 28 ± 2 27 ± 2
height (m) 1.69 ± 0.02 1.66 ± 0.04
weight (kg) 64 ± 3 63 ± 3
body mass index (kg/m2) 22 ± 1 23 ± 1

a Values are given as mean ± standard error.

Figure 2. Effects of consumption of cranberry juice or a placebo drink
on concentrations of salicyluric acid (A) and salicylic acid (B) in urine of
human volunteers. Arrow denotes beginning of intervention. ***, p < 0.001.
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(20), in this study (24) salicylic acid was not detected in the
plasma sample taken prior to the consumption of the cranberry
juice. This may reflect differences in sensitivities between the
methods of detection.

In its acetylated form as aspirin, salicylic acid is widely
prescribed to treat and prevent myocardial infarction and stroke,
its therapeutic efficacy generally being ascribed to the acetyl
group irreversibly binding to the active site of cyclo-oxygenase
1 (COX-1), thus preventing platelet aggregation and thrombus
formation (23). Aspirin is a prodrug of salicylic acid, a
compound with known anti-inflammatory activity, which is
thought to account for the anti-inflammatory of aspirin in vivo.
How salicylic acid reduces inflammation is still unknown. It
has, however, been shown to reduce COX-2 transcription at
nanomoles per liter concentrations, thereby decreasing the
synthesis of proinflammatory and potentially neoplastic pros-
taglandins (9,24). Whether sufficient salicylic acid can be
obtained from the diet to exert such potentially beneficial effects
is unclear. Although salicylic acid is likely to be present in most
foods of plant origin, Janssen et al. (17) concluded that the
amounts of bioavailable salicylates in a “normal” diet (0-6
mg/day) are too low to affect risk for coronary heart disease
or colon cancer. There is, however, great variability in the
reported salicylate content of foodstuffs (12-17). Janssen et
al. (17) calculated the estimated intake of dietary salicylates
for four individuals consuming different diets using the pub-
lished values of salicylate contents of food from four different
studies (12-14,16) and compared the estimated dietary
salicylate intakes against the amounts of total salicylates excreted
in 24 h for the same individuals. The results show that the
estimated intakes of dietary salicylates were significantly lower
than the total salicylates excreted in urine, for three of the four
published studies of dietary salicylate values. The discrepancies
between estimated dietary salicylate intake and total salicylates
excreted are not easily explained. However, serum and urinary
concentrations of salicylic and salicyluric acids, respectively,
are greater in vegetarians than in nonvegetarians and overlap
with those of individuals consuming up to 150 mg of aspirin/
day (20-22). This suggests that potentially therapeutic levels
of salicylic acid could be achieved by eating salicylic acid-rich
foods.

Intervention studies show that the regular intake of low-dose
aspirin (81-325 mg/day) decreases the risk of developing
colorectal adenomas, a precursor of carcinoma, in patients with
a previous history of bowel adenomas or carcinoma (6-8). Such
anticancer effects may be due to the action of salicylic acid
suppressing the expression of COX-2 as induction of this
enzyme is a key event in inflammation and tumorigenesis.
Whether such a potentially beneficial effect could be obtained
by daily drinking of cranberry juice containing lesser amounts
of salicylic acid is not known.

Fruit and vegetable consumption and aspirin intake are both
strongly and inversely associated with colon cancer risk (4, 5,
27,28). The increased concentrations in urine of salicyluric acid

in response to regular intakes of cranberry juice may indicate
that natural salicylates in plant-based foods can contribute to
the recognized benefits of a healthy diet. It is possible that the
bioavailabilty of salicylates from fruit juices is greater than that
obtained from solid foodstuffs. However, it remains to be
established which types of fruit and vegetables are the richest
source of salicylates and whether intakes are sufficient to modify
the key cellular events associated with the pathogenesis of colon
cancer. Nevertheless, this is the first controlled intervention study
to show that salicylates of dietary origin are bioavailable.

ACKNOWLEDGMENT

We are grateful to Lee Sheer Yap and Pierre Christen for
assistance with volunteer recruitment, and we thank the
volunteers who participated in the study.

LITERATURE CITED

(1) Bosetti, C.; Talamini, R.; Fracheschi, S., et al. Aspirin use and
cancers of the upper aerodigestive tract.Br. J. Cancer2003,88,
672-674.

(2) DuBois, R. N. Aspirin and breast cancer prevention.JAMA-J.
Am. Med. Assoc.2004,291, 2488-2489.

(3) Corley, D. A.; Kerlikowske, K.; Verma, R., et al. Protective
association of aspirin/NSAIDs and esophageal cancer: a sys-
tematic review and meta-analysis.Gastroenterology2003,124,
47-56.

(4) International Agency for Research on Cancer.IARC Handbooks
of Cancer PreVention: Non-Steroidal Anti-inflammatory Drugs;
IARC: Lyon, France, 1997; Vol. 1, pp 1-202.

(5) Binder, H. J. Aspirin and the prevention of colorectal neoplasia.
Gastroenterology2003,125, 1539-1548.

(6) Baron, J. A.; Cole, B. F.; Sandler, R. S., et al. A randomised
trial of aspirin to prevent colorectal adenomas.New Engl. J. Med.
2003,348, 891-899.

(7) Sandler, R. S.; Halabi, S.; Baron, J. A., et al. A randomised trial
of aspirin to prevent colorectal adenomas in patients with
previous colorectal cancer.New Engl. J. Med.2003,348, 883-
890.

(8) Benamouzig, R.; Deyra, J.; Martin, A., et al. For the Association
pour la prevention par l’aspirine du cancer colorectal study group.
Daily soluble aspirin and prevention of colorectal adenoma
recurrence: one year results of the APACC trial.Gastroenterol-
ogy 2003,125, 328-336.

(9) Wu, K. K.; Sanduja, R.; Tsai, A.-L., et al. Aspirin inhibits
interleukin 1-induced prostaglandin H synthase expression in
cultured cells.Proc. Natl. Acad. Sci. U.S.A.1991,88, 2384-
2387.

(10) Flower, R. J. The development of COX2 inhibitors.Nat. ReV.
2003,2, 179-191.

(11) Pierpoint, W. S. Can aspirin help identify leaf proteins active in
defence responses?Ann. Appl. Biol.2002,140, 233-239.

(12) Robertson, G. L.; Kermode, W. J. Salicylic acid in fresh and
canned fruit and vegetables.J. Sci. Food Agric.1981,32, 833-
836.

(13) Herrmann, K. Salicylsaure und andere verbreitete Hydroxyben-
zoesauren und deren naturlich vorkommende Verbindungen in
Lebensmittein.Ernaehr.-Umsch.1990,37, 108-129.

(14) Venema, D. P.; Hollman, P. C. H.; Janssen, P. L. T. M. K., et
al. Determination of acetylsalicylic acid and salicylic acid in
foods using HPLC with fluorescence detection.J. Agric. Food
Chem.1996,44, 1762-1767.

(15) Radtke, J.; Linseisen, J.; Wolfram, G. Phenolic acid intake of
adults in a Bavarian subgroup of the national food consumption
survey.Z. Ernaehrungswiss.1998,37, 190-197.

(16) Swain, A. R.; Dutton, S. P.; Truswell, A. S. Salicylates in foods.
J. Am. Diet. Assoc.1985,85, 950-960.

(17) Janssen, P. L. T. M. K.; Hollman, P. C. H.; Reichman, E., et al.
Urinary salicylate excretion in subjects eating a variety of diets

Table 2. Concentrations of Salicylic Acid (Micromoles per Liter) in the
Plasma of Volunteers after 2 Weeks of Consumption of Cranberry
Juice or Placebo

preintervention postintervention

intervention −1 week 0 week +1 week +2 weeks

cranberry, n ) 11 0.11 ± 0.02 0.11 ± 0.01 0.10 ± 0.01 0.34 ± 0.20*
placebo, n ) 9 0.09 ± 0.01 0.16 ± 0.02 0.17 ± 0.06 0.10 ± 0.02

a Values are mean ± standard error. *, p < 0.05, cranberry vs placebo groups.

Urinary Salicylates amd Cranberry Juice J. Agric. Food Chem., Vol. 53, No. 8, 2005 2899



shows that the amount of bio-available salicylates is low.Am.
J. Clin. Nutr.1996,64, 743-747.

(18) Paterson, J. R.; Lawrence, J. R. Salicylic acid: a link between
aspirin, diet and the prevention of colorectal cancer.Q. J. Med.
2001,94, 445-448.

(19) Paterson, J. R.; Blacklock, C.; Campbell, G., et al. The
identification of salicylates as normal constituents of serum: A
link between diet and health?J. Clin. Pathol.1998,51, 502-
505.

(20) Blacklock, C. J.; Lawrence, J. R.; Wiles, D., 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, 553-555.

(21) Baxter, G. J.; Lawrence, J. R.; Graham, A. B., et al. Identification
and determination of salicylic acid and salicyluric acid in urine
of people not taking salicylate drugs.Ann. Clin. Biochem.2002,
39, 50-55.

(22) Lawrence, J. R.; Raj, P.; Baxter, G. J., et al. Urinary excretion
of salicyluric and salicylic acids in non-vegetarians, vegetarians
and patients taking low dose aspirin. J. Clin. Pathol.2003,56,
651-653.

(23) Zuo, Y.; Wang, C.; Zhan, J. Separation, characterization, and
quantitation of benzoic and phenolic antioxidants in American
cranberry fruit by GC-MS.J. Agric. Food Chem.2002, 50,
3789-3794.

(24) Zhang, K.; Zuo, Y. GC-MS determination of flavonoids and
phenolic and benzoic acids in human plasma after consumption
of cranberry juice.J. Agric. Food Chem.2004,52, 222-227.

(25) Mehta, P. Aspirin in the prophylaxis of coronary artery disease.
Curr. Opin. Cardiol.2002,17, 552-558.

(26) Xu, X-M.; Sanores-Garcia, L.; Chen, X.-M., et al. Suppression
of inducible cyclo-oxygenase 2 gene transcription by aspirin and
sodium salicylate.Proc. Natl. Acad. Sci. U.S.A.1999,96, 5292-
5297.

(27) Proudfoot, A. T. Toxicity of salicylates.Am. J. Med.1983,14,
99-103.

(28) Needs, C. J.; Brooks, P. M. Clinical pharmacokinetics of the
salicylates.Clin. Pharmacokinetics1985,10, 164-177.

(29) Gillman, M. W. Enjoy your fruits and vegetables.Br. Med. J.
1996,313, 765-766.

(30) World Cancer Research Fund in association with American
Institute for Cancer Research.Food, Nutrition and the PreVention
of Cancer: a Global PerspectiVe; London, U.K., 1997.

Received for review September 10, 2004. Accepted February 3, 2005.
Financial support was gratefully received from the Scottish Executive
Environmental and Rural Affairs Department (SEERAD) and the
Cranberry Institute/Wisconsin Cranberry Board. Use of trade names
does not imply endorsement by authors, authors’ Institutes, or funders.

JF040393B

2900 J. Agric. Food Chem., Vol. 53, No. 8, 2005 Duthie et al.


