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ABSTRACT - Cranberry juice is a popular beverage with many health benefits. It has anthocyanins to 
supplement dietary needs. Based on in vitro evidence cranberry juice is an inhibitor of CYP enzymes and at 
higher amounts as potent as ketoconazole (CYP3A) and fluconazole (CYP2C9). There is, however, a 
discrepancy between in vitro and in vivo observations with respect to a number of substrates (cyclosporine, 
warfarin, flurbiprofen, tizanidine, diclofenac, amoxicillin, ceflacor); with the exception of a single report on 
midazolam, where there was a moderate increase in the AUC of midazolam in subjects pre-treated with 
cranberry juice. However, another study questions the clinical relevancy of in vivo pharmacokinetic 
interaction between cranberry juice and midazolam. The controversy may be due to a) under in vitro 
conditions all anthocyanin principles may be available to have a concerted effort in CYP inhibition; 
however, limited anthocyanin principles may be bioavailable with varying low levels in the in vivo studies; 
b) a faster clearance of the active anthocyanin principles under in vivo conditions may occur, leading to low 
threshold levels for CYP inhibition; c) efficient protein binding and/or rapid tissue uptake of the substrate 
may have precluded the drug availability to the enzymes in the in vivo studies. With respect to 
pharmacodynamic aspects, while the debate continues on the issue of an interaction between warfarin and 
cranberry juice, the summation of the pharmacodynamics data obtained in patients and healthy subjects from 
different prospectively designed and controlled clinical trials does not provide overwhelming support for the 
existence of a pharmacodynamic drug interaction for normal cranberry juice ingestion. However, it is 
apparent that consumption of large quantities of cranberry juice (about 1-2 L per day) or cranberry juice 
concentrates in supplements for an extended time period (>3-4 weeks) may temporally alter the effect of 
warfarin.  Therefore, the total avoidance of cranberry juice by warfarin users may not be warranted by the 
published studies.  However, in certain situations of higher intake of cranberry juice or concentrate there 
may be a need to monitor both warfarin doses and its effect. 
 
This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For 
Readers”) may comment by clicking on ABSTRACT on the issue’s contents page. 
_______________________________________________________________________________________ 
 
INTRODUCTION 
 
The concept of health drinks has developed 
rapidly across the globe with the rapid emergence 
of several fruit juices with promising evidence for 
numerous therapeutic benefits. One such popular 
fruit beverage is cranberry juice, whose beneficial 
effects in preventing bacterial infections 
especially in urinary tract are well established (1-
4). Cranberry juice has been extensively studied 
for numerous other therapeutic benefits ranging 
from diabetes, metabolic syndrome, obesity, 
prevention of risks of cardiovascular disease, 
helicopter pylori bacterial infections and dental 
diseases (5-9). 

In today’s treatment protocols of various co-
morbid medical conditions over-the-counter drugs 
and poly-pharmacy are commonly practised. 
Therefore, when multiple active drugs are 

ingested for risk prevention strategies there needs 
to be a vigil for any clinically relevant drug-drug 
interaction that may occur leading to either 
manifestation of an overt safety issue or 
compromising of efficacy resulting in a treatment 
failure (10-12). In this context, ingestion of fruit 
juices such as cranberry juice, especially in 
patient populations on poly-pharmacy, may 
introduce a further complication, since cranberry 
juice contains several active components (13) 
which may have the potential to interfere in the 
absorption, metabolism and/or excretion of  the  
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interactions, especially the topic of grapefruit 
juice causing significant clinical herb-drug 
interactions, via CYP enzymes and transporters 
(14-17). 
 
SCOPE 
 
The intent of this review is to collate the in vitro, 
preclinical and clinical data of published work 
where potential interaction with cranberry juice 
has been evaluated and to provide perspectives in 
light of the evidence gathered on the potential 
unwanted effects of the use of cranberry juice 
from the point of view of clinical herb-drug 
interaction. 
 
METHODS 
 
Using a Medline (Pubmed) search with terms 
such as cranberry juice, pharmacokinetics, 
clinical, preclinical or in vitro, relevant articles 
pertaining to the published work on cranberry 
juice were screened using drug-drug interaction as 
a key search tool. Accordingly, data were collated 
into appropriate sub-headings pertaining to in 
vitro, preclinical and clinical studies for further 
data evaluation and interpretation. 
 
IN VITRO/PRECLINICAL 
Human liver microsomal CYP3A - midazolam 
probe substrate 
Ngo et al (2009) have conducted an impressive 
investigation to pin-point the fraction of the 
cranberry juice that was more likely to inhibit 
human CYP3A4 enzyme (18). In this work, five 
different cranberry juice brands were tested in a 
blinded manner, since the active components 
present in the cranberry juice may vary based on 
the collection and/or storage of fruits and 
processing conditions (18). The incubation of 
midazolam as a probe for CYP3A4 in human liver 
microsomes was performed with the five 
cranberry juice brands and a control treatment. 
The formation of 1-hydroxymidazolam activity 
was monitored as the surrogate for CYP3A 
activity. Four of the five brands provided a 
concentration dependent inhibition of CYP3A 
activity in the human liver microsomes (18). 
However, the extent of inhibition at comparable 
time point varied between the four brands of 
cranberry juice. At the lowest amount of the juice 
tested (0.05% v/v) the extent of CYP3A4 
inhibition relative to the control was almost 2-fold 
different between the brand that produced the 
highest CYP3A4 inhibition (68%) and one that 

had the least inhibition (34%) (18). In only 2 out 
of 5 brands of cranberry juice tested at the higher 
concentrations  (0.5%, v/v) was CYP3A4 activity 
completely inhibited , which was comparable to 
the complete inhibition produced by ketoconazole 
(2 µM concentration) used as a positive control in 
this experiment (18). One brand of cranberry juice 
that produced maximum CYP3A inhibition was 
selected for further in vivo characterization.  This 
brand of cranberry juice was subjected to 
extraction and fractionation into various solvent 
systems, namely hexane, chloroform, butanol and 
an aqueous soluble phase. Each of the four 
fractions was characterized for its ability to inhibit 
CYP3A4 activity using human liver microsomes 
and midazolam as the index substrate (18). All 
four fractions showed CYP3A inhibition in a 
concentration dependent manner. Interestingly, 
the CYP3A4 inhibition was strongly correlated 
with the hydrophobicity of the fraction. The more 
hydrophobic fraction (n-hexane) showed maximal 
CYP3A4 inhibition as compared to the least 
hydrophobic aqueous phase, relative to the control 
activity (18).  Therefore, this crucial fractionation 
experiment provided a hint that the CYP3A 
inhibition activity of cranberry juice may be 
associated with more hydrophobic active 
constituents of the juice (18).  
 
Recombinant(r) CYPs (rCYP3A4 and 
rCYP3A5) – midazolam as probe substrate 
Ngo et al (2009) evaluated the ability of the 
chosen brand of cranberry juice and the associated 
4 fractions described above to inhibit the 
polymorphic CYP3A5 enzyme relative to 
CYP3A4 enzyme, using human recombinant 
enzymes and midazolam as the probe substrate 
and monitoring the formation of 1’-
hydroxymidazolam activity. This experiment was 
performed using both rCYP3A4 and rCYP3A5 
systems with positive control, ketoconazole. It 
was evident that the intact juice and 4 fractions 
showed concentration-dependent inhibition of 
both recombinant CYP3A enzymes (18). 
However, rCYP3A4 inhibition was relatively 
higher as compared to rCYP3A5 inhibition across 
the 4 fractions and the intact cranberry juice. For 
instance, n-hexane fraction (50 µg/ml 
concentration) inhibited rCYP3A4 and rCYP3A5 
by 75% and 62%, respectively. Regardless of the 
two rCYP3A enzymes tested, the n-hexane 
fraction showed the maximum inhibition 
compared to all other fractions (18). 
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Inhibition of absorptive permeability of 
midazolam across the small intestine 
Ngo et al (2009) utilized Caco-2 cell monolayers 
to test the role of cranberry juice on the absorptive 
permeability of an index substrate, midazolam. 
The absorption potential of midazolam across the 
monolayer was tested in different in vitro 
conditions that encompassed an acidic pH 
environment mimicking small intestine (pH 5.5), 
diluted/pH neutralized (pH7.4; 1:4 dilution of the 
juice) and high glucose concentration at neutral 
pH (glucose: 50 g/L, pH 7.4) (18). Since only one 
in vitro condition incorporated cranberry juice, 
the design could tease out if they were factors 
outside of cranberry juice, such as acidic 
conditions and/or high sugar content that would 
mediate the absorption of midazolam across the 
human intestine mono layers (18).  The evidence 
suggested that only cranberry juice treatment had 
a significant effect on the transport of midazolam 
across the mono layers. The inhibitory effect on 
the absorption of midazolam was quite apparent 
after 1 hour of incubation. It was found that the 
amount of midazolam recovered in the baso-
lateral compartment was at least 34 to 47% lower 
for the cranberry juice treatment as compared to 
control and other in vitro conditions tested. This 
neatly designed cascade of experiments 
unequivocally confirmed that cranberry juice had 
the potential to interfere in the 
permeability/transport of midazolam across the 
Caco 2-cell monolayers (18). 
 
Human liver microsomal CYP2C9 – warfarin 
as the probe substrate 
Ngo et al (2010) have evaluated the ability of 
cranberry juice to inhibit the human liver 
microsome CYP2C9 activity. In this work, five 
different cranberry juice brands were tested in a 
blinded manner at three concentration levels 
(0.05%, 0.2% and 0.5% v/v).  Incubation of S-
warfarin as a probe for CYP2C9 in human liver 
microsomal preparations for 30 minutes was 
performed with the five cranberry juice brands 
and the control treatment (19). The formation of 
7-hydroxywarfarin activity was monitored as the 
surrogate for CYP2C9 activity. Only one brand of 
cranberry juice out of 5 tested produced a 
concentration dependent inhibition of CYP2C9 
activity in the human liver microsomes (19). It 
appeared that at a concentration of 0.2% v/v 
cranberry juice >50% of CYP2C9 activity was 
inhibited and at a higher concentration of 0.5% 
v/v of cranberry juice almost 90-95% of CYP2C9 
activity was inhibited (19). The positive control 

sulfaphenazole inhibited the CYP2C9 activity by 
over 95%, suggesting that at a higher 
concentration of 0.5% v/v or above cranberry 
juice was equally potent as a CYP2C9 inhibitor 
(19). 

Each of the four fractions above was 
characterized on its ability to inhibit CYP2C9 
activity in human liver microsomes using S-
warfarin as the index substrate (19). All four 
fractions displayed CYP2C9 inhibition in a dose 
or concentration dependent manner. Interestingly, 
the CYP2C9 inhibition was strongly correlated 
with the chloroform fraction compared to either a 
more hydrophobic fraction (n-hexane) or more 
hydrophilic fraction (19). The chloroform fraction 
produced an inhibition of 32% and 75% at the 
tested concentrations of 10 µg/ml and 50 µg/ml, 
respectively. Therefore, this crucial fractionation 
experiment provided a hint that the CYP2C9 
inhibition activity of cranberry juice may be 
associated with a different fraction of the juice as 
compared to CYP3A inhibition (18, 19). 
 
Human liver microsomal CYP2C9 – diclofenac 
as the probe substrate 
Ushigima et al (2009) evaluated the ability of 
cranberry juice to inhibit the human liver 
microsomal CYP2C9 activity using diclofenac as 
the probe substrate. The well-established potent 
CYP2C9 inhibitor sulfaphenazole was used as a 
positive control. Upon incubation with various 
amounts of cranberry juice, CYP2C9 activity in 
the human liver microsomes was inhibited in a 
concentration dependent manner, such that an IC50 
value of 1.14% v/v was established for the 
cranberry juice (20).  The relative IC50 value 
established for sulfaphenazole in the same human 
liver microsomes was 0.4 µM. This confirmed 
that cranberry juice at a higher dose was a potent 
inhibitor of CYP2C9, with complete abolition of 
the metabolism of diclofenac (20). 
 
Human liver microsomal CYP2C9 – 
flurbiprofen as the probe substrate 
Greenblatt et al (2006) demonstrated the ability of 
many beverages such as cranberry juice, grape 
juice and brewed tea to inhibit CYP2C9 mediated 
hydroxylation of flurbiprofen in a freshly 
prepared human microsomal system (21). 

Fluoconazole, a potent CYP2C9 inhibitor, was 
used as the positive control. Cranberry juice 
showed a concentration dependent inhibition of 
liver microsomal CYP2C9 and the IC50 value for 
the CYP2C9 inhibition was about 2.5% v/v (21). 
Interestingly, tea beverage showed much more 
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potent CYP2C9 inhibition by a leftward shift in 
its response curve when superimposed on 
cranberry juice, with an IC50 value of about 1.2 % 
for CYP2C9 inhibition (21). Grape juice also 
behaved in an identical manner to that of tea 
beverage (flurbiprofen hydroxylation was reduced 
by 10-11% of control at a concentration of 2.5% 
v/v). The index inhibitor sulfaphenazole inhibited 
flurbiprofen hydroxylation pathway by 4-fold as 
compared to the control treatment (21% ) at 2.5 
µmol/L. Fluconazole inhibited the CYP2C9 
mediated activity of human liver microsomes with 
an IC50 value of 29.5 µM (21). Therefore, it 
appeared that both tea beverage and grape juice 
had a greater potential of CYP2C9 inhibition than 
cranberry juice at equivalent concentrations of the 
three beverages (21). 
 
Rat intestinal microsomes/human liver 
microsomes – nifedepine as the probe substrate 
The work of Ueswa and Mohri (2006) suggested 
that cranberry juice had the potential to inhibit the 
CYP3A mediated activity which was involved in 
the oxidation of nifedepine in both  rat intestine 
microsomes and human liver microsomes (22). 
The decrease observed with cranberry juice pre-
treatment, however, was moderate (13-18% 
inhibition) as compared to grapefruit juice pre-
treatment (58 - 63% inhibition) in rat intestinal 
and human liver microsomal systems. It appeared 
that mechanism based inhibition of nifedipine 
oxidation by cranberry juice was not as potent as 
that observed with grapefruit juice (22). 
 
Preclinical - Nifedipine 
In an interesting study in rats, the 
pharmacokinetics of nifedipine was investigated 
with separate pre-treatment of cranberry juice and 
grapefruit juice in relation to water treatment (22). 
Each treatment group had 5 animals to support the 
statistical analysis of any observed 
pharmacokinetic differences (22). Both cranberry 
juice and grapefruit juice influenced the rate and 
extent of nifedipine oral absorption, relative to the 
control treatment. Although peak levels for 
nifedipine were numerically greater for both juice 
treatments (about 20%) relative to water treatment 
this did not reach statistical significance (22). 
However, the AUC(0-) values for nifedipine were 
approximately 1.61 to 1.65 fold higher for both 
juice treatments as compare to the water 
comparator arm. With the exception of total body 
clearance of nifedipine, which was reduced by 40-
45% for both juice treatments relative to control, 
the other parameters such as volume of 

distribution, mean residence time and elimination 
half-life were not statistically significantly 
different from the control treatment values (22). 
Therefore, it was concluded that both cranberry 
juice and grapefruit juice reduced the pre-
systemic clearance of nifedipine by inhibiting the 
intestinal CYP3A metabolism and improved the 
oral bioavailability of the drug. There was no 
evidence of inhibition of hepatic CYP3A 
metabolism of nifedipine by either of the two 
juices (22).  
 
CLINICAL DATA 
 
Midazolam 
Study 1  
Ngo et al (2009) evaluated the pharmacokinetics 
of midazolam in presence of a double-strength 
cranberry juice (double strength juice was 
prepared by reconstituting cranberry juice in half 
the amount of recommended water to yield a 
200% concentrated juice) that produced the 
maximum CYP3A4 inhibition in the in vitro 
characterization of various brands of cranberry 
juice (18). The water treatment was used as the 
control arm. The study was a 2-way randomized 
crossover in 16 healthy volunteers with an 
adequate washout period between the treatments. 
Consistent with the in vitro cell permeability 
experiment, the presence of cranberry juice 
slowed the absorption rate of midazolam relative 
to the water treatment (18). Although there was 
variability, consistent lowering of Cmax of 
midazolam was observed, such that the geometric 
mean value for cranberry juice was at least 31% 
lower than the geometric mean obtained for the 
water treatment. The delay in time to peak levels 
of midazolam was evident in all subjects and a 
large variation of 2 to 8-fold was observed (18).  
Although midazolam absorption rate was 
hindered by cranberry juice, the extent of 
absorption of midazolam was much higher for the 
cranberry juice treatment relatively to the water 
treatment. The geometric mean AUC(0-) value for 
midazolam was 33% higher for the cranberry 
juice relative to the control treatment (18). 
Furthermore, this increase in exposure was clearly 
reflected in the oral clearance of midazolam for 
cranberry juice, which was approximately 25% 
lower as compared to the water treatment (18). In 
spite of the observed changes in absorption rate 
and total exposure, the elimination half-life values 
for midazolam appeared to be consistent between 
the two treatments, suggesting that hepatic CYP 
system had no influence on the observed changes 
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in midazolam pharmacokinetics with cranberry 
juice intake (18). 

The measurement of the 1’- 
hydroxymidazolam metabolite provided unequi-
vocal confirmation that cranberry juice had an 
inhibitory effect on the intestinal CYP3A 
metabolism of midazolam (18). The formation 
and appearance of 1’-hydroxymidazolam in the 
systemic circulation was significantly delayed for 
the cranberry juice treatment and the geometric 
mean Cmax level for cranberry juice was almost 3-
fold lower than the water treatment (18). The 
extent of formation of metabolite measured by 
AUC(0-) value for 1’-hydroxymidazolam was 
much lower for the cranberry juice relative to 
water treatment, confirming that both rate and 
extent of metabolite formation was affected by 
cranberry juice due to the intestinal inhibition of 
CYP3A4 by cranberry juice. As was noted earlier 
for the parent compound, the elimination half-life 
for 1’-hydroxymidazolam was unaltered by 
cranberry juice, suggesting that cranberry juice 
had no impact on the hepatic enzymatic system 
(18). Interestingly, the computation of metabolite 
to parent AUC(0-) ratio for water treatment (0.34) 
and  cranberry juice (0.21) also suggested that 
indeed bioavailability of midazolam increased, 
resulting in a greater exposure of the parent and 
lower formation of metabolite with cranberry 
juice intake (18). 
 
Study 2  
As part of a 3-drug cocktail probe, the 
pharmacokinetics of midazolam, used as a model 
substrate to measure the CYP3A4 activity, was 
studied after continuous pre-treatment with 200 
ml of regular cranberry juice (regular cranberry 
juice was prepared by reconstituting cranberry 
juice with water in a 1:4 v/v) three times daily for 
10 days relative to water control treatment (23). 
This was a randomized crossover study in 10 
healthy volunteers, with two treatments 
(cranberry juice and water), and  a long washout 
period that lasted for 4 weeks. On the study day 
(i.e., day 5), the frequency of intake of 200 ml 
cranberry juice was changed to four times instead 
of three times. The pre-treatment with cranberry 
juice had no influence on the pharmacokinetic 
profile of midazolam as reflected by AUC(0-) 
values (cranberry juice: 4.32 ng/ml.hr vs water: 
4.38 ng/ml.hr), Cmax values (cranberry juice: 1.69 
ng/ml and water: 1.49 ng/ml)  and comparable 
elimination half-life values (2.5 – 2.7 h) between 
the two treatments (23). The AUC(0-) ratio of  
midazolam/10-OH-midazolam closely matched 

the values between cranberry juice (4.26) and 
water treatments (4.35). In summary, under the 
experimental conditions studied cranberry juice 
(200 ml given three times daily and then four 
times daily for 10 days) did not inhibit CYP3A4 
activity, as evidenced by similar pharmacokinetic 
data of the parent midazolam and its metabolite 
(23). 
 
Warfarin 
Study 1  
The study involved the use of a double strength 
cranberry juice (a total of 720 ml of cranberry 
juice was consumed in three-240 ml aliquots, with 
each 240 ml aliquot of cranberry juice consumed 
in a 15-min time interval) that had shown the 
highest in vitro inhibition of CYP2C9 in human 
liver microsomes as measured by the 7-
hydroxylation pathway of S-warfarin (19).  In 
total, 16 volunteers participated in this study 
which was a crossover design of two treatments, 
double-strength cranberry juice and the water 
control arm. Cranberry juice had a measurable 
impact by slowing the absorption rate of both 
warfarin enantiomers, as reflected in the lowering 
of peak concentration levels (19). There was a 
relatively long delay in the time for the 
appearance of the peak levels in plasma (2-fold 
and 3-fold for R-warfarin and S-Warfarin, 
respectively). The geometric mean of Cmax for S-
warfarin (1.5 µM) for the cranberry juice 
treatment was 25% lower than that of the water 
treatment (2 µM). Similarly, the mean Cmax for R-
warfarin (1.4 µM) for the cranberry juice 
treatment was >20% lower than water treatment 
(1.7 µM) (19). Hence, for both warfarin 
enantiomers the 90% confidence interval for 
bioequivalence between the cranberry juice and 
water treatments was outside the 80 – 125% 
window, suggesting that peak concentrations were 
significantly affected by the cranberry juice (19). 
In contrast, the AUC(0-)values tended to be 
similar for the cranberry juice treatment relative 
to water treatment for both warfarin enantiomers. 
Hence the comparison of the geometric point 
estimate with 90% confidence intervals rendered 
bioequivalence for either of the two warfarin 
enantiomers between the cranberry juice and 
water treatments (19). The elimination half-life 
values appeared to be similar between the two 
treatments for both R- and S-warfarin. Overall, 
although it appeared that cranberry juice may 
have altered the absorption rate of both warfarin 
enantiomers, it did not significantly alter the 
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extent of absorption of the two warfarin 
enantiomers, relative to the control treatment (19). 
 
Study 2  
As part of a 3-drug cocktail probe the 
pharmacokinetics of warfarin, an index substrate 
to measure the CYP2C9 activity, was studied 
after continuous pre-treatment with 200 ml of 
regular cranberry juice (regular cranberry juice 
was prepared by reconstituting cranberry juice 
with water in a 1:4 v/v)   three times daily for 10 
days relative to water control treatment (23). This 
was a randomized crossover study in 10 healthy 
volunteers, with two treatments (cranberry juice 
and water)  and a long washout period that lasted 
4 weeks. On the study day (i.e. day 5), the 
frequency of intake of 200 ml cranberry juice was 
changed to four times daily instead of three times. 
The pre-treatment with cranberry juice showed no 
alterations in the pharmacokinetic parameters of 
either warfarin enantiomers (23). The AUC(0-) 
values (cranberry juice: R-warfarin 26.8 ng/ml.hr; 
S-warfarin 19.3 ng/ml.hr vs water: R-warfarin 
26.4 ng/ml.hr; S-warfarin 20.7 ng/ml.hr)), Cmax 
values (cranberry juice: R-warfarin 0.49 ng/ml.hr; 
S-warfarin 0.50  ng/ml vs water: R-warfarin 0.51 
ng/ml.hr; S-warfarin 0.52 ng/ml.hr)),  and 
elimination half-life values (cranberry juice: R-
warfarin  44.7 hr; S-warfarin  36.4 hr vs water: R-
warfarin 44.4 hr; S-warfarin 40.3 hr) were found 
to be similar between the two treatments (23). The 
pharmacodynamic variables such as 
thromboplastin timeAUE0–168 (cranberry juice: 3665 
s hr vs water: 3624 s hr) and Emax for 
thromboplastin time (cranberry juice: 24.5 s vs 
water: 24 s) measured in this study were found to 
be similar for the two treatments, suggesting that 
cranberry juice did not impair the anti-coagulation 
activity of warfarin (23). In summary, under a 
rigorous daily dosing of cranberry juice, there 
were no apparent signs of inhibition CYP2C9 
activity, as evidenced by similar pharmacokinetic 
data and pharmacodynamics of warfarin 
enantiomers between the two treatments (23).   
 
Study 3  
Ansell et al (2009) studied the pharmacokinetic-
pharmacodynamic interaction of warfarin with 
cranberry juice in a blinded manner in 30 patients 
(14 patients assigned to cranberry juice and 16 
patients assigned to water control treatment) (24). 

The chosen patients for this study were on a stable 
dose of warfarin to achieve the required 
therapeutic anti-coagulation level, as determined 
by the INR. The 30 patients per the randomization 

schedule either received cranberry juice 
(approximately 240 ml concentrate containing 
27% cranberry juice)   or the matching placebo 
treatment (approximately 240 ml of placebo 
similar in colour and taste with that of cranberry 
juice concentrate) once daily for 14 days (24). 
The plasma concentrations of warfarin 
enantiomers were determined during the dosing 
period of 2 weeks and one-week follow up 
thereafter. Similarly, INR values were noted to 
measure the effect of cranberry juice on the 
dynamics of warfarin (Ansell et al, 2009) (24). No 
statistically significant differences were noted in 
the plasma concentrations of either S-warfarin or 
R-warfarin when appropriate comparisons (lead-
in period or treatment period) were made between 
the cranberry juice vs placebo treated groups (24).  
The pharmacokinetic results confirmed the earlier 
reports that cranberry juice may not inhibit 
warfarin metabolism mediated via CYP2C9. In 
terms of pharmacodynamics, the pre-treatment 
with cranberry juice did not have a significant 
impact on the measured INR values at various 
time points during the lead-in, treatment or 
follow-up period of the investigation, with the 
exception of a single point on day 12 of treatment. 
Although numerically INR values appeared to be 
small, differences were statistically significant 
compared to placebo treatment (24). 
 
Study 4  
Mellen et al (2009) carried out a prospective 
pharmacodynamic interaction study in patient 
populations which were stabilized for a 
therapeutic anti-coagulation effect of warfarin 
with INRs of 2-3 (25). No change in warfarin 
dose for a 4 week observation period and a 
maximum of 10% fluctuation in the repeat INR 
measurements were key inclusion criteria for 
patient enrolment in this prospective study (25). 

There were ten patients that enrolled in this study. 
The cranberry juice was ingested every day (240 
ml juice on a twice daily schedule) for 7 days by 
all patients. The patients continued on their daily 
dose of warfarin during the entire study. Both 
INRs and prothrombin times were measured at 
day 0 prior to cranberry juice intake and on days 
2, 6 and 8 of the study (25). The results confirmed 
that cranberry juice had no apparent effect on 
prothrombin times on days 2, 6 and 8 when 
compared to the baseline value collected on day 0 
(it appeared to be within the defined boundary of 
12.9 to 15). In addition, the pre-treatment with 
double strength juice had no impact on INRs, 
which remained stable between 2 and 3 during the 
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entire study protocol (25). The data from one 
patient was excluded since the patient developed 
diarrhoea soon after study initiation and this 
patient did not consume any more cranberry juice 
and his warfarin dose was withheld until the 
diarrhoea resolved (25). 
 
Study 5  
Abdul et al (2008) reported a pharmacodynamic 
interaction between cranberry juice and a single 
high dose of warfarin in healthy subjects (26). In 
a three-way randomized crossover design, 12 
healthy male subjects received one of three 
treatments: a) single dose of warfarin after 2-week 
pre-treatment with cranberry juice concentrate 
capsules (1000 mg cranberry juice concentrate, 
three times daily) followed by another week of 
cranberry juice concentrate capsules; b) single 
dose of warfarin 2-week pre-treatment with garlic 
and c) single dose of warfarin with water (26). 
The PKPD assessments were done by quantifying 
the plasma concentrations of R- and S-warfarin 
and the measurement of individual subject INR. 
Cranberry juice concentrate or garlic did not alter 
the pharmacokinetics of either of the two 
enantiomers relative to the control treatment and 
produced identical exposure and elimination half-
life values (26). However, cranberry juice 
concentrate but not garlic showed statistically 
significant difference in the INR value – almost 
30% increases in the area under the INR time 
curve- suggesting that there was a potential 
susceptibility for a pharmacodynamic interaction 
in the patient population (26). Another important 
finding of this study was that both cranberry juice 
concentrate and garlic provided hints of VKORC1 
(not CYP2C9) genotype-dependent interactions 
with warfarin, which may have bearing in the 
patient population (26).  
 
Study 6  
Li et al (2006) performed a blinded 2-way 
crossover study that involved comparison of pre-
treatment of cranberry juice vs water for 7 days in 
7 patients with atrial fibrillation on a stable dose 
of warfarin for at least 3 months (27). The 
washout period was for a week between the two 
treatments. The pharmacodynamic measurements 
included the computation of INR values on 
various days during the treatment period (27). The 
INR during treatment days were not significantly 
different from the baseline INR values obtained 
prior to study initiation for either cranberry juice 
or water treatments. For example, the INR values 
for cranberry juice and water on day 7 were 2.23 

and 2.16, respectively, as compared to the 
corresponding baseline values of 2.28 and 2.13, 
respectively (27). It was concluded that avoidance 
of cranberry juice was not necessary for patients 
on warfarin; however, a close vigil on INR was 
recommended (27).  
 
Diclofenac 
The clinical study was performed as a 2-way 
randomized crossover with cranberry juice (180 
ml of 27% cranberry juice concentrate, twice 
daily for 5 days) and water (180 ml of water, 
twice daily for 5 days) treatments with at least a 
week wash-out period (20).  The study involved 8 
subjects who had similar CYP2C9 genotype 
status (*1/*1) to ensure that the outcome was not 
influenced by the genetic composition of the 
subjects (20). Following a single oral dose of 
diclofenac, there appeared to be no alteration in 
either the rate or extent of absorption of 
diclofenac in cranberry juice treatment relative to 
the water control. A similar trend was observed in 
the absorption and disposition of diclofenac upon 
multiple daily doses of cranberry juice, suggesting 
that the in vitro observations of CYP2C9 
inhibition could not be replicated in the clinic 
(20). Since the protein bound and unbound 
fraction of diclofenac was measured in this study 
for both in vivo plasma samples and in the in vitro 
liver microsomes, there was a hint that the protein 
binding of diclofenac may have played a role to 
explain the discrepancy between the in vitro and 
in vivo findings. Because a major part of 
diclofenac existed in the unbound form in vitro it 
enabled a constant delivery of the substrate to fuel 
the enzymatic activity; however, in vivo the high 
protein binding of diclofenac may have limited 
the supply of the substrate to the metabolising 
enzyme (20). 
 
Amoxicillin 
Li et al (2009) investigated the pharmacokinetics 
of amoxicillin after a chronic dosing with 
cranberry juice  (chronic dosing of cranberry juice 
comprised of administration of approximately 360 
ml of cranberry juice, twice daily, for two days) 
relative to a water control treatment (28). The 
study was conducted in eighteen healthy female 
subjects with four treatments administered in a 
fixed-sequence crossover manner with a 7-day 
washout period. Two doses of amoxicillin (500 
mg and 2 g) were used with and without 180 ml 
of co-administered cranberry juice at the time of 
dosing (28) With the exception of a shift in time 
to peak levels of amoxicillin (approximately 1 hr), 
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cranberry juice did not have any other impact on 
the pharmacokinetic disposition of amoxicillin at 
both doses tested relative to water control 
treatment. For example at the 500 mg dose, the 
AUC (cranberry juice: 23.7 µg/ml.hr vs water: 
24.9 µg/ml.hr), oral clearance ((cranberry juice: 
367 ml/min vs water: 347 ml/min), elimination 
half-life ((cranberry juice: 1.05 h vs water: 1.13 h) 
and renal clearance (cranberry juice: 236 ml/min 
vs water: 218 ml/min) were almost identical for 
both treatments (28). Similarly, cranberry juice 
had negligible influence on the derived 
pharmacokinetic parameters at the 2 g dose of 
amoxicillin. The results with amoxicillin appeared 
to suggest that cranberry juice had a limited role 
in the inhibition of efflux transporters that would 
impede oral drug transport/permeability of certain 
categories of drugs (28). 
 
Ceflacor 
Li et al (2009) have reported the clinical 
pharmacokinetics of ceflacor after a chronic 
dosing with cranberry juice (chronic dosing of 
cranberry juice comprised of administration of 
approximately 360 ml of cranberry juice, twice 
daily, for two days) relative to a water control 
treatment (28). The study was conducted in 
eighteen healthy female subjects in a randomised 
crossover fashion with a 7-day washout period 
between the two treatments. A single dose of 500 
mg ceflacor was administered in this study with 
and without 180 ml of co-administered cranberry 
juice at the time of dosing. Cranberry juice did 
not have any influence on the pharmacokinetic 
parameters of ceflacor relative to water control 
treatment (28). For example, the AUC (cranberry 
juice: 20.5 µg/ml.hr vs water: 21.2 µg/ml.hr), oral 
clearance ((cranberry juice: 408 ml/min vs water: 
397 ml/min), elimination half-life ((cranberry 
juice: 0.62 hr vs water: 0.59 hr) and renal 
clearance (cranberry juice: 310 ml/min  vs water: 
307 ml/min) were almost overlapping between the 
two treatments (28).  
 
Tizanidine 
As part of a 3-drug cocktail probe the 
pharmacokinetics of tizanidine, a model substrate 
to measure the CYP1A2 activity, was studied 
after continuous pre-treatment with regular 
cranberry juice three times daily for 10 days 
relative to water control treatment (23). This was 
a randomized crossover study in 10 healthy 
volunteers, with two treatments (cranberry juice 
and water) and a long washout period that lasted 4 
weeks (23).  On the study day (i.e. day 5), the 

frequency of intake of 200 ml cranberry juice was 
changed to four times instead of three times. The 
pharmacokinetic disposition of tizadine was 
unaltered by the pre-treatment of cranberry juice 
as gauged by AUC(0-) values (cranberry juice: 
2.16 ng/ml.hr vs water: 2.58 ng/ml.hr) and almost 
similar elimination half-life values (1.2 – 1.3 hr) 
between the two treatments. Two metabolites of 
tizadine (M-3 and M-4) were also quantitated and 
the AUC(0-) ratio of tizadine/M-3 was identical 
between cranberry juice (5.13) and water 
treatments (4.86) (23). Similarly, AUC(0-) ratio 
tiazidine/M-4 was comparable between cranberry 
juice (5.89) and water treatments (6.43). In 
summary, cranberry juice did not inhibit CYP1A2 
activity, as evidenced by the unaltered data of the 
parent tizanidine and its two major metabolites, 
M-3 and M-4 (23). 
 
Flurbiprofen 
The investigation reported by Greenblatt et al 
(2006) evaluated the effect of pre-treatment of 
several beverages such as cranberry juice, grape 
juice and tea on the pharmacokinetics of 
flurbiprofen relative to water control treatment 
(21). This was a randomized design in fourteen 
healthy volunteers that had five treatment arms, 
namely: water/placebo, cranberry juice, tea 
beverage, grape juice and fluconazole, with one 
week washout period (21). The beverage 
treatment was applied the night before and 30 
minutes (on each of the two occasions, 
approximately 240 ml of  the respective beverage 
was consumed)   before flurbiprofen 
administration on the study day. The 
pharmacokinetics of flurbiprofen was unaffected 
by the pre-treatment with cranberry juice, as 
indicated by the extent of absorption, AUC(0-) 
(cranberry juice: 62  ug/ml.hr vs placebo: 59 
ug/ml.hr), oral clearance (cranberry juice: 29.3 
ml/min vs placebo: 30.5 ml/min) and elimination 
half-life values (cranberry juice: 3.4 h vs placebo: 
3.3 h) (21). Also, Cranberry juice produced 
identical exposure of 4-hydroxyflurbiprofen (1.16 
ug/ml.hr) as compared to placebo treatment (1.24 
ug/ml.hr) (21). In sharp contrast, fluconazole 
pretreatment, increased the exposure of 
flurbiprofen by almost 2-fold relative to placebo 
and decreased the oral clearance of flurbiprofen 
by an identical 2-fold margin as compared to 
placebo. The potent CYP2C9 inhibition of 
flurbiprofen also resulted in an almost 55% 
reduced exposure of 4-hydroxyflurbiprofen 
relative to placebo treatment (21). The other 
beverages (grape juice and brewed tea) failed to 
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interfere with the pharmacokinetics and 
metabolism of flurbiprofen under in vivo 
conditions, contrary to the in vitro CYP2C9 
inhibition data (21).  
 
Cyclosporine 
The work of Grenier et al (2006) evaluated the 
influence of the co-administered fruit juices such 
as cranberry juice (240 ml) and pomelo juice (240 
ml) on the pharmacokinetics of cyclosporine 
relative to 240 ml water treatment (29). This was 
a 3-way randomized crossover design, with three 
sequences and 3 treatments with a 2-week 
washout period involving 12 healthy human 
volunteers.  Pomelo juice but not cranberry juice 
showed significant impact on the 
pharmacokinetics of orally administered 
cyclosporine (29). Both absorption rate and extent 
of absorption of cyclosporine were higher 
following pre-treatment with pomelo juice (Cmax 
values: pomelo juice: 1494 ng/ml vs cranberry 
juice:  1262 vs water: 1327 ng/ml and AUC(0-) 
values: pomelo juice:  6835 ng/ml.hr vs cranberry 
juice:  5217 ng/ml.hr  vs water:  5753 ng/ml.hr) 
relative to other two treatments (29). However, 
the elimination half-life of cyclosporine (10-11 
hr) was comparable across all treatments, 
suggesting that the effect of pomelo juice was 
only on the intestinal metabolism/transport of 
cyclosporine (29). 
 
Salicylate 
The work of Duthie et al (2005) confirmed the 
positive effect of cranberry juice intake on the 
intestinal absorption of endogenous salicylic acid. 
The study consisted of parallel treatments of 
cranberry juice (250 mL three time daily) and 
placebo (250 mL water three times daily) for 2-
weeks in two cohorts of healthy female subjects 
(n=11 per group) who were matched for 
demographics such as height, weight and age 
(30). Assays were set up to quantify the levels of 
salicylates (salicylic acid and salicyluric acid) in 
urine and salicylic acid in plasma. The cohort that 
had daily intake of cranberry juice produced 
higher levels of salicylates in the urine within the 
first week of treatment and by the second week of 
treatment the plasma salicylic acid concentrations 
were higher than the placebo group (30). The 
study confirmed that regular intake of cranberry 
juice would significantly improve the absorption 
of endogenous salicylates for potential therapeutic 
anti-inflammatory benefit (30). 
 
 

DISCUSSION 
 
General 
The evidence presented in this review, 
assimilating the extensive research on cranberry 
juice for over a decade, has suggested that 
cranberry juice has the potential to inhibit 
enzymes (CYP3A and CYP2C9) and transporter 
(Pgp) under in vitro conditions (Table 1). The in 
vitro potency of CYP3A inhibition for cranberry 
juice appeared to be similar or superior to 
grapefruit juice and pomegranate juice [Figure 1]; 
however,  cranberry juice may not be as potent as 
grapefruit juice, tea beverage or pomegranate 
juice in its in vitro inhibition of CYP2C9 [Figure 
2]. Nevertheless, the IC50 values attained in these 
studies suggested that a 240 ml volume of regular 
cranberry juice or double-strength cranberry juice 
would contain reasonable amounts of the active 
principles to translate the observed in vitro 
findings into a clinically relevant interaction in 
humans. However, in all the clinical case studies 
gathered in this review from a pharmacokinetic 
perspective, with the exception of a single report 
of a mild-moderate CYP3A4 inhibition of the 
probe substrate midazolam, none of the substrates 
whose oxidative metabolism was dependent on 
several CYP enzymes (CYP34, CYP2C9 or 
CYP1A2) or transporters (Pgp) showed clinically 
relevant pharmacokinetic interaction upon pre-
treatment with cranberry juice (Table 1). 
 
Bioavailability of anthocyanins from cranberry 
juice 
The minimal in vivo translatability of the 
observed in vitro CYP inhibition leads to the key 
question of whether or not the active principles 
from cranberry juice responsible for drug 
interactions are absorbed from the gut into the 
systemic circulation. No or limited absorption of 
relevant cranberry juice components would 
translate into the lack of in vivo effects on the 
pharmacokinetics of the probe substrates. The 
interesting work of Milbury et al (2010) 
performed in 15 healthy subjects suggested that 
several anthocyanins were bioavailable following 
the acute ingestion of cranberry juice (31). Out of 
15 active anthocyanins present in cranberry juice, 
at least 7 anthocyanins were measurable in plasma 
for up to 4 hours post the acute ingestion of 
cranberry juice. Despite high inter-subject 
variability, exposure and pharmacokinetics were 
defined for several active principles in this study 
(31). The highest circulating species was peonidin 
3-galactoside (AUC: 18.7 nmol.h/L) and the 
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remaining circulatory species were in the 
following rank order: cyanidin 3-arabionside,  
cyanidin 3-galactoside, peonidin 3-arabinoside, 
peonidin 3-glucoside, cyanidin 3- glucoside and 
malvadin 3-glucoside with AUC values of 13.5, 
6.89, 5.35, 3.72, 3.66 and 2.55 nmol.h/L, 
respectively (31). The urinary recoveries of the 
active principles were very low and ranged from 
0.007% to 0.03% of the administered dose. 
Because the study objective was to explore if 
anthocyanin concentrations levels reach a 
threshold required to elicit in vivo quenching of 
reactive oxygen species, it was concluded that 
concentrations attained in plasma were low and 
possibly insufficient to have a direct role (31). 
However, it was speculated that the plasma levels 
may potentially induce signal transduction and 
gene expression pathways. An extrapolation of 
the observations from this study to the context of 
lack of in vivo CYP inhibition by cranberry juice 
would lead to the speculation that concentrations 
of the active principles were potentially too low 
for a clinically relevant drug-drug interaction 
(31). 
 
CYP3A4 inhibition – human relevancy  
 
The in vitro inhibition of CYP3A and as well 
mechanism based CYP3A inhibition, similar to 
grapefruit juice, would put cranberry juice in the 
same league of grapefruit juice for potential 
CYP3A mediated drug interactions. Furthermore, 
the unequivocal in vivo inhibition of nifedipine 
metabolism in rats and overwhelming increase in 
bioavailability of nifedipine, almost comparable 
to that of grapefruit juice, suggested that perhaps 
it may be a strong CYP3A4 inhibitor in humans 
(22). However, the two clinical studies performed 
using midazolam as the substrate had disparate 
findings (18, 23). While one study showed no 
change in the bioavailability of midazolam (23), 

the other study showed a modest increase in the 
bioavailability of midazolam (18).  

Although it is difficult to pin-point the 
cause for the discrepancy between the two 
studies, it is possible that the in vivo absorption of 
anthocyanins from the cranberry juice 
administration may have differed widely between 
the two studies, since one study presented a large 
single acute intake of cranberry juice whilst the 
other studyhad a chronic intake of cranberry juice 
(intake of 3 volumes of 240 mL double strength 
cranberry juice vs three times daily intake of 200 

mL cranberry juice for 5 days) (18, 23). To 
underscore this view, a recent study on the oral 
bioavailability of active principles of cranberry 
juice suggested high variability and low systemic 
bioavailability of only 7 of the active 
anthocyanins (31). Therefore, it is conceivable 
that a daily intake or perhaps even a twice daily 
intake of cranberry juice may not produce enough 
circulatory anthocyanins to show inhibition of 
human CYP3A4, which was evident from another 
clinical study of a second CYP3A4 substrate, 
cyclosporine, which showed no change in the 
bioavailability and pharmacokinetics of 
cyclosporine from cranberry juice pre-treated 
subjects (29). In sharp contrast and to put things 
into perspective, pre-treatment of grapefruit juice 
consistently increased the bioavailability of both 
midazolam (AUC change: 52% to 106%) (32, 33) 
and cyclosporine (AUC change: 45% to 60%; 34-
36)) in human subjects. These data suggested that 
cranberry juice, unlike grapefruit juice, would not 
cause a clinically relevant drug-drug interaction at 
the   dose concentrations    studied.   
 
 

 
 
 
Figure 1. Schematic representation of CYP3A4 
inhibition by various juice – IC50 values. The 
schematic illustration is to provide a quick visual basis 
for the likelihood of any potential in vivo 
pharmacokinetic interaction following the consumption 
of various beverages at the provided threshold levels. 
The work of Hidaki et al (Ref # 44) showed that 
grapefruit juice and pomegranate juice was almost 
equi-potent in the inhibition of CYP3A4 mediated 
hydroxylation of carbamazepine in human liver 
microsomes. The data of cranberry juice was obtained 
from another study (Ref #19) and is represented for 
comparative purpose only because midazolam was 
used as the probe substrate.
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Table 1. In vitro vs in vivo comparison to assess drug-drug interaction potential in the pharmacokinetics of 
cranberry juice. 

Absorption Metabolism 
In vitro In vivo In vitro In vivo 

Inhibition of 
Pgp transport of 
midazolam 

No impact on 
bioavailability or 
disposition of either 
amoxicillin or ceflacor 

CTP3A inhibition (midazolam, 
nifedipine) rCYP3A4 / rCYP3AS 
inhibition (midazolam) 

Midazolam (2 studies): modest 
bioavailability increase (25%) in 
one study but no change in the 
second Cyclosporine: no change 
in bioavailability or 
pharmacokinetics 
Nifedipine: increase 
bioavailability (65%) in rats (no 
human data available) 

  CYP2C9 inhibition (warfarin, 
diclonfenac, flurbiprofen) 

Warfarin (5 studies): no charge 
in the oral bioavailability or 
pharmacokinetics 
Diclofenac: no alteration of 
bioavailability or 
pharmacokinetics 
Flurbiprofen: no alteration of 
bioavailability or 
pharmacokinetics 

  CYP1A2 inhibition (unknown) Tizanidine: pharmacokinetics 
and oral bioavailability was not 
altered 

 
 

 
Figure 2. Schematic representation of CYP2C9 
inhibition by various juice – IC50 values. The 
schematic illustration is to provide a quick visual basis 
to anticipate the likelihood of any potential in vivo 
pharmacokinetic interaction following the consumption 
of various beverages at the provided threshold levels. 
The work of Greenblatt et al  (Ref # 21) showed that 
cranberry juice was not as potent as either grape juice 
or tea beverage in the inhibition of CYP2C9 mediated 
hydroxylation of flurbiprofen in human liver 
microsomes. The data of pomegranate juice was 
obtained from another study (Ref # 45) and is 
represented for comparative purpose only because 
diclofenac was used as the probe substrate. 
 
To further underscore this view, the recently 
published work of Kim et al (2011) suggested the 
presence of three triterpines (masilinic acid, 
corosolic acid and ursolic acid) that caused 
inhibition of CYP3A in the human intestine  

 
 
microsomes and rCYP3A4 enzyme. However, 
relatively higher IC50 concentrations were 
required for the in vitro inhibition: 7.4, 8.8 and 
<10 µM (human intestine microsomes) and 2.8, 
4.3, and < 10 µM (rCYP3A4), for masilinic acid, 
corosolic acid and ursolic acid, respectively (37). 
It is quite probable that under in vivo conditions 
the triterpene levels may not have reached the 
threshold levels for any significant inhibition of 
either intestinal or hepatic CYP3A4 enzymes in 
humans (37). 
 
CYP2C9 inhibition – Human relevancy 
Pharmacokinetics  
The in vitro evidence of cranberry juice as a 
potent CYP2C9 inhibitor was demonstrated for 
several substrates such as flurbiprofen, diclofenac 
and warfarin [Table 1]. At higher amounts, 
cranberry juice was as potent as fluconazole, 
which is a strong CYP2C9 inhibitor under in vitro 
and in vivo conditions. However, review of all the 
clinical data involving cranberry juice provided 
no evidence of altered bioavailability or 
pharmacokinetics of several substrates such as 
warfarin, diclofenac and fluribprofen whose 
metabolism was mediated by CYP2C9 (19-21, 
23). Therefore, lack of in vivo inhibitory effects 
of cranberry juice suggested that under in vivo 
conditions either the active anthocyanin principles 
were not reaching adequate levels to produce any 
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CYP2C9 inhibition or the intake amount of 
cranberry juice itself was insufficient. Since the 
cranberry juice intake differed (regular vs double-
strength; whole juice vs diluted concentrate etc), 
as well as the sourcing of the juice itself in the 
described studies, it may be difficult to pin-point 
an exact reason for the lack of in vivo inhibition. 
A number of speculative reasons could be put 
forward to explain the discrepancy: a) under in 
vitro conditions all 15 anthocyanin principles may 
be available to have a concerted effort in CYP2C9 
inhibition; however, only 6 or 7 anthocyanin 
principles were bioavailable and at varying low 
levels in an in vivo study; b) a faster clearance of 
the active anthocyanin principles under in vivo 
conditions may have led to levels not reaching the 
threshold level to show CYP2C9 inhibition; c) 
influence of protein binding and/or rapid tissue 
uptake of the substrate would have been relevant 
under in vivo conditions, thereby preventing the 
drug availability to the enzymes. Overall, the 
clinical data clearly suggested that with daily or 
chronic intake of normal amounts of cranberry 
juice there is minimal or negligible potential to 
show a clinical relevant drug-drug interaction via 
CYP2C9 pathways. 
 
Pharmacodynamics 
The pharmacodynamics aspects of drug-drug 
interaction potential of cranberry juice in patients 
prescribed warfarin have received considerable 
attention. As evident in Table 2, there was one 
instance of elevated INR in healthy subjects after 
a single high dose of warfarin following ingestion 
of a cranberry juice concentrate supplement (26) 
and an isolated incidence of an increased INR at 
one particular time point following ingestion of 
juice during a 2-week treatment period in patients 
who were stabilized on warfarin (24). It could be 
argued that the observation of a small elevated 
INR in healthy subjects may not have relevance to 
a patient population and the episode of increased 
INR in patients at a single time point during 
multiple points of evaluation could be due to a 
random occurrence without clinical consequence. 
Other prospective studies performed with 
adequate controls and rigor had concluded that 
pre-treatment of cranberry juice had a negligible 
influence on the pharmacodynamics of warfarin 
(21, 25, 27). Interestingly, these clinical studies 
(21, 25, 27) used cranberry juice, unlike the 
Abdul et al (2008) study which used cranberry 
juice concentrate (26), raising speculation on the 
likely differences in the distribution of active 
principles between a cranberry concentrate vs 

juice. In this context, it is important to point out 
that several case reports have been published in 
the past several years that claim that ingestion of 
cranberry juice effects the INR and de-stabilizes 
the warfarin dose, necessitating a dose re-
adjustment to obtain therapeutic anti-coagulant 
effect (38-42). In most of the instances, the acute 
consumption of cranberry juice was not deemed 
very high, with the exception of one or two 
instances where the patient drank almost 750 mL 
to 2 L of cranberry juice per day.  In these 
patients a temporal relationship with the observed 
effect may be possible, since the study of Abdul 
et al (2008) reported mild INR alterations in 
healthy subjects with a larger cranberry dose 
consumption (2 capsules of 500 mg cranberry 
juice concentrate given 3 times daily) and longer 
duration (3-weeks in total) relative to other 
prospective clinical studies (26). While there is 
circumstantial evidence that patients’ non-
compliance to follow dosing/study instructions 
(i.e. excess consumption of cranberry juice or 
concentrate) can lead to aberration in warfarin 
pharmacodynamics, there could be numerous 
other factors that may contribute to  elevated INR 
values, such as co-morbid conditions, severe 
diarrhoea, concomitant drug use, genetic pre-
disposition etc. Nevertheless, when all the 
findings are put in perspective, the debate whether 
or not cranberry juice affects pharmacodynamics 
of warfarin still continues to be unresolved. 
However, the view of total avoidance of cranberry 
juice by warfarin users does not appear to be 
justified since moderate consumption of cranberry 
juice per se in most studies appear not to affect 
the pharmacodynamics of warfarin. To 
underscore this point, Zikria et al (2010) have 
critically reviewed a number of prospective 
clinical studies and case reports pertaining to 
cranberry juice – warfarin interaction and 
concluded that the warning label of interaction 
potential between warfarin and cranberry juice 
needs to be re-visited by the regulators (43). 
 
CONCLUSIONS 
 
Cranberry juice has been long recognized for its 
protective effects in urinary tract infections.   As 
evidenced by scores of published literature 
ingestion of cranberry juice may provide 
therapeutic benefits for other ailments. Given the 
risk involved in food-drug interaction, as 
exemplified by grapefruit juice, it is always 
prudent to understand the probable mechanism(s) 
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Table 2. Effects on warfarin pharmacodynamics by cranberry juice 
Study type Participants Key Observations 
14 days pre-treatment, t.i.d CJ / 
single high dose of warfarin (26) 

Healthy subjects (n=12) Significant change in INR (30%) 

5 days pre-treatment, t.i.d CJ / single 
dose of warfarin (23) 

Healthy subjects (n=10) Thromboplastin time (area under 
curve) and Emax of thromboplastin 
time was not altered 

14 day pre-treatment once daily CJ / 
stable dose of warfarin (24) 

Patients (n=14 CJ; n=16 placebo) INR was not influenced by CJ 
during the various points during / 
after study. However, on day 12 a 
small but statistically significant 
change was noted 

7 day pre-treatment, b.i.d CJ / stable 
dose of warfarin (25) 

Patients (n=10) INR and thrombin times were not 
impacted during the various time 
points in the trail 

7 days pre-treatment once daily CJ / 
stable dose of warfarin (27) 

Patients (n=7) INRs remained stable as compared 
to baseline values during the entire 
trail 

CJ: cranberry juice 
 
 
for herb-drug interaction and examine the 
evidence to obtain guidance for the use of 
cranberry juice as a herbal supplement for dietary 
or nutritional needs.Cranberry juice has the 
potential to inhibit CYP enzymes (CYP3A and 
CYP2C9) under in vitro conditions, and at higher 
tested amounts of the juice the extent of inhibition 
was almost similar to the potent inhibitors of 
CYP3A (ketoconazole) and CYP2C9 
(fluconazole).  However, in relation to other 
beverages such as grape juice, tea and 
pomegranate juice, it appeared that cranberry 
juice was less potent in its CYP2C9 inhibitory 
properties, but the CYP3A inhibition was in line 
with or superior to grapefruit juice or 
pomegranate juice. In spite of the in vitro CYP 
inhibitions or Pgp inhibition produced by 
cranberry juice, there was no clinical 
translatability of the evidence in the 
pharmacokinetic disposition of scores of 
substrates (cyclosporine, warfarin, diclofenac, 
flurbiprofen, tizanidine, amoxicillin, ceflacor) 
with the exception of a single report on 
midazolam, where there was a moderate increase 
in the exposure of midazolam in subjects pre-
treated with cranberry juice. Interestingly, another 
study concluded lack of clinically relevant in vivo 
interaction between cranberry juice and 
midazolam. In general, the lack of in vivo 
translation of the in vitro CYP inhibition by 
cranberry juice was evident with the following 
speculative remarks: a) under in vitro conditions 
all anthocyanin principles may be available to 
have a concerted effort in CYP inhibition; 
however, limited anthocyanin principles at low 
levels were bioavailable in the in vivo studies; b) 

a faster clearance of the active anthocyanin 
principles under in vivo conditions may have led 
to levels not reaching the threshold level to show 
CYP inhibition; c) influence of protein binding 
and/or rapid tissue uptake of the substrate may be 
relevant under in vivo conditions, thereby limiting 
the drug availability to the enzymes. 

It is noteworthy to provide some conclusive 
remarks with respect to pharmacodynamics of 
warfarin after ingestion of cranberry juice. While 
the debate continues on the issue of a 
pharmacodynamic interaction between warfarin 
and cranberry juice, the summation of the 
pharmacodynamics data obtained in patients and 
healthy subjects from the various prospective and 
controlled clinical trials do not provide 
overwhelming support for a pharmacodynamic 
drug interaction with cranberry juice. However, it 
was apparent that consumption of large quantity 
of cranberry juice (about 1-2 L per day) or 
concentrate (1000 mg) for a longer duration of 
time (>3-4 weeks) may be temporally correlated 
with altered INR values.  Therefore, while the 
total avoidance of cranberry juice by warfarin 
users may not be warranted by the published 
studies, in certain situations of higher intake of 
cranberry juice or concentrate there may be a need 
to monitor both warfarin doses and INR levels. 
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