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Abstract

Cranberries contain various type of bioactive components. Scientists have been studying
cranberries’ beneficial effects on urinary tract health since the 20" century. Entering the 21
century, the protection of cranberry phytochemicals against cancer and vascular diseases has
drawn more attention from researchers. Anthocyanins, procyanidins, and flavonols in
cranberries were all documented to have potential effects on cancer prevention. The
cardiometabolic effects of cranberries have been investigated in several clinical trials. It was
found that cranberries positively affect atherosclerotic cholesterol profiles and decreased
several cardiometabolic risk factors. Nowadays, growing evidence suggests other important

role of cranberries in maintaining digestive health. Cranberry juice or cranberries have been
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shown to inhibit the colonization of H. Pylori in stomach and protect against intestinal
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inflammation. For future research, clinical trials with improved study design are urgently
needed to support cranberries’ health benefits on urinary tract health and cardiometabolic
diseases. Hypothesis-driven studies using animals or cell culture are needed to elucidate the

mechanisms of cranberries’ effects on digestive health.
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INTRODUCTION

Cranberries, a fruit originally from New England are currently grown throughout the east
and northeast parts of United States and much of Canada. Recorded folklore from 1600s
showed that cranberries were used to treat urinary tract infections by the Native Americans.
They were consumed as a food and used for wound and blood poisoning treatment(1).
Research on the health benefits of cranberries started in the 1980s but intensified and evolved
quickly in the last 25 years (Figure 1). Besides fruits, cranberry leaves were also used for urinary
disorders, diarrhea and diabetes(2). Cranberries were later found containing various type of
bioactives, mostly polyphenols, including proanthocyanidins, anthocyanins, flavonols and
phenolic acids. Cranberries are among a few foods that contain A-type proanthocyanidins.
Different from B-type proanthocyanidins, A-type proanthocyanidins have an additional ether
interflavan bond between C2 —0O —C7(3). It was suggested that A-type proanthocyanidins

have greater bioactivity comparing to B-type(4).

Cranberry bioactives have unique characteristics and modern science are trying to identify

the connections between cranberries’ health benefits and specific compounds it contains. The
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most well-known health benefit of cranberries is the prevention of urinary tract infections
(UTIs). However, due to the lack of persuasive clinical evidence, it is still something under
discussion. A-type proanthocyanidins are thought to be able to inhibit binding of uropathogenic
E. coli to the bladder which is an initial step for urinary tract infection(5-9). Two recently studies
suggested that cranberry oligosaccharides might also play a role in preventing UTls because
xyloglucan oligosaccharides was found to be a new cranberry bioactive component with E. coli
anti-adhesion activity(10, 11). The strong antioxidant and anti-inflammatory activity is another
feature of cranberries, which is closely related to cancers and cardiovascular disease
prevention. Cranberries are also found to improve lipid profile, improve endothelial function
and lower several markers of cardiometabolic risk(12-14). Nowadays, growing evidence
suggests an important role of cranberries in maintaining digestive health(15, 16). Two 250 mL
bottles of cranberry juice daily for 90 days was found to suppress H. pylori infection in the
stomach of susceptible populations(17). In addition to the anti-inflammatory effects,
cranberries may also influence the intestinal barrier integrity, which is another essential
element of intestinal health(18, 19). A new trend of study is exploring the effects of cranberries

on gut microbiota composition(15).

Cranberry research from 1990s to 2000s: Urinary tract health

The folklore of cranberries’ beneficial effects on urinary-tract health dated back to 1683

when the fruit was used in recipes(20). This plausible benefit was tested in many intervention
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trials but with inconsistent conclusions. The discrepancies between results partly due to
differences in study population, sample size, lack of placebo control, and study compliance. In

the late 1990s, Avorn et al. conducted the first robustly designed, randomized, double-blinded
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placebo-controlled trial(8). One hundred and fifty-three female subjects in a nursing home with
an average age of 78.5 y were recruited for this 6-month trial. The study included relatively
large number of participants and had relatively long duration of treatment. It showed that
frequency of bacteriuria was reduced by more than 50% following daily consumption of 300 mL
low calorie cranberry juice cocktail. The placebo drink used in this study was reported to be
indistinguishable in taste, appearance, and vitamin C. This result indicated potential beneficial
effect of cranberry juice on urinary tract health. Another randomized double-blinded placebo-
controlled cross-over study conducted by Walker et al. showed similar positive results(21).
Statistically significant reduction of UTIs risk was found with 10 out of 19 subjects aged from 18
to 45 y. Different from the previous study, subjects were given two 400 mg capsules of
cranberry powder to consume once per day for 3 months. In addition, four other studies have
obtained successful primary outcomes supporting the beneficial effect of cranberry juice on

urinary tract health even though they all had design limitations(22-25).

In the early 2000s, Kontiokari et al(26)and Stothers et al(27) investigated the effects of
cranberry juice or tablets on UTI prevention, respectively. The subjects were healthy, sexually
active women, aged 21-72 vy, with a history of UTIl. Both studies showed a significantly
decreased number of patients experiencing at least one episode of UTI per year. In a very
recent randomized, double-blind, placebo-controlled, multicenter clinical trial(28) , 373 healthy
women with a recent UTI history were recruited to consume 240 mL low calorie cranberry juice
cocktail daily for 24 weeks. Cranberry juice consumption significantly reduced the number of
UTls by 39%. The rate of clinical UTI with pyuria episodes was reduced by 37%. This was the

largest clinical trial to date and properly designed to have greater statistical power. The
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compliance rate was much higher compared to previous studies with 98% and 86% in the

cranberry and placebo group, respectively.

UTI is a common bacterial infection in children(29). Several pediatric trials have been
conducted in early 2010s to evaluate whether cranberry juice consumption prevent the
recurrences of UTI in children. The subjects recruited in these studies were healthy children
including both females and males, aged 1-18 years, with a history of recent UTI. One serving of
50 mL cranberry juice were given to children to drink once per day for 6 months(30). The
incidence of UTIs in cranberry group was 18.5% compared to 48.1% in the control group,
demonstrating a significant reduction in the risk of recurrent UTls following cranberry juice
consumption. This trial had a relatively large sample size (n=84) and low dropout rate, 3.5% in
cranberry group versus 6.8% in control group. Cranberry juice with or without
proanthocyanidins were randomly assigned to 40 children for one year(31). A 65% reduction in
the risk of UTIs was obtained during a 12-month follow-up. The compliance level was 70% for
both groups. Both studies suggested that cranberry juice were effective in preventing the
recurrence of pediatric UTI. Salo et al.(32) conducted a double-blinded randomized placebo-
controlled trial in 2012. Two hundred and sixty-three children drank cranberry juice or placebo
for 6 months. The study showed that cranberry juice consumption reduced the number of UTI

recurrences by 43% and the number of days on antibiotics.

Several meta-analysis reviews have been conducted to assess the effectiveness of
cranberry products in preventing UTlIs in susceptible populations. A 2008 Cochrane review(33),
which included five cross-over and five parallel designed studies, reported that cranberry

products significantly reduced the incidence of UTIs at 12 months compared to placebo/control
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group. Cranberry-containing products was found to be associated with preventative effects on
recurrent UTls in another systematic review of 13 randomized controlled trials(34). The most
recent meta-analysis and trial sequential analysis evaluated 28 clinical trials and concluded that
the use of cranberry products significantly reduced the incidence of UTIs(35). However, meta-
analysis in the 2012 Cochrane review(36) concluded that cranberry products did not
significantly reduce the occurrence of symptomatic UTI overall compared to placebo, water, or

no treatment. This review had substantial heterogeneity in the results.

Several factors attribute to the conflicting results obtained from clinical trials. Low
compliance due to astringency and bitterness of cranberry juice, high withdrawal rate,
inconsistency of dosage, lack of standardization of cranberry content in testing products are the
major factors. Cranberry capsules were used to overcome the undesired taste of cranberry
juice. However, in two trials using cranberry capsules, the withdrawal rates were more than
40% partly due to the side effects(37, 38). Quite a few trials are not randomized, double-
blinded, placebo-controlled or short duration time (less than 6 months). In addition, the

optimum dosage and formulation were not established in previous studies(39).

Along with the struggle of searching for ideal study design in cranberry and UTls
researches, in the 21° century, researchers begin to switch their attention to other health

benefits.

The new trend started with the antioxidant activity of anthocyanins in cranberries. It
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was shown that over 50% of the oxygen radical scavenging capacity of cranberries was

attributed to anthocyanins(40). Antioxidant properties play an important role in protection
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against cancer and vascular diseases. Besides anthocyanins, cranberries are rich in flavonoids
like proanthocyanidins and flavonols, which also have potential effects on cancer and
cardiovascular diseases. Quercetin counts for more than half of flavonols in cranberries(41). It
was reported that quercetin inhibited growth of human cancer cells(42, 43). Together with
anthocyanins, quercetin glycosides extracted from cranberries had comparable antioxidant
capacity to vitamin E(44). There is a growing interest in the structure and activity of
proanthocyanidins in cranberries. Later study showed that proanthocyanidins fraction isolated
from cranberries inhibited the growth of lung cancer cell(45). A recent review(46) on the topic
of cranberries and cancer suggested that cranberry bioactives exert chemoprevetion by
affecting cancer cellviability, proliferation, adhesion, kinetics, apoptosis, signaling pathways,
oxidative status and inflammation. Results from several studies suggested cranberry juice
extract, cranberry proanthocyanidin-rich fraction and flavonoid-rich fraction decreased the cell
viability or density of 41 cancer cell lines of 16 types(47-58). As mentioned, cranberries are
among a few foods that contain A-type proanthocyanidins and A-type proanthocyanidins are
thought to have greater bioactivity comparing to B-type(4). However, besides the anti-adhesion
activity of uropathogenic bacteria, whether A-type proanthocyanidins have other unique health
benefits was unknown. Degree of polymerization of proanthocyanidins is another issue that
needs to be considered because it significantly influences their bioavailability. It was found that
proanthocyanidins dimers and trimers were transported and absorbed in vivo whereas larger
oligomers or polymers were not absorbable(59). Cranberry A-type proanthocyanidin dimers,
trimers, and tetramers transported across human epithelial colorectal adenocarcinoma cells

(Caco-2 cells) monolayer at low rates, suggesting that they could be absorbed by humans(60).
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More studies are needed to determine whether proanthocyanidins with different degree of
polymerization have distinguishable health benefits. Any possible synergistic effects between

cranberry oligosaccharides and A-type proanthocyanidins also needs to be explored.

Cranberry research from 2010 to present: Cardiometabolic effects and intestinal health

Cardiometabolic effects of cranberries have drawn attention from researchers in the
2000s and became a focus in the 2010s. According to a review paper published in 2016(61),
fourteen clinical trials have been conducted during 2005 to 2015 to explore the cardiometabolic
effects of cranberries. Interestingly, among them, six out of seven clinical trials conducted
before 2011 were open labeled while six out of seven conducted after 2011 had randomized
placebo-controlled design, which suggested the design of these cranberry intervention trials
has improved. These studies with different study design also varied largely in results. Many
studies evaluated the lipid profile of participants. Ruel et al. conducted a series of open-labeled
studies from 2005 to 2008(62-64). Their first study (64) in 2005 on health men with an average
age of 38 y suggested there was no change in low-density lipoprotein (LDL) cholesterol and
high-density lipoprotein (HDL) cholesterol levels. However, their latter two studies(62, 63) in
healthy sedentary men with an average age of 51 y showed increase in HDL cholesterol,
decrease in LDL cholesterol and decrease in the ratio of total cholesterol to HDL cholesterol,
indicating an improvement of lipid profile. In 2015, Novotny et al.(14) conducted a placebo-
controlled trial among healthy adults with an average age of 50 y showing that there was no
significant difference in LDL cholesterol and HDL cholesterol levels between control and
treatment groups. The other two placebo controlled studies, one among adults with type 2

diabetes(13), one among adults with cardiovascular disease risk factors(65), both showed no
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significant change in LDL cholesterol and HDL cholesterol levels after cranberry juice
consumption. The inconsistent results and the variance of these researches in study design

make it difficult to identify if cranberries have effects on human blood lipid profile.

In addition to lipid profile, researchers were interested in the improvement of
endothelial function after cranberry consumption. A placebo-controlled crossover study of
Dohadwala et al.(66) found there was no improvement in flow-mediated dilation or peripheral
artery tonometry after double strength (540 g kg”-1) cranberry juice consumption (480 mL per
day) for 4 weeks among patients with coronary artery disease. Similarly, a double-blinded
randomized study of Flammer et al.(65) found no significant changes in peripheral artery
tonometry among individuals with endothelial dysfunction after double strength (540 g kg”-1)
cranberry juice consumption (460 mL per day) for 4 months. However, a recent study in 2016
got some interesting results. Rodriguez-Mateos et al. correlated the cranberry polyphenol
metabolites with improvements in vascular function(67). They carried out a double blinded
randomized placebo controlled crossover study and observed dose-dependent increases in
flow-mediated dilation 8 hours after cranberry juice (250 g kg”-1, 480 g kg”-1, 760 g kg”-1, 940
g kg”-1, 1170 g kg™-1) consumption among healthy adults. This study went further to identify
and quantitate individual metabolites of cranberry polyphenols. Among the 60 metabolites they
have identified in plasma, twelve metabolites significantly correlated with the increases in flow-
mediated dilation. This may become a trend of future studies: exploring the change of

metabolic profiles in biological fluids after cranberry consumption.

Glucose regulation is another important aspect of cardiometabolic health. But similar to

the lipid profile and endothelial function, studies so far give very discordant results. Four
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studies(68-70) showed favorable glycemic responses after cranberry products consumption
while the other two(13, 71) showed no significant effects. They had different study design and
conducted among different population with different size of population, which made the

interpretation of these data difficult.

A new trend of cranberry study is exploring the effect of cranberry on intestinal health.
According to the searching results from PubMed, when using “cranberry” and “intestinal” in
title/abstract as searching words, there are 26 publications in 2011-2017 comparing to 8
publications in 2000-2010. Searching Web of Science using “TS=cranberry AND TS=intestinal”
yielded 16 publications in 2000-2010 comparing to 41 publications in 2011-2017. Unlike the
studies about urinary tract or cardiometabolic health are human studies in the form of clinical
trials, currently most cranberry studies in intestinal health are performed on animal or cell
culture models. Two aspects of cranberries’ influence on intestinal function have been studied:
preventing intestinal inflammation and improving gut microbiota profile. Anti-inflammatory
activity of cranberry was found in 2009. A study showed that cranberry proanthocyanidins
attenuated the bacterial lipopolysaccharide -induced expression of iNOS and COX-2 in
macrophages(72). Later on, a feeding study on rats found that pro-inflammatory cytokines such
as interleukin IL-1B, IL -6 were significantly lower and the anti-inflammatory IL-10 was higher in
cranberry powder treatment group(73). A study published in 2014(15) also showed that
cranberry extract protected mice from high-fat high-sucrose diet induced intestinal
inflammation by increasing Akkermansia spp. population. Eight-week-old mice were divided
into 3 groups, one received normal chew diet and gavaged with vehicle (water) for 8 weeks;

two groups received high-fat high-sucrose diet, one group gavaged with cranberry extract (0.2 g
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kg”-1), the other one group gavaged with vehicle for 8 weeks. According to their results,
cranberry extract lowered intestinal triglyceride content, and alleviated intestinal inflammation
and oxidative stress. The highlight of this study was the correlation between the beneficial
effects of cranberries with improved gut microbiota profile. In the past, cranberries were well-
known for its antiadhesion activity against various microbial species in different organs (oral
cavity, stomach, small intestine and colon(74-78)). This study showed that it also prevented
intestinal inflammation by increasing certain bacteria population. Akkermansia was found to
reduce systemic lipopolysaccharide levels in high fat fed mice(79). This may explain its
protective effects against intestinal inflammation. The prevalence of inflammatory bowel
disease (IBD) and its associated risk of colon cancer have drawn attention over the past decade.
Xiao et al.(80) found that a cranberry extract (composed of phenolics and cranberry fiber) and
dried cranberries reduced disease activity index among experimental colitis mice induced by
dextran sodium sulphate (DSS). Dried cranberries preserved colon length and decreased serum
pro-inflammatory cytokines (TNF-a, IL-1B) levels. Interestingly, dried cranberries showed
greater protection activity against colitis than cranberry extract and 5-aminosalicylic acid which

is an anti-inflammatory drug used to treat IBD.

Denis et al.(16) conducted a study of cranberry bioactives specially focusing on
inflammation, oxidative stress and mitochondrial dysfunction in the intestine. Distinguishing

from previous studies, this study used different cranberry phenolic fractions as experimental
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groups. They obtained three molecular mass fractions in terms of phenolic acid, flavonoid,
procyanidins and total phenolics: low molecular mass cranberry polyphenols (rich in phenolic

acid); medium molecular mass cranberry polyphenols (rich in anthocyanins, flavonols and
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procyanidin dimers); high molecular mass cranberry polyphenols (rich in flavonols and
procyanidins dimers, oligomers and polymers). According to the profile provided in the paper,
low molecular mass fraction had some phenolic acids and proanthocyanidin monomers.
Medium molecular mass fraction contained relatively high amount of anthocyanins, flavonols
and some proanthocyanidin dimers. High molecular mass fraction was rich in dimers, oligomers
and polymers of proanthocyanidins, also had high amount of flavonols. To study cranberries
antioxidant and anti-inflammatory activity, they seeded Caco-2 cells on porous filters
(Transwell) to form monolayer and treated cells with cranberry fractions with or without pre-
treatment of lipopolysaccharide or iron and ascorbic acid. They found that all three fractions
maintained the level of TNF-a and IL-6, COX-2 comparing to control group. They also explored
molecular mechanisms on whether cranberry bioactives could blunt the activation of NF-kB
signaling pathway. The results suggested that comparing to control group, these three fractions
significantly decreased NF-kB to IkB protein ratio after lipopolysaccharide treatment, indicating
the inhibition of NF-kB signaling pathway by these cranberry fractions. But this study also
suffered from limitations. There was large overlaps of chemical compounds between these
fractions. Flavonols were present in both medium molecular mass and high molecular mass
fractions while anthocyanins were present both in low molecular mass and medium molecular
mass fractions. Each fraction was a mixture of different polyphenol compounds, therefore

making it hard to find which type of polyphenol compound played the most important role in
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anti-inflammation.

Moreover, cranberry proanthocyanidins were found to improve the mouse intestinal

health by increasing luminal secretory immunoglobulin A, which is the primary protective
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compound of mucosa and can exclude bacteria from attachment(19). It was shown that
cranberry proanthocyanidins had anti-adhesive activity against extra-intestinal pathogens(81,
82), like E.coli. These studies shed a light on the possibility that cranberry may improve
intestinal health by enhancing intestinal barrier function. Currently, there is very limited
research published in this area. But one study(18) has shown that pure (-)-Epicatechin
prevented TNF-a -mediated Caco-2 cell barrier permeabilization by inhibiting NF-kB activation
and downstream tight junction protein, like ZO-1 protein disruption. Since it has been
demonstrated that cranberry inhibit LPS-induced activation NF-kB pathway and decrease the
level of TNF- q, it is reasonable to hypothesize that cranberry also promote the tight junction

protein expression and therefore enhance intestinal barrier integrity.

FUTURE DIRECTION

Progresses in three areas are needed for the future research of cranberries. First, clinical
trials with better design including longer treatment time, sufficient bioactive compounds, and
proper compliance verification are needed to determine the effects of cranberry products on
UTI. High dropout rate and lack of compliance verification plagued nearly all previous clinical
trials. Several metabolomics studies have been published in collective efforts to identify
biomarkers of cranberry consumption for compliance verification(83-85). Secondly, bioactive
compounds in cranberries that are responsible for preventing UTI need to be identified and
mechanism elucidated. A-type proanthocyanidins from cranberries inhibited the adherence of
uropathogenic E. coli in vitro(82), however, their concentrations in urine were too low to have
such effects. Human urine after cranberry juice consumption, but not grape, chocolate, apple,

or tea consumption, was able to inhibit bacterial adhesion(4). But it was unknown which
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compounds in urine were responsible. It is reasonable to assume some microbial metabolites of
A-type proanthocyanidins may have anti-UTI activity. Recent metabolomics studies showed that
administration of cranberry extracts in rats cause significant change of metabolome in the
urine(83, 84). A number of putative biomarkers were identified. The correlation between
antiadhesive activity and metabolomics changes suggested that alterations in urinary
metabolome were partially responsible for anti-UTI activities(83). Thirdly, studies are needed to
illustrate how cranberry consumption affect the composition of microbiota in both gut and
urinary tract. The female urinary tract harbors a unique bacterial community that is different
from and plausibly affected by microbiota in the gut. Remarkable differences in microbiome in
urinary tract were identified between healthy women and those with urologic diseases(86).
Cranberry extract is known to affect microbial composition in the gut of mice(15), however it
unknown whether or how cranberry consumption will affect gut microbiota in human. If gut
microbiota were affected by cranberry in diet, it is reasonable to assume that this will lead to
changes of microbiota in urinary tract. Research findings in the area will provide missing pieces

of a puzzle on how cranberry consumption affect urinary health.

CONCLUSION

The focus of cranberry research on human health evolved from urinary tract health,
cancer, to cardio metabolic diseases in the past 25 years. There is a new trend to investigate
how cranberry consumption affect digestive health and gut microbiota. Future research of
cranberries should focus on clinical trials with better experimental design and compliance

control, identification of bioactive compounds in cranberries or metabolites of cranberries and
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their mechanisms of action, and influence of cranberry consumption on both gut and urinary

tract microbiota.

REFERENCES

1. EJ S. The North American cranberry industry. Acta Horticult1993. p. 287.

2. JD T. Cranberry Harvest: A History of Cranberry Growing in Massachusetts. New
Bedford, MA: Spinner 1990.

3. Prior RL, Gu L. Occurrence and biological significance of proanthocyanidins in the
American diet. Phytochemistry. 2005;66(18):2264-80. Epub 2005/05/21.

4, Howell AB, Reed JD, Krueger CG, Winterbottom R, Cunningham DG, Leahy M. A-type
cranberry proanthocyanidins and uropathogenic bacterial anti-adhesion activity.
Phytochemistry. 2005;66(18):2281-91. Epub 2005/08/02.

5. Howell AB, Vorsa N, Der Marderosian A, Foo LY. Inhibition of the adherence of P-
fimbriated Escherichia coli to uroepithelial-cell surfaces by proanthocyanidin extracts from
cranberries. N Engl J Med. 1998;339(15):1085-6. Epub 1998/10/10.

6. Sobota AE. Inhibition of bacterial adherence by cranberry juice: potential use for the
treatment of urinary tract infections. J Urol. 1984;131(5):1013-6. Epub 1984/05/01.

7. Schmidt DR, Sobota AE. An examination of the anti-adherence activity of cranberry juice
on urinary and nonurinary bacterial isolates. Microbios. 1988;55(224-225):173-81. Epub

1988/01/01.

Accepted Article

8. Avorn J, Monane M, Gurwitz JH, Glynn RJ, Choodnovskiy |, Lipsitz LA. Reduction of
bacteriuria and pyuria after ingestion of cranberry juice. JAMA. 1994;271(10):751-4. Epub

1994/03/09.

This article is protected by copyright. All rights reserved.



9. Ofek I, Goldhar J, Zafriri D, Lis H, Adar R, Sharon N. Anti-Escherichia coli adhesin activity
of cranberry and blueberry juices. N Engl J Med. 1991;324(22):1599. Epub 1991/05/30.

10. Hotchkiss AT, Jr., Nunez A, Strahan GD, Chau HK, White AK, Marais JP, et al. Cranberry
Xyloglucan Structure and Inhibition of Escherichia coli Adhesion to Epithelial Cells. J Agric Food
Chem. 2015;63(23):5622-33. Epub 2015/05/15.

11. Sun J, Marais JP, Khoo C, LaPlante K, Vejborg RM, Givskov M, et al. Cranberry (Vaccinium
macrocarpon) oligosaccharides decrease biofilm formation by uropathogenic Escherichia coli. J
Funct Foods. 2015;17:235-42. Epub 2015/11/28.

12. Paquette M, Larque ASM, Weisnagel SJ, Desjardins Y, Marois J, Pilon G, et al. Strawberry
and cranberry polyphenols improve insulin sensitivity in insulin-resistant, non-diabetic adults: a
parallel, double-blind, controlled and randomised clinical trial. British Journal of Nutrition.
2017;117(4):519-31.

13. Lee IT, Chan YC, Lin CW, Lee WJ, Sheu WHH. Effect of cranberry extracts on lipid profiles
in subjects with Type 2 diabetes. Diabetic Medicine. 2008;25(12):1473-7.

14. Novotny JA, Baer DJ, Khoo C, Gebauer SK, Charrons CS. Cranberry Juice Consumption
Lowers Markers of Cardiometabolic Risk, Including Blood Pressure and Circulating C-Reactive
Protein, Triglyceride, and Glucose Concentrations in Adults. J Nutr. 2015;145(6):1185-93.

15. Anhe FF, Roy D, Pilon G, Dudonne S, Matamoros S, Varin TV, et al. A polyphenol-rich

cranberry extract protects from diet-induced obesity, insulin resistance and intestinal

Accepted Article

inflammation in association with increased Akkermansia spp. population in the gut microbiota

of mice. Gut. 2015;64(6):872-83. Epub 2014/08/01.

This article is protected by copyright. All rights reserved.



16. Denis MC, Desjardins Y, Furtos A, Marcil V, Dudonne S, Montoudis A, et al. Prevention of
oxidative stress, inflammation and mitochondrial dysfunction in the intestine by different
cranberry phenolic fractions. Clin Sci (Lond). 2015;128(3):197-212. Epub 2014/07/30.

17. Zhang L, Ma JL, Pan KF, Go VLW, Chen JS, You WC. Efficacy of cranberry juice on
Helicobacter pylori infection: A double-blind, randomized placebo-controlled trial. Helicobacter.
2005;10(2):139-45.

18. Contreras TC, Ricciardi E, Cremonini E, Oteiza PI. (-)-Epicatechin in the prevention of
tumor necrosis alpha-induced loss of Caco-2 cell barrier integrity. Arch Biochem Biophys.
2015;573:84-91.

19. Pierre JF, Heneghan AF, Feliciano RP, Shanmuganayagam D, Krueger CG, Reed JD, et al.
Cranberry Proanthocyanidins Improve Intestinal sIgA During Elemental Enteral Nutrition. Jpen-
Parenter Enter. 2014;38(1):107-14.

20. Reid G. The role of cranberry and probiotics in intestinal and urogenital tract health. Crit
Rev Food Sci Nutr. 2002;42(3 Suppl):293-300. Epub 2002/06/13.

21. Walker EB, Barney DP, Mickelsen JN, Walton RJ, Mickelsen RA, Jr. Cranberry
concentrate: UTI prophylaxis. ] Fam Pract. 1997;45(2):167-8. Epub 1997/08/01.

22. Papas PN, Brusch CA, Ceresia GC. Cranberry juice in the treatment of urinary tract
infections. Southwest Med. 1966;47(1):17-20. Epub 1966/01/01.

23. Dignam R, Ahmed M, Denman S, Zayou M, Wills T, Shipman C, et al. The effect of

Accepted Article

cranberry juice on UTl rates in a long term care facility. Journal of the American Geriatrics

Society. 1997;45(9):P169-P.

This article is protected by copyright. All rights reserved.



24, Moen DV. Observations on the effectiveness of cranberry juice in urinary infections. Wis
Med J. 1962;61:282-3. Epub 1962/05/01.

25. Rogers J. Pass the cranberry juice. Nurs Times. 1991;87(48):36-7. Epub 1991/11/03.

26. Kontiokari T, Sundqvist K, Nuutinen M, Pokka T, Koskela M, Uhari M. Randomised trial of
cranberry-lingonberry juice and Lactobacillus GG drink for the prevention of urinary tract
infections in women. BMJ. 2001;322(7302):1571. Epub 2001/06/30.

27. Stothers L. A randomized trial to evaluate effectiveness and cost effectiveness of
naturopathic cranberry products as prophylaxis against urinary tract infection in women. Can J
Urol. 2002;9(3):1558-62. Epub 2002/07/18.

28. Maki KC, Kaspar KL, Khoo C, Derrig LH, Schild AL, Gupta K. Consumption of a cranberry
juice beverage lowered the number of clinical urinary tract infection episodes in women with a
recent history of urinary tract infection. American Journal of Clinical Nutrition.
2016;103(6):1434-42.

29. Habib S. Highlights for management of a child with a urinary tract infection. Int J Pediatr.
2012;2012:943653. Epub 2012/08/14.

30. Ferrara P, Romaniello L, Vitelli O, Gatto A, Serva M, Cataldi L. Cranberry juice for the
prevention of recurrent urinary tract infections: A randomized controlled trial in children. Scand
J Urol Nephrol. 2009;43(5):369-72.

31. Afshar K, Stothers L, Scott H, MacNeily AE. Cranberry Juice for the Prevention of

Accepted Article

Pediatric Urinary Tract Infection: A Randomized Controlled Trial. Journal of Urology.

2012;188(4):1584-7.

This article is protected by copyright. All rights reserved.



32. Salo J, Uhari M, Helminen M, Korppi M, Nieminen T, Pokka T, et al. Cranberry Juice for
the Prevention of Recurrences of Urinary Tract Infections in Children: A Randomized Placebo-
Controlled Trial. Clinical Infectious Diseases. 2012;54(3):340-6.

33. Jepson RG, Craig JC. Cranberries for preventing urinary tract infections. Cochrane
Database Syst Rev. 2008(1):CD001321. Epub 2008/02/07.

34. Wang CH, Fang CC, Chen NC, Liu SS, Yu PH, Wu TY, et al. Cranberry-containing products
for prevention of urinary tract infections in susceptible populations: a systematic review and
meta-analysis of randomized controlled trials. Archives of Internal Medicine. 2012;172(13):988-
96. Epub 2012/07/11.

35. Luis A, Domingues F, Pereira L. Can Cranberries Contribute to Reduce the Incidence of
Urinary Tract Infections? A Systematic Review with Meta-Analysis and Trial Sequential Analysis
of Clinical Trials. J Urol. 2017. Epub 2017/03/16.

36. Jepson RG, Williams G, Craig JC. Cranberries for preventing urinary tract infections.
Cochrane Database Syst Rev. 2012;10:CD001321. Epub 2012/10/19.

37. Linsenmeyer TA, Harrison B, Oakley A, Kirshblum S, Stock JA, Millis SR. Evaluation of
cranberry supplement for reduction of urinary tract infections in individuals with neurogenic
bladders secondary to spinal cord injury. A prospective, double-blinded, placebo-controlled,
crossover study. J Spinal Cord Med. 2004;27(1):29-34. Epub 2004/05/26.

38. Waites KB, Canupp KC, Armstrong S, DeVivo MJ. Effect of cranberry extract on

Accepted Article

bacteriuria and pyuria in persons with neurogenic bladder secondary to spinal cord injury. J

Spinal Cord Med. 2004;27(1):35-40. Epub 2004/05/26.

This article is protected by copyright. All rights reserved.



Accepted Article

39, Guay DR. Cranberry and urinary tract infections. Drugs. 2009;69(7):775-807. Epub
2009/05/16.

40. Zheng W, Wang SY. Oxygen radical absorbing capacity of phenolics in blueberries,
cranberries, chokeberries, and lingonberries. J Agric Food Chem. 2003;51(2):502-9. Epub
2003/01/09.

41. Pappas E, Schaich KM. Phytochemicals of cranberries and cranberry products:
characterization, potential health effects, and processing stability. Crit Rev Food Sci Nutr.
2009;49(9):741-81. Epub 2010/05/06.

42, Neto CC. Cranberry and its phytochemicals: a review of in vitro anticancer studies. J
Nutr. 2007;137(1 Suppl):186S5-93S. Epub 2006/12/22.

43, Murphy BT, MacKinnon SL, Yan X, Hammond GB, Vaisberg AJ, Neto CC. Identification of
triterpene hydroxycinnamates with in vitro antitumor activity from whole cranberry fruit
(Vaccinium macrocarpon). J Agric Food Chem. 2003;51(12):3541-5. Epub 2003/05/29.

44, Yan X, Murphy BT, Hammond GB, Vinson JA, Neto CC. Antioxidant activities and
antitumor screening of extracts from cranberry fruit (Vaccinium macrocarpon). J Agric Food
Chem. 2002;50(21):5844-9. Epub 2002/10/03.

45, Neto CC. Cranberry and blueberry: evidence for protective effects against cancer and
vascular diseases. Mol Nutr Food Res. 2007;51(6):652-64. Epub 2007/05/30.

46. Weh KM, Clarke J, Kresty LA. Cranberries and Cancer: An Update of Preclinical Studies
Evaluating the Cancer Inhibitory Potential of Cranberry and Cranberry Derived Constituents.

Antioxidants. 2016;5(3).

This article is protected by copyright. All rights reserved.



47. Seeram NP, Adams LS, Zhang YJ, Lee R, Sand D, Scheuller HS, et al. Blackberry, black
raspberry, blueberry, cranberry, red raspberry, and strawberry extracts inhibit growth and
stimulate apoptosis of human cancer cells in vitro. J Agr Food Chem. 2006;54(25):9329-39.
48. Boivin D, Blanchette M, Barrette S, Moghrabi A, Beliveau R. Inhibition of cancer cell
proliferation and suppression of TNF-induced activation of NF kappa B by edible berry juice.
Anticancer Res. 2007;27(2):937-48.

49, Neto CC, Krueger CG, Lamoureaux TL, Kondo M, Vaisberg AJ, Hurta RAR, et al. MALDI-
TOF MS characterization of proanthocyanidins from cranberry fruit (Vaccinium macrocarpon)
that inhibit tumor cell growth and matrix metalloproteinase expression in vitro. J Sci Food Agr.
2006;86(1):18-25.

50. He XJ, Liu RH. Cranberry phytochemicals: Isolation, structure elucidation, and their
antiproliferative and antioxidant activities. J Agr Food Chem. 2006;54(19):7069-74.

51. Ferguson PJ, Kurowska E, Freeman DJ, Chambers AF, Koropatnick DJ. A flavonoid
fraction from cranberry extract inhibits proliferation of human tumor cell lines. J Nutr.
2004;134(6):1529-35.

52. Kondo M, MacKinnon SL, Craft CC, Matchett MD, Hurta RAR, Neto CC. Ursolic acid and
its esters: occurrence in cranberries and other Vaccinium fruit and effects on matrix
metalloproteinase activity in DU145 prostate tumor cells. J Sci Food Agr. 2011;91(5):789-96.

53. Seeram NP, Adams LS, Hardy ML, Heber D. Total cranberry extract versus its

Accepted Article

phytochemical constituents: Antiproliferative and synergistic effects against human tumor cell

lines. J Agr Food Chem. 2004;52(9):2512-7.

This article is protected by copyright. All rights reserved.



54, Weh KM, Howell AB, Kresty LA. Expression, Modulation, and Clinical Correlates of the

Autophagy Protein Beclin-1 in Esophageal Adenocarcinoma. Mol Carcinogen. 2016;55(11):1876-

00
U

55. Hochman N, Houri-Haddad Y, Koblinski J, Wahl L, Roniger M, Bar-Sinai A, et al. Cranberry
juice constituents impair lymphoma growth and augment the generation of antilymphoma
antibodies in syngeneic mice. Nutr Cancer. 2008;60(4):511-7.

56. Singh AP, Lange TS, Kim KK, Brard L, Horan T, Moore RG, et al. Purified cranberry
proanthocyanidines (PAC-1A) cause proapoptotic signaling, ROS generation, cyclophosphamide
retention and cytotoxicity in high-risk neuroblastoma cells. Int J Oncol. 2012;40(1):99-108.

57. Chatelain K, Phippen S, McCabe J, Teeters CA, O'Malley S, Kingsley K. Cranberry and
Grape Seed Extracts Inhibit the Proliferative Phenotype of Oral Squamous Cell Carcinomas.
Evid-Based Compl Alt. 2011:1-12.

58. Wang YF, Han A, Chen E, Singh RK, Chichester CO, Moore RG, et al. The cranberry
flavonoids PAC DP-9 and quercetin aglycone induce cytotoxicity and cell cycle arrest and
increase cisplatin sensitivity in ovarian cancer cells. Int J Oncol. 2015;46(5):1924-34.

59. Deprez S, Mila I, Huneau JF, Tome D, Scalbert A. Transport of proanthocyanidin dimer,
trimer, and polymer across monolayers of human intestinal epithelial Caco-2 cells. Antioxid
Redox Signal. 2001;3(6):957-67. Epub 2002/01/30.

60. Ou K, Percival SS, Zou T, Khoo C, Gu L. Transport of Cranberry A-Type Procyanidin

Accepted Article

Dimers, Trimers, and Tetramers across Monolayers of Human Intestinal Epithelial Caco-2 Cells. J

Agr Food Chem. 2012;60(6):1390-6.

This article is protected by copyright. All rights reserved.



Accepted Article

61. Blumberg JB, Basu A, Krueger CG, Lila MA, Neto CC, Novotny JA, et al. Impact of
Cranberries on Gut Microbiota and Cardiometabolic Health: Proceedings of the Cranberry
Health Research Conference 2015. Adv Nutr. 2016;7(4):759S-70S. Epub 2016/07/17.

62. Ruel G, Pomerleau S, Couture P, Lemieux S, Lamarche B, Couillard C. Favourable impact
of low-calorie cranberry juice consumption on plasma HDL-cholesterol concentrations in men.
BrJ Nutr. 2006;96(2):357-64. Epub 2006/08/23.

63. Ruel G, Pomerleau S, Couture P, Lemieux S, Lamarche B, Couillard C. Low-calorie
cranberry juice supplementation reduces plasma oxidized LDL and cell adhesion molecule
concentrations in men. Br J Nutr. 2008;99(2):352-9. Epub 2007/09/01.

64. Ruel G, Pomerleau S, Couture P, Lamarche B, Couillard C. Changes in plasma antioxidant
capacity and oxidized low-density lipoprotein levels in men after short-term cranberry juice
consumption. Metabolism-Clinical and Experimental. 2005;54(7):856-61. Epub 2005/07/01.

65. Flammer AJ, Martin EA, Gossl M, Widmer RJ, Lennon RJ, Sexton JA, et al. Polyphenol-rich
cranberry juice has a neutral effect on endothelial function but decreases the fraction of
osteocalcin-expressing endothelial progenitor cells. European Journal of Nutrition.
2013;52(1):289-96.

66. Dohadwala MM, Holbrook M, Hamburg NM, Shenouda SM, Chung WB, Titas M, et al.
Effects of cranberry juice consumption on vascular function in patients with coronary artery
disease. American Journal of Clinical Nutrition. 2011;93(5):934-40. Epub 2011/03/18.

67. Rodriguez-Mateos A, Feliciano RP, Boeres A, Weber T, Dos Santos CN, Ventura MR, et al.

Cranberry (poly)phenol metabolites correlate with improvements in vascular function: A

This article is protected by copyright. All rights reserved.



Accepted Article

double-blind, randomized, controlled, dose-response, crossover study. Mol Nutr Food Res.
2016;60(10):2130-40. Epub 2016/06/01.

68. Wilson T, Luebke JL, Morcomb EF, Carrell EJ, Leveranz MC, Kobs L, et al. Glycemic
responses to sweetened dried and raw cranberries in humans with type 2 diabetes. Journal of
Food Science. 2010;75(8):H218-23. Epub 2011/05/04.

69. Wilson T, Meyers SL, Singh AP, Limburg PJ, Vorsa N. Favorable glycemic response of type
2 diabetics to low-calorie cranberry juice. Journal of Food Science. 2008;73(9):H241-5. Epub
2008/11/22.

70. Torronen R, Sarkkinen E, Tapola N, Hautaniemi E, Kilpi K, Niskanen L. Berries modify the
postprandial plasma glucose response to sucrose in healthy subjects. Br J Nutr.
2010;103(8):1094-7. Epub 2009/11/26.

71. Chambers BK, Camire ME. Can cranberry supplementation benefit adults with type 2
diabetes? Diabetes Care. 2003;26(9):2695-6.

72. Madrigal-Carballo S, Rodriguez G, Sibaja M, Reed JD, Vila AO, Molina F. Chitosomes
loaded with cranberry proanthocyanidins attenuate the bacterial lipopolysaccharide-induced
expression of iNOS and COX-2 in raw 264.7 macrophages. J Liposome Res. 2009;19(3):189-96.
Epub 2009/08/22.

73. Kim MJ, Ohn J, Kim JH, Kwak HK. Effects of freeze-dried cranberry powder on serum
lipids and inflammatory markers in lipopolysaccharide treated rats fed an atherogenic diet. Nutr
Res Pract. 2011;5(5):404-11. Epub 2011/11/30.

74. Shmuely H, Ofek |, Weiss El, Rones Z, Houri-Haddad Y. Cranberry components for the

therapy of infectious disease. Curr Opin Biotechnol. 2012;23(2):148-52. Epub 2011/11/18.

This article is protected by copyright. All rights reserved.



75. Weiss El, Houri-Haddad Y, Greenbaum E, Hochman N, Ofek |, Zakay-Rones Z. Cranberry
juice constituents affect influenza virus adhesion and infectivity. Antiviral Res. 2005;66(1):9-12.
Epub 2005/03/23.

76. Feliciano RP, Krueger CG, Reed JD. Methods to determine effects of cranberry
proanthocyanidins on extraintestinal infections: Relevance for urinary tract health. Mol Nutr
Food Res. 2015;59(7):1292-306. Epub 2015/04/29.

77. Polak D, Naddaf R, Shapira L, Weiss El, Houri-Haddad Y. Protective potential of non-
dialyzable material fraction of cranberry juice on the virulence of P. gingivalis and F. nucleatum
mixed infection. J Periodontol. 2013;84(7):1019-25. Epub 2012/10/04.

78. Kim D, Hwang G, Liu Y, Wang Y, Singh AP, Vorsa N, et al. Cranberry Flavonoids Modulate
Cariogenic Properties of Mixed-Species Biofilm through Exopolysaccharides-Matrix Disruption.
PLoS One. 2015;10(12):e0145844. Epub 2015/12/30.

79. Everard A, Belzer C, Geurts L, Ouwerkerk JP, Druart C, Bindels LB, et al. Cross-talk
between Akkermansia muciniphila and intestinal epithelium controls diet-induced obesity.
Proceedings of the National Academy of Sciences of the United States of America.
2013;110(22):9066-71.

80. Xiao X, Kim J, Sun QC, Kim D, Park CS, Lu TS, et al. Preventive effects of cranberry
products on experimental colitis induced by dextran sulphate sodium in mice. Food Chem.

2015;167:438-46.

Accepted Article

81. Polewski MA, Krueger CG, Reed JD, Leyer G. Ability of cranberry proanthocyanidins in
combination with a probiotic formulation to inhibit in vitro invasion of gut epithelial cells by

extra-intestinal pathogenic E-coli. J Funct Foods. 2016;25:123-34.

This article is protected by copyright. All rights reserved.



Accepted Article

82. Foo LY, Lu YR, Howell AB, Vorsa N. A-type proanthocyanidin trimers from cranberry that
inhibit adherence of uropathogenic P-fimbriated Escherichia coli. Journal of Natural Products.
2000;63(9):1225-8.

83. Peron G, Pellizzaro A, Brun P, Schievano E, Mammi S, Sut S, et al. Antiadhesive Activity
and Metabolomics Analysis of Rat Urine after Cranberry (Vaccinium macrocarpon Aiton)
Administration. J Agric Food Chem. 2017;65(28):5657-67. Epub 2017/06/22.

84. Liu HY, Tayyari F, Edison AS, Su ZH, Gu LW. NMR-based metabolomics reveals urinary
metabolome modifications in female Sprague-Dawley rats by cranberry procyanidins. J Nutr
Biochem. 2016;34:136-45.

85. Liu H, Garrett TJ, Su Z, Khoo C, Gu L. UHPLC-Q-Orbitrap-HRMS-based global
metabolomics reveal metabolome modifications in plasma of young women after cranberry
juice consumption. J Nutr Biochem. 2017;45:67-76. Epub 2017/04/24.

86. Whiteside SA, Razvi H, Dave S, Reid G, Burton JP. The microbiome of the urinary tract--a

role beyond infection. Nat Rev Urol. 2015;12(2):81-90. Epub 2015/01/21.

This article is protected by copyright. All rights reserved.



UTIs: Scientists trying to

215t century
2000s

Cardiometabolic effects and
Intestinal health: Improved design of
cranberry intervention studies and
growing evidence showing cranberry
could maintain intestinal health

Folklore of cranberry’s validate it’s benefit on urinary

effect on urinary tract tract health with scientific

health evidence: clinical trials
1600s 1980s

Accepted Article

Cancer and Cardiovascular
diseases: Protection of cranberry
phytochemicals against cancer
and vascular diseases drawing
researchers’ attention

This article is protected by copyright. All rights reserved.

2010s

Figure 1. Timeline of cranberry research

v





