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ABSTRACT: Cranberry (Vaccinium macrocarpon) is known to have a beneficial effect on several aspects of human health.
Proanthocyanidins (PACs), the most abundant flavonoids extracted from red cranberry fruits, have been reported to possess
antimicrobial, antiadhesion, antioxidant, and anti-inflammatory properties. Recent in vitro studies have shown that cranberry PACs
may be potential therapeutic agents for the prevention and management of periodontitis, an inflammatory disease of bacterial origin
affecting tooth-supporting tissues. After presenting an overview of cranberry phytochemicals and their potential for human health
benefits, this review will focus on the effects of cranberry PACs on connective tissue breakdown and alveolar bone destruction, as
well as their potential for controlling periodontal diseases. Possiblemechanisms of action of cranberry PACs include the inhibition of
(i) bacterial and host-derived proteolytic enzymes, (ii) host inflammatory response, and (iii) osteoclast differentiation and activity.
Given that cranberry PACs have shown interesting properties in in vitro studies, clinical trials are warranted to better evaluate the
potential of these molecules for controlling periodontal diseases.
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’ INTRODUCTION

The American cranberry (Vaccinium macrocarpon Ait.
Ericaceae) is widely consumed in the forms of juice, fresh fruits,
dry fruits, and encapsulated powders. Phytochemicals in red
cranberry fruit have been reported to exert various biological
effects that are beneficial to human health. The efficacy of
cranberry in the prevention of urinary tract infections has
attracted a great deal of attention.1,2 In recent years, investigators
have brought evidence that cranberry phytochemicals may be of
benefit in lowering risk factors and preventing certain types of
cancers,3 cardiovascular diseases,4 neurological disorders,5 and
infectious diseases.5 However, in most cases, there is little clinical
evidence to support these findings. Although cranberry products
are considered to be nontoxic and safe for humans,6 concern has
been expressed that cranberry components may interfere or
interact with drugs. For example, it has been reported that
cranberry juice may interfere with the anticoagulation properties
of warfarin.7 However, the jury is still out on whether cranberry
juice affects warfarin therapy: normal serving size of cranberry
juice drinks has been shown to be safe and does not affect the
metabolism of warfarin,8�10 and recent clinical trials have shown
that consuming large amounts of cranberry juice does not alter
the pharmacodynamics of warfarin.11,12

Cranberry proanthocyanidins (PACs) have shown promise
for treating oral infections, especially dental caries. Cranberry
PACs can inhibit the production of organic acids and the
formation of biofilms by cariogenic bacteria.13 Cranberry PACs
may also be beneficial for periodontal health.13 Periodontitis is a
group of inflammatory conditions of infective etiology that lead
to loss of tooth support. These diseases affect a large proportion
of the population and may have systemic consequences.14 Whereas
bacteria are the primary factor in the etiology of periodontitis, an
uncontrolled host immune response can lead to soft tissue
destruction and alveolar bone resorption.14 This review will

present evidence to support the theory that cranberry PACs may
be of value in the prevention and management of periodontitis.

’ORIGIN AND PHYTOCHEMICAL COMPOSITION OF
CRANBERRY

Cranberry plants are a group of evergreen dwarf shrubs or
trailing vines that usually grow in the cooler regions of the
northern hemisphere. Four species of cranberry have been
described: Vaccinium oxycoccos (common cranberry or northern
cranberry), Vaccinium microcarpum (small cranberry), Vaccinium
erythrocarpum (southern mountain cranberry), and Vaccinium
macrocarpon (large cranberry, American cranberry, or bearberry).
This review will focus on V. macrocarpon, which has received the
most attention in terms of its beneficial effects on human health.

The red cranberry fruit is pulpy and sour and is a rich source of
various classes of potentially bioactive phenolic compounds.5

Table 1 summarizes the major classes of phytochemicals in
cranberry fruit and with which beneficial effects have been
associated. Flavonoids, which are based on two parent structures
(coumarin and chromone), are the most prominent phytochem-
icals in cranberry fruit. Three major classes of flavonoids have
been identified in cranberry fruit: anthocyanins, flavonols, and
flavan-3-ols.5 Themain cranberry anthocyanins, which are bound
to different sugar moieties, are cyanidin, delphinidin, malvidin,
perlagonidin, petunidin, and peonidin. Cranberry fruit is a major
source of flavonols (kaempferol, myricetin, and quercetin),
which are concentrated in the cortex. Flavonols are glycosylated,
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with quercetin glycosides being the most common. Flavan-3-ols
occur as aglycons of catechin, epicatechin, epigallocatechin, and
epigallocatechin gallate. Cranberry contains flavan-3-ol mono-
mers, oligomers, and polymers. The latter are also referred to as
condensed nonhydrolyzable tannins or PACs. According to the
USDA database,15 PACs comprise many of the major flavonoids
in cranberry.

PACs were discovered in the late 1940s by French researcher
Jacques Masquelier, who assigned them the name “vitamin P”
from Rusznyak, suggesting that plant flavonoids were vitamins.16,17

PACs are widely distributed in the plant kingdom, especially in
fruits, berries, nuts, seeds, trees, flowers, tubers, leaves, and
vegetables.18 The structural properties of PACs determine their
bioactivity. Polyphenolic structures are responsible for the anti-
oxidant properties, whereas neighboring hydroxyl groups are
involved in metal binding. An important property of PACs is
their ability to precipitate polypeptides and proteins, especially
those with a high proline content.19 PACs are flavan-3-ol
polymers typically composed of 2�50 subunits. The subunits
(catechin, epicatechin, epigallocatechin, epigallocatechin gallate)
are most often linked via a single bond between C4 and C8 or C6
(B-type). B-type polymers are found in common food sources
such as grapes and chocolate.18 A-type polymers are less com-
mon (Figure 1) and possess at least one intermolecular bond
between O7 and C2 in addition to the carbon�carbon bond.
PACs isolated from cranberry are mainly composed of epicate-
chin subunits with at least one A-type bond.20 It has been
suggested that these A-type bonds are important for the anti-
bacterial adhesion activity of PACs.20

’OVERVIEW OF THE HEALTH BENEFITS OF
CRANBERRY

Cranberry has received considerable attention for its putative
human health benefits. Cranberry extracts as well as purified
compounds may have potential for use as preventive/therapeutic
agents regarding various human disorders. However, in most
cases, there is little clinical evidence to support these findings.
Cancer.Cranberry phytochemicals may have anticancer prop-

erties based on their capacity to inhibit tumor cell growth. Seven
flavonol glycosides (myricetin 3-α-arabinofuranoside, quercetin
3-xyloside, 3-methoxyquercetin 3-β-galactoside, 3-β-galactoside,
quercetin 3-β-galactoside, quercetin 3-α-arabinofuranoside, and
quercetin 3-α-rhamnopyranoside) isolated from whole fruit of

cranberry were shown to exhibit radical-scavenging activity.21

Possible mechanisms of action include the induction of apoptosis
in cancer cells, the reduction of invasion and metastasis by the
inhibition of matrix metalloproteinase (MMP) expression and
activity, and the inhibition of angiogenesis and inflammatory
processes.3,22 Flavonoids such as anthocyanins, flavonols, and
proanthocyanidins; substituted cinnamic acids and stilbenes; and
triterpenoids such as ursolic acid and its esters could contribute
to these protective effects.22 PAC-enriched and flavonol-en-
riched cranberry fractions have been reported to induce apop-
tosis in human prostate adenocarcinoma cells by the activation of
caspases.23

Cardiovascular Diseases. A growing body of evidence sug-
gests that cranberry flavonoids may decrease the risk of cardio-
vascular diseases by increasing the resistance of low-density
lipoproteins (LDL) to oxidation, inhibiting platelet aggregation,
reducing blood pressure, and inhibiting thrombosis and
inflammation.4,24 In addition, a clinical study showed that daily
cranberry juice cocktail consumption is associated with an
increase in plasma high-density lipoprotein (HDL)-cholesterol
concentrations in abdominally obese men.25

Neurological Disorders. Cranberry may be of interest for
treating neurological disorders such as Alzheimer’s disease.5 For
example, a cranberry extract has been found to reduce a Ca2+

homeostasis deficit in dopamine- and amyloid-β-treated Alzhei-
mer’s disease model cells26 and to enhance neural function,
neuroprotective responses, and some motor functions in aged
rats.27 However, no clinical trials have been performed to confirm
the neuroprotective effects of cranberry in humans.
Viral Infections. Several studies have investigated cranberry

PACs as an alternative to currently available antiviral therapies,
which are costly and only partially effective. Cranberry juice
cocktail prevents the replication in monkey kidney host cells of
simian rotavirus, the most common cause of diarrhea,28 whereas
high molecular weight nondialyzable material of cranberry juice
completely inhibits hemagglutination.29 In addition, Weiss et al.
demonstrated that a PAC-rich cranberry fraction prevents the

Table 1. Major Classes of Phytochemicals in Cranberry Fruit
with Potential Beneficial Effects on Human Health

phytochemical class examples

flavonoids

anthocyanins cyanidin, delphinidin, malvidin,

peonidin, perlagonidin, petunidina

flavonols myricetin, quercetin, kaempferola

flavan-3-ols

monomers catechin, epicatechin, epigallocatechin,

epigallocatechin gallate

polymers (tannins) proanthocyanidin A2

phenolic acids benzoic acid, ellagic acid,

hydroxycinnamic acid

stilbenes resveratrol
a Linked to a sugar moiety.

Figure 1. Structure of cranberry proanthocyanidins with A-linkage.
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adhesion of influenza virus to red blood cells by reacting with the
viral hemagglutinin.30 However, the antiviral activity of cranberry
products and extracts in vivo has not been studied.
Bacterial Infections. Cranberry contains molecules that may

contribute to the prevention of a number of bacterial infections,
including urinary tract infections, gastric ulcers, and oral diseases.
Urinary tract infections usually occur in the bladder (cystitis),
renal parenchyma (pyelonephritis), or prostate (acute or chronic
bacterial prostatitis).2 Escherichia coli is considered to be a major
etiologic agent of such infections.2 The effect on urinary tract
infections is certainly the best-known and most extensively
documented health benefit of A-type cranberry PACs.1,2 Several
groups have reported that these compounds inhibit the adher-
ence of P-fimbriated E. coli in in vitro models.20,31,32

Ulcers associated with Helicobacter pylori infections, which
may lead to the onset of various gastric-related diseases, are a
major problem in many parts of the world. Like uropathogenic
E. coli, H. pylori can attach to various host surfaces via adhesins
expressed on its surface. Once attached to the underlayer of
epithelial cells, H. pylori can cause gastritis and promote the
development of cancer. A PAC-rich cranberry fraction has been
shown to inhibit the adherence of H. pylori to gastric mucus and
epithelial cells, indicating that cranberry PACs may be able to
prevent H. pylori infections.33,34

Dental caries is a multifactorial disease caused by specific acid-
producing bacteria that are embedded in dental plaque biofilm
and that ferment dietary carbohydrates such as sucrose.35 When
the pH at the surface of the tooth drops below 5.5, enamel
demineralization occurs, resulting in tooth decay. Mutans strep-
tococci such as Streptococcus mutans are considered to be the
principal etiological agents of dental caries due to their aciduric,
acidogenic, and adhesion properties.35 PAC-containing cranber-
ry fractions have been extensively investigated for their effect on
the formation, persistence, and development of dental biofilm.
The ability of cranberry PACs to prevent the sucrose-dependent
biofilm formation has been attributed to their ability to inhibit
the activity and production of fructosyltransferase (FTF) and
glucosyltransferase (GTF), which are involved in the produc-
tion of exopolysaccharides by S. mutans.36 In addition, inhibi-
tion of the non-sucrose-dependent biofilm formation has been
attributed to the ability of cranberry PACs to prevent bacterial
coaggregation,37 reduce bacterial hydrophobicity,38 and alter
cell surface molecules (M. Feldman, unpublished data). There
is little in vivo evidence of a beneficial effect of cranberry PACs on
dental caries. A preliminary human trial showed that the daily use
(6 weeks) of cranberry-containing mouthwash reduces mutans
streptococcal counts in saliva.39 Cranberry PACs have also given
promising results for the prevention and management of period-
ontal diseases. These findings will be discussed in detail in
subsequent sections.

’PERIODONTAL DISEASES

Periodontal diseases, which include gingivitis and period-
ontitis, are multifactorial chronic infections involving a specific
group of Gram-negative anaerobic bacteria that interact with host
immune cells. Gingivitis is the mildest form of periodontal
disease, which manifests as red, swollen, and easily bleeding
gingiva (gum). Gingivitis affects 50�90% of adults worldwide. In
the United States, approximately 82% of adolescents suffer from
gingivitis and gingival bleeding.40 Although the prevalence of
periodontitis is lower, 22% of American adults show signs of mild

disease, whereas 13% suffer from moderate or severe forms of
periodontitis. The disease is more frequent in men than women
and in African- and Mexican-Americans than in Caucasians.41

Smoking, diabetes, heredity, neutrophil dysfunction, and poor
oral hygiene are significant risk factors for periodontitis.42

Two major etiological factors are involved in the pathogenesis
of periodontitis. The first is microbial, notably the accumu-
lation of periodontopathogenic bacteria in subgingival areas,
where the toxins and proteinases produce damage to periodontal
tissues.43,44 Porphyromonas gingivalis, Tannerella forsythia, and
Treponema denticola are associated with the chronic form of
periodontitis, whereas Aggregatibacter actinomycetemcomitans is
strongly associated with the aggressive form.45 The second factor
is the host response to periodontopathogens, notably the over-
production by resident and immune cells of inflammatory
mediators (pro-inflammatory cytokines and prostanoids) and
MMPs, which can modulate the progression and severity of
periodontitis.46,47

Gingivitis can be reversed by dental treatments and adequate
oral hygiene to remove plaque and calculus. If left untreated,
gingivitis can progress to periodontitis, which is characterized by
the formation of periodontal pockets and the destruction of
tooth-supporting tissues, including connective tissue and adja-
cent alveolar bone. As the disease progresses, the pockets deepen
and more gingival tissue and bone are destroyed, eventually
leading to tooth loss.48 Mechanical, chemical, and surgical
methods are used to treat periodontal diseases. Nonsurgical
conventional scaling and root-planing procedures to remove
dental plaque and calculus combined with appropriate oral
hygiene can help reduce tissue inflammation and pocket depth
and improve clinical periodontal attachment.49,50 Local and
systemic antibiotics, anti-inflammatory drugs, and sub-anti-
microbial low-dose doxycycline are also used to treat
periodontitis.51,52 In severe cases, periodontal surgery is
required to provide access for the debridement of residual
dental calculus and plaque, reduce the depth of periodontal
pockets, and stimulate the regeneration of lost tissues by
grafting with biomaterials.14

Recent studies have shown that there is an association
between periodontal diseases and a variety of systemic complica-
tions. A systematic review and meta-analysis of seven cohort
studies concluded that periodontal diseases are risk factors or
markers for coronary heart disease (CHD).53 This review
estimated that there is a 24�35% increase in the risk of CHD
in periodontal patients.53 The relationship is bidirectional in
regard to periodontal diseases and diabetes. Controlling period-
ontal diseases can help control glycemia in patients with type 2
diabetes, and improving glycemic control can contribute to a
better control of periodontal diseases.54 Bacteria colonizing
the oral cavity can also have an impact on the initiation and
progression of lung infections such as pneumonia and chronic
obstructive pulmonary disease, particularly in hospital and
nursing home patients.55 On the basis of a systematic review,
better oral hygiene and periodontal treatments using mechan-
ical and/or topical chemical disinfection and antibiotics can
reduce the incidence of nosocomial pneumonia up to 40%.56

There may also be a correlation between periodontal diseases
and the risk of preterm birth, low birth weight, and pre-
eclampsia.14 Repeated exposures to bacteremias and increases
in inflammatory mediators during periodontal disease may
trigger an inflammatory cascade in the uterus, leading to these
complications.57
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’BACTERIA-MEDIATED PERIODONTAL CONNECTIVE
TISSUE DESTRUCTION: TARGET 1 FOR CRANBERRY
PROANTHOCYANIDINS

Bacterial attachment to host tissues is the first step toward
tissue destruction. Our laboratory recently showed that cranber-
ry PACs inhibit P. gingivalis adherence to human oral epithelial
cells and Matrigel-coated surfaces.58 We also showed that,
although cranberry PACs do not interfere with the growth of
P. gingivalis, they reduce bacterial biofilm formation, collagenase
activity, and invasion.58 The inhibitory effect on invasion of a
basement membrane model is likely related to the anti-protei-
nase activity of the cranberry PACs since P. gingivalis proteinases
may contribute to the penetration of this bacterium into the
periodontium.59 Bodet et al. demonstrated that a cranberry
fraction rich in PACs dose-dependently inhibits the gingipain
(both Arg- and Lys-gingipain) and dipeptidyl peptidase IV
activities of P. gingivalis, the trypsin-like activity of T. forsythia,
and the chymotrypsin-like activity of T. denticola.60 It also blocks
the ability of P. gingivalis to degrade native proteins, including
type I collagen and transferrin.60 This study suggested that this
PAC-rich fraction has the potential to reduce the multiplication
of P. gingivalis, T. forsythia, and T. denticola in periodontal
pockets, because their growth relies on the availability of amino
acids and peptides. The same fraction may also reduce the tissue
destruction mediated by proteinases through its inhibitory effect
on P. gingivalis gingipains and T. denticola chymotrypsin-like
activities.58,61 The toxicity of several periodontopathogen cell
components toward epithelial cells may also contribute to the
destruction of periodontal tissues. A PAC-rich cranberry fraction
was shown to protect human oral epithelial cells from the
cytotoxic effect of Peptostreptotoccus micros cell wall com-
ponents.62 In summary, cranberry PACs can help prevent con-
nective tissue destruction in the periodontium by inhibiting
periodontopathogen attachment and invasion and by neutraliz-
ing periodontopathogen proteinases and cytotoxicity.

’HOST-MEDIATED PERIODONTAL CONNECTIVE
TISSUE DESTRUCTION: TARGET 2 FOR CRANBERRY
PROANTHOCYANIDINS

MMPs are proteolytic enzymes released by major cell types
found in the periodontium, including fibroblasts, neutrophils,
and macrophages.63 They are synthesized as latent proenzymes
and are usually activated extracellularly or at the cell surface by
tissue, plasma, and bacterial proteinases.64 The enzymatic activity
of MMPs is controlled by endogenous and specific tissue
inhibitors called tissue inhibitor of matrix metalloproteinases
(TIMPs).65 Under normal circumstances, MMPs play a role in
wound healing, angiogenesis, and gingival tissue remodeling.66

However, when host cells are threatened by periodontal patho-
gens and their products such as lipopolysaccharides (LPS),MMP
production increases dramatically, which disturbs the equilibri-
um between MMPs and TIMPs, leading to a high MMP/TIMP
ratio. For example, P. gingivalis LPS is a relatively potent inducer
of MMP-9 production by dendritic cells and a weak inducer of
TIMP-1, its specific inhibitor.67 MMPs are found in pathologi-
cally high levels in the gingival crevicular fluid and gingival tissue
of periodontitis patients, leading to the suggestion that they may
be used as markers of periodontal tissue destruction.68 Because
these enzymes have the capacity to degrade most components of
the extracellular matrix (ECM), overexpression of MMPs leads
to the destruction of periodontal tissues by the degradation of

periodontal ligaments, the loss of gingival collagen, and the
resorption of alveolar bone.69 The inhibition of MMP pro-
duction and activity may thus be an effective approach for treat-
ing periodontitis and other MMP-mediated diseases such as
arthritis.70 Interestingly, doxycycline, a well-documented MMP
inhibitor, significantly improves periodontal healing when used
as an adjunctive treatment to conventional scaling and root
planning.52 Some polyphenolic compounds have also been
proposed as potential adjunctive treatments for inflammatory
diseases due to their ability to inhibit MMP production and
activity.71 A PAC-enriched fraction prepared from cranberry
juice inhibited both MMP-3 and MMP-9 production by gingival
fibroblasts and macrophages stimulated with periodontopatho-
gen LPS, whereas the same fraction inhibited MMP-3, MMP-9,
and elastase activities, even at the low concentration tested
(10 μg/mL).72 Cranberry PACs have been shown to inhibit
MMP-1, -3, -7, -8, -9, and -13 production by LPS-stimulated
macrophages.73 They are also effective in reducing the collagen
and gelatin degradation activity of recombinant MMP-1 and
MMP-9, respectively.73 A recent study by our group showed that
cranberry PACs inhibit the catalytic activity of P. gingivalis
proteases,58 which participate in MMP activation.43 PACs also
inhibit the phosphorylation of major macrophage intracellular
signaling proteins induced by A. actinomycetemcomitans LPS,
possibly by the inactivation of activator protein-1 (AP-1), which
in turn reduces MMP production.73 In addition, cranberry PACs
inhibit the DNA-binding activity of NF-kB p65, another pathway
involved in MMP production.73

Extracellular matrix metalloproteinase inducer (EMMPRIN)
is a transmembrane glycoprotein expressed by various cell
types.74 P. gingivalis can induce the shedding of EMMPRIN from
oral epithelial cells, which in turn can stimulate host cells to
secrete MMPs.75 Pretreating oral epithelial cells with cranberry
PACs significantly reduces EMMPRIN shedding induced by P.
gingivalis in a dose-dependent manner (M. Feldman and D.
Grenier, unpublished data). This may contribute to reduce tissue
destruction.

Macrophages and monocytes, which are found in higher
numbers in active periodontal sites than in inactive sites,76 play
a crucial role in the host inflammatory response to periodontal
pathogens.77 The continuous high secretion of cytokines and
chemokines such as interleukin-1β (IL-1β), interleukin-6 (IL-6),
interleukin-8 (IL-8), and tumor necrosis factor-α (TNF-α) by
host cells under inflammatory conditions modulates periodontal
tissue destruction.47 For example, IL-1 and TNF-α induce MMP
release by gingival fibroblasts and periodontal ligament cells.78,79

IL-1 also stimulates plasminogen activator, resulting in the
production of plasmin, which in turn activates MMP production,
thus aggravating periodontal tissue inflammation.80 Previous
studies have suggested that specific cytokines such as IL-1β be
used as markers of the progression and severity of periodontal
disease, as well as indicators of treatment outcomes.81 Local
inhibition of these pro-inflammatory mediators may be an
interesting approach for controlling and reducing periodontal
tissue and bone loss in periodontal diseases. A PAC-rich fraction
from cranberry potently inhibits the secretion of IL-1β, IL-6, and
TNF-α by macrophages stimulated with LPS from various
periodontopathogens, including A. actinomycetemcomitans, Fuso-
bacterium nucleatum, P. gingivalis, T. denticola, and T. forsythia.82

This fraction also inhibits the secretion of IL-8 and chemokine
(C�Cmotif) ligand 5 (CCL5), which play a role in directing the
migration of neutrophils and monocytes to inflammation
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sites.82,83 In addition to their main function as collagen-produ-
cing cells, gingival fibroblasts, the main cell population of oral
connective tissues, play an active role in modulating the inflam-
matory response.84 In the presence of periodontopathogens,
they can produce a wide variety of pro-inflammatorymediators.85

A PAC-rich fraction from cranberry significantly reduces the
secretion of IL-6, IL-8, and prostaglandin E2 (PGE2) by human
gingival fibroblasts in response to A. actinomycetemcomitans LPS.
Cyclooxygenase-2 expression by fibroblasts is also significantly
reduced.86

’ALVEOLAR BONE DESTRUCTION: TARGET 3 FOR
CRANBERRY PROANTHOCYANIDINS

Bone resorption is the result of degradation of organic and
inorganic phases controlled by mature osteoclasts. Receptor
activator of nuclear factor kappa-B ligand (RANKL) and macro-
phage colony-stimulating factor (M-CSF) stimulate the produc-
tion of preosteoclasts from hematopoietic monocyte/macro-
phage precursors.87 Once activated, resorptive osteoclasts pro-
mote the dissolution of the inorganic phase of bone, exposing the
organic matrix. Demineralization occurs by the acidification of
the osteoclast extracellular microenvironment, which mobilizes
bone minerals. The exposed organic component is then de-
graded by proteases such as cathepsin K and MMPs.87

The loss of alveolar bone is a typical hallmark of periodontitis.
Gram-negative anaerobic bacteria in dental plaque can stimulate
a host immune response, which in turn can lead to a destructive
inflammatory process.88 The production and release of pro-
inflammatory mediators (cytokines and chemokines) propagate
the inflammation throughout gingival tissues and then to the
adjacent alveolar bone.77,89 The accumulation of inflammatory
cytokines enhances osteoclastogenesis by either stimulating
osteoclast proliferation or promoting the differentiation and
maturation of progenitor cells.90,91

The recognition that periodontitis involves an inflammatory
component in addition to an alteration in bone metabolism has
provided a new perspective on the management of the
disease.89 It has been suggested that bone loss due to period-
ontal diseases can be controlled by targeting the modulation of
osteoclast function91 and that this should serve as one of the
therapeutic goals in preventing the progression of periodontal
diseases. It was with this in mind that the potential of cranberry
PACs to interfere with osteoclast maturation and function was
assessed. Although cranberry PACs are not cytotoxic to osteo-
clast cells, they are capable of inhibiting their differentiation
into bone-resorbing cells as well as decreasing MMP secretion,
chemokine production, and bone resorption.92 These observa-
tions provide support for the notion that cranberry PACs have
potential as therapeutic agents for controlling the bone resorp-
tion process. Cranberry PACs are able to inhibit the maturation
process of preosteoclastic cells, even in the presence of osteo-
clastogenesis mediators, suggesting that PACs may directly or
indirectly interfere with thosemediators involved in the process of
osteoclastogenesis.92 The impact of cranberry PACs on MMP
production by osteoclasts is vital for inhibiting the resorption of
the collagen-rich bone organic matrix,92 which is susceptible to
degradation by osteoclast-secreted proteases once the mineral
scaffold has been dissolved. A significant decrease in production
of helical peptide levels, a type I collagen byproduct released during
bone degradation, has also been observed whenmature osteoclastic
cells in a human bone plate culturemodel are treated with cranberry

PACs, which provides further evidence of the potential of these
flavonoids to inhibit bone resorption.92

A comprehensive review of nutritional and physiological
studies on polyphenols (the wider family of plant metabolites
that contains the proanthocyanidins subtype) provided evi-
dence of the ability of these compounds to interact with well-
known osteoblast and osteoclast-related transcription factors
such as Runx2, Osterix, AP-1, and NF-kB, and possibly with all
bone morphogenetic proteins (BMP)-activated signaling
pathways.93 By interfering with these transcription factors,
polyphenols and their derivatives may play a role in regulating
osteoclastogenesis and bone formation. The intake of dietary
flavonoids (a polyphenol subgroup that includes PACs) has
also been shown to improve bone health, which confirms the
positive relationship of these phytochemicals with bone
physiology.94

Our research team is currently investigating the effects of
cranberry PACs on osteoblasts and osteoblast bone-forming
activity. We have observed an increase in the mineralization
capacity of osteoblasts in the presence of cranberry PACs
(unpublished data). A detailed investigation of the effects of
PACs on osteoclasts and osteoblasts will lead to a better under-
standing of the mechanisms by which these plant metabolites
interfere with bone homeostasis and how they can be used as
preventive/therapeutic agents.

’CONCLUSIONS

Biologically active compounds with the potential to modulate
bacterial virulence and host responses are coming under con-
siderable scrutiny because they have potential as new therapeutic
agents for managing periodontal infections. Cranberry PACs are
promising candidates for the development of such therapies due
to their ability to inhibit periodontopathogen virulence factors
and MMPs and to modulate the activities of the cells making up
the periodontium. However, additional studies are required to
identify the exact mechanisms by which PACs exert their
beneficial properties.

It is unlikely that the consumption of cranberry juice on its
own can benefit oral health given the short contact time between
the oral surfaces (the teeth and gingiva) and the cranberry PACs.
In addition, the sugar added to cranberry drinks and the acidity of
these beverages may have a counterproductive effect by con-
tributing to the demineralization of tooth enamel. It would be
more appropriate to add purified PACs to oral hygiene products,
which could then be tested for their potential for preventing oral
diseases. These bioactive substances could also be applied locally
to diseased periodontal sites by irrigation or by insertion of a
resorbable fiber to modulate host responses by inhibiting the
enzymes that destroy the ECM, reducing inflammation, and
attenuating the virulence of the periodontopathogens. The use of
cranberry PACs could eventually reduce the need for antibiotics
and help prevent the development of bacterial resistance.
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