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As a clinician treating musculoskeletal conditions, one is continually in search of safe and more
effective treatment methods that will hasten tissue healing. Chronic inflammation has been shown
to cause connective tissue degradation. Typically, nonsteroidal anti-inflammatory drugs (NSAIDs)
and/or corticosteroids are used to control the inflammatory process, however, long-term use has
been associated with potentially serious side effects. The purpose of this article is to introduce and
describe literature on 2 natural compounds, namely, proanthocyanidin (PCO) and quercetin,
which are 2 specific types of bioflavonoids, and to discuss their potential benefits in treating
musculoskeletal conditions. There is evidence to suggest that flavonoids may be beneficial to
connective tissue for several reasons, which include the limiting of inflammation and associated
tissue degradation, the improvement of local circulation, as well as the promoting of a strong
collagen matrix. An overview of bioflavonoids as well as relevant research, safety issues,
absorption, and specific sources of PCO and quercetin in foods and through supplementation is
included. J Orthop Sports Phys Ther 2002;32:357–363.
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Clinicians who treat musculoskeletal injuries and dysfunction
often deal with chronic or recalcitrant problems that may
not respond readily to traditional methods of treatment. In
addition to exercise, manual techniques and various mo-
dalities, many clinicians have also considered nutrition and

dietary supplements to assist in promoting tissue healing. Despite the
increasing interest in nutrition and the use of nutritional supplements,
to date, there is a relative paucity of information or research pertaining
to nutrition or supplements found in the orthopedic, sports or physical
medicine literature.

The purpose of this paper is to introduce and review research per-
taining to 2 natural plant compounds, namely, proanthocyanidins
(PCO) and quercetin, and to discuss their potential benefits to connec-
tive tissue. These benefits may include limiting inflammation and associ-
ated tissue degradation, improving local circulation, as well as promot-
ing a stronger collagen matrix.

BACKGROUND

Proanthocyanidins and quercetin are types of bioflavonoids.
Bioflavonoids are ubiquitous, naturally occurring compounds present in

most plants and are responsible
for the bright colors of many
fruits and vegetables, as well as
the autumn foliage. They were
discovered in 1937 by Hungarian
biochemist Albert Szent-Gyorgyi,
who won a Nobel prize for his
research on bioflavonoids and vita-
min C. Approximately 4000
flavonoid compounds have been
identified. Common groups in-
clude procyanidolic oligomers,
flavones, flavonols (including
quercetin), and isoflavones.

Proanthocyanidins, also known
as PCO for procyanidolic
oligomers, have been shown to
possess many health benefits. Par-
ticular attention has been given to
their ability to reduce cardiovascu-
lar disease. A 1979 Lancet publica-
tion described the so-called
‘‘French paradox,’’ which referred
to the fact that despite a higher
intake of saturated fat, French
people had a lower incidence of
cardiovascular disease compared
to other countries with similar di-
etary habits.45

This was attributed, in part, to
the higher consumption of red
wine, which contains the
bioflavonoid PCO. This conclusion
is further supported in more re-
cent studies by Hertog et al13,15

that have found an inverse
correlation between the amount
of flavonoid intake and heart
disease.
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Inflammation and Tissue Degradation

Inflammation is a normal biological process and
the primary means by which tissue healing is initi-
ated and infection is limited in the human body.
However, chronic inflammation has been shown to
cause connective tissue degradation. This occurs
through 2 primary mechanisms: (1) proteolytic en-
zymes and (2) oxygen-free radicals such as
superoxide ion (O2), singlet, and hydroxyl radi-
cals.4,8,9

Proteolytic enzymes including elastase, collagenase,
and hyaluronidase are involved in the inflammatory
process and are associated with the presence of
polymorphonuclear leukocytes (PMNs) and macroph-
ages. They have been shown to be more prevalent in
tissue with chronic conditions and to cause degrada-
tion of collagen, elastin, and hyaluronic acid.29

Superoxide radicals have also been demonstrated
to have adverse effects on connective tissue elements.
They are produced from polymorphonuclear
leukocytes during phagocytosis. Superoxide radicals
have been shown to have a direct degradative action
on proteoglycans including hyaluronic acid.33 They
also impede the normal gelation of collagen.9

Superoxide radicals have been implicated as a con-
tributing factor in connective tissue and cartilage de-
generation in inflammatory and arthritic conditions.
This may occur, in part, due to a change in synovial
fluid viscosity.8

Nonsteroidal Anti-inflammatory Drugs (NSAIDs) and
Corticosteroids

Inflammation and its associated pain are com-
monly treated with NSAIDs, which are believed to
work mainly by inhibiting the enzyme
cyclooxygenase.

This enzyme, along with phospholipase A2, and
lipoxygenase, are responsible for converting
arachidonic acid into various prostaglandins and
thromboxanes that promote the inflammatory pro-
cess and sensitize peripheral pain receptors.1

Corticosteroids are also frequently used to inhibit
inflammation. They also inhibit prostaglandin pro-
duction. Their primary mode of action is believed to
be through blocking the enzyme phospholipase A2.

Many side effects have been reported with the use
of both NSAIDs and corticosteroids. The primary
side effects associated with NSAID use are related to
the gastrointestinal (GI) tract. These include pain,
nausea, constipation, diarrhea, hemorrhage, and per-
forated ulcers. Peptic ulceration has been reported
to occur in 5% to 25% of patients using NSAIDs.44

Renal complications have been reported in 5% of
patients receiving NSAID therapy.49 There is also
some evidence to suggest that NSAIDs may interfere
with the metabolism of articular cartilage and repair
of bone.42

The second generation of NSAIDs, including
Celebrex (celecoxib) and Vioxx (rofecoxib), which
became available in 1999, may reduce the incidence
of gastrointestinal complications by selectively inhibit-
ing cyclooxygenase-2 (COX–2), and sparing the
cyclooxygenase-1 enzyme. Long-term studies, how-
ever, are still not available.

Side effects associated with the use of
corticosteroids are similar to NSAIDs in relation to
GI symptoms and complications. Long-term use may
also cause osteoporosis, avascular necrosis, adrenal
insufficiency, predisposition to infection, and the on-
set of diabetes mellitus.1 Corticosteroids also de-
crease the synthesis of collagen and proteoglycan
found in connective tissue.

RESEARCH ON FLAVONOIDS

PCOs have been shown to be effective as free radi-
cal scavengers and overall antioxidants.2,4,7,29,35,37,39

These compounds bind to heavy metal ions, which
are known to lead to the formation of free radicals.
They also inhibit the formation of various oxygen
free radicals. Maffei et al29 reported that PCOs were
able to noncompetitively inhibit xanthine oxidase,
the promoter of superoxide formation.

In addition, Maffei et al29 demonstrated that PCOs
could significantly inhibit the activity of the
proteolytic enzymes collagenase, elastase,
hyaluronidase, and �-glucuronidase. These enzymes,
as previously mentioned, are directly involved in the
turnover of the main structural components of con-
nective tissue including collagen, elastin, and
hyaluronic acid.

A study by Tixier et al46 also found PCOs to have
a protective or sparing effect on connective tissue.
They found PCOs were able to effectively bind to
elastin in the ligamentum nuchae of young rabbits
and prevent catabolic degradation by the proteolytic
enzyme elastase. The authors indicate that the high
affinity of flavonoids for collagen and elastin may be
related to the relatively high content of the amino
acid proline found within these connective tissues.

Though PCOs have an inhibitory activity upon
most enzymes, they have been shown to facilitate the
enzyme proline hydroxylase.3 The hydroxylation of
proline is essential to the synthesis of collagen.
Masquelier et al31 reported that PCOs were able to
stabilize and increase the cross-linkage of collagen
fibrils. This would help promote the strength and
overall maturation of the connective tissue.

Quercetin, another bioflavonoid, has been shown
to exhibit anti-inflammatory properties through inhi-
bition of various enzymes. Ferandiz et al7 reported
that quercetin was able to modulate arachidonic acid
metabolism via inhibition of the enzyme
lipoxygenase. Another study by Lee et al27 indicated
that quercetin inhibited phospholipase A2 of stimu-
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lated neutrophils. The authors also reported that
quercetin was able to inhibit xanthine oxidase gen-
eration of superoxide radicals by 33% and reduce
the release of the proteolytic enzyme �-glucuronidase
by 52% in vitro. Middleton et al34 confirmed the in-
hibition of histamine release by quercetin.

Similar to quercetin, PCOs also may have more
direct anti-inflammatory effects. They have been
shown to inhibit histamine, serine proteases,
prostaglandins and leukotrines.41

Safe Flavonoid Intake

Over the past few decades, numerous studies have
demonstrated that flavonoids are safe and produce
minimal clinical side effects. Masquelier32 reports
that PCOs are nontoxic, even at somewhat high
doses (132 mg per lb (.45 kg) body weight per day
for 12 months in dogs). Quercetin, similarly, has
been reported to be without apparent side effects.
Studies conducted on rats and rabbits have found
quercetin to be safe even in large quantities (2000
mg per kg of body weight and 5%–10% of total diet)
administered for up to 2 years.16,17,22,23

Skibola et al43 indicate that there is ample evi-
dence that a flavonoid-rich diet promotes good
health. They do, however, discourage one from care-
lessly taking excessively high amounts of flavonoids,
with the common misconception that if something is
good then more is better. They report that flavonoid
amounts available through dietary intake alone, as
with a typical vegetarian diet, are unlikely to cause
adverse health effects. They indicate, however, that at
excessive levels (10 to 20 times what can be con-
sumed through dietary means) from large amounts
of highly concentrated supplements, flavonoids may
act as potential mutagens or as inhibitors of key en-
zymes.43 The authors cite Kuhnau,26 who estimated
that the daily dietary intake of mixed flavonoids in
the US was in the range of 500 to 1000 mg.12 At
these levels, one would have to consume from 5000
to 20,000 mg of flavonoids to exceed 10 to 20 times
the equivalent to the typical dietary intake. These
levels are very high and even with supplementation,
are quite unrealistic. As a precautionary measure, it
is recommended that individuals take 1 g or less per
day of flavonoids in the form of supplementa-
tion.11,43

Lehaun et al28 did not observe any side effects
with the use of 1 g of flavonoids or less per day in
adult human patients. Micronized flavonoids in
Daflon 500 mg were shown to be tolerated well with
no acute or chronic toxicity in patients with chronic
venous insufficiency.18 Flavonoids are well metabo-
lized without significant residuals accumulating in
the body, which may contribute to their low toxicity.
As with any other compounds, some individuals may
be sensitive and develop allergic reactions.

Absorption of Quercetin and PCO

There has been some question as to the bioavail-
ability and absorption of bioflavonoids. It has been
stated that flavonoids present in foods cannot be ab-
sorbed in the intestine because they are bound to
sugars as glycosides. Hollman et al19 studied dietary
absorption of quercetin in healthy subjects with
ileostomy who had full, functional small intestines.
They reportedly chose subjects with ileostomy to
eliminate the effects of quercetin degradation that
occurs in the colon, which could lead to an overesti-
mation of the amount absorbed. Absorption of
quercetin glycosides from onions was found to be
52%, where 17% of quercetin-3-rutinoside from tea
was absorbed. The authors surmised that actual ab-
sorption might be higher than these values, for ab-
sorbed flavonoids may be re-excreted with bile as was
found with rats.10,47 The authors concluded that hu-
mans absorb appreciable amounts of quercetin.19

Later research by Hollman and Katan21 further sup-
ported the absorption of quercetin.

PCOs have also been reported to be well absorbed.
Masquelier32 notes that PCOs are water soluble and
within 60 minutes are well distributed throughout
the body. They have a relatively long half-life of 7
hours.

Flavonoids and Foods

The World Health Organization (WHO) study
group on diet, nutrition, and prevention of commu-
nicable diseases recommends the ingestion of at least
400 g (14 oz) of fruits and vegetables per day.5 A
1990 survey of American eating habits showed that
only 1 in 11 Americans met the guidelines for eating
at least 3 servings of vegetables and 2 servings of
fruit per day. In fact, 1 in 9 Americans surveyed ate
no fruit and no vegetables on the day of the survey,
and 45% reported eating no fruit that day.36

A partial list of foods, which are generally consid-
ered to possess a higher content of these flavonoids,
are included in the table. The values listed for
quercetin are derived from research done by Hertog
et al.14 They conducted a detailed analysis of 28 veg-
etables and 9 fruits sampled throughout the year in
the Netherlands. The vegetables with the highest re-
ported quercetin content included onions, kale,
broccoli, and French beans. Among fruit, apples
were found on average to possess the highest
amount of quercetin. The herbs parsley and sage
were also found to be good sources of quercetin.
The values for these spices as well as all the PCO
values in the table were taken from Herrmann.12

In general, flavonoid levels in processed foods
were approximately 50% lower than in fresh prod-
ucts.14 Though specific flavonoid content in food
sources is believed to be somewhat variable, veg-
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TABLE. Proanthocyanidin (PCO) and quercetin content of selected
foods, in mg per 100-g (3.5-oz) serving.

Proanthocyanidin
(PCO)* Quercetin†

Vegetables
Bean (French) — 4
Bean (broad) — 2
Broccoli — 3
Brussels sprout — � 0.01
Cabbage (red) 25 0.46
Cauliflower — � 0.01
Cucumber — � 0.01
Kale — 11
Lettuce — 1.4
Mushroom — � 0.01
Onions 0–25 35
Radish — � 0.01
Rhubarb 200 —
Sauerkraut — � 0.01
Spinach — � 0.01
Tomato — 0.8
Turnip tops — 0.73

Fruits (including peel)
Apple 20 3.6
Apricot — 2.5
Blueberry 130–250 —
Cherry (sweet) 6–7 3.2
Currants (black) 130–400 —
Cranberry 60–200 —
Grape (red) 65–140 1.5
Grape (white) — 1.2
Hawthorn berry 200 —
Pears — 0.32
Plums (blue) 10–25 0.09
Raspberry (black) 300–400 —
Raspberry (red) 30–35 —
Strawberry 15–35 0.86

Other
Parsley — 1400
Sage — 1000–1500
Wine (red) 100–150 2–4

* Values for PCO from Herrmann.12

† Values for quercetin from Hertog et al,15 except for parsley, sage, and
red wine from Herrmann.12

Dash (—) indicates values less than 1 mg per 100 g or values
unavailable.

etables typically contain more quercetin, whereas
fruits, which include berries, provide higher levels of
PCO.

Hertog et al14 commented on the fact that their
values were somewhat lower than values reported
earlier by Herrmann et al.12 They attributed their
lower quercetin values to the fact that they only ana-
lyzed the edible parts of foods where Herrmann et
al12 typically included whole foods. Hertog et al14

also noted that their more recent study utilized more
specific and accurate methods of analysis. Therefore,
the values listed for PCO in the table from Her-
rmann et al12 may be somewhat higher than actual
content. This may also explain why the authors re-
ported such a large range for many selected foods.

Supplementation

PCO and quercetin are also available as supple-
ments. Common sources for PCO include grape seed
extract (Vitis vinifera) and pine bark (pycnogenol).
Grape seed generally yields the highest concentration
of PCO at 95%.32 Quercetin is available in capsules
and is often combined with vitamin C. Blackcurrant,
black cherry, and Concord grape liquid concentrates
are also available and are excellent sources of
flavonoids.

DISCUSSION

Over the past decade, there has been extensive
clinical research on flavonoids. To date, the focus of
most of the research has been on their antioxidant
properties with respect to cardiovascular2,20,48,50 and
peripheral vascular disease.6,18,29 These studies fur-
ther validate earlier research suggesting that
flavonoids are effective free radical scavengers, and
inhibitors of proteolytic enzymes. As stated earlier,
oxygen-derived free radicals, and proteolytic enzymes
collectively have been associated with connective tis-
sue degradation. In fact, the same enzymes and free
radicals implicated in cardiovascular and peripheral
vascular disease are also responsible for connective
tissue breakdown with musculoskeletal injuries,
chronic dysfunction, or disease.4,8,9,30

Mantle et al30 demonstrated that plant flavonoids
have the capacity to inhibit a wide range of protease
activities in human muscle tissue (rectus abdominis)
in vitro. The authors indicate that in addition to
their well-described antioxidant characteristics,
flavonoids also represent a previously unrecognized
source of antiproteolytic compounds, with minimal
toxic side effects. They go on to suggest that the
therapeutic use of flavonoids may also be of poten-
tial benefit in treating muscle-wasting disorders such
as muscular dystrophy.

As clinicians treating musculoskeletal conditions,
our ultimate goal is not only to eliminate pain and
restore function, but also to reduce the incidence
and likelihood of subsequent reinjury. Immature col-
lagen fibrils are poorly aligned and, until remodeling
has occurred, are more susceptible to permanent
deformation under loading. This contributes to the
incidence of subsequent musculoskeletal reinjury and
chronicity.

In addition to their free radical scavenger and
anti-inflammatory effects, there is evidence to suggest
that flavonoids, specifically PCOs, have the ability to
increase the strength and stability of collagen
fibrils.31,38,40 As novel anti-inflammatory agents, in-
hibitors of tissue degradation, as well as promoters of
a strong connective tissue matrix, flavonoids may be
beneficial at all stages of healing and even as a pro-
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phylactic measure against musculoskeletal injuries.
Dietary intake of flavonoids has not only been

found to be safe, but also positively associated with
improved health.2,11,15,20,24,25,29,48,50 However,
flavonoid intake should be encouraged by means of
regular consumption of naturally occurring food
sources such as fruits and vegetables.

The encouragement of a healthy lifestyle, includ-
ing smoking cessation, regular exercise, proper body
mechanics, and ergonomic principles, should include
basic dietary habits in its recommendations. To this
end, one should encourage patients to ingest at least
5 servings of fruits and vegetables per day as advised
by the National Cancer Institute and the World
Health Organization.5

In addition to their flavonoid content, fruits and
vegetables are naturally low in saturated fat, choles-
terol, calories, and sodium, and are rich in potas-
sium, fiber, folic acid, and vitamin C. Patients with
restricted or specific dietary needs, such as individu-
als with diabetes or women during pregnancy, should
be cleared by their physician or dietician before mak-
ing any changes to their diets. Flavonoid supplemen-
tation may be considered in patients, who, despite
encouragement, will not ingest adequate amounts of
fruits and vegetables.

While specific daily requirements of flavonoids
have yet to be determined, several studies have dem-
onstrated an inverse relationship between dietary in-
take of flavonoids and the incidence of stroke24 and
coronary heart disease.13,15,25

Despite these benefits, the clinical effects of hu-
man exposure to potentially very high levels of
flavonoids from concentrated sources remain largely
unknown. As a precaution, it is generally advised to
keep supplementation levels of flavonoids at 1 g or
less per day.

Connective tissue and collagen found in articular
cartilage are maintained and repaired through either
a direct blood supply or distribution from adjacent
tissues. Clinicians commonly see patients with inju-
ries and degenerative conditions involving tissues
with inherently more tenuous local circulation. A few
examples of this include portions of the rotator cuff,
intervertebral discs, and articular cartilage. In addi-
tion to the aforementioned benefits of flavonoids on
connective tissue elements, they may also have posi-
tive indirect effects as well. PCO has been shown to
exhibit positive effects on the biochemical properties
of blood vessels.6,29 Maffei et al29 found PCO to be
effective in limiting capillary breakdown in vitro, by
preventing oxidant-induced injury and inhibiting en-
zymes involved in the degradation of the
extravascular matrix. Considering the importance of
adequate circulation to all types of tissue, including
connective tissue and collagen found in articular car-
tilage, and PCO’s proven effects on capillary integ-

rity, one would expect that PCO might also have in-
direct beneficial effects on musculoskeletal tissue by
the preservation of local tissue circulation.

Because NSAIDs and corticosteroids are commonly
prescribed in the management of musculoskeletal
conditions, their primary mode of action and poten-
tial side effects were briefly mentioned. Because
much of the research on bioflavonoids has been con-
ducted primarily at the cellular level (in vitro), it is
difficult to accurately compare the clinical efficacy of
bioflavonoids to that of NSAIDs or corticosteroids.

Despite the increasing clinical use and widespread
interest in nutrition and supplementation in the
treatment of musculoskeletal conditions, there re-
mains a disproportionately low amount of research
conducted and published in the orthopedic, sports,
manual therapy, and rehabilitative journals. This may
be due, in part, to the perception that so-called ‘‘al-
ternative therapies’’ are purely empirical and not
based on sound scientific principles. Regardless of
whether or not this is a fair representation, this
popular belief cannot be effectively challenged with-
out research and statistical data to either support or
discourage their continued use.

CONCLUSION

This paper has described how chronic inflamma-
tion, by way of proteolytic enzymes and oxygen free
radicals, can be damaging to connective tissue.
PCO’s ability to limit tissue degradation may be due
to several mechanisms, including inhibition of
proteolytic enzymes, limiting of the production of
oxygen free radicals, improving local tissue circula-
tion, and promoting strength and stability of col-
lagen fibrils by facilitating the hydroxylation of
proline. PCO also exhibits direct anti-inflammatory
effects through inhibition of histamine,
prostaglandins and leukotrines. Quercetin was also
shown to possess anti-inflammatory properties, and
to inhibit free radicals that may lead to tissue degra-
dation.

As novel anti-inflammatory agents, inhibitors of
tissue degradation, as well as promoters of a strong
connective tissue matrix, flavonoids may be beneficial
at all stages of healing. Flavonoids may be particu-
larly useful for chronic or recalcitrant conditions
where repeated or long-term use of NSAIDs may not
be recommended. Considering their many potential
positive effects, coupled with their apparent low tox-
icity, bioflavonoids including PCO and quercetin may
be an effective adjunct to traditional treatment of
musculoskeletal conditions. More specific research,
including human in vivo studies, are still needed to
further establish clinical efficacy and specific guide-
lines for usage of PCO and quercetin in the manage-
ment of musculoskeletal conditions.
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