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ABSTRACT This study was designed to determine the safety of a medical food, flavocoxid, a proprietary blend of free-B

ring flavonoids and flavans from the root of Scutellaria baicalensis (Chinese skullcap) and the bark of Acacia catechu in the

dietary management of knee osteoarthritis. The 12-week, randomized, double-blind, placebo-controlled trial in an academic

medical center enrolled 59 patients with moderate osteoarthritis of at least one knee who were recruited who were classified as

having ‘‘below average’’ to ‘‘a moderately above average cardiovascular risk’’ with a Framingham-based scoring tool.

Subjects were randomized to flavocoxid 250 mg twice a day versus identical placebo. Safety measures, including recording of

adverse events, incidence of serious adverse events, and results of routine laboratory values, were compared between the two

groups. There were no major differences in the baseline demographic characteristics of the placebo and flavocoxid groups.

With one exception no significant differences were found between the two groups with respect to adverse events by body

system, blood pressure, or laboratory values. There was a significantly higher incidence of upper respiratory adverse events in

the placebo group (35.4% vs. 5.8%, P¼ .0003). There were no intra- or inter-group differences in any of the laboratory

parameters from study baseline to completion. Thus, flavocoxid is safe when used in a population with ‘‘below average’’ to

‘‘moderately above average cardiovascular risk’’ compared to placebo.
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INTRODUCTION

Medical foods are classified by the Food and Drug
Administration as ‘‘foods providing nutritional sup-

port specifically modified for the management of the unique
nutrient needs that result from a specific disease or condition
as determined by medical evaluation.’’1,2 Medical foods are
produced under rigid good manufacturing practices and have
high standards of labeling to ensure safety for the patient.
They are specially formulated to contain dietary ingredients
that are generally recognized as safe and approved food
additives. There is a requirement for the phrase ‘‘to be used
under medical supervision’’ to be in the label.

Flavocoxid (Limbrel�, Primus Pharmaceuticals Inc.,
Scottsdale, AZ, USA) is a patent-pending medical food that
inhibits the activities of cyclooxygenase (COX)-1, COX-2,
and 5-lipoxygenase.3,4 Flavocoxid contains a proprietary
blend of free-B ring flavonoids and flavans from the root of
Scutellaria baicalensis (Chinese skullcap) and the bark of

Acacia catechu. The primary components of flavocoxid
are baicalin and catechin, concentrated and standardized to
greater than 90% purity. Historically, the plants and extracts
of the Acacia bark have been utilized as astringents to treat
gastrointestinal disorders, diarrhea, and indigestion and to
stop bleeding.5–7 Extracts from Scutellaria root have been
reported to have antispasmogenic, vasoconstrictor, antihy-
pertensive, antiplatelet aggregation, and anti-inflammatory
activities.8–21 Extracts of different Scutellaria species have
also been shown to inhibit COX activity in vitro, suggesting
an anti-inflammatory activity.22,23 Flavocoxid is currently
used as a prescription medical food for the management of
the metabolic processes involved in the pathogenesis of
osteoarthritis (OA).24

The safety of S. baicalensis and A. catechu has been es-
tablished.25–27 The mechanisms of action and safety of fla-
vocoxid extracts similar to but less pure than flavocoxid
have been extensively studied both in vitro and in laboratory
animals. Bacterial reverse mutation screening and the Ames
test showed no mutagenic activity with and without meta-
bolic activation.28 Acute (14-day), subchronic (28-day), and
chronic (90-day) safety experiments have been performed in
ICR mice (Harlan Laboratories, Indianapolis, IN, USA), in
which either A. catechu, S. baicalensis, or a blend of A.
catechu and S. baicalensis was administered as a gavage
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dose in olive oil.28 There were no significant differences in
weight gain between treated and placebo groups. Histo-
pathological analysis of tissues (liver, kidney, duodenum,
and stomach) and blood chemistry tests confirmed that the
mice were not different compared to placebo-treated con-
trols. A recent 1-month pilot clinical trial evaluated the
safety and efficacy of flavocoxid compared to naproxen in
knee OA.3 There was no difference in types or numbers of
adverse events between the flavocoxid and naproxen groups.

The present study was designed to test the hypothesis that
flavocoxid is safe when compared to placebo when used for
the treatment of knee OA.

RESEARCH DESIGN AND METHODS

Study design

Human use approval was obtained from the Institutional
Review Board at the University of Alabama at Birmingham.
The protocol was a 12-week, double-blind, placebo-
controlled trial of flavocoxid 250 mg twice a day versus an
identically appearing placebo twice a day.

Subjects were recruited by newspaper ads and flyers and
were sent an informed consent document. After meeting the
initial screening criteria and signing the informed consent
document, the subject was asked to discontinue using non-
steroidal anti-inflammatory drugs for 1 week followed by a
visit to the University of Alabama at Birmingham General
Clinical Research Center and Arthritis Clinical Investiga-
tional Program unit for screening visit. After documentation
that the subjects met all inclusion and exclusion criteria they
were randomized to receive either flavocoxid or an identical
placebo twice a day on an empty stomach.

Inclusion criteria included: (1) women and men 40–75
years old, (2) able and willing to give informed consent,
(3) Kellgren-Lawrence grade 2–3 OA of the knee meeting
the American College of Rheumatology clinical classi-
fication,29 (4) able and willing to discontinue nonsteroidal
anti-inflammatory drugs, natural therapies, and other pain
medications for OA for 1 week prior to the first study visit
and for the duration of the 12-week trial, (5) knee pain rated
>4 cm on a 10-cm visual analog scale, and (6) otherwise
in good medical and psychological health as judged by the
investigator.

Exclusion criteria included: (1) serious or unstable con-
comitant medical or psychological illnesses that would impair
the patient’s ability to complete the study, (2) significant
cardiac disease and=or history of myocardial infarction in the
last 12 months and=or uncontrolled hypertension, (3) signif-
icant bleeding disorders, other than those related to gastro-
intestinal disease and hemorrhoids, in which there has been a
bleeding episode in the last 12 months and are uncontrolled,
(4) history of gastrointestinal disease that is uncontrolled or
resulted in bleeding in the past 60 days (subjects with un-
complicated ulcers that were controlled were not excluded),
(5) alcohol, intravenous, or prescription drug abuse, (6)
pregnancy or breastfeeding or inability to practice contra-
ception in individuals of childbearing age, (7) inflammatory
arthritis, gout, pseudogout, Paget’s disease, or any chronic

pain syndrome, (8) severe anserine bursitis, acute joint trau-
ma, or complete loss of articular cartilage in the index knee,
(9) taking an investigational drug within 30 days of screening,
(10) planning to move or not able to complete a 12-week
protocol, (11) use of anticoagulants such as warfarin, (12)
inflammatory arthritis necessitating utilization of biologic
immunomodulators, (13) subjects who had received intrave-
nous, intramuscular, or intra-articular steroids to the index
knee joint within 60 days of screening or oral corticosteroids
or other immunosuppressants within 6 months of screening,
(14) hypersensitivity to analgesics, COX inhibitors, lipox-
ygenase inhibitors, or flavonoid ingredients, (15) liver en-
zyme (serum glutamic oxaloacetic transaminase, serum
glutamic pyruvate transaminase, and alkaline phosphatase)
levels greater than or equal to twice the upper limit of normal,
impaired renal function (creatinine >1.5 mg=dL), leukocyte
counts <3.5�109=L, platelet counts <150�109=L, or labo-
ratory values outside the normal range determined by the
investigator to be of clinical significance that would have the
potential to confound or interfere with the efficacy or safety
evaluation or pose risk to the patient, (16) subjects with
‘‘high’’ 10-year absolute cardiovascular risk score calculated
using the Framingham-based Cardiac Global Risk assessment
equation,30 or (17) Kellgren-Lawrence grading of 0, 1, or 4 on
x-ray of target joint taken within 12 months of the screening
visit.

Study assessments with the primary
outcome measurement of toxicity

Subjects were seen at 2, 4, 8, and 12 weeks after enroll-
ment. Subjects were also contacted by telephone every 2
weeks between study visits to assess clinical adverse effects
and use of concomitant medications. The primary outcome
was a difference in the frequency and severity of adverse
effects of flavocoxid compared to placebo. Central nervous
system effects were assessed using the Hamilton Anxiety
Scale31 and Beck Depression Inventory.32–36 Other safety
measures were evaluated by laboratory tests, including serum
chemistries (sodium, potassium, chloride, bicarbonate, glu-
cose, blood urea nitrogen, creatinine, calcium, and albumin
and total protein), liver function tests (alanine aminotrans-
ferase and aspartate aminotransferase activities), a complete
blood count with differential, a lipid profile, erythrocyte sed-
imentation rate, and prothrombin and partial thromboplastin
times (PT and PTT, respectively).

Statistical methods

The closed envelope randomization method (using a
randomly permuted blocked randomization scheme) was
utilized to assign patients to either the placebo or flavocoxid
group. With the exception of the biostatistician and study
pharmacist, the randomization was blinded to all investi-
gators until the end of the trial.

Data on adverse signs and symptoms were collected in a
standard fashion across the two treatment arms. The fre-
quencies of adverse events by body system were tabulated
across the two treatment arms. The number of adverse events
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by body system, the proportion of patients experiencing an
adverse event, and the proportion discontinuing the study
agents were compared across the two treatment groups by
Fisher’ exact test. In addition, the total number of events
(more than one event possible per person) was compared
across the two treatment groups in a similar fashion. The
data from the Hamilton Anxiety Score31 and Beck Depres-
sion Inventory32–36 were tabulated as the difference between
baseline and the 12-week follow-up between the flavocoxid
and the placebo groups and compared by t tests. Differences
in continuous laboratory values from the baseline to the 12-
week follow-up were also compared across groups by t tests.

RESULTS

Fifty-nine patients were randomized to the trial. Table 1
displays the baseline study demographics. There were no

differences except for the body mass index, which was
significantly higher in the flavocoxid group compared to the
placebo group (34.5 vs. 29.9, P¼ .04).

With one exception, described below, there was no dif-
ference in adverse events by body system, between the fla-
vocoxid and the placebo groups (Table 2). There were two
episodes of blood in the stool in the flavocoxid group and
no episodes of blood in the stool in the placebo group
(P¼ .5). When additional analysis was conducted omitting
subjects who took additional naproxen or ibuprofen during
the treatment period (n¼ 56), there were no significant
differences in cardiovascular, constitutional, gastrointesti-
nal, genitourinary, musculoskeletal, neurological, pulmo-
nary, or skin events. However, there were significantly
fewer sinus headaches in the flavocoxid versus placebo
group (P¼ .02). There was no difference in the change in
body weight from baseline to week 12 between the two
treatment groups (P¼ .75).

The single significant difference in adverse events was
that the flavocoxid group experienced a significantly lower
incidence of ear, nose, and throat events (P¼ .003), and this
difference was more prominent when pulmonary events
(mostly cough and bronchitis) were combined with ear,
nose, and throat events (35.4% vs. 5.8%, P¼ .0003).

There were no overall differences in the complete blood
count with differential, chemistries, lipid profile, alanine
aminotransferase, aspartate aminotransferase, PT, PTT, or
erythrocyte sedimentation rate at baseline or 12 weeks be-
tween the study groups. The changes in the means were also
not significant across the groups (data not shown).

Thirteen patients were discontinued from the study: six in
the flavocoxid group and seven in the placebo group. In the
flavocoxid group one subject was lost to follow-up, one
withdrew because of lack of commitment to participate, one
individual had hives, one individual had a rash, and one in-
dividual had abdominal gas discomfort and blood in the stool.
In the placebo group one individual had an intra-articular
steroid injection, one individual did not want to take ‘‘so
many’’ pills, one individual took naproxen for increasing
knee pain, and three individuals were discontinued because
they could not tolerate increasing knee pain. There were

Table 1. Study Subject Demographics

Number (%)

Parameter Flavocoxid Placebo P valuea

Gender
Female 24 (80%) 24 (82.8%) .79
Male 6 (20%) 5 (17.2%)

Age (years)
Mean 57.86 61.17 .16
Median 58 63

Race
African-American 7 (23.3%) 6 (20.7%) .56
Caucasian 22 (73.3%) 23 (79.3%)
Other 1 (3.3%) 0

BMI (kg=m2)
Mean (SEM) 34.46 (1.59) 29.90 (0.94) .04
Median 32.73 30.36

Study completers
No 6 (20%) 7 (24.1%) .75
Yes 23 (76.7%) 22 (75.9%)

BMI, body mass index.
aP values for continuous variables were generated by analysis of variance

with treatment as a factor, whereas P values for categorical variables were

derived by the w2 test.

Table 2. Number (%) of Adverse Events by Body System

Body system
Flavocoxid

(n¼ 52 events)
Placebo

(n¼ 48 events) Fisher’s exact test (two-tail) P value

Cardiovascular 0 (0.0%) 1 (2.1%) .48
Constitutional 5 (9.6%) 1 (2.1%) .21
Skin 3 (5.8%) 0 (0.0%) .24
Ear, nose and throat 2 (3.8%) 12 (25.0%) .003
Pulmonary 1 (1.9%) 5 (10.4%) .10
Ear, nose, and throat and pulmonary 3 (5.8%) 17 (35.4%) .0003
Gastrointestinal 13 (25.0%) 12 (25.0%) 1.0000
Genitourinary 1 (1.9%) 2 (4.2%) .61
Musculoskeletal 19 (36.5%) 12 (25.0%) .28
Neurological 7 (13.5%) 2 (4.2%) .16
No adverse eventsa 9 (30%) 9 (31%) 1.0000

aThe denominator for the percentage of no adverse events is the number of subjects.

SAFETY OF FLAVOCOXID IN KNEE OSTEOARTHRITIS 1145



three serious adverse events over the study period. One
subject in the flavocoxid group was hospitalized because of
a broken pelvis suffered in a fall. One subject in the placebo
group was hospitalized with interstitial pneumonitis after
completing the protocol. Another subject in the placebo
group was hospitalized with chest pain after completion of
the protocol. All of these serious events were deemed as
unrelated to the study protocol or to the treatment.

The results from the Beck Depression Inventory32–36 and
the Hamilton Anxiety Score31 at baseline and after 12 weeks
of therapy are given in Table 3. There was no difference in
the means at baseline or after 12 weeks of therapy between
the flavocoxid and placebo groups. The changes in the means
were also not significant.

DISCUSSION

Flavocoxid has an acceptable safety and tolerability
profile compared to placebo. These data confirm preliminary
safety data found in other studies.3,28 Flavonoids, in general,
have been shown to decrease platelet aggregation and in-
crease bleeding times.37 Green tea catechins have been
shown to affect coagulation parameters in vitro but did not
affect PT or PTT in vivo.38 Likewise, the flavocoxid prep-
aration used in this study, containing nearly pure forms of
baicalin and catechin, did not significantly increase PT or
PTT compared to placebo. Of interest is that flavocoxid
administration resulted in a significantly lower number of
upper respiratory-related adverse events. This could be ex-
plained by the fact that flavonoids have been shown to have
both antibacterial and antiviral activities.39 Baicalin, for
example, has some clinical efficacy against severe acute
respiratory syndrome.40 Gargling with green tea catechins is
reported to inhibit infection by influenza virus.41 The re-
duction in upper airway disturbances compared to placebo
found in this trial seems to support these previous findings.
The serious adverse events were not related to flavocoxid
administration.

Recent concerns related to increased cardiovascular dis-
ease risk associated with the use of COX-2 inhibitors42–46

made it important to document the safety of a dual COX and
5-lipoxygenase inhibitor for knee OA. In our screening
process, we removed individuals with high cardiovascular

risk using the Framingham-based scoring tool.30 Therefore,
our study documents that, at least in this small population
sample, in individuals with ‘‘below average’’ to ‘‘a moder-
ately above average cardiovascular risk,’’ flavocoxid
does not increase the risk of adverse events. We con-
clude that flavocoxid has an acceptable safety profile in knee
OA in patients who do not have ‘‘high’’ cardiovascular
risk.30
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