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Abstract
Background—Flavocoxid is a medical food that is available with prescription for dietary
management of osteoarthritis. It is a proprietary blend of two flavonoids, baicalin and catechins
which are derived from botanicals Scutellaria baicalensis and Acacia catechu respectively.

Objective—To describe characteristics of patients with acute liver injury suspected due to
flavocoxid.

Design—Case series

Setting—Prospective Study of the Drug Induced Liver Injury Network (DILIN) initiated at
multiple academic medical centers in 2004.

Patients—4 patients with liver injury suspected due to flavocoxid.

Measurements—Clinical characteristics, liver biochemistries, histology, and outcomes.

Results—Among 877 patients enrolled in the DILIN Prospective Study, 4 were attributed to
flavocoxid. All 4 were women with a mean age of 61 years. The time to onset averaged 11.2
weeks (range 5–16) after initiating therapy with flavocoxid. Liver injury was characterized by
marked elevations in alanine aminotransferase (mean peak ALT 1268 U/L, range 741 to 1540 U/
L), with moderate elevations in alkaline phosphatase (mean peak 510 U/L, range 286 to 770 U/L)
and serum bilirubin (mean peak 9.4 mg/dL, range 2.0 to 20.8 mg/dL). Liver biochemistries fell
into the normal range within 3 to 12 weeks of stopping. The causality was adjudicated as highly
likely in three and as possible in one patient. All recovered uneventfully with no evidence acute
liver failure or chronic liver injury.
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Limitations—The frequency or mechanism of liver injury caused by flavocoxid cannot be
assessed.

Conclusion—Flavocoxid can cause significant liver injury which appears to resolve within
weeks after its cessation.

Keywords
DILI: Drug Induced Liver Injury; DILIN: Drug Induced Liver Injury Network; COX:
Cyclooxygenase

Introduction
Flavocoxid is a proprietary blend of purified plant-derived bioflavonoids including baicalin
and catechins that is marketed as a medical food used for therapy of arthritis.1 Flavocoxid is
a medical food that was approved for use in chronic osteoarthritis in the United States in
2004, and it is available only by prescription in tablets of 250 mg and 500 mg under the
brand name Limbrel®. The term medical food, as defined in section 5(b) of the Orphan
Drug Act (21 U.S.C. 360ee (b) (3)) is "a food which is formulated to be consumed or
administered enterally under the supervision of a physician and which is intended for the
specific dietary management of a disease or condition for which distinctive nutritional
requirements, based on recognized scientific principles, are established by medical
evaluation.2 Medical foods differ from dietary supplements in that they are not designed for
consumption by healthy individuals, but as a treatment for a specific medical condition.

According to the product labeling, flavocoxid has few side effects and in double-blind
controlled trials its adverse event profile was similar to placebo.3 Although mild elevations
in serum liver enzymes were reported in the clinical trials of flavocoxid, there have been no
published reports of clinically apparent liver injury linked to flavocoxid. Here, we report 4
cases of suspected liver injury due to flavocoxid enrolled in the DILIN Prospective Study.

Methods
The Drug Induced Liver Injury Network (DILIN) is a consortium of 8 clinical centers and
one data coordinating center established in 2004 to conduct a prospective observational
study of individuals suspected to have liver injury due to prescription agents or herbal
supplements.4 The DILIN Prospective Study is a multicenter observational study that enrolls
patients with suspected drug induced liver injury and collects clinical, biochemical,
histological data along with serum, urine and DNA for mechanistic studies. A thorough
evaluation for competing or co-existing causes for liver injury is conducted on each
participant. A causality assessment is performed in a structured fashion based on expert
consensus as well as the commonly utilized Roussel Uclaf Causality Assessment Method
(RUCAM).5 The DILIN causality scores range from 1 (definite) to 5 (unlikely). In addition,
the severity of each liver injury event was adjudicated according to a strictly defined
severity scale.4 The design and preliminary results of the Prospective study have been
described in detail elsewhere.4 The DILIN Prospective Study was approved by the
Institutional Review Boards at all participating centers and all participants provided a
written informed consent.

Results
Between 2004 and 2010, 877 cases of suspected drug induced liver injury were enrolled in
the DILIN Prospective study, four of which were attributed, at least in part, to use of
flavocoxid. The four cases were all women, ages 57 to 68 years who were treated with
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flavocoxid in doses of 250 to 500 mg twice daily for arthritis or musculo-skeletal pain
symptoms (osteoarthritis, fibromyalgia, chronic low back pain) (Table 1). All four women
developed symptoms of liver injury within 1 to 3 months of starting flavocoxid; jaundice
(n=3), pruritus (n=3), abdominal pain (n=3), fever (2) and rash (1). Initial total serum
bilirubin levels ranged from 1.9 to 11.9 mg/dL and were accompanied by marked elevations
in serum aminotransferase levels (ALT 741 to 1375 U/L) and mild-to-moderate increases in
alkaline phosphatase (Alk P: 286 to 530 U/L). Flavocoxid was stopped promptly in all four
patients and the liver injury began to resolve within a few days, the peak serum bilirubin
being 2.0 to 20.8 mg/dL which was reached 2 to 13 days after initial presentation.

Tests for acute viral hepatitis (including IgM antibody to hepatitis E virus)6 and chronic
viral hepatitis and imaging studies for biliary obstruction were negative. No patient was
hospitalized although two underwent liver biopsy. No patient developed prolongation of the
prothrombin time or signs or symptoms of hepatic failure, and serum enzyme elevations fell
to normal within 1 to 3 months of onset. No patient had evidence of chronic or ongoing liver
injury and none were rechallenged with flavocoxid.

The causality assessment of the four cases was scored as very likely due to flavocoxid in
three and possibly in one. The case scored as only possible was complicated by exposure to
multiple other agents that might have caused the injury including pregabalin, duloxetine and
tizanidine. Severity assessment ranked three cases as moderate (2+: jaundice, but not
hospitalized) and one as mild (1+: serum enzyme elevations without jaundice). Detailed case
histories of all 4 patients are provided as supplementary material.

Discussion
A MEDLINE search of the literature published up to February 2012 revealed no specific
reports of liver injury due to flavocoxid, but published clinical trials of flavocoxid report
rare instances of hepatotoxicity. In a randomized controlled study that compared flavocoxid
(500 mg twice daily) to naproxen (500 mg twice daily) for 12 weeks to treat osteoarthritis in
220 Russian patients8, there were 16 subjects with mild elevations in serum
aminotransferase levels at week 12 (11 flavocoxid, 5 naproxen, p=0.08) and 12 patients had
elevated bilirubin levels (5 flavocoxid, 7 naproxen, p=0.18). More recently, Pillai et al.,
reported the results of a post-marketing, open-label study of flavocoxid (500 mg twice daily)
for 60 days in 1067 individuals with osteoarthritis and found liver test abnormalities in only
one patient (0.1%), but details were not provided.9

The post-marketing surveillance of flavocoxid by Primus Pharmaceuticals revealed 31
hepatic adverse events (22 reports of elevated liver function tests, 6 reports of jaundice, and
3 cases of hepatitis) among 284,399 users, suggesting that the incidence rate was 0.011%.1

As a personal communication, the manufacturer provided the clinical and biochemical
features of 8 cases of clinically apparent liver injury and their results are shown as
supplemental material. The pattern of liver injury among these 8 cases was hepatocellular in
two, cholestatic in one, “mixed hepatocellular-cholestatic” in three, and was unknown in
two. Two patients had eosinophilia and fever, suggesting drug hypersensitivity but skin rash
was not reported. No patient developed signs or symptoms of acute liver failure, and the
injury improved rapidly upon stopping flavocoxid in all cases. One patient restarted
flavocoxid on her own and rapidly redeveloped liver injury.

The current report provides convincing evidence that flavocoxid is capable of causing
clinically apparent, acute liver injury. In all four cases, other common diagnoses were
excluded and the injury resolved promptly once flavocoxid was stopped. The clinical
signature of flavocoxid-induced liver injury appears to be a mild-to-moderate, mixed
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hepatocellular-cholestatic hepatitis that arises 2 to 12 weeks after starting the medication and
which resolves rapidly once it is stopped. No reported cases were associated with signs of
liver failure or death, and no patient was found to have evidence of residual or chronic
injury. A proportion of the clinically apparent cases had mild evidence of hypersensitivity
early in the course of illness as marked by low-grade fever, rash and eosinophilia, but these
features were not prominent and not present in all cases

The mechanism of liver injury due to flavocoxid is not known. Hypersensivity may play a
role in that immunoallergic features occurred in some patients and flavocoxid is also
associated with a hypersensivity pneumonitis.1,10 The primary ingredients of flavocoxid are
baicalin and catechins which are concentrated and standardized to greater than 90% purity.
Baicalin is a free-B ring flavonoid derived from the root of Scutellaria baicalensis (Chinese
skullcap), and multiple in-vitro and animal experiments showed its hepatoprotective activity
against a variety of hepatotoxic insults.11–14 Catechin is a flavan flavonoid and is the
stereoisomer epicatechin and derived from the bark of Acacia catechu (Mimosa catechu).
The hepatotoxic potential of the green tea extracts that contain catechins in humans is well
recognized.17–19 Two catechins contained within the green tea are epigallocatechin gallate
(EGCG) and epicatechin gallate (ECG), and it is generally believed that EGCG is
responsible for the hepatotoxicity due to green tea extracts. It is interesting that epicatechin
is the flavonoid in that is common to both green tea and flavocoxid, raising the suspicion if
it is the culprit ingredient for causing liver injury.

Flavocoxid differs from dietary supplements in that it was approved and marketed as a
medical food. However, like dietary supplements, medical foods do not require formal
premarketing safety and efficacy studies.21 Moreover, given its botanical ingredients, there
is the theoretical possibility of variation in the concentration of substances due to various
factors such as harvesting conditions, seasonal variations, and geographical origin. It stands
to reason, therefore, that unpredictable or unregulated concentration of polyphenolic
substances, such as catechins, may set the stage for toxicity.

In summary, flavocoxid, a medical food used to treat osteoarthritis, is capable of causing
acute liver injury manifested typically by a mixed hepatocellular-cholestatic hepatitis arising
after 1 to 3 months of use and is rapidly reversible upon stopping the medication.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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