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ABSTRACT
Osteoarthritis (OA) is a multi-factorial 
disease with a large metabolic component 
involving the accumulation of arachidonic 
acid (AA) metabolites that contribute to 
joint deterioration. Laboratory studies have 
shown that specific flavonoid mixtures, com-
posed of baicalin and catechin, act to inhibit 
cyclooxgenase-1 (COX-1) and COX-2 in a 
balanced manner with additional 5-lipoxyge-
nase (5-LOX) inhibitory activity. The safety 
and efficacy of the flavonoid formulation, 
FlexileRx™, however, is not known in dogs. 
Enzyme inhibition results for COX-1, COX-
2, and 5-LOX demonstrate that, compared 
to celecoxib, meloxicam, naproxen, ibupro-
fen, carprofen, and aspirin, only FlexileRx 
has balanced COX and additional 5-LOX 

enzyme inhibition activity. In a multi-site, 
double-blind, randomized, direct-comparator 
trial in dogs weighing at least 15 lbs, Flexil-
eRx (n=33) showed statistically significant 
improvement in pain scores over the com-
bination formulation of chondroitin sulfate, 
glucosamine hydrochloride, and manganese 
ascorbate (n=36) (Cosequin®DS) using 
veterinarian and owner visual analog scale 
(VAS) assessments. At both the interim (28 
days) and final analysis (56 days), Flexil-
eRx was more than twice as effective as 
CosequinDS at relieving pain. Adverse 
events were generally mild in both groups. 
This study demonstrates that FlexileRx is a 
relatively fast-acting therapy for reduction 
of pain scores in dogs with OA.

INTRODUCTION
Fatty acid imbalances are commonly seen in 
human patients with chronic inflammatory 
conditions such as arthritis. In both human 
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and canine populations, diet contributes 
tremendously to intake of AA in the form 
of omega 6 oils, including AA. Arachidonic 
acid is derived from the dietary essential fat-
ty acids, linoleic acid, and α–linolenic acid 
by sequential desaturation and elongation, 
respectively.1 This increased consumption of 
omega-6 fatty acids and AA in the diet has 
shifted the balance of fatty acid metabolism 
toward an increase in pro-inflammatory me-
tabolite generation via the COX and 5 LOX 
enzymatic pathways (Figure 1). 

Fatty acid levels monitored in bone have 
been shown to be 50-90% higher in OA 
patients compared to controls.2 In addition, 
depending on the severity of OA, there is 
an associated accumulation of total and 
essential fatty acids in the chondrocytes of 
the joint in human OA patients, suggesting a 
strong involvement of fatty acid metabolism 
in the pathogenesis of the disease.3 Clinical 
studies have also shown a strong linkage 
between metabolic defects in metabolism 
or an overabundance of fatty acids that lead 
to OA.4 Osteoarthritis can affect up to 20% 
of dogs over the age of one year.5 The diets 
of canines has tracked with that of humans, 
with mass production of pet food containing 
high levels of AA derived from corn-based 
products, which ultimately lead to increased 
pro-inflammatory fatty acid production.

Pro-inflammatory AA metabolites have 
been found to play an integral role in the 
pathophysiology of OA.6 Damaged cell 
membranes release 
phospholipids, which 
are then converted by 
phospholipase A2 into 
AA, which then enters 
the COX and 5 LOX 
metabolic pathways7,8 
and leads, ultimately, 
to production of a 
variety of inflamma-
tory metabolites such as 
prostaglandins, throm-
boxanes, prostacyclins, 
and leukotrienes. These, 
in turn, promote an in-

crease in inflammation systemically, as well 
as locally, in and around the joints (Figure 
1). Hence, metabolic processes involving 
the accumulation of AA metabolites are an 
essential component of the pathogenesis 
of joint deterioration in OA.9 Controlling 
this process of pro-inflammatory fatty acid 
metabolism is essential in safely treating OA 
in humans and canines.

Dogs are thought to be more sensitive to 
the effects of nonsteroidal anti-inflammatory 
drugs (NSAIDs) than humans. Gastroin-
testinal (GI) side effects such as anorexia, 
vomiting, and diarrhea are the most com-
mon adverse events reported.10,11 NSAID 
administration to canines, in general, results 
in higher levels of kidney, liver, GI, muscu-
loskeletal dysfunction, and skin reactions 
compared to acetaminophen.12 Ibuprofen 
has been shown to induce ulcerations more 
readily in canines than humans due to a sub-
stantially greater level of absorption.13,14,15 
As a result, the therapeutic window for relief 
of pain and inflammation in canines is quite 
narrow.10 Other NSAIDs are even more toxic 
than ibuprofen in canines. Indomethacin, in 
particular, as well as naproxen, have been 
shown to cause severe GI side effects such 
as ulceration, gastritis, and duodenitis,15,16,17 
and as such, should not be used in canines.18 
Although selective COX-2 inhibitors 
reduce the incidence of GI side-effects in 
humans,19,20,21 they have not been shown to 
significantly reduce overall adverse events in 

Figure 1: Enzyme metabolism of membrane lipids and omega-6 fatty 
acids from the diet
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canine populations (For comparison, see US 
FDA, 2007). Tepoxalin, a putative synthetic 
“dual inhibitor” has been shown to decrease 
adverse events compared to other drugs, but 
continues to show a rather elevated toxicity 
profile compared to supplements such as 
CosequinDS. 

Food ingredients have been shown 
to impact OA in canines.22 FlexileRx is 
composed of highly purified flavonoids, 
low molecular weight compounds, and part 
of the larger class of compounds known as 
polyphenols, which are found ubiquitously 
in plants, particularly fruits and vegetables.23 
Though a similar composition product exists 
as a prescription medical food in the human 
market, the safety and efficacy of FlexileRx 
is not known in dogs. This study measures 
the in vitro inhibition activity of FlexileRx 
on COX and 5-LOX enzymes and com-
pares, in vivo, its clinical safety and efficacy 
against CosequinDS for support of joint 
health and measures of pain in dogs with 
OA.

METHODS
Enzyme inhibition studies of COX-1, COX-
2 and 5-LOX were performed according 
to Burnett et al24 comparing FlexileRx to 
celecoxib, meloxicam, naproxen, ibuprofen, 
carprofen, and aspirin. The base formula 
for FlexileRx for enzyme inhibition testing 
was a gift from Primus Pharmaceuticals, 
Inc; celecoxib was from Pfizer, Inc; and 
meloxicam was purchased from Boehringer 
Ingelheim, Inc. Naproxen, ibuprofen and 
aspirin were purchased from Sigma. Since 
glucosamine and chondroitin formulations 
have no known COX or 5-LOX inhibition 
activity, the base formula for CosequinDS 
was not tested in this analysis. The results of 
this analysis are expressed as selectively ra-
tios based on the IC50 found in each enzyme 
assay for COX-1, COX-2, and 5-LOX 

Treatment articles were composed of 
FlexileRx (250 mg per chewable tablet; Pro-
Labs, Ltd.), a mixture proprietary mixture 
of two flavonoid molecule extracts concen-
trated for baicalin and catechin (Figure 2), or 
CosequinDS (500 mg glucosamine/400 mg 

sodium chondroitin sulfate/5 mg manga-
nese/33 mg ascorbate per chewable tablet; 
Nutrimax Laboratories, Inc.). Baicalin 
and catechin, in this specific combination, 
have been found to have anti-inflammatory 
activity with very low toxicity in animals 
and humans.24,25 FlexileRx and CosequinDS 
chewable tabs were similar in appearance, 
texture, and taste. Products were adminis-
tered according to the dosing schedule in 
Table 1 as suggested by each manufacturer’s 
recommendations.

In order to test the safety and efficacy 
of this formulation, a multi-site (8), double-
blind, randomized, direct-comparator trial 
comparing FlexileRx (n=33) to a combination 
chondroitin sulfate, glucosamine hydrochlo-
ride, and manganese ascorbate formulation 
(n=36), (CosequinDS), was performed over a 
two-month period (Figure 3). Animals were 
kept in normal domestic arrangements, and 
were housed either in the client’s home en-
vironment or in separate animal accommo-
dations. Dogs may have been housed with 
or without other animals. Food and water 
provisions followed normal practice for 
the site of housing. In two cases, due to the 
client’s absence, client dogs were boarded 
for brief periods at the Study Investigator’s 
boarding facilities, and animal care techni-

Figure 2: Components of FlexileRx, Baicalin (A) 
and Catechin (B)
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cians continued to follow all Study Proto-
col requirements such as maintaining the 
Owner’s Daily Logs. Medical management 
followed normal accepted clinical prac-
tice for each study animal. All procedures 
complied with the standards for care and 
use of animal subjects as stated in the Guide 
for the Care and Use of Laboratory Animals 
(Institute of Laboratory Animal Resources, 
National Academy of Sciences, Bethesda, 
MD, USA). Further, all dogs were treated 
according to guidelines established and 
monitored by and Institutional Animal Care 
and Use Committee (IACUC).

Each animal included in the study had 
to be at least 15 lbs and have a moderate 
OA condition clinically manifesting as a 
unilateral or bilateral lameness. Diagnosis of 
moderate OA was based on case history and 
presentation of clinical signs of OA (e.g., 
lameness, morning stiffness, disuse atrophy, 
decreased range of motion in a joint, and/or 
joint creipitus, etc.). Each owner also signed 
and agreed to administer chewable tabs of 
FlexileRx or CosequinDS to each subject, 
and to keep a daily log of activity for each 
subject and had their canine evaluated on 
days 0, 28, and 56 for signs and symptoms 
of OA. Investigators discontinued the use 
of exclusionary medications according to 
the criteria outlined in the study protocol 
in order to remove any residual therapeutic 
effects of NSAIDS such as carprofen and 
disease-modifying agents such as Hills® 

Prescription Diet® j/d™. Subjects were ex-
cluded from the trial if they had mild (e.g., 
mild stiffness and lameness in affected limb 
with no evidence of joint crepitus, mild pain 
on joint palpation, and/or mild loss of range 
of motion) or severe OA (e.g., difficulty 
rising, walking and climbing, joint crepitus, 
pain on joint palpation, greater than 50% re-
duction in range of motion, and/or frequent 
vocalizations), or required continual, daily 
anti-inflammatory or analgesic medica-
tion. Subjects were excluded as well if they 
weighed less than 15 lbs, were pregnant or 
lactating, were being treated with short-
term, systemic anti-inflammatory drugs 
(e.g., aspirin, prednisolone, dexamethasone, 
ketoprofen, phenylbutazone, carprofen, 
etodolac, or meclofenamic acid) within 
the 10 days prior to the study or reposi-
tory anti-inflammatory drugs (e.g. methyl-
prednisolone acetate) within the 30 days 
prior to the study, were treated with topical, 
systemic or intra-articular anti-inflammatory 
drugs (e.g., aspirin, corticosteroids, phenyl-
butazone, carprofen, ketoprofen, etodolac, 
or meclofenamic acid), anesthetics or 
analgesics (e.g. opioid narcotics) within 10 
days prior to the study or chondroprotec-
tive or potentially disease modifying agents 
(e.g. polyglycosaminoglycans, chondroitin 
sulfate, sodium hyaluronate, or “nutraceuti-
cals” including Hills® Prescription Diet® j/
d™, Eukanuba Adult Plus™, and Eukanuba 
Senior Plus® veterinary prescription diet, or 

Table 1: Dosing of each treatment

A. FlexileRx Chewable Dosing
Body Weight (lbs) Dosage Duration of Treatment Number of Tablets Dispensed
15.0-50.0 ½ tablet SID 56 days 28 tablets

50.1-100.0 1  tablet SID 56 days 56 tablets

>100.1 1½ tablet SID 56 days 84 tablets

B. CosequinDS Chewable Dosing
Body Weight (lbs) Dosage Duration of Treatment Number of Tablets Dispensed
15.0-24.0 ½ tablet SID 56 days 28 tablets

24.1-49.0 1  tablet SID 56 days 56 tablets

49.1-100.0 2   tablet am, 

1 tablet pm 56 days 168 tablets

>100.1 2  tablets BID 56 days 224 tablets



Intern J Appl Res Vet Med • Vol. 7, No. 1 & 2, 2009. 5

other diets that contain chondroprotective 
agents) within the last 21 days prior to the 
study. Concurrent use of these therapeutic 
agents was not permitted during the study. In 
addition, animals with lameness related to a 
neoplastic condition, primary neurologic dis-
order or immunologic disorder (e.g., lupus 
erythematosus, rheumatoid arthritis), infec-
tion (e.g. septic joint, abscess) or orthopedic 
fracture, or who had undergone surgery on 
the affected joint within 30 days prior to the 
study were also excluded. Finally, animals 
with disease conditions that would require 
surgical intervention to treat or, for which a 
surgical intervention was anticipated during 
the study, or with internal soft tissue injuries 
(e.g. contusions of abdominal organs) as a 
result of trauma, were excluded as well. 

After identifying subjects and assess-
ing the initial level of lameness, the Study 
Monitor obtained several sealed envelopes 
from the statistician that contained a set of 
six unique, randomized case numbers. With-
in each envelope, the case numbers were 
allocated randomly to either the FlexileRx 
or CosequinDS treatment groups. As needed 
and requested by Study Investigators, these 
case numbers were distributed to the Study 
Investigators and determined each dog’s 
study group assignment. The body weight 
obtained at the pre-treatment evaluation visit 
was used to select the dosage for the ap-
propriate test article (Table 1). After a two-
week washout period to remove any other 
NSAIDs, administration of test articles on 
study Day 0 was done at the veterinary prac-
tice. Test articles were administered orally 
with or without the aid of food, and were ad-
ministered daily by the client throughout the 
56-day study period. The client maintained a 
daily log of all test article administration. An 
interim analysis was performed at 28 days 
and final analysis at 56 days using veterinar-
ian and owner VAS assessments. 

The distribution of all variables (e.g., 
age, sex, weight, and severity of OA for 
each group) was checked for approximation 
using the Wilk-Shapiro test. Where indi-
cated, variance-stabilizing transformations 

(e.g., log transformations to reduce marked 
positive skew for variables such as VAS 
scores, or arcsine square root transforma-
tion for binomial variables) was performed 
on the variables, and all inferential analyses 
was performed on the transformed data. 
Alternately, nonparametric tests (i.e., rank 
transformation) such as Wilcoxon signed 
rank test (for within-group tests such as 
comparing pre-post values within groups) or 
the Kruskal-Wallis test as an omnibus test 
for differences among the three groups, fol-
lowed by post-hoc Wilcoxon rank sum test 
for between-group comparisons, if indicated, 
may also be employed. The compatibility 
of the randomized treatment samples was 
estimated by comparing the demographic 
variables as well as baseline VAS measures 
between groups t-tests to compare differ-
ences. No adjustments were required. 

Overall analyses of the outcome vari-
ables of the study (VAS as well as any 
created difference-score type variables) were 
conducted using a series of multivariate, 
repeated-measures, general linear model 
equations, predicting all post-test values 
from pre-test values, interim values, and 
group membership (e.g., FLV vs. CGA), as 
well as potential confounder variables such 
as clinic. Change was calculated for weight, 
veterinarian VAS rating of dog’s pain (ac-
cording to the stated parameters), owner 
VAS rating of dog’s pain (according to the 
stated parameters), and a mean VAS rating 
using both veterinarian and owner values. 
An animal was classified as a treatment 
failure if it was withdrawn from the study 
for non-efficacy. Otherwise, it was classi-
fied as a success. Frequency distributions of 
treatment (success/failure) were calculated 
for each treatment.

The owner’s and the veterinarian’s VAS 
scores were analyzed using a general linear 
repeated measures mixed model analy-
sis of variance. The model contained the 
fixed effects of treatment, day of study and 
treatment by day of study interaction, and 
the random effects of the clinic, clinic by 
treatment interaction, which was used as the 
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error term to test the treatment effect, animal 
within clinic by treatment interaction, clinic 
by treatment by day of the study interaction, 
which was used to test the day of study and 
treatment by day of study interaction effects, 
and residual. The VAS score for the owner 
was composed of the following behaviors: 
displays pain, reluctance to climb or jump, 
slowness to rise or difficulty rising, and 
limping or appearing stiff. 

The number of days that an owner 
checks “yes” for displaying pain, reluc-
tance to climb or jump, slowness to rise 
or difficulty rising, crying out and limping 
or appearing stiff was calculated for each 
dog. The mean, sample size, minimum and 
maximum number of days for pain display, 
reluctant climbing, slow rising, and limp-
ing were calculated for each treatment. The 
percentage of days the dog displayed pain, 
was reluctant to climb, was slow to rise, 
and limped was calculated for each dog. 
The percentage of days was transformed 
using the arcsine-square root transformation 
prior to statistical analysis. The transformed 
variables were analyzed using a general 
linear mixed model analysis of variance. The 
model contained fixed effects of treatment 
and random effects of clinic and clinic by 
treatment interaction, which was used as the 
error term to test the treatment 
effect and residual. The least-
squared means were back-
transformed for presentation.

RESULTS
IC50 enzyme analysis showed 
that FlexileRx had equiva-
lent enzymatic inhibition of 
COX-1 and COX-2, with 
three-fold less inhibition of 
5-LOX enzyme (Table 2). The 
COX/5-LOX ratio was used 
because FlexileRx showed 
equal inhibition of COX-1 
and COX-2 by IC50 mea-
surements. No other NSAID 
or COX-2 inhibitor tested 
showed balanced inhibition of 
the COX enzymes, and none 

showed any 5-LOX inhibitory activity. 
Sixty-nine dogs were randomized; 

33 to the FlexileRx group and 36 to the 
CosequinDS group (Figure 3). Adverse 
events were generally mild and equivalent in 
both groups. Two dogs were excluded from 
analyses as extreme outliers, one from each 
group (z-scores >6), and discontinued the 
study due to increasing pain (Table 3). No 
z-score in either arm exceeded 2 following 
removal of these two dogs. There were no 
significant weight changes noted in either 
group. One subject in the CosequinDS 
arm was removed due to a severe allergic 
reaction presumed to not be related to 
study drug administration. One subject in 
the FlexileRx arm was diagnosed with a 

Table 2: FlexileRx enzyme inhibition of anti-inflam-
matory compounds

Inhibitor
COX-2/COX-

1 Ratio
COX/5-

LOX Ratio
Celecoxib 10 nd*

Meloxicam 2 nd

FlexileRx 1 4

Carprofen 0.5 nd

Naproxen 0.33 nd

Aspirin 0.25 nd

*No inhibition detected

Table 3: Recorded adverse events of each treatment

AE Classification
FlexileRx 

(n=33)
Cosequin 

(n=36)
Total 

(n=69)
Allergy
•	 Dermal Condition 0 1a 1a

GI
•	 Vomiting 0 1 1

Musculoskeleta
•	 Increased Pain l 1a 1a 2a

Tissue
•	 Aural Tumor
•	 Mastocytoma
•	 Other Tumor

1 0
1
1

1
1a

1a

Other
•	 Lack of energy 0 1 1

Total AEs 2 (6%)b 6 (17%) 8 (12%)
aRemoved from the study, 4 others removed for non-compliance
bp <.0001 
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benign aural tumor, but completed the study. 
Two subjects in the CosequinDS arm were 
diagnosed with benign mastocytoma and 
“nondescript” tumors, respectively. Both 
were removed from the final analysis for 
CosequinDS. One additional dog from the 
FlexileRx arm was excluded from final 
analysis due to concurrent administration 
of carprofen by the owner on three separate 
occasions. Three dogs in the CosequinDS 
group were withdrawn from the study due to 
owner noncompliance. The interim analysis 
included 31 subjects in each arm, and the 
final analysis included 31 subjects in the 
FlexileRx arm and 29 in the CosequinDS 
arm (Figure 3).

The FlexileRx and CosequinDS groups 
were equivalent in demographics for weight, 
age, and initial pain scores. The pre-visit 
pain scores assessed by veterinarians were: 
FlexileRx 44.4 (18.8 SD) and CosequinDS 
41.6 (17.5 SD). The pre-visit pain scores as-
sessed by owners were: FlexileRx 46.4 (23.4 

SD) and CosequinDS 
43.5 (21.0 SD). After 
treatment, both groups 
showed statistically 
significant reduc-
tions in veterinarian 
VAS pain scores, and 
average ratings from 
baseline to interim 
and baseline to post-
treatment intervals 
(Table 4). For owner 
ratings, the change was 
narrowly significant at 
the interim visit and 
narrowly non-signifi-
cant at the final visit. A 
statistically significant 
difference was shown 
between groups via 
ANOVA comparison of 
scores, (a measure of 
the relative improve-
ment of one treatment 
group compared to 
the other over time) 
for both the veteri-

narian VAS and the average (combined) 
VAS scores, demonstrated a statistically 
significant between-group difference, with 
the FlexileRx group showing significantly 
greater improvement than the CosequinDS 
group at the final analysis (Table 4; Figure 
4). For the owner VAS scores, a similar pat-
tern of results was observed, however, these 
results were statistically significant only at 
the final analysis.

DISCUSSION
Traditional NSAIDs and COX-2 selective 
inhibitors are known to cause serious side 
effects in canines due to selective inhibition 
of either the COX-1 or COX-2 enzymes 
(US FDA, 2007). As a consequence, their 
utilization in dogs is limited. Veterinarians 
and pet owners have turned to other forms of 
treatment for OA, such as chondroprotective 
formulations containing glucosamine and 
chondroitin.

Balancing COX-1 and COX-2 inhibi-

Figure 3: Study design
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tion activity and avoiding a 5-LOX “shunt,” 
which occurs by blocking only the COX 
pathways, is important in order to avoid 
an imbalance of AA metabolites that can 
lead to gastric, renal, and skin reactions in 
dogs. Gastric damage is a common occur-
rence when NSAIDs are used to treat OA in 
dogs.10,26,11 Maintenance of gastric mucosa 
requires the continuous generation of prosta-
glandins E2 (PGE2) and -I2 (PGI2) to main-
tain mucous production and cell membrane 

integrity.27 Inhibition of COX-1 by tradition-
al NSAIDs reduces prostaglandins required 
to maintain the stomach lining (or, occasion-
ally, the mucosa of the small bowel), and 
may eventually lead to ulceration.28 NSAIDs 
are known to shunt AA metabolism down 
the 5-LOX pathway, thereby increasing leu-
kotriene B4 (LTB4) in the stomach mucosa 
and further exacerbating gastric ulcerations 
by attracting pro-inflammatory leukocytes to 
the site of ulceration.29 

Table 4

A. Interim Visit Analysis
Variable (mean, sd) FlexileRx (n=31) CosequinDS (n=31) Between group p-value

Weight % change 0.0% (3.3) 0.0% (3.6) .23

Vet VAS % change -43.7% (29.4) -13.3% (36.3) <.0001

Owner VAS % change -34.3% (32.0) -22.0% (47.3) .24

Average VAS % change -39.0% (25.0) -17.7% (36.3) .009

B. Final Visit Analysis
Variable (mean, sd) FlexileRx (n=31) CosequinDS (n=29) Between group p-value

Weight % change 0.0% (4.8) -0.0% (4.6) .51

Vet VAS % change -53.7% (32.2) -24.1% (50.6) .01

Owner VAS % change -45.9% (43.1) -20.0% (54.2) .04
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Tepoxalin, a “dual inhibitor” with a 
similar mechanism of action as FlexileRx, 
has been shown to reduce the production 
of LTB4 in gastric mucosal tissue30 and has 
lower in-market GI problems (US FDA, 
2007). Enzyme inhibition assays of Flex-
ileRx suggest that it may have a similar 
effect in dogs by inhibiting COX-1 and 
COX-2 equally, and also inhibiting 5-LOX, 
thereby preventing the 5-LOX shunt (Table 
2). Post-marketing surveillance of a human 
product composed of similar ingredients has 
shown an extremely low rate of GI adverse 
events. (http://www.limbrel.com/downloads/
post_mkt_surv.pdf). Though there were no 
reported GI adverse events in this study, a 
much larger study or post-marketing surveil-
lance is needed to fully judge the long-term 
GI safety of FlexileRx.

PGE2 and PGI2 are key regulators of 
salt balance in the biological system.31 PGE2 
decreases sodium re-absorption, whereas 
PGI2 stimulates renin production, resulting 
in the release of aldosterone, which in turn 
increases sodium re-absorption and potas-
sium secretion.31,32,33 Prostaglandins are also 
strong vasodilators that help maintain renal 
blood flow and urine production. In the 
setting of reduced circulatory volumes, the 
body responds by increasing blood pressure 
to help maintain blood flow via the produc-
tion of various vasoconstrictive compounds 
(i.e., thromboxane, catecholomines, va-
sopressin).32,33 Leukotrienes, particularly 
LTC4 and LTD4, are vasoconstrictive and 
may be important in alterations of blood 
pressure and renal blood flow, particularly 
when allowed to accumulate unopposed in 
patients taking COX inhibitors. Maintaining 
a balance between the various vasoactive 
end products of COX and LOX metabolism 
preserves the ability to respond to chang-
ing physiologic conditions. No evidence of 
kidney dysfunction was identified in either 
arm of the study, however, further clinical 
evidence is needed to support this assump-
tion. 

Dogs have increased sensitivity to skin 
reactions caused by NSAIDs. Leukotrienes 

are up-regulated in atopic dermatitis, which 
may be exacerbated by NSAIDs.34,35 One 
skin reaction was reported in the Cose-
quinDS arm, while no reactions were 
reported in the FlexileRx arm (Table 3). 
Flavonoids administered in mice prone 
to atopic dermatitis showed a significant 
decrease in the occurrence of dermatitis, 
suggesting that the molecules found in 
FlexileRx may help abate some of these 
skin reactions via inhibition of leukotriene 
production.36

Articular cartilage is primarily composed 
of type II collagen produced from pro-col-
lagen precursors by chondrocytes,37,38 which 
lends tensile strength to cartilage.39,40 Chon-
drocytes also generate proteoglycans linked 
together with collagen forming fibrils, which 
make up much of the extracellular matrix 
of cartilage.41 It is thought that glucosamine 
composed of an amino-monosaccharide pre-
cursor of a disaccharide unit of glycosamin-
oglycan, the building blocks of proteogly-
cans in cartilage,42 and chondroitin sulfate, 
a polymer of galactosamine and glucoronic 
acid that aggregates with hyaloronic acid,43,44 
can replace the proteoglycan aggregan struc-
ture lost after damage to the joint in OA.45,46 
However, the results of prospective clinical 
trials have been mixed. A few trials have 
shown that glucosamine and chondroitin 
formulations can reduce the progression of 
natural OA or chemically induced joint dam-
age in dogs,47,48,49,50 while others have shown 
limited or no efficacy.51,52 

There is only limited knowledge of the 
effect of flavonoid extracts on cartilage in 
animals. A tumeric extract administered to 
rats with a streptococcal cell wall–induced 
arthritic condition showed inhibition of in-
flammatory cell influx into the joint, reduced 
formation of prostaglandin, and inhibition 
of peri-articular osteoclast formation, which 
are part of the etiology involved in cartilage 
degradation.53 In a double-blind, randomized 
study in canines, a mixture of flavonoids, su-
peroxide dismutase, and glutathione showed 
improvement in hip OA.54 A study of tumer-
ic extracts containing curcumin and essential 
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oils in dogs, however, showed little efficacy 
for OA of hip and knee in a double-blind, 
placebo-controlled trial.55 The purity of the 
extract, as well as the poor bioavailability of 
curcumin, may have been the reason for the 
lack of observed efficacy.56 Only one well-
controlled study of OA in humans using the 
components of FlexileRx has been pub-
lished to date.57 Another study with a similar 
combined extract showed specific reduction 
of fatty acid inflammatory metabolites in the 
joint and serum of humans.58 

The present study showed that FlexileRx 
(combined flavonoid extract of baicalin and 
catechin)25,26 was significantly superior to 
CosequinDS (glucosamine, chondroitin, 
manganese, and ascorbate formulation) 
when comparing veterinarian and owner 
VAS assessments (Table 4; Figure 4). The 
length of the efficacy phase of this study 
may have been a limiting factor that po-
tentially impacted the resulting efficacy of 
CosequinDS in this study. McCarthy et al50 
showed, for example, that the onset of action 
for a glucosamine and chondroitin formula 
took 70 days to reach statistical significance, 
compared to carprofen, which showed 
statistical significance in some measures at 
days 14 through 42. In at least one placebo-
controlled trial, glucosamine and chondroitin 
in combination with manganese for OA in 
dogs reported no improvement.52 FlexileRx 
showed statistical separation from baseline 
at 28 days, suggesting a much faster onset 
of action needed when treating OA with a 
statistically better adverse events profile.

REFERENCES
1.	 Sprecher H, Luthria DL, Mohammed BS, Bayk-

ousheva SP. Reevaluation of the pathways for the 
biosynthesis of polyunsaturated fatty acids. J Lipid 
Res 1995;36:2471-7.

2.	 Plumb MS, Aspden RM. High levels of fat and (n-
6) fatty acids in cancellous bone in osteoarthritis. 
Lipids in Health and Disease. 2004;3:12-14.

3.	 Lippiello L. Lipid and cell metabolic changes 
associated with essential fatty acid enrichment of 
articular chondrocytes. Proc Soc exp Biol Med. 
1990;195(2): 282-7.

4.	 Hart DJ, Spector TD. The relationship of obesity, 
fat distribution and osteoarthritis in women in the 
general population. The Clingford Study. J Rheu-
matol. 20:331-5, 1993.

5.	 Johnston SA. Osteoarthritis: joint anatomy, physi-
ology, and pathobiology. Vet Clin North Am Small 
Anim Pract. 1997;27:699–723.

6.	 Dijkgraaf LC, de Bont LG, Boering G, Liem RS. 
The structure, biochemistry, and  metabolism of 
osteoarthritic cartilage: a review of the literature.  
J Oral Maxillofac Surg. 1995;53(10):1182-92.

7.	 Homaidan FR, Chakroun I, Haidar HA, El-Sabban 
ME. Protein regulators of eicosanoid synthesis: 
role in inflammation. Curr Protein Pept Sci. 
2002;3(4):467-84.

8.	 Laufer, S. Role of eicosanoids in structural deg-
radation in osteoarthritis. Curr Opin Rheumatol. 
2003;15(5): 623-7.

9.	 Burnett BP, Levy RM, Cole BJ. Metabolic 
Pathogenesis of Osteoarthritis. J Knee Surg. 
2006;19(3):191-7.

10.	 Romatowski J. Comparative therapeutics of canine 
and human rheumatoid arthritis. J Am Vet Med As-
soc. 1984;185:558-62.

11.	 Hampshire VA, Doddy FM, Koogler TL, et al. Ad-
verse drug event reports at the United States Food 
and Drug Administration Center for Veterinary 
Medicine. J Am Vet Med Ass. 2004;225:533-6.

12.	 Villar D, Buck WB, Gonzalez JM. Ibuprofen, aspi-
rin, and acetaminophen toxicosis and treatment in 
dogs and cats. Vet Hum Toxicol. 1998;40(3):156-62.

13.	 Adams SS, Bough RG, Cliffe EE, et al. Absorption 
distribution, and toxicity of ibuprofen. Toxicol Appl 
Pharmacol. 1969;15:310-30.

14.	 Spyridakis LK, Bacia JJ, Barsanti JA, Brown 
SA. Ibuprofen toxicosis in a dog. JAVMA. 
1986;188(9):918-9.

15.	 Nicoloff DM. Indomethacin. Effect on gastric 
secretion, parietal cell populations, and   ulcer 
provocation in the dog. Am Med Assoc Arch Surg. 
1968;97:809-15.

16.	 Menguy R, Desbaillets L. Role of inhibition of 
gastric mucous secretion in the  phenomenon of 
gastric mucosal injury by indomethacin. Am J 
Digest Dis. 1967;12:862-6.

17.	 Roudebush P, Morse GE. Naproxen toxicosis in a 
dog. J Am Vet Med Assoc. 179:805-6,  1981.

18.	 Ewing GO. Indomethacin-associated gastrointes-
tinal hemorrhage in a dog. J Am Vet Med Assoc. 
1972;161:1665-8

19.	 Bensen WG, Zhao SZ, Burke TA, et al. Upper 
gastrointestinal tolerability of celecoxib,  a COX-2 
specific inhibitor, compared to naproxen and pla-
cebo. J Rheumatol. 2000;27 (8): 1876-83.

20.	 Bombardier C, Laine L, Reicin A, et al. Compari-
son of upper gastrointestinal toxicity of rofe-
coxib and naproxen in patients with rheumatoid 
arthritis. VIGOR Study Group. New Engl J Med. 
2000;343(21):1520-8.

21.	 Silverstein FE, Faich G, Goldstein JL, et al. Gas-
trointestinal toxicity with celecoxib vs nonsteroidal 
anti-inflammatory drugs for osteoarthritis and 
rheumatoid arthritis. The CLASS study: a random-
ized controlled trial. Celecoxib Long-term Arthritis 
Safety Study. JAMA. 2000;284(10):1247-55.

22.	 Budsberg SC, Bartges JW. Nutrition and Osteoar-



Intern J Appl Res Vet Med • Vol. 7, No. 1 & 2, 2009. 11

thritis in Dogs: Does It Help? Vet Clin Small Anim. 
2006;36:1307–23.

23.	 Middleton E, Kandaswami C, Theoharides TC. The 
effects of plants flavonoids on mammalian cells: 
implications for inflammation, heart disease, and 
cancer. Pharmacol Rev. 2000;52(4):673-751.

24.	 Burnett BP, Jia Q, Zhou Y, Levy RM. A Medici-
nal Extract of Scutellaria baicalensis and Acacia 
catechu acts as a Dual Inhibitor of Cyclooxygenase 
and 5-lipoxygenase to Reduce Inflammation.  
J Med Food. 2007;10(3):442-51.

25.	 Burnett BP, Silva S, Mesches MH, Jia Q. Safety 
Evaluation of a Combination, Defined Extract of 
Scutellaria baicalensis and Acacia catechu. J Food 
Biochem. 2007;31:797-825.

26.	 Wallace MS, Zawie DA, Garvey MS. Gastric 
ulceration in the dog secondary to the use of non-
steroidal anti-inflammatory drugs. J Am Anim Hosp 
Assoc. 26:467–72, 1990.

27.	 Wallace JL, Granger DN. The cellular and mo-
lecular basis of gastric mucosal defense. FASEB J. 
1996;10:731-40.

28.	 Wallace JL. Nonsteroidal anti-inflammatory drugs 
and gastroenteropathy: the second years. Gastroen-
terol. 1997;112:1000-16.

29.	 Hudson N, Balsitis M, Everitt S, Hawkey CJ. En-
hanced Gastric Mucosal Leukotriene B4 Synthesis 
in Patients Taking Non-steroidal Anti-Inflammato-
ry Drugs. Gut. 1993;34:742-7.

30.	 Kimberly A, Agnello KA, Reynolds LR, Budsberg 
SC. In vivo effects of tepoxalin, an inhibitor of 
cyclooxygenase and lipoxygenase, on prostanoid 
and leukotriene production in dogs with chronic 
osteoarthritis. Am J Vet Res. 2005;66:966-72.

31.	 Harris RC. Cyclooxygenase-2 in the kidney. J Am 
Soc Nephrol. 2000;11:2387-94.

32.	 Carmichael J, Shankel SW. Effects of nonsteroidal 
anti-inflammatory drugs on prostaglandins and 
renal function. Am J Med. 1985;78:992-1000.

33.	 Whelton A, Hamilton CW. Nonsteroidal anti-
inflammatory drugs: effects on kidney function.  
J Clin Pharmacol. 1991;31:588.

34.	 Asero R. Leukotriene receptor antagonists may 
prevent NSAID-induced exacerbations in patients 
with chronic urticaria. Ann Allergy Asthma Immu-
nol. 2000;85(2):156-7.

35.	 Marsella R. Update on the role of leukotrienes in 
the pathogenesis of atopy: a comparative review. 
Vet Dermatol. 2001;12(2):63-74.

36.	 Kawai H, Hirano T, Higa, S, Arimitsu J, Maruta 
M, Kuwahara Y, et al. Flavonoids and related 
compounds as anti-allergic substances. Allergol Int. 
2007;56(2):113-23.

37.	 Poole AR. Cartilage in health and disease: Arthritis 
and Allied Conditions. In, A Textbook in Rheuma-
tology, 12th ed. D. McCarthy and W. Koopman, edi-
tors. Lea and Febiger, Philadelphia. 1993;279-333.

38.	 Mayne R. Cartilage collagens. What is their func-
tion, and are they involved in articular disease. 
Arthritis Rheum. 1989;32:241-6.

39.	 Kempson GE, Muir H, Pollard C, Tuke M. The 
tensile properties of the cartilage of human femoral 

condyles related to the content of collagen and 
glycosaminoglycans. Biochim Biophys Acta. 
1973;297:456-72.

40.	 Mow VC, Setton LA, Ratcliffe DS, Howell DS, 
Buckwalter JA: Structure-function relationships of 
articular cartilage and the effects of joint instabil-
ity and trauma on cartilage function. In, Cartilage 
Changes in Osteoarthritis. K.D. Brandt, editor. 
Indiana University School of Medicine, Ciba-
Geigy. 1990;22-42.

41.	 Peltonen L, Halila R, Ryhanen L. Enzymes con-
verting procollagens to collagens. J Cell Biochem. 
1985;28:15-21.

42.	 Bassler C, Henrotin Y, Franchiment P. In vitro evalu-
ation of drugs proposed as chondroprotective agents. 
Internatl J Tissue Reactions. 1992;14:231–41.

43.	 Paroli E, Antonilli L, Biffoni M. Pharmacological 
approach to glycosaminoglycans. Drugs Under 
Exp Clin Res. 1991;17:9-20.

44.	 Neil KM, Caron JP, Orth MW. The role of 
glucosamine and chondroitin sulfate in treatment 
for and prevention of osteoarthritis in animals. 
JAVMA. 2005;226(7):1079-88.

45.	 Lippiello L. Glucosamine and chondroitin sulfate: 
biological response modifiers of chondrocytes 
under simulated conditions of joint stress. Osteoar-
thritis Cartilage. 2003;11:335-42.

46.	 Homandberg GA, Guo D, Ray LM, et al. Mixtures 
of glucosamine and chondroitin sulfate reverse 
fibronectin fragment mediated damage to cartilage 
more effectively than either agent alone. Osteoar-
thritis Cartilage. 2006;14:793-806.

47.	 Anderson M, Slater M. Evaluation of clinical ef-
ficacy of an oral glucosamine-chondroitin sulfate 
compound – survey of veterinary practices in the 
United States (Preliminary findings). In: Proceed-
ings 24th Annual Conference of the Veterinary 
Orthopaedic Society (US.) March 1–8, Montana, 
1997.

48.	 Canapp S, McLaughlin R, Hoskinson J, Roush J, 
Butine M. Scintigraphic evaluation of dogs with 
acute synovitis after treatment with glucosamine 
hydrochloride and chondroitin sulfate. Am J Vet 
Res. 1999;60:1552–7.

49.	 Johnson K, Hulse D, Hart R, Kochevar D, Chu 
Q. Effects of an orally administered mixture of 
chondroitin sulfate, glucosamine hydrochloride and 
manganese ascorbate on synovial fluid chondroitin 
3B3 and 7D4 epitopes in a canine cruciate ligament 
transection model of osteoarthritis. Osteoarthritis 
Cartilage. 2001;9:14–21.

50.	 McCarthy G, O’Donovan J, Jones B, McAllister 
H, Seed M, Mooney C. Randomised double-blind, 
positive-controlled trial to assess the efficacy of 
glucosamine/chondroitin sulfate for the treatment 
of dogs with osteoarthritis. Vet J. 2007;174:54–61.

51.	 Dobenecker B, Beetz Y, Kienzle E. A placebo-
controlled double-blind study on the effect of 
nutraceuticals (chondroitin sulfate and mussel 
extract) in dogs with joint diseases as perceived by 
their owners. J Nutr. 2002;132(Suppl):1690S-1S.

52.	 Moreau M, Dupuis J, Bonneau NH, Desnoyers M. 
Clinical evaluation of a nutraceutical, carprofen 



Intern J Appl Res Vet Med • Vol. 7, No. 1 & 2, 2009.12

and meloxicam for the treatment of dogs with 
osteoarthritis. Vet Rec. 2003;152(11):323-9.

53.	 Funk JL, Frye JB, Oyarzo JN, Kuscuoglu N, 
Wilson J, McCaffrey G, Stafford G, Chen G, 
Lantz RC, Jolad SD, Solyom AM, Kiela PR, 
Timmermann BN. Arthritis and Rheumatism 
2006;54(11):3452-64.

54.	 Impellizeri JA, Lau RE, Azzara FA. A 14 week 
clinical evaluation of an oral antioxidant as a 
treatment for osteoarthritis secondary to canine hip 
dysplasia. Vet Q. 1998;20(Suppl 1):S107–8.

55.	 Innes JF, Fuller CJ, Grover ER, et al. Randomized, 
double-blind, placebo-controlled parallel group 
study of P54FP for the treatment of dogs with 
osteoarthritis. Vet Rec. 2003;152(15):457–60.

56.	 Anand P, Kunnumakkara AB, Newman RA, Aggar-
wal BB. Bioavailability of curcumin: Problems and 
promises. Mol Pharm. 2007;4(6):807-18.

57.	 Levy R, Saikovsky R, Shmidt E, Khokhlov A. 
Safety, efficacy and acceptability of flavocoxid 
(Limbrel™) compared with naproxen in subjects 
with osteoarthritis of the knee: a pilot study. Os-
teoarthritis Cartilage. 2007;15(suppl B):B91.

58.	 Vecka M, Prokeš L, Tvrzická E, Karpaš K, Per-
nický A, Pfleger R, Votruba M. Anti-inflammatory 
effect of flavonoids from Comfort-G and the 
changes in arachidonic acid metabolism. Klin 
Biochem Metab. 2008;16(37):27–32.

SUGGESTED READINGS
Cumulative Adverse Drug Experiences, 
1987 to February 5, 2007. United States 
Food and Drug Administration Center for 
Veterinary Medicine. www.fda.gov/cvm/
ade_cum.htm. 


