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Abstract

This study is a randomized, placebo-controlled, double-blinded trial performed to investigate
the effects of a dietary supplement containing a mixture of Boswellia serrata Roxb., chloro-
phyll, green tea extract, glucosamine, chondroitin sulfate, hyaluronic acid, and further in the
manuscript: non-hydrolised type Il collagen in dogs with osteoarthritis (OA). A total of 40
dogs were enrolled in the study, they were randomly divided in control (CTR) and treatment
(TRT) groups. The TRT group received the dietary supplement for 60 days. The CTR group
received a placebo for the same number of days. All the subjects had veterinary evaluations
during the trial and owners were requested to fill in questionnaires on chronic pain using the
Helsinki Chronic Pain Index. The product was easy to administer and no side effects were
reported. Combining results from veterinarian and owner evaluations, the tested product
proved to be significantly beneficial in alleviating pain and in reducing the clinical signs in
dogs with OA.

1. Introduction

Osteoarthritis (OA) is a common condition in humans and pets. It is characterized by a change
in tissues of synovial joints, with chronic pain and disability as a result of the articular cartilage
deterioration. In dogs, trauma, genetic predisposition, and excessive exercise could be com-
mon causes of OA; while the breed, gender, animal size and overweight are known risk factors
[1,2]. Common findings in dogs diagnosed with OA are: hypertrophy of bone at the margins,
degeneration of the cartilage, and changes in the synovial membranes. Animal examination
performed by veterinary specialists using radiographs, clinical signs, type and degree of lame-
ness, and OA risk factors can help predicting the risk of joint degradation [3]. In veterinary
medicine assessing and evaluating the degree of pain is very difficult. In literature, several
questionnaires have been developed and validated to obtain valid and comparable information
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from animals’ owners on signs of acute and chronic pain and to highlight changes of attitude
and behavior of their affected animals over time [4-6]. In particular, the Helsinki Chronic
Pain Index (HCPI) is a questionnaire validated for chronic pain associated with OA in dogs.
This includes 11 questions related to mood, lameness, and willingness to move, play, and jump
[5, 7, 8]. Unfortunately, when OA is clinically evident it cannot be cured, with pain and associ-
ated loss of joint function as signs that interfere with the normal life of affected humans and
animals. The main aim of a clinician is to reduce the chronic pain improving the patient well-
being. Drugs like nonsteroidal anti-inflammatory drugs (NSAIDs) could be of some help
reducing symptoms of OA, but side effects have been reported by veterinarians [9-11]. Alter-
natively or in addition to these, physiotherapy, hydrotherapy, and acupuncture are common
forms of treatment [12]. Lastly, dietary supplements and traditional herbal products are
increasingly used for treatment of pain. Chondroprotective and anti-inflammatory properties
of these products have also been reported [8, 13]. For example, a common ingredient used to
regulate the collagen synthesis in cartilage providing anti-inflammatory effects is glucosamine.
Glucosamine is often associated to chondroitin sulfate, and inhibits destructive enzymes in
joint fluid and cartilage [14]. Other authors studied the use for OA management like hyal-
uronic acid and undenatured type II collagen [15-17]. Natural ingredients of plantal origin
like Boswellia serrata Roxb [13, 18], chlorophyll [18-20] and green tea extract [19, 21] have
been reported to be used in humans and animals as anti-inflammatory.

In this study, we investigated the effect on chronic pain and clinical signs of a supplement
(Contfis Ultra, Candioli s.r.1, Italy) containing a mixture of Boswellia serrata Roxb., chlorophyll
and green tea extract in addition to some chondroprotectants (Chondroitin sulfate, glucos-
amine and hyaluronic acid) on dogs affected by OA. Clinical trials were already performed
with this supplement on dogs with OA with satisfactory effects [22] but these rigorous ran-
domized controlled trials could be useful to strengthen the previous results.

2. Materials and methods
2.1. Animals included and recruitment

Dogs were included when client-owned >6 months of age, weighting 10-60 kg, with body
condition score 2—4 (on a scale of 1-5) and muscle condition score (MCS) (WSAVA Global
Nutrition Committee) between “normal” and “moderate loss”, and with radiographic signs of
OA on their elbow, knee, or hip. The protocol provided the exclusion of dogs with acute pain,
signs of recent trauma or surgery (in the previous 6 months), neurological conditions, treat-
ment with corticosteroids or NSAIDs or other supplements 14 days before the beginning of
the study, allergy to any of the ingredients included in the tested supplement.

2.2. Study design and the dietary supplement

This study was designed as a randomized placebo-controlled, double-blinded clinical trial. A
total of 40 dogs were randomly assigned to two groups: Control (CTR, n = 20) and Treated
(TRT, n = 20) groups. Animals belonging to the control CTR group were administered a pla-
cebo (ingredients listed in Table 1), while the TRT group were administered the tested supple-
ment (Confis Ultra, Candioli Pharma S.r.1, Italy).

Details of the ingredients included in the tablets are listed in Table 2.

A dose of one tablet (2 gr) per 10 kg of body weight (BW) was orally administered once
daily for six weeks. The product belongs to the category “feed supplement” in compliance to
the REGULATION (EC) No 767/2009 of the European Parliament and Council (13 July 2009)
related to the placing on the market and to the use of feed, amending the European Parliament
and Council Regulation (EC) No 1831/2003 and repealing the Council Directive 79/373/EEC,
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Table 1. Composition of the placebo used during the study.

COMPOSITION % in 2.0 gr of tablet
Maltodextrin 68.5

Flour od Guar seeds 5

Microcrystalline cellulose type II 13

Magnesium stearate 1.5

Dicalcium phosphate dihydrate 5

Appetite stimulants (D’Tech 8P) 7

TOTAL 100

https://doi.org/10.1371/journal.pone.0263971.t001

Commission Directive 80/511/EEC, Council Directives 82/471/EEC, 83/228/EEC, 93/74/EEC,
93/113/EC and 96/25/EC and Commission Decision 2004/217/EC.

The dogs’ owners were informed about the purpose and the design of the study, and signed
a written informed consent. All procedures, treatments and animal care were in compliance
with the guidelines of the Italian Ministry of Health for the care and use of animals (D.L. 4
March 2014 n. 26 and D.L. 27 January 1992 n.116) and UE (Directive 86/609/CEE) and the
use of supplements was regulated by the Regulation (EC) No 767/2009. The experimental pro-
tocol was designed according to the guidelines of the current European and Italian laws on the
protection of animals used for scientific purposes (Directive 2010/63/EU, put into force in
Italy with D.L. 2014/26). Furthermore, the experimental protocol was approved by the Ethical
Committee of the Department of Veterinary Science (DVS) of the University of Turin (Italy)
(prot. n. 709-17/03/2021).

2.3. Veterinary and owner evaluations

Dogs were subject to different veterinary and owner evaluations at different time points during
the observational period: baseline (T0), then after 40 (T1) and after 60 (T2) days.

Data on sex, age, breed, body weight, body condition score (BCS, 9 points scoring system
[23]), were recorded at T0. A radiological assessment was carried out at the first visit with the
sole objective to confirm the diagnosis of OA to include the animal in the study, as no signifi-
cant changes in the radiographic findings are expected to be found over the 60 days period.

The same veterinarian performed a complete blood analysis at TO and T2: complete blood
count (CBC) and serum biochemical analysis.

During each of the three visits, a veterinarian experienced in orthopedics recorded clinical
signs of osteoarthritis using a scale of grades 0-4 (0 = no signs; 1 = minor disability, first-

Table 2. Composition of the feed supplement used during the study.

COMPOSITION % in 2.0 gr of
tablet
Hyaluronic acid 0.9
Chondroitin sulfate 15
Glucosamine hydrochloride 25
Collagen type II-not hydrolyzed 0.2
FLEXIDE®™ (Camellia sinensis (L.) O. Kuntze—green tea extract, Boswellia serrata Roxb. ex 35
Colebr., Copper complexes of chlorophylls (E141)
Appetite stimulants (D’Tech 8P) 6.7
Technological additives (antioxidants, emulsifiers, stabilizing agents) 48.7
TOTAL 100

https://doi.org/10.1371/journal.pone.0263971.1002

PLOS ONE | https://doi.org/10.1371/journal.pone.0263971  February 16, 2022 3/10


https://doi.org/10.1371/journal.pone.0263971.t002
https://doi.org/10.1371/journal.pone.0263971.t001
https://doi.org/10.1371/journal.pone.0263971

PLOS ONE

Efficacy of a dietary supplement in dogs with osteoarthritis

degree cold lameness that disappears after a short activity; 2 = moderate disability, first-degree
cold lameness that disappears after a moderate activity; 3 = severe disability, second-degree
lameness that continues after a moderate and prolonged activity; 4 = loss of movement, third-
degree permanent lameness, independent from the type of activity) at TO, T1, and T2. Then,
the owner assessed the chronic pain using an Italian adapted version of the validated Helsinki
Chronic Pain Index (HCPI), already utilised in another study [22], that is a functional behav-
ior-based owner questionnaire for veterinary use, based on a previous study published by
Canapp and colleagues [8]. The questionnaires on chronic pain index (HCPI) in dogs were
completed by all owners at T0, T1 and T2.

2.4. Statistical analysis

Statistical analysis was performed using the R language [24]. Descriptive statistics were used to
explore the data. The T-test and Mann-Whitney U test was performed to see differences in the
mean baseline parameters (T0) between TRT and CTR groups respectively on BW and BCS.

A Mann-Whitney U test was performed to test the median difference in HCPI scores and
clinical signs of OA between the two groups at different time points (T0, T1, T2). Wilcoxon
signed-rank test was performed to demonstrate differences in HCPI as well as clinical signs of
OA scores within groups between T0, T1 and T2.

The effect of the supplement on HCPI and degree of clinical signs of OA recorded during
the study was investigated using a regression model. The model was built as a generalized lin-
ear mixed model (GLMM) with Gaussian likelihood. The model included a non-linear variable
describing the link between each sampling time within and between the CTR and TRT group,
sex, weight, and BCS. The identification of the subject was included in the model as a random
effect in order to account for repeated measurements and the heterogeneity of individuals.

3. Results

All the 40 dogs enrolled in the study completed the trial. The owners reported good palatability
and ease of administration of the tested dietary supplement. No adverse effects (vomiting, diar-
rhea, anorexia), monitored daily by the owners, were observed during the whole study period
in any of the dogs.

The median age of the dogs was 8.2 years, with dogs belonging to the CTR group ranging
from 4 to 12 (mean 8.3+ 2.4 SD) and to the TRT group from 3 to 11 (mean 8.1+ 2.1 SD). In the
CTR group 11 dogs were females and 9 males, while in the TRT group 9 dogs were females
and 11 males. A total of 14 dogs were mixed breed (n = 7 CTR; n = 6 TRT), one was Boxer
(n =1TRT), five were Labrador (n = 2 CTR; n = 3 TRT), three were German Sheperd (n = 1
CTR; n =2 TRT), three were Golden Retriever (n =2 CTR; n = 1 TRT), two were Syberian
Husky (n = 1 CTR; n = 1 TRT), two were Rottweiler (n = 1 CTR; n = 1 TRT), one was Ameri-
can Staffordshire (n = 1 TRT), one was Belgian sheperd Malinois (n = 1 TRT), one was Belgian
shepherd Tervueren (n = 1 TRT), one was English Setter (n = 1 TRT), one was Epagneul
Breton (n = 1 TRT), one was Dogue De Bordeaux (n = 1 CTR), one was Lagotto Romagnolo
(n =1 CTR), one was Bullmastiff (n = 1 CTR), one was Weimaraner (n = 1 CTR), and one was
Flat-Coated Retriever (n = 1 CTR).

The radiographic examination at the baseline (T0) was used to confirm OA conditions in
all dogs included and to highlight the involvement of one or more joints. More specifically, the
joints affected by OA (n = number of cases) are listed here: knee unilateral (n = 4), hip unilat-
eral (n = 7), hip bilateral (n = 6), elbow and hip (n = 4), elbow unilateral (n = 11), and elbow
bilateral (n = 8).
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Table 3. Body weight (BW) and Body condition score (BCS) in the two groups (control-CTR and treatment-TRT)
at the baseline of the study (TO0).

Body weight (BW) CTR (n =20) TRT (n =20) Student T-Test (P-value)

Mean (Kg) 29.9 29.1 0.769

Std. Deviation (Kg) 8.1 9

Minimum (Kg) 18 14

Maximum (Kg) 47 55

Body Condition Score (BCS) CTR (n =20) TRT (n = 20) Mann-Whitney U test (P-value)
Median 3 3 0.586

Ql, Q2 3,325 3,4

Data are expressed as mean and standard deviation for the BW; median, first (Q1), and third (Q3) quartiles for BCS.
Differences between groups are calculated using Student T-Test (BW) and Mann-Whitney U test (BCS).

https://doi.org/10.1371/journal.pone.0263971.t1003

The complete blood analysis at T0O and T2 highlighted all values within the normal ranges
both times for all dogs, so we considered the product safe. This also allowed us to include only
patients without current pathologies.

At the time of the enrolment no significant difference in BW and BCS was reported
between groups (p = 0.769 and p = 0.586, Table 3).

The veterinarian evaluated the animal clinical signs of OA progression grading it at T0,
then at T1 and T2. Specifically, in the CTR group seven animals started with grade 3 (35%),
nine animals with grade 2 (45%), and four with grade 1 (20%); while in the TRT group three
animals started with grade 3 (15%), ten animals with grade 2 (50%), and seven with grade 1
(35%). During the period between T0 and T2, six animals in the TRT group remained with the
same score, while the others (n = 14) improved their condition. In the CTR group, in three
cases the clinical signs got worse (score 1 to 2 n = 2; score 2 to 3 n = 1), one improved (score 3
to 2) and the other 16 remained the same. A significant improvement of signs of OA was
recorded in the TRT group at T1 (Wilcoxon signed-rank test, p<0.001) and T2 (Wilcoxon
signed-rank test, p<0.001), while no differences were found in the CTR group overtime (Wil-
coxon signed-rank test, p>0.05). No significant difference was found in the median clinical
signs scores between groups at T0 (Mann-Whitney U test, U = 251.5, p = 0.14), while at T1
(U =293, p<0.01) and T2 (U = 376.5, p<0.01) the difference was significant (Fig 1).

As resulted from the GLMM, an improvement of clinical signs of OA was significant only
at T2 in the TRT group (Table 4).

The questionnaires on chronic pain index (HCPI) in dogs were completed by all owners at
TO, T1 and T2. No significant differences in median HCPI scores between groups at TO
(U =196, p = 0.924, Mann-Whitney U test) and T1 was identified (U = 261.5, p = 0.097,
Mann-Whitney U test), while a significant difference was reported at the end of the study
(U =373.5,p<0.001, Mann-Whitney U test), when the TRT group scores were significantly
lower than the CTR group (Fig 2).

A significant decrease in the median score from the beginning to the end of the study for
the TRT group was recorded (p<0.001, Wilcoxon signed-rank test). For the CTR group,
where the median scores remained similar for the entire duration of the study, non-significant
difference was detected (p = 0.162, Wilcoxon signed-rank test).

As resulted from the GLMM, a decrease of HCPI score was significant only at T2 in the
TRT group (Table 5).

Raw data are provided in S1 Data.
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Fig 1. Comparison of clinical signs of OA between CRT and TRT groups at three time points (T0, T1, T2), **p<0.01, Mann-Whitney U test.
https://doi.org/10.1371/journal.pone.0263971.9001

Table 4. Effect (B) of time on signs of OA scores recorded in the two groups (CTR and TRT) estimated by the per-

formed GLMM.

Time Group Effect p (95% CI)

TO CTR 0.3 (-0.1; 0.8)
TRT 0.1 (-0.5; 0.6)

T1 CTR 0.2 (-0.3; 0.7)
TRT -0.3 (-0.8;0.2)

T2 CTR 0.4 (-0.1; 0.9)
TRT 0.8 (-1.3;-0.3) *

*p<0.05.

https://doi.org/10.1371/journal.pone.0263971.t1004

PLOS ONE | https://doi.org/10.1371/journal.pone.0263971  February 16, 2022 6/10


https://doi.org/10.1371/journal.pone.0263971.g001
https://doi.org/10.1371/journal.pone.0263971.t004
https://doi.org/10.1371/journal.pone.0263971

PLOS ONE Efficacy of a dietary supplement in dogs with osteoarthritis

— *
o _
< T T N
o | | | |
o |
(4p} I
S
T & - , |
o] L i
A l l
m— —_ :
= [ ] CTR |
[ ] TRT —
o _

I I I I I I
CTRO TRTO CTR1 TRT1 CTR2 TRT2

Groups

Fig 2. Comparison of HCPI scores between CRT and TRT groups at three time points (T0, T1, T2), * p<0.05,
Mann-Whitney U test.

https://doi.org/10.1371/journal.pone.0263971.9002

Table 5. Effect (B) of time on HCPI scores recorded in the two groups (CTR and TRT) estimated by the per-

formed GLMM.

Time Group Effect B (95% CI)

TO CTR 1.6 (-2.4;6.1)
TRT 3.1(-1.6;7.1)

T1 CTR 0.9 (-2.9; 5.3)
TRT -1.7 (-6.25 2.3)

T2 CTR 1.9(-1.8;6.4)
TRT -6.2 (-10.8; -2.2) *

*p<0.05.

https://doi.org/10.1371/journal.pone.0263971.t005
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4. Discussion

Osteoarthritis is a chronic debilitating disease commonly diagnosed by veterinarians in dogs.
The use of long-term treatments with traditional drugs is the elective choice among clinicians,
but most of times [25] it could lead to a high risk of developing side effects in patients. An
alternative approach is to use natural products for treating OA in both humans and animals
with different results as reported in literature [26-28].

In this study, a dietary supplement was tested on dogs with OA for a period of 6 weeks
administration, during a 60-day trial. No adverse effects were reported, confirming the safety
and tolerability of the product.

Our study is in agreement with other ones, where diet supplements are well tolerated and
absorbed quickly [22, 29, 30]. For safety reasons, the list of materials for animal nutrition
placed on the market and in the present supplement is authorized by the EU Commission with
the technical support of EFSA, and then considered safe.

With regards to the clinical efficacy (clinical signs of OA), the product resulted effective
after 60 days of supplement administration taking into account sex, weight, and BCS. Interest-
ingly, the owners’ opinions through the HCPI confirmed that also the animal’s mood, lame-
ness, and willingness to move, play, and jump significantly ameliorated after 60 days of
treatment in the TRT group taking into account the sex, weight, and BCS. This was also
reported in a previous study on dogs [22].

Beside the interesting findings of this trial, some limitations have to be reported: the disease
nature itself, the level of OA potentially conditioned by the environment, the different clinical
manifestation and the etiopathogenesis [5]. In fact, it cannot be excluded that in our study
these factors could have influenced the final results related to both placebo and treated groups.

5. Conclusions

Our results support the use of a dietary supplement as a potentially efficacious treatment in
cases with different clinical conditions, level of chronic pain and joint involvement. The
tested product was beneficial in alleviating pain and reducing clinical signs in dogs with OA.
Further studies comparing its effects to common drug therapies, such as NSAIDS, are
warranted.

Supporting information

S1 Data.
(CSV)

Acknowledgments

We wish to thank Dr. Fabio Barbieri and colleagues (Italy) for the excellent work and for pro-
viding the cases.

Author Contributions

Conceptualization: Elisa Martello.

Data curation: Elisa Martello, Mauro Bigliati, Raffaella Adami, Donal Bisanzio.
Formal analysis: Elisa Martello, Donal Bisanzio.

Methodology: Elisa Martello.

Project administration: Natascia Bruni.

PLOS ONE | https://doi.org/10.1371/journal.pone.0263971  February 16, 2022 8/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263971.s001
https://doi.org/10.1371/journal.pone.0263971

PLOS ONE

Efficacy of a dietary supplement in dogs with osteoarthritis

Software: Raffaella Adami, Donal Bisanzio.

Supervision: Natascia Bruni.

Writing - original draft: Elisa Martello.

Writing - review & editing: Elisa Martello, Mauro Bigliati, Elena Biasibetti, Giorgia Meineri.

References

1.

10.

11.

12

13.

14.

15.

16.

Anderson KL, O’Neill DG, Brodbelt DC, Church DB, Meeson RL, Sargan D, et al. Prevalence, duration
and risk factors for appendicular osteoarthritis in a UK dog population under primary veterinary care.
2018; 8(1):5641.

Anderson KL, Zulch H, O’'Neill DG, Meeson RL, Collins LM. Risk Factors for Canine Osteoarthritis and
Its Predisposing Arthropathies: A Systematic Review. Frontiers in veterinary science. 2020; 7:220.
https://doi.org/10.3389/fvets.2020.00220 PMID: 32411739

Bland SD. Canine osteoarthritis and treatments: a review. Veterinary Science Development. 2015; 5(2).

Reid J, Nolan A, Hughes J, Lascelles D, Pawson P, Scott E. Development of the short-form Glasgow
Composite Measure Pain Scale (CMPS-SF) and derivation of an analgesic intervention score. Animal
Welfare. 2007.

Hielm-Bjérkman AK, Rita H, Tulamo RM. Psychometric testing of the Helsinki chronic pain index by
completion of a questionnaire in Finnish by owners of dogs with chronic signs of pain caused by osteo-
arthritis. American journal of veterinary research. 2009; 70(6):727—-34. https://doi.org/10.2460/ajvr.70.6.
727 PMID: 19496661

Mélsa SH, Hielm-Bjoérkman AK, Laitinen-Vapaavuori OM. Use of an owner questionnaire to evaluate
long-term surgical outcome and chronic pain after cranial cruciate ligament repair in dogs: 253 cases
(2004—2006). Journal of the American Veterinary Medical Association. 2013; 243(5):689-95. https://
doi.org/10.2460/javma.243.5.689 PMID: 23971849

Hielm-Bjoérkman AK, Kuusela E, Liman A, Markkola A, Saarto E, Huttunen P, et al. Evaluation of meth-
ods for assessment of pain associated with chronic osteoarthritis in dogs. Journal of the American Vet-
erinary Medical Association. 2003; 222(11):1552-8. https://doi.org/10.2460/javma.2003.222.1552
PMID: 12784961

Canapp SO Jr., Leasure CS, Cox C, Ibrahim V, Carr BJ. Partial Cranial Cruciate Ligament Tears Treated
with Stem Cell and Platelet-Rich Plasma Combination Therapy in 36 Dogs: A Retrospective Study. Fron-
tiers in veterinary science. 2016; 3:112. https://doi.org/10.3389/fvets.2016.00112 PMID: 28018908

Monteiro-Steagall BP, Steagall PV, Lascelles BD. Systematic review of nonsteroidal anti-inflammatory
drug-induced adverse effects in dogs. Journal of veterinary internal medicine. 2013; 27(5):1011-9.
https://doi.org/10.1111/jvim.12127 PMID: 23782347

Luna SP, Basilio AC, Steagall PV, Machado LP, Moutinho FQ, Takahira RK, et al. Evaluation of adverse
effects of long-term oral administration of carprofen, etodolac, flunixin meglumine, ketoprofen, and
meloxicam in dogs. American journal of veterinary research. 2007; 68(3):258—64. https://doi.org/10.
2460/ajvr.68.3.258 PMID: 17331014

Mansa S, Palmér E, Grgndahl C, Lenaas L, Nyman G. Long-term treatment with carprofen of 805 dogs
with osteoarthritis. The Veterinary record. 2007; 160(13):427-30. https://doi.org/10.1136/vr.160.13.427
PMID: 17400900

Silva N, Luna SPL, Joaquim JGF, Coutinho HD, Possebon FS. Effect of acupuncture on pain and qual-
ity of life in canine neurological and musculoskeletal diseases. The Canadian veterinary journal = La
revue veterinaire canadienne. 2017; 58(9):941-51. PMID: 28878418

Reichling J, Schmokel H, Fitzi J, Bucher S, Saller R. Dietary support with Boswellia resin in canine
inflammatory joint and spinal disease. Schweizer Archiv fur Tierheilkunde. 2004; 146(2):71-9. https://
doi.org/10.1024/0036-7281.146.2.71 PMID: 14994484

Hochberg MC, Martel-Pelletier J, Monfort J, Méller I, Castillo JR, Arden N, et al. Combined chondroitin
sulfate and glucosamine for painful knee osteoarthritis: a multicentre, randomised, double-blind, non-

inferiority trial versus celecoxib. Annals of the rheumatic diseases. 2016; 75(1):37—44. hitps://doi.org/

10.1136/annrheumdis-2014-206792 PMID: 25589511

Beale BS. Use of nutraceuticals and chondroprotectants in osteoarthritic dogs and cats. The Veterinary
clinics of North America Small animal practice. 2004; 34(1):271-89, viii. https://doi.org/10.1016/j.cvsm.
20083.09.008 PMID: 15032132

D’Altilio M, Peal A, Alvey M, Simms C, Curtsinger A, Gupta RC, et al. Therapeutic Efficacy and Safety
of Undenatured Type Il Collagen Singly or in Combination with Glucosamine and Chondroitin in Arthritic

PLOS ONE | https://doi.org/10.1371/journal.pone.0263971  February 16, 2022 9/10


https://doi.org/10.3389/fvets.2020.00220
http://www.ncbi.nlm.nih.gov/pubmed/32411739
https://doi.org/10.2460/ajvr.70.6.727
https://doi.org/10.2460/ajvr.70.6.727
http://www.ncbi.nlm.nih.gov/pubmed/19496661
https://doi.org/10.2460/javma.243.5.689
https://doi.org/10.2460/javma.243.5.689
http://www.ncbi.nlm.nih.gov/pubmed/23971849
https://doi.org/10.2460/javma.2003.222.1552
http://www.ncbi.nlm.nih.gov/pubmed/12784961
https://doi.org/10.3389/fvets.2016.00112
http://www.ncbi.nlm.nih.gov/pubmed/28018908
https://doi.org/10.1111/jvim.12127
http://www.ncbi.nlm.nih.gov/pubmed/23782347
https://doi.org/10.2460/ajvr.68.3.258
https://doi.org/10.2460/ajvr.68.3.258
http://www.ncbi.nlm.nih.gov/pubmed/17331014
https://doi.org/10.1136/vr.160.13.427
http://www.ncbi.nlm.nih.gov/pubmed/17400900
http://www.ncbi.nlm.nih.gov/pubmed/28878418
https://doi.org/10.1024/0036-7281.146.2.71
https://doi.org/10.1024/0036-7281.146.2.71
http://www.ncbi.nlm.nih.gov/pubmed/14994484
https://doi.org/10.1136/annrheumdis-2014-206792
https://doi.org/10.1136/annrheumdis-2014-206792
http://www.ncbi.nlm.nih.gov/pubmed/25589511
https://doi.org/10.1016/j.cvsm.2003.09.008
https://doi.org/10.1016/j.cvsm.2003.09.008
http://www.ncbi.nlm.nih.gov/pubmed/15032132
https://doi.org/10.1371/journal.pone.0263971

PLOS ONE

Efficacy of a dietary supplement in dogs with osteoarthritis

17.

18.

19.

20.

21.

22,

23.

24,
25.

26.

27.

28.

29.

30.

Dogs. Toxicology mechanisms and methods. 2007; 17(4):189-96. https://doi.org/10.1080/
15376510600910469 PMID: 20020968

Alves JC, Santos AM, Jorge PI. Effect of an Oral Joint Supplement When Compared to Carprofen in the
Management of Hip Osteoarthritis in Working Dogs. Topics in companion animal medicine. 2017; 32
(4):126-9. https://doi.org/10.1053/j.tcam.2017.10.003 PMID: 29525231

Del Grossi Moura M, Lopes LC, Biavatti MW. Oral herbal medicines marketed in Brazil for the treatment
of osteoarthritis: A systematic review and meta-analysis. Phytotherapy Research. 2017; 31(11):1676—
85. https://doi.org/10.1002/ptr.5910 PMID: 28872719

Comblain F, Barthelemy N, Lefebvre M, Schwartz C, Lesponne |, Serisier S, et al. A randomized, dou-
ble-blind, prospective, placebo-controlled study of the efficacy of a diet supplemented with curcumi-
noids extract, hydrolyzed collagen and green tea extract in owner’s dogs with osteoarthritis. BMC
veterinary research. 2017; 13(1):395. https://doi.org/10.1186/s12917-017-1317-8 PMID: 29262825

Henrotin Y, Priem F, Mobasheri A. Curcumin: a new paradigm and therapeutic opportunity for the treat-
ment of osteoarthritis: curcumin for osteoarthritis management. SpringerPlus. 2013; 2(1):56. https://doi.
org/10.1186/2193-1801-2-56 PMID: 23487030

Comblain F, Sanchez C, Lesponne |, Balligand M, Serisier S, Henrotin Y. Curcuminoids extract, hydro-
lyzed collagen and green tea extract synergically inhibit inflammatory and catabolic mediator’s synthe-
sis by normal bovine and osteoarthritic human chondrocytes in monolayer. PloS one. 2015; 10(3):
e€0121654. https://doi.org/10.1371/journal.pone.0121654 PMID: 25799427

Martello EBM, Adami R, Biasibetti B, Dosio F, Pastorino D, Bruni N. Evaluation of The Efficacy of a Die-
tary Supplement in Alleviating Symptoms in Dogs with Osteoarthritis. J Food Nutr. 2018; 4:1-8.

Laflamme D. Development and validation of a body condition score system for dogs. Canine Pract
1997; 22:10-15.

R Core Team, 2020.

Liesegang A, Limacher S, Sobek A. The effect of carprofen on selected markers of bone metabolism in
dogs with chronic osteoarthritis. Schweizer Archiv fur Tierheilkunde. 2007; 149(8):353-62. https://doi.
org/10.1024/0036-7281.149.8.353 PMID: 17803115

Muller C, Enomoto M, Buono A, Steiner JM, Lascelles BDX. Placebo-controlled pilot study of the effects
of an eggshell membrane-based supplement on mobility and serum biomarkers in dogs with osteoar-
thritis. Veterinary journal (London, England: 1997). 2019; 253:105379. https://doi.org/10.1016/j.tvjl.
2019.105379 PMID: 31685140

Sato T, Iwaso H, editors. An Effectiveness Study of Hyaluronic acid" Hyabest® (J)# in the Treatment of
Osteoarthritis of the Knee on the Patients in the United States#2009.

Park JS, Kim HW, Mathison BD, Hayek MG, Massimino S, Reinhart GA, et al. Astaxanthin uptake in
domestic dogs and cats. Nutrition & metabolism. 2010; 7:52. https://doi.org/10.1186/1743-7075-7-52
PMID: 20565958

Martello EBM, Bisanzio D, Biasibetti E, Dosio F. Effects on Pain and Mobility of a New Diet Supplement
in Dogs with Osteoarthritis: A Pilot Study. Ann Clin Lab Res 2019; 7(2:304).

Comblain F, Serisier S, Barthelemy N, Balligand M, Henrotin Y. Review of dietary supplements for the
management of osteoarthritis in dogs in studies from 2004 to 2014. Journal of veterinary pharmacology
and therapeutics. 2016; 39(1):1-15. https://doi.org/10.1111/jvp.12251 PMID: 26205697

PLOS ONE | https://doi.org/10.1371/journal.pone.0263971  February 16, 2022 10/10


https://doi.org/10.1080/15376510600910469
https://doi.org/10.1080/15376510600910469
http://www.ncbi.nlm.nih.gov/pubmed/20020968
https://doi.org/10.1053/j.tcam.2017.10.003
http://www.ncbi.nlm.nih.gov/pubmed/29525231
https://doi.org/10.1002/ptr.5910
http://www.ncbi.nlm.nih.gov/pubmed/28872719
https://doi.org/10.1186/s12917-017-1317-8
http://www.ncbi.nlm.nih.gov/pubmed/29262825
https://doi.org/10.1186/2193-1801-2-56
https://doi.org/10.1186/2193-1801-2-56
http://www.ncbi.nlm.nih.gov/pubmed/23487030
https://doi.org/10.1371/journal.pone.0121654
http://www.ncbi.nlm.nih.gov/pubmed/25799427
https://doi.org/10.1024/0036-7281.149.8.353
https://doi.org/10.1024/0036-7281.149.8.353
http://www.ncbi.nlm.nih.gov/pubmed/17803115
https://doi.org/10.1016/j.tvjl.2019.105379
https://doi.org/10.1016/j.tvjl.2019.105379
http://www.ncbi.nlm.nih.gov/pubmed/31685140
https://doi.org/10.1186/1743-7075-7-52
http://www.ncbi.nlm.nih.gov/pubmed/20565958
https://doi.org/10.1111/jvp.12251
http://www.ncbi.nlm.nih.gov/pubmed/26205697
https://doi.org/10.1371/journal.pone.0263971

