Glucosamine and Chondroitin Sulfate | Encyclopedia.pub

Glucosamine and Chondroitin Sulfate

Subjects: Biology
Contributor: Silvia Fernandez Martin

Osteoarthritis is the most common progressive joint disease diagnosed in companion animals and its management
continues to be a significant challenge. Nutraceuticals have been widely investigated over the years in the
treatment of osteoarthritis and among them, glucosamine and chondroitin sulfate treatments are probably the most

common therapies used in veterinary management.
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| 1. Introduction

Osteoarthritis (OA) is a heterogeneous chronic disease that involves all tissues in the synovial joints. It is usually
characterized by progressive cartilage damage, subchondral bone changes, osteophyte formation, synovial
inflammation and the secretion of inflammatory mediators 2. At present, it is most common progressive joint
disease diagnosed in companion animals and its management continues to be a significant challenge £l
Lameness, stiffness and chronic pain resulting from the OA pathology have a negative impact on the quality of life
of the affected animals 4. Additionally, OA pain is frequently mishandled in animals, and consequently, some

clinical cases may result in premature euthanasia ..

At present, there is hardly any accurate epidemiological data available of this disease in the different animal
species 8. In sport horses, OA is one of the most prevalent and disabling diseases in sport horses, fundamentally
affecting the metacarpophalangeal joint and causing chronic and painful lameness as well as an important
economic loss in the equine industry . Furthermore, a recent study has reported a noteworthy prevalence of
cervical OA in jumping horses. More specifically, a moderate to severe OA was observed at C6-7 in 25% of the
studied population &, In dogs, OA is highly prevalent with reports of around 20% of the canine population over a
year-old 2. Nevertheless, subsequent studies reported lower values, as observed by Anderson et al. Bl and O’'Neill
et al. 19, who estimated an OA prevalence of 2.5% or 6.6% in primary-care practices in the UK. Generally, large-
breed dogs developed initial and more severe clinical signs of OA [4l. However, early symptoms may be overlooked
by the owner or considered normal, thus the joint disease is usually diagnosed at a later stage . In cats, it is a
very common joint disease, especially in older cats. In relation to this, a previous study reported an OA prevalence
of around 61% at over 6 years of age (11, OA in cats seems to be related to behavioural changes such as
decreased mobility and less grooming £, However, it is important to highlight the underdiagnosis of the disease

associated with the lack of signs such as lameness and a lower radiographic identification. This is in addition to its
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difficult physical examination by clinicians 22, Furthermore, the treatment of OA is a major challenge in this specie,

related to reduced availability of drugs as well as increased adverse effects and complications 231,

For many years, the available therapeutic options for OA management were focused on inflammation relief and
pain control and were basically restricted to the use of non-steroidal anti-inflammatory drugs and analgesics.
However, their chronic administration was limited by their deleterious systemic side effects &. Currently, there is no
ideal drug capable to reverse or stop the progression of the OA and for that purpose, numerous therapeutic agents
have been widely researched for their potential role in targeting the underlying pathology of OA with various levels
of efficacy 141, Nutraceuticals, also classically called chondroprotectors, have been widely analysed over the years
in the treatment of OA in companion animals. Among them, glucosamine and chondroitin sulfate treatments are
probably the most commonly used in the veterinary management of OA [4l. These dietary supplements have been
proposed to promote the cartilage and periarticular bone health status 2 and their effectiveness in the OA
progression has been thoroughly tested in experimental research. However, heterogeneous results were obtained
in different animal studies and their function as disease-modifying drugs is still controversial. Some published
clinical trials in dogs treated with glucosamine and chondroitin sulfate, reported positive clinical effects with
significant pain relief 18 whereas in other publications, no significant differences were found between treated and
untreated dogs (271181,

2. Synthesis of the Main Outcomes of the Effect of
Glucosamine and/or Chondroitin Sulfate

The analysed studies were classified based on the therapy evaluated and its effects on the synovial joint tissues,
osteophyte development and biochemical markers (Table 1). In the 22 studies included in this review, 26
nutraceutical effects have been evaluated, distributed as follows: Glucosamine sulfate (GS) (n = 6), glucosamine
hydrochloride (GH) (n = 8), chondroitin sulfate (CS) (n = 5), CS+GH (n = 3) and CS+GS (n = 4).

Table 1. Synthesis of main outcomes of the effect of nutraceuticals.

Nutraceutical Reference Initial Adminst Ration C SB SM OST BM
Glucosamine sulfate (GS) Abdul-Kadir et al. 22 Delayed + X X X +
n==6 Permuy et al. 29 Delayed - - - X x

Salman et al. 21 Early + X X X+
Wang et al. 22 Early + X X x4
Wen et al. 23 Delayed + X o+ x4
lvanovska et al. (24 Early - X X - -
Glucosamine hydrochloride (GH) Jeong et al. (23 Early + X X X +
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Nutraceutical Reference Initial Adminst Ration C SB SM OST BM
n=8 Ohnishi et al. 28 Early + X X X -
Wang et al. 22 Early ? o+ X X X
Tiraloche et al. (28 Delayed ? X X X -
Panahafir et al. 22 Early - - - - X
Naito et al. 2% Early 2 X X x +
Ivanovska et al. (24! Early + X x o+ o+
Taniguchi et al. 21 Pre-emptive + X X X +
Chondroitin sulfate Permuy et al. 2% Delayed SRS X
n=5 Torelli et al. 22 Early - X X X X
Sun et al. 28l Early + X X X +
Ren et al. 24 Delayed + X X X +
Taniguchi et al. 21 Pre-emptive + X X X +
Chondroitin sulfate + GH Roman-Blas et al. 22 Pre-emptive > = o X =
n=3 Kobayashi et al. [26] Early ? X X X ?
Terencio et al. &1 Pre-emptive + ? 2 X +
Chondroitin sulfate + GS Roman-Blas et al. 2 Pre-emptive SEEC T X =
n=4 Sanches et al. 2 Early + X X X ?
Lee et al. B2 Early X + X X X
= 6) form.
Silva et al. 4 Pre-emptive + X X XX = 5) or in

combination with glucosamine sulfate (n = 4) or glucosamine hydrochloride (n = 3). Additionally, it should be noted
that one study included the evaluation of glucosamine sulfate and chondroitin sulfate separately 29, another the
glucosamine sulfate and the glucosamine hydrochloride 241, another the effect of the glucosamine hydrochloride
encattitagho B sitihchalfatea[BbaadSivicieo s memihrenrQs Tlostevphiytesfiktdioidseghicalsamiker siygrbBlasitive
affanist(chaoedraitie afffstt gluso gaftestaniheuscléae dé2haC migeificantly, effeote @E)phaihdocliefete, TWihapythieit
stliesstraliode dPhe-then plieseiesgstctmtiodedion) 28aelya((uiorductitre Adtdrysipostk fielagbsh &34 daysnbisaidn
indretianied out.

Regarding the parameters evaluated, the cartilage response is by far the most assessed, being included in 25
evaluations out of 26. Positive chondroprotective effects were identified in approximately half of the evaluations (14
out of 25; 56%). In the individual analyses, the results were as follows: glucosamine sulfate (4 out of 6; 67%),

glucosamine hydrochloride (4 out of 8; 50%), chondroitin sulfate (3 out of 5; 60%); chondroitin sulfate plus
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glucosamine hydrochloride (1 out of 3; 33%) and chondroitin sulfate plus glucosamine sulfate (2 out of 3; 67%).
The biochemical markers of OA were the second most studied parameter in this systematic review and was
included in 20 out of 26 therapy assessments. Nutraceuticals showed a positive effect in 13 of them (13 out of 20;
65%). Specifically, in terms of glucosamine therapies, we identified positive responses in 4 out of 5 (80%) sulfate
formulations and in 4 out of 6 (67%) hydrochloride ones. With respect to chondroitin sulfate, 3 out of 5 publications
included biomarker evaluations and, in this case, all of them showed fewer biochemical alterations in the treated
groups. The subchondral bone changes were determined in 8 out of the total number of included evaluations,
identifying beneficial effects in only two of the publications (2 out of 8; 25%) 2227, The synovial inflammation was
evaluated in 7 studies, showing supressed synovitis in only one of them (1 out of 7; 14%) 23 Finally, the
osteophyte development was evaluated in 3 studies, but only in one of them a reduced osteophyte formation was

observed after glucosamine hydrochloride administration 241,

| 3. Therapy Duration and Initial Administration at Baseline

The nutraceutical therapy periods were shown in Table 2. The majority of the preclinical studies included in the
systematic review were based on short-term therapies (n = 15). Intermediate-term therapies were employed in 6 of
the selected publications, with nutraceutical treatment periods lasting 8—24 weeks. Lastly, the review only included

a publication which studied the long-term therapy response in a guinea pig spontaneous OA model B4,

Table 2. Therapy duration of nutraceuticals.

Intermediate-Term (>8 to

Animal Short-term (<8 Weeks) Long-Term (=24 Weeks)

Model <24 Weeks)
Reference TherapyDurationReference Therapy DurationReference Therapy Duration
Abdul- 8 Roman- GH/GS 14
Rabbit Kadir et GS Blas et
2l 9] weeks al. [38] +CS weeks
Jeong et 8 Torelli et 12
al. 2 iy weeks  al. 22 e weeks
Permuy et 8
al. 2 GSICS | eeks
Ohnishi et 4
al. (28] Chl weeks
Wang et 8
al. &l GH weeks

Kobayashi GH + 8

et al. 88 CS weeks
Tiraloche GH 8
weeks
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Intermediate-Term (>8 to

i N < - >
angl Short-term (<8 Weeks) <24 Weeks) Long-Term (=24 Weeks)
Reference TherapyDurationReference Therapy DurationReference Therapy Duration
et al. (28
Rat Salman et GS 6 Terencio GH + 12
al. 24 weeks etal.Bd cs weeks
Sun et al. 4 Panahafir 12
(331 €S weeks etal 2  GH weeks
Wang et 4 Wen et 10
al. 22 €3 weeks al. & €3 weeks
Ren et al. cs 6 Silva et GS + 10
(241 weeks  al. &Y CS weeks
Sanches GH + 4
et al. 28 CS weeks
Lee et al. GS + 7
[29] CS weeks
Naito et 8
al. BY iy weeks
theral
Mice lvanovska GH 3 y Py
et al. 24 IGS weeks t of these
2-emptive
Guinea- Taniguchi 18
Pig etal, B0 CHCS s Of the 13
PUUII\JQLIUIIO vviLll Tal I_y ucattliiciit auiiinsuauvl io, |||ar\|||9 up VI <70, v VUL VI vV puuuuauuuo vviuni ucwlyed Inltlal

treatments, corresponding to 60% and finally, 3 out of 4 pre-emptive protocols making up for 75%.

A Quiality &t RiSKEGf-Bias A8 g siie s> cosamne surate

The quality assessments of the preclinical studies based on the essential 10 items of the ARRIVE guidelines were
summarised in Figure 1. The individual analysis of the manuscripts showed that at items 4 “Randomisation” and 5
“Blinding”, information was not adequately reported in 32% and 50% of the studies, respectively. By contrast, at
items 1 “Study design”, 6 “Outcome measures”, 7 “Statistical methods”, 8 “Experimental animals” and 10 “Results”,
adequate and clear information was reported in the experimental studies, with percentages of 91%, 77%, 68%,
86% and 73% of the studies. Other items, such as 2 “Sample size”, 3 “Inclusion and exclusion criteria” and 9
“Experimental procedures” were graded as unclear with percentages of 82%, 68% and 82% of the studies, due to

partially reported or insufficient experimental details provided in the studies.
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Figure 1. Quality assessments of the 22 preclinical studies included in the systematic review based on the

Essential 10 items of the ARRIVE guidelines 2.0. Values are expressed by frequencies (%).

Figure 2 summarises the risk-of-bias distribution results obtained with the SYRCLE tool. The lower risk of bias was
observed at items 1 “Sequence generation, 7 “Blinding of outcome assessor” and 9 “Selective outcome reporting”,
with percentages of 59%, 55% and 64%, respectively. The higher risk of bias was assigned at item 3 “Allocation

concealment” with a percentage of 68%, whereas high frequencies of unclear risk of bias ratings were assigned at

items 4 “Random housing”, 5 “Blinding of caregivers”, 6 “Random outcome assessment”, 8 “Incomplete data
outcome” and 10 “Other sources of bias”, with percentages of 100%, 91%, 91%, 73% and 63%, respectively.

1. Sequence generation

2. Baseline characteristics
3. Allocation concealment
4. Random housing

E - # High risk of bias
= 6, Random outcome assessment
7. Blinding B Unclear risk of bias

8. Incomplete outcome data " Low risk of bias

9, Selective outcome reporting
10. Other sources of bias

% of studies

Figure 2. Risk of bias distribution graph of the 22 preclinical studies included in the systematic review according to

SYRCLE tool. Values are expressed by frequencies (%).

| 5. Discussion
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The aim of this systematic review was to examine the effect of glucosamine and chondroitin sulfate treatments in
the synovial knee joint tissues and specific biomarkers of the osteoarthritic preclinical studies. A total of 22 studies
with 3 different types of nutraceuticals: glucosamine sulfate, glucosamine hydrochloride and chondroitin sulfate,
administered alone or in different combinations, were meticulously analysed in order to elucidate their direct

influence on the main structural and biochemical elements in the OA joints.

Taking into account the experimental animal model, in the studies considered for this review, the most commonly
used species were rats and rabbits, whereas only one study employed mouse as animal models 24, These
findings were different from those observed by other OA preclinical research, where mouse models constituted the
majority of the included studies ©[42l |n regards to OA induction is concerned, in agreement with other
publications, surgically induced models were one of the most selected based on the rapid OA induction,
repeatability and lower costs 4344 Regarding spontaneous models, a slower disease progression was observed
and therefore it seems closer to what naturally occurs in primary osteoarthritic disease 2. However this review

included only one study of spontaneous model of OA in guinea pigs 211,

Generally, in this systematic review we found a large inconsistency among the experimental nutraceutical
protocols. As an attempt to reduce the variability among studies, we excluded the articles in which animals
received intra-articular therapy injections 48114714811491501  Eyen though according to the records screened, these
local therapies demonstrated a positive chondroprotective effect and anti-inflammatory activity, we decided to
evaluate other administrations routes, such as oral and intraperitoneal, in order to analyse the systemic and non-
local effects of glucosamine and chondroitin sulfate.

With respect to the therapeutic regimen, there are also notable differences among studies, both in the frequency
and in the dosage administered. In this regard, 2 out of 22 articles included in this review examined the efficacy of
chondroitin sulfate 231 and glucosamine sulfate 22 at different doses, and both of them concluded that they

seemed to reduce the cartilage changes and biomarker alterations in a dose-dependent manner.

Additionally, some articles analysed the potential chondroprotective effect of different nutraceutical combinations.
Furthermore, the combination of nutraceutical and other therapies and drugs was also investigated. In this context
beneficial effects were observed in the association of glucosamine and risedronate 2129 glucosamine and fish
collagen peptide 261 and glucosamine hydrochloride and chondroitin sulfate plus fursultiamine, where only the
combined group with the addition of the vitamin showed a significant chondroprotective effect 281, Furthermore, in
one study using an OA experimental model in rats, enhanced responses were observed with the association of
glucosamine sulfate, chondroitin sulfate and photobiomodulation (281,

Regarding the nutraceutical combinations between glucosamine and chondroitin therapies evaluated in this review,
Silva et al. #9 observed that the association of glucosamine sulfate and chondroitin sulfate, rather than isolated
glucosamine, significantly reduced the joint pain and prevented the cartilage histology alterations. Likewise,
Terencio et al. B7 demonstrated the chondroprotective effects of the combination chondroitin sulfate-glucosamine,

as well as reduced inflammatory mediator levels. By contrast, Roman-Blas et al. B3 did not find any beneficial
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effects in the combined therapy with chondroitin sulfate plus glucosamine sulfate or hydrochloride. Regarding this
point, a study which used a chemically induced murine model, focused on examining the effect of glucosamine on
cartilage degradation and bone resorption, comparing two different pharmacological forms, sulfate and
hydrochloride; the results showed less histologic effectiveness in the sulfate form when both were administered
under the same conditions 24, It is important to point out that some authors suggested that glucosamine
hydrochloride had poorer bioavailability and less beneficial effect in relieving clinical OA symptoms B, In our
review, slightly higher chondroprotective effects were determined in the glucosamine sulfate studies comparing to
the studies that included the glucosamine hydrochloride formulation (67% vs. 50%, respectively). Furthermore,
fewer biochemical alterations were found in the glucosamine sulfate administration compared to the hydrochloride
ones (80% vs. 67%). Nevertheless, in a previous review on the use of glucosamine in the management of human
OA, the authors determined that, due to the heterogeneous effects observed in the available research studies,

concluding which formulation could be more effective continues to be extremely difficult 22!,

Another point of interest in the experimental design is the therapy timing initiation in relation to the OA induction. As
previously described, the articles included in this review were grouped into three distinct protocols, pre-emptive,
early and delayed administrations. Among these studies, the highest chondroprotective effects were determined in
the pre-emptive therapies, followed by the delayed ones, which showed slightly positive higher values than the
studies with early administrations. These findings were slightly different to those observed in a recently published
systematic review about the effect of bisphosphonates therapies in OA preclinical studies B3l where an obvious
time-dependent efficacy on cartilage status was determined, showing better chondroprotective effects in pre-
emptive and early therapy initiations and greater cartilage damage in the delayed ones. In our opinion, the positive
values observed in the delayed administrations could be associated with an inadequate selection of the period of
time determined, given that it can be established as early as 14 days after de OA experimental induction and

longer periods of time may be required.

In terms of duration, attention is drawn to the lack of evidence in long-term therapy, identifying only 1 out of 22
included publications, in which glucosamine hydrochloride and chondroitin sulfate were evaluated at 8, 12 and 18
months, showing reduced cartilage degeneration and biomarker alterations in both treated groups, the animal
group treated with glucosamine hydrochloride and the group treated with chondroitin sulfate 11, In this context, it is
important to highlight that the histological and biochemical response after long-term nutraceutical administration is
basically unpredictable. The initial positive response identified in some studies may not be sustained for long
periods of time. However, the opposite is also possible, and a longer duration of treatment period may be
necessary to observe a beneficial effect in the synovial joint. Therefore, additional preclinical studies in OA

research evaluating the effect of dietary supplements in the long term are required 453!,

Overall, in this systematic review, we observed a high variability among the experimental designs. Consequently,
making an accurate assessment of how glucosamine and chondroitin sulfate affect the OA progression continues
to be a challenge. In general terms, the evaluated nutraceuticals, alone or in combination, did not seem to prevent
the subchondral bone changes, the synovial inflammation or the osteophyte formation, showing poor positive

responses. Nevertheless, it is true that only a few of the publications included evaluations at those levels. Cartilage
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continues to be the primary focus in OA research and in this sense, positive chondroprotective effects were
identified in approximately half of the publications, the studies of glucosamine sulfate and the combination of
chondroitin sulfate plus glucosamine sulfate showing the most promising results. There is also increasing attention
on the research of biochemical markers. As it could be observed in this study, they were the second more
assessed parameter. In this context, a positive response was identified in more than half of the evaluations

included in this review.

Regarding the risk of bias and the quality assessments of the articles included in this review, they were similar to
the previous studies “233]. There are essential details about the experimental design which continue to be poorly
reported in the studies, such as the sample size calculation, which was only reported in one of the manuscripts 121,
Inclusion and exclusion criteria were also badly or incompletely reported in most of the studies as well as blinding
the experimental details. More specifically, half of the studies did not report the information and the other half only
specified it in the outcome assessment stage, but not in the experimental and treatment administration stages. In
addition, the information concerning the acclimatisation period of the animals, the housing and husbandry was also
insufficient. In this sense, a previous research evaluated the adherence to the ARRIVE checklist in 236 papers
between 2009 and 2015, and unexpectedly none of the evaluated manuscripts fully reported 100% of the items (23],
Consequently, the improvement of the research report in animal experimentation continues to be an essential task

at present 58],

To conclude, OA management in companion animals continues to be a challenge in veterinary medicine. As we
exposed in this review, glucosamine and chondroitin sulfate seems to provide chondroprotective effects and less
inflammatory biochemical response in approximately half of the evaluations. However, these effects are
inconsistent between the clinical and the preclinical studies. One explanation may be related to the great variety of
histological scoring evaluations, the potential assessor’s subjectivity and the possibility of intra- and inter-observer
variations BZ. Moreover, as these therapies have a slow onset of action, long-term administrations should be
required to clarify their effectiveness. Additionally, a possible caregiver placebo effect may explain some of the
beneficial responses observed in clinical trials with dogs L7[E8l, For all these reasons, the use of glucosamine and
chondroitin sulfate should be an individual veterinary/owner decision, reached by thoroughly evaluating each

particular clinical case and its symptomatic response.
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