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Abstract

Based upon a series of research studies, scientific organizations considered
Glucosamine and Chondroitin “not appropriate” as osteoarthritis (OA) of the
knee modifying drugs and uncertain as pain relievers. Research studies which
served as foundation for the aforementioned conclusions focused on the oral
use of the substances. On the other hand, studies recommend that topical ad-
ministration in treating OA be considered first line therapy, since it is said to
be advantageous for its efficacy in treating localized situations, as it allows
greater local concentration and it results in smaller systemic effects. Studies
found did not provide sufficient evidence for good development and applica-
tion strategies and were not enough to prove the technique to be effective or
non-effective. Several other aspects must be clarified. In order to enhance
permeation and delivery of Glucosamine and Chondroitin to knee joint, com-
bining the advantages of intravenous infusion therapy with the convenience of
oral administration, the suggested course of action is to transform skin deli-
very technology, while clarifying other points discussed throughout this re-
search study.
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1. Introduction

There has been much debate about Osteoarthritis (OA) of the knee and its
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common incidence among men and women of all ages. Affected patients may
experience pain first thing in the morning or complain about pain and muscle
stiffness after staying in the same position for extended periods of time. Some
swelling and a cracking sensation may be noticed and pain tends to worsen as
physical effort increases throughout the day [1]. The use of medication to treat
symptoms is often recommended by physicians. Many use alternative therapies
and surgical intervention to address OA symptoms [2].

OA treatment guidelines developed by scientific organizations are often de-
bated. The American College of Rheumatology (ACR), the Osteoarthritis Re-
search Society International (OARSI), and the American Academy of Orthoped-
ic Surgeons (AAOS) are among those organizations. Their guidelines are based
upon high-quality evidence provided by systematic review studies, meta analys-
es, and randomized controlled trials [3].

In that regard, in 2012, the ACR updated both with and without drug treat-
ment guidelines for OA of the hand, hip, and knee. The new guidelines were de-
veloped following the Grading of Recommendations Assessment Development
and Evaluation-GRADE system, a formal and systematic approach to developing
strong clinical recommendations based upon evidence. It is the result of the
work performed by specialists from the US and Canada. The purpose of the bib-
liographic research was to identify systematic reviews and meta analyses which
would provide reliable estimates for the benefits of a given intervention. It is
important to highlight that among several ACR guidelines, there were recom-
mendations against the use of Glucosamine and Chondroitin on patients af-
fected by OA of the knee. Such recommendation is based on the lack of high-
quality evidence, or a small difference between desirable and undesirable effects
during treatment [4]. In addition, AAOS guidelines, published in 2013, also con-
tained a strong recommendation against the use of Glucosamine and Chondroi-
tin for the same reasons as ACR’s [5].

It is important to note that, in 2014, the OARSI brought together 13 physi-
cians from relevant specialties (Primary Care, Rheumatology, Orthopedics, Phy-
sical Therapy, Physical and Rehabilitation Medicine, and Evidence-Based Medi-
cine), from three continents and ten countries (United States, United Kingdom,
France, Netherlands, Belgium, Sweden, Denmark, Australia, Japan, and Canada)
and a patient representative. The purpose of this meeting was to provide guide-
lines and instructions for a non-surgical approach to OA of the knee. Based on
OARST’s previous guidelines and a systematic literature review, 29 therapy mod-
alities were recommended for OA treatment. According to OARSI’s guidelines,
both Glucosamine and Chondroitin were considered “not appropriate” as dis-
ease-modifying drugs and uncertain as pain relievers [6].

The research studies which served as foundation for the guidelines focused on
the oral use of Glucosamine and Chondroitin. That can be easily explained as
there are few research studies targeted at other Glucosamine and Chondroitin

routes of administration. It was possible to note that the skin delivery of these
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substances, for instance, was not mentioned in any of the therapy recommenda-
tions for OA of the knee.

However, it is general knowledge that the topical route for drug holds advan-
tage to other routes of administration-under several circumstances. Hepatic
first-pass effect, very common for drugs administered orally, is responsible for
decreased bioavailability and drug degradation. The topical route prevents the
first-pass effect from occurring [7]. Furthermore, a number of undesirable side
effects may be noticed when orally administering drugs, such as nausea, dyspep-
sia, diarrhea, constipation, ulcer, and mucosal bleeding-which does not occur
when applying the topical route [8] [9]. It is important to add that the topical
route holds advantage over both the intravenous and intramuscular routes as it
is a painless and noninvasive route of administration, enhancing patients’ adhe-
rence to recommended therapy [10] [11] [12].

It is reported that the European League Against Rheumatism (EULAR), the
National Institute for Clinical Excellence (NICE), and the European Society for
Clinical and Economic Aspects of Osteoporosis and Osteoarthritis (ESCEQO) in-
dicated that transdermal drugs may be used either combined with or as an al-
ternative to oral drugs in OA treatment. They also recommended that the skin
delivery be considered first line therapy for all patients [13].

It is important to report that chondrocytes synthesize the various types of
proteoglycans and these allow the cartilaginous tissue the ability to withstand
high compression forces. Proteoglycans are responsible for the morphological
structure and nutrition of the cartilaginous cells. It is expected that by providing
Glucosamine and Chondroitin—since they participate in the proteoglycans syn-
thesis—there will be an improvement in the biological conditions of the tissue
[14] [15]. Therefore, it is important that Skin delivery provides a transdermal
permeation, that is, transposes GS and CS through the stratum corneum and the
basal epidermis and to reach the dermis. Only then, will the technique be able to
exert its therapeutic effect.

In light of the above, and considering there is the need for new treatment re-
gimens for OA of the knee, the purpose of this research study was to examine
available literature on treatments for OA of the knee with skin delivery of Glu-
cosamine and Chondroitin while seeking to identify new approaches to this

technique in treating the condition.

2. Method

Literature review with the use of Medline, Pubmed and Web Of Science data-
bases. The keywords in this research were “glucosamine”, “chondroitin”, “os-
teoarthritis”, “knee”, skin, transdermal and “topical”. Inclusion criteria: clinical
trials comparing the topical use of Glucosamine and Chondroitin with placebo,
other medication, or another administration route. Reviews discussing the topi-
cal use of those substances in humans were also included in this study. Exclusion
criteria: Animal study, reviews that did not focus on topical administration of

the drugs in question, and clinical trials with other routes of administration.
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3. Results

52 potentially relevant articles were identified by combining keywords. In the
first phase of the analysis 9 duplicate articles were excluded. The full text of 43
articles was revised. 38 studies were excluded, with 22 reviews with little ap-
proach to topical use, 4 clinical investigations without direct interventions in
humans, 3 clinical trials with other routes of administration and 9 short reports.
5 articles met the inclusion criteria (an overview and other comments are in-
cluded in Table 1).

In the work performed by Cohen ef al. [16], 63 patients suffering from OA of
the knee were randomly divided into two groups. The first group received skin
delivery of GS and CS and the second group received placebo. Pain was meas-
ured using a Visual Analog Scale (VAS) and physical function was measured
using the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAQC). Results demonstrated significant pain relief for the group under-
going treatment. On the other hand, there was no significant WOMAC differ-
ence between the two treatment groups.

In a different study, Erhan et al. [17] used topical GS and CS associated with
muscle strength exercises. Forty-nine patients with OA of the knee were rando-
mized into two groups. It was a double-blind study. The first group, consisting
of 27 patients, received physical therapy and topical GS. The second group con-
sisted of 22 patients and received physical therapy and placebo. Results were
analyzed using VAS, WOMAC, and radiological findings. As a final result, no
significant difference was demonstrated between the two groups. Hammad et al.
[18] randomly divided 180 patients with OA of the knee into two groups. GS
and CS were orally administrated on the first group and the second group

received skin delivery. Results were analyzed using radiographs, VAS, and

Table 1. Summary of articles included in the review.

A t
Ref. Type of study :;::}s::;: Results and comments

VAS scores higher for group
*VAS and *WOMAC  undergoing treatment. There was no
WOMAC difference.

Cohen Randomized
etal,[16]. Placebo

Erhan  Randomized, Placebo, VASand WOMAC No significant difference demonstrated

etal, [17]. Double blind Radiography between the two groups.
Hammad Randomized VAS and WOMAGC Skir} ('ielive'ry superior %n iTnproving
Oral route versus . joint stiffness. No significant
etal, [18]. . Radiografia i .
topical route differences in other aspects.
Randomized
Onigbinde andomize No significant difference
3 groups: VAS
etal [19]. . demonstrated between the two groups.
GS and exercise
Onigbinde Randomized VAS No significant difference
etal [20].  GSversus NSAIDs demonstrated between the two groups.

*VAS (Visual Analogue Scale), **WOMAC (Western Ontario and McMaster Universities Osteoarthritis
Index).
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WOMAC. No significant differences were found between the two groups re-
garding pain relief and improvement in physical function. In that case, the result
of skin delivery was superior in improving joint stiffness.

Onigbinde ef al. [19] compared the efficacy of exercise therapy and GS ionto-
phoresis. Fifty-two individuals with OA of the knee were randomly grouped into
3. Group 1 received exercise therapy and GS iontophoresis. Group 2 received GS
iontophoresis only. Group 3 received exercise therapy only (cycle ergometry).
The analysis of variance determined that there were no significant differences in
pain levels of the 3 groups. All three techniques were effective in managing pain.
Onigbinde ef al. [20] analyzed the immediate effects on pain and knee flexibility
on two groups of patients with OA of the knee. The first group received topical
GS and the second group received topical methyl salicylate. Forty-one patients
with grade IT knee OA were recruited. One gram of each topical formulation was
administered to the knee joint using massage. There was significant reduction in
pain intensity and improvement in flexibility across the two groups. However,
there were no significant differences between them. It is important to stress that
in addition to bicycle ergometry sessions, both groups received infrared radia-

tion.

4. Discussion

Analyzing studies specifically targeted to skin delivery of GS and CS, there was a
variation between aqueous vehicles and creams. The daily amount varied from
215 mg to 1000 mg Glucosamine and from 170 to 780 mg Chondroitin. The
methodology used in the research studies was not very clear on whether the daily
amount was for a single application or fractionated into multiple applications.
There was no pattern followed as far as application techniques are concerned.
There was variation between association of exercises with iontophoresis and
infrared, together with skin delivery of substances.

Across the studies included, it was possible to note that different parameters
were used in the formulation, concentration, dosage, and application technique,
causing difficulty in the conclusion process. Skin delivery of Glucosamine and
Chondroitin is not yet fully explored in literature.

Many original articles have assessed the effects of Glucosamine and Chon-
droitin. Most research studies focus on the oral use of those substances. They are
frequently used with the purpose to treat OA pain. Wilson et al [2] have per-
formed a study of the prevalence of use and combinations of different medica-
tions for OA in 238,536 participants in Catalonia, Spain. The most common
treatment regimen consisted of at least three drugs (53.9% of patients). The
drugs most frequently used were Chondroitin (21.2%), Glucosamine (15.8%),
and NSAIDs (14.4%).

Glucosamine and Chondroitin are natural compounds found in healthy carti-
lage. Articular cartilage is a highly specialized tissue composed of chondrocytes,
collagen, proteoglycans, and water. Preserving the integrity of articular cartilage

components is essential to guaranteeing proper function of articulations. Gluco-
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samine is a substrate used in the synthesis of glycosaminoglycans and proteog-
lycans found in cartilage matrix and synovial fluid. Chondroitin is the most ab-
undant glycosaminoglycan found in cartilage. It constitutes proteoglycans
which, together with collagen, grant resistance and elasticity to cartilage. Pro-
teoglycans play an important role in creating hydrated spaces in the extracellular
matrix. Glucosamine Sulphate (GS) and Chondroitin Sulphate (CS) are the most
commonly used forms in research [14] [15].

The skin is the largest organ in the human body; it serves several functions
and it covers the entire body surface area. It is constituted by the epidermis and
dermis layers, receives one third of the blood flow, and its thickness varies
throughout the body regions. The epidermis, outer layer of the skin, is subdi-
vided into several other layers. Its outermost layer, the stratum corneum, serves
the main function of the skin, which is to form a barrier to protect underlying
tissue. The stratum corneum, along with its corneocytes and corneodesmo-
somes, forms a highly organized layer that is resistant to physical and chemical
insults. In this respect, it is general knowledge that on account of that barrier it
becomes difficult for medication to penetrate skin tissue [21].

The fact that skin absorption significantly decreases when the molecular
weight of a substance is above 500 Da and increases when the molecular weight
is below 100 Da must be observed. The partition coefficient of a substance be-
tween organic and aqueous phases is another important factor. Substances with
low partition coefficients (below zero) display low lipophilicity, which will limit
penetration through the stratum corneum. In substances which display partition
coefficients between 1 and 4, skin absorption is increased [21] [22].

On the other hand, the advantages of transdermal treatment are widely de-
bated on a broader scale, such treatment is said to be advantageous for its effica-
cy in treating localized situations, as it allows greater local concentration and it
results in smaller systemic effects. Skin absorption is a three-stage process: pene-
tration, permeation, and absorption. The latter occurs when a substance is ab-
sorbed into the bloodstream. This entire process may take place across four dif-
ferent pathways: the transcellular route (through stratum corneum cells); the in-
tercellular route (within stratum corneum cells); the transfollicular/shunt route
(through hair follicles); and the transglandular route (through sweat and seba-
ceous glands) [21] [22].

In this same context, it is important to observe that OA is very common in
patients over 65 years of age. Oral drugs are frequently prescribed, posing cardi-
ovascular, renal, and gastrointestinal risks for those individuals. Older patients
normally use other orally administered drugs and may have difficulty in swal-
lowing. In those cases, skin delivery provides better conditions for safety and to-
lerability [23].

Bioavailability is another key factor when comparing effects triggered by dif-
ferent drug administration routes. In that regard, it is important to observe the
study conducted by Lee ef al [24]. They have created a system which allows for

the encapsulation of Glucosamine Sulphate (GS) molecules at a salt concentra-
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tion of 10%. The pharmacokinetic profiles of oral and topical dosage of GS were
compared in mice. For human study, 15 healthy volunteers were given a single
dose of 10 g of glucosamine cream, equivalent to 1000 mg of GS on both of their
knees. Concentration was measured through plasma analysis. The authors’ fin-
dings strongly suggested that the high and sustainable level of GS in the blood,
achieved through skin delivery, is able to provide means for cartilage regenera-
tion. Said study showed the superiority of topical administration in the skin de-
livery of GS.

Strategies have been studied with the purpose to solve the problem with skin
permeability. Among those strategies are the percutaneous absorption promo-
ters, new pharmaceutical systems, and physical methods. That said, it can be ob-
served that the recent inclination toward enhanced drug solubility and bioavai-
lability for skin delivery is based upon nanostructured systems [25] [26] [27].

Research studies did not detail any form of skin preparation to receive the
technique. There were only a few suggestions as to how the product was applied
to the skin. It is also important to consider that absorption and permeation may
vary according to individual skin differences, including level of hydration [28].
Hydration of the skin is one of the factors which can affect speed and degree of
skin absorption. The more hydrated the skin is the more efficient drug absorp-
tion becomes through the skin [29]. Permeability and absorption degrees may be
modified as the skin undergoes physical, chemical or biological changes which
alter its characteristics [30].

The lack of standardization when preparing topical formulations as far as
drug concentration is concerned was a critical point discussed in literature.
There was great variation among studies and that hindered the conclusion pro-
cess. There are many studies dedicated to assessing the minimal therapeutic dose
for oral treatments [31] [32]. There are not enough studies which discuss the
necessary dose for skin delivery.

The use of Glucosamine Hydrochloride, generally in the form of supplemen-
tation, is very common on trials via oral route [33] [34]. Combined use of orally
administered GS and CS is often preferred as it shows better results when com-
pared to single use [35] [36] [37]. However, there was no mention to these as-
pects in any of the 5 clinical trials reviewed. There are insufficient studies per-

formed on combined and topically applied GS and CS pharmacokinetics.

5. Conclusions

Concerning skin delivery of GS and CS in treating OA of the knee, there is in-
sufficient evidence as to: 1) most appropriate vehicle (aqueous, cream gel, or gel
formulation?); 2) best daily dose (single or multiple applications?); 3) the im-
portance of the skin state of hydration to permeability; 4) skin delivery asso-
ciated with physical resources (iontophoresis, phonophoresis, occlusion, infra-
red) as enhancers; 5) different chemical agents as permeation enhancers; 6) most
effective daily intake; and 7) the best type of treatment with these substances (if

combined or used alone).
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With the purpose to enhance permeation and delivery of GS and CS to knee
joint, combining the advantages of intravenous infusion therapy with the con-
venience of oral administration, the recommended course of action is to trans-
form skin delivery technology of these substances. Within that same context,
further clarification of the points raised in this review and the development of
topical systems with nanotechnology may introduce a new perspective for future

research.
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