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Abstract: Osteoarthritis is one of the most common diseases of the connective tissue of the
elderly. It was found that most epidemiological studies used the Kellgren and Lawrence system for
classification of osteoarthritis, which indicates one of the 5 degrees (0–4) of osteoarthritis in various
joints according to the radiographic atlas. It has been proven that chondroprotectors are represented by
the following active substances: chondroitin sulfate, glucosamine sulfate or hydrochloride, hyaluronic
acid, glycosaminoglycans, extraction preparations from animal or plant raw materials. The sources
of raw materials for the manufacture of combined chondroprotectors are known, methods for their
preparation and use are described. The main drugs on the chondroprotective market are presented.
The effectiveness of their use for the treatment of osteoarthritis has been proven. It was found that
preparations containing chondroitin sulfate have anti-inflammatory activity, affecting mainly the
cellular component of inflammation, stimulate the synthesis of hyaluronic acid and proteoglycans.
Methods of treating osteoarthritis using cell therapy (the use of readily available, highly proliferative,
and multipotent mesenchymal stromal cells) are presented.
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1. Introduction

The population aging process is steadily accelerating not only in Russia but also in most countries
of Europe. Already now in many regions, people over 60 make up more than 30% of the population.
The proportion of older people in the general structure of the population is growing faster than in any
other age group.

One of the most common diseases of the connective tissue of older people is osteoarthritis (OA).
Osteoarthritis (OA) (synonyms: osteoarthrosis, erosive (osteo)arthrosis) is a degenerative-dystrophic
disease of the joints, which is caused by the damage to the cartilage tissue of the articular surfaces.
The symptom that primarily characterizes the disease is pain, which may be accompanied by difficulty
in movement and deformities. The most affected joints are the hips, knees, and shoulders. OA is
the most common joint disease characterized by progressive cartilage degeneration, changes in the
subchondral bone, and chronic synovitis [1–3]. Modern treatment of OA is limited to the use of
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drugs that affect the symptoms of the disease: analgesics, anti-inflammatory drugs, and devices for
treatment [4–7].

It is believed that bone development, growth, and regeneration occur in the phases of endochondral
ossification. First, cartilage cells and the surrounding matrix form a frame for bone formation [8].
Then osteoblasts penetrate this matrix and precipitate the mineralized parts of the bone. Despite the
long-term popularity of this model, it does not describe all the circumstances of the regeneration of
the mesenchymal skeleton. A number of studies have established that primitive chondrocytes not
only build up a temporary matrix, but can also differentiate into cartilage, mature bones, and even
into related stromal reticular cells [9,10]. As the bone lengthens, hematopoietic stem cells move from
the liver to the bone marrow, supporting mature mesenchymal stem cells of the created population
of the perisinusoidal niche [8]. The articular cartilage, clamped between the synovial fluid and
the advancing subchondral bone, becomes more and more distant from the bone marrow itself
with increasing ossification. This creates an articular compartment in a unique setting for a unique
function. Articular cartilage deserves special attention when searching for new cellular therapies for
OA treatment.

OA can be defined as degenerative processes in the connective tissue. Degenerative-dystrophic
changes in the connective tissue are diseases of the musculoskeletal system and connective tissue
(OA, osteochondropathy, dorsopathy, degenerative-dystrophic changes in the bone-cartilage structures,
consequences of injuries, dysplastic diseases; soft tissue diseases (ligaments, tendons, muscles)),
various deformations of the musculoskeletal system, etc.

Key symptoms are determined by joint pain and stiffness. Joint pathology is varied and includes
focal damage, synovial swelling and inflammation, osteophytes (bone spurs), weakening of the
periarticular muscles, ligamentous weakness, abnormal remodeling, and thinning of the subarticular
bone, and loss of articular cartilage. It is widely believed that OA is an age-related dynamic response
of a joint to injury or inflammation. All joint tissues are damaged by OA, but the most noticeable
are the articular cartilage loss and changes in the adjacent bone. OA is the destruction of the joint as
an organ, which in terms of its effects on the body can be compared to renal or heart failure.

The purpose of this review is to classify OA by severity and to study the effectiveness of known
drugs with chondroprotective properties on the course of OA.

2. Results and Discussion

Inaccuracies in the description of the OA radiographic have led to studies using conflicting criteria.
Besides, studies pay too much attention to the presence of osteophytes.

In recent studies, the general radiographic classification was systematized according to
radiographic characteristics, the criteria were described and the reproducibility and clinical correlates
of each of them were evaluated. Good observational reproducibility was established for the articular
space narrowing of the knee joint, hip joint and hand, osteophytosis, and the overall Kellgren-Lawrence
grades; the diagnosis of osteophytosis [11–13] and OA of the hip [14] is closely related to the presence
of pain in the knee or hip joint, respectively. Criteria for the OA severity are presented in Table 1 and
are associated with the consecutive occurrence of osteophytes, narrowing of space, sclerosis, and cysts.

Table 1. Kellgren and Lawrence system for classification of osteoarthritis (OA).

Grade Degree Features

0 None Absence of AO signs
1 Doubtful Possible osteophytes
2 Minimal Definite osteophytes, intact joint
3 Moderate Moderate narrowing of joint space
4 Severe Severe sclerosis of the subchondral bone
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This classification system has two important limitations [10]. Modern atlases of standard
radiographs provide a more consistent approach to the classification of these individual features,
ensuring greater extrapolation between results from different studies [15,16].

The main OA diagnostic technique is based on the criteria developed by the American College of
Rheumatology (ACR) [2,3]. Diagnostic criteria identify patients with clinical OA by joint pain on most
days of the previous month (primary criterion).

In 1952, Kellgren and Moore described a generalized OA condition in which a polyarticular disease
is connected to Heberden nodes [15,17,18]. The affection of large joints, e.g., hip joint, is accompanied
by diffuse (bilateral and concentric) loss of cartilage. The symmetry of joint damage in this disorder
is pronounced. The classification of a subset of erosive OA is considered in some patients with the
development of interphalangeal joint erosion [19]. This is an acute disorder with signs of inflammation,
subsides over months or years, is accompanied by joint deformity and ankylosis, usually occurs
in middle-aged women. Recent studies have found evidence that erosion in OA may simply be
an aggressive form of destruction of joints that already require assistance [18,19].

Currently, many scientists have begun to consider OA as a metabolic and as a calcium-deficient
disease [1,20–23]. In OA, there are violations of the synthetic activity of chondrocytes (ultrastructural
changes); decreased hydrophilicity of cartilage; slow degeneration, and a decrease in the number
of chondrocytes occur, which leads to the loss of normal biomechanical properties by the cartilage
matrix [4]. An increase in the content of lysosomal enzymes released as a result of the death of
chondrocytes destroys the structure of the cartilage. Released proteoglycans, as well as collagen
and chondrocyte breakdown products, are strong antigens. A secondary inflammatory process of
an autoimmune nature develops as a closed pathological circle [4,11]. Damage to the vascular network
that feeds the subchondral bone leads to intraosseous hypertension with focal hypoxia and bone
ischemia. Due to the destruction of the cartilage, subchondral bone tissue is subjected to significant
pressure, in which trabecular microcracks and micro-fractures, sclerosis, and osteophyte formation
occur [14,24].

Both plant and animal products have chondroprotective characteristics.
Turmeric (or curcumin) is an extract of turmeric, a yellow spice, and a member of the

Zingiberaceae family. Both turmeric and ginger have roots in Ayurvedic and Chinese medicine [25],
and turmeric exhibits anti-inflammatory effects through cyclooxygenase-2, inhibition of prostaglandins,
and leukotoxins. There is a wide variation in daily doses from 180 to 2000 mg, which makes direct
comparison problematic.

A meta-analysis published in 2016 included the results of 4 placebo-controlled studies of knee
OA; 2 studies against ibuprofen and 1 against diclofenac in the therapy of this disease. Regardless of
several idiosyncratic side effects reported in these studies, the meta-analysis established safe daily
dosage of turmeric (4800 mg/day during 4 months) [26].

Harpagophytum (devil’s claw) is an African plant possessing anti-inflammatory effects
(similar to turmeric) due to inhibition of leukotoxin. The study results (Gagnier et al.) of the role of
Harpagophytum in the treatment of lower back pain and OA in three randomized placebo-controlled
trials with 385 volunteers with OA of hip and knee joints was described in [26]. The effectiveness of
harpagophytum powder at a dose of 60 mg was established, although the need for longer and more
varied tests to be able to recommend it for clinical practice was mentioned.

Many plant and animal products, such as green tea and fish oil [27], have traditionally been
used by patients with OA to relieve pain, which by definition makes them nutraceutical. There is
new evidence that the effectiveness of these natural products for pain relief in OA depends on certain
active ingredients that are enriched with these natural sources, such as epigallocatechin-3-gallate,
enriched in green tea [28].

For example, nutraceutical products made from green tea include green tea powder, green tea
extract, and concentrated epigallocatechin-3-gallate (EGCG) derived from green tea. Since ancient
times, turmeric and ginger have been used in India and China to treat OA, in particular, to treat pain
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in OA [22,23]. New Zealand has a centuries-old practice of using green lip mussels for the same
purpose [29]. Despite the lack of a complete understanding of the action mechanism of nutraceuticals
on pain in OA, there is more and more evidence of their pronounced anti-inflammatory effect [30].

Preclinical studies confirmed chondroprotective, anabolic, and anti-catabolic properties of
avocado-soybean unsaponifiables (ASU), while clinical trials showed their effectiveness in pain
alleviation in humans. The active component has not yet been established; it is generally accepted
that sterol is responsible for most of the biological activity of ASU in the articular chondrocytes [31].
The results of a 3-month clinical study describe that daily intake of different doses of ASU significantly
reduced both NSAID intake and Lesquesne pain score [32]. A study [33] demonstrated the effectiveness
of a daily intake of 300 mg piaskledin (100 mg of avocado and 200 mg of soybean oil) for six
months, which is similar to intake of chondroitin sulfate against pain, the decrease in score for
the Western Ontario and McMaster Universities Arthritis Index (WOMAC) corresponded to 50%.
Repeated examination of patients 2 months after the trial did not reveal a prolonging effect of therapy.
As a result of a large-scale observational study in Poland, patients taking ASU daily for 6 months
showed a significant improvement in Lesquesne and VAS scores [34]. It is hypothesized that ASU
treatment not only affects pain but also has a structural-modifying effect in OA of the hip joint. 3 years
after the staged ASU treatment there was 20% less joint loss among participants compared to the
placebo group [35].

In a cross-sectional clinical study, patients took 333 mg Boswellia serrata extract (BSE) capsules
three times a day for 8 weeks. The results showed a significant reduction of edema (in the absence
of radiographic changes), knee pain, improved knee flexion, and an increase in walking time.
The composition of the extract was determined by HPLC [36] (boswellic acid 40%, the main potential
active ingredient (3-O-acetyl-11-keto-beta-boswellic acid) only 2%). In another study, patients were
administered the drug (5-loxin, enriched with Boswellia serrata extract with 30% AKBA) in two doses:
100 mg/day and 250 mg/day. In each case, there were changes in pain, physical function, as well as
WOMAC and Lesquesne scores. An improvement in WOMAC scores in the high-dose group was
observed as early as 7 days [37]. A burning sensation was reported (67% of patients), but this did not
cause discontinuation of therapy [38]. Zucapsaicin, a synthetic capsaicin cis-isomer, acts similar to
capsaicin, but with higher tolerance [39]. Participants in a 12-week study [19] used zucapsaicin cream
at concentrations of 0.075% and 0.001%. The positive effect in terms of pain and WOMAC scores was
achieved, but when the cream was used at a higher concentration, the effect was more pronounced.
It was found that the effect of zucapsaicin persisted in repeated studies after 52 weeks.

Ginger has been widespread in medical practice (nausea, arthritis, and vascular disease) for
thousands of years, especially in China. The pungent taste of the plant is due to the content of
volatile oils, especially phenol-gingerol [39]. The ginger extract tablets were administered to patients
for 6 weeks. There was a decrease in pain in standing position, pain after walking, and WOMAC
scores [38]. It was found that the consumption of ginger powder even in a small dosage (1 g/day) reduces
inflammation markers in patients. Serum nitric oxide (NO) and C-reactive protein concentrations
decreased in patients after 3 months of supplementation.

Polyphenols have positive health effects and are found abundantly in plant sources.
The anti-inflammatory and antioxidant activities of tea and pomegranate polyphenols in vitro are
known, and recent studies in humans have shown efficacy in relieving pain in OA patients [16,38].
Green tea has been widespread in China and Japan for thousands of years [40]. It is known
for its antioxidant activity, which is 25–100 times higher than the antioxidant characteristics of
vitamins C and E [41]. Most of the activity in green tea is determined by catechins, especially
epigallocatechin-3-gallate (EGCG). It was clinically determined that a daily intake of 200 mL of green
tea without sugar for two weeks improved WOMAC scores, physical function, and stiffness in patients
with OA [31]. It is believed that pomegranate juice polyphenols, tannins, and anthocyanidins, which are
considered as therapeutically active ingredients, have antioxidant and anti-inflammatory effects [35].
Phenolic compounds such as oligomeric proanthocyanidins or oligomeric procyanidins (OPC), found
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in pine bark (patented as pycnogenol), in grape seed extract, in cinnamon, as well as in the peel, seeds
or bark of other plant components, have therapeutic activity. There is evidence of pain relief and
general improvement in OA patients who were taking 100 mg of pycnogenol for 3 months in several
clinical trials.

It is known that in terrestrial and marine animals about one-third of the total amount of nitrogenous
substances is accounted for by collagen compounds. The term “collagen” comes from the Greek
words “colla”—glue and “genau”—producing. This concept is associated with a widespread group
of proteins found only in animals. Connective tissue fibers are formed from collagen. Collagen is
always concentrated in the connective tissues of marine and terrestrial animals—in the skin, bones, fins,
tendons, and other parts and organs of animal organisms. The most important types of connective tissue
are known: elastic tissue (tendons), tightly bound tissue (skin), cartilage (trachea), bone tissue (dentin,
bones), chord supporting tissues (intestines), reticular connective tissue (nerves, capillaries) [42].

Collagen-containing raw materials are mainly connective tissue, consisting of cells, intercellular
substance and collagen fibers, in addition, it contains a small amount of elastin and reticulin fibers,
as well as passing blood vessels. Connective tissue provides strength to the external and internal
structures of the animal organism, it is rich in valuable mineral substances, contains amino acids,
physiologically active substances in sufficient quantities [25].

According to their purpose, collagen-containing raw materials are divided into those intended for
the production of gelatin and glue, for the production of Belkozin sausage casings, for the production
of special-condition glue, for medicine, for the production of various protein products—flour, feed,
fertilizers, hydrolysates [41].

Collagen, depending on the type of source of origin, is divided into fibrous collagen of the dermis
of skins and tendons, hyaline collagen of bone tissue—ossein, chondrin collagen of cartilage, ichthyulin
collagen of a fish bladder—ichthyocol, and fish fin collagen—ichthylepiline [28].

The amino acid composition of collagen is characterized by the obligatory presence of oxyproline,
which is like a sign of connective tissue, and the absence of tryptophan, which is a sign of any muscle
tissue. By the amount of oxyproline, you can calculate the collagen content in anybody [8]. This is used
in biochemistry for recognition of collagen in various tissues and organs, in the food industry—for
the detection of unacceptable waste in meat, in the gelatin industry—to control the purity of gelatin,
in leather and fur production—to identify waste [29].

The collagen content in the organs and tissues of any living organism is different: the largest
amount of collagen is concentrated in the bones, skins, cartilage, tendons, and intestines [39]. In the
skin of pigs and dogs, the collagen content is 64%, in human skin—72%, in the skin of cattle—80%,
in the skin of marine mammals—over 80%; a significant amount of collagen is found in the skin of
fish; connective tissue of fat of whales contains from 74 to 88% of collagen, up to 83% in the fins
of whales, and up to 89% in the tissues of spermaceti organ of a sperm whale [42]. The percentage
of fish collagen-containing raw material is as follows: skin—2.0–12.6% (of the total mass of fish);
fins—0.8–8.0%, swimming bladders—0.4–11.4%, scales—0.8–6.0%, bones—9–19%, sturgeon viziga
(spinal chord)—7.6–10.2% [28].

The mass composition of the fins of whales (saivals and finials) has 1.7%, the bones—30.2%,
the sperm whale fins have a mass of about 2%, and the mass of collagen-containing raw material
of spermaceti organ of the sperm whale is about 8% of the carcass weight, which is about 2.5 t on
average [43].

The most rational way to preserve collagen-containing raw materials is freezing.
A very wide range of food, medical, fodder, and technical products are obtained from

collagen-containing raw materials: glue, gelatin, shells, films, sponges, suture material, prostheses,
skin, furs, various fodder products [7]. Fish glue from swim bladders was widely used at the dawn of
aircraft manufacturing, and special glue from fish skin was used in the production of picture tubes for
color TVs. Porous collagen films and sponges from collagen-containing raw materials of whales were
successfully tested in the burn center of the A.V. Vishnevsky Institute of Surgery, shoes were made
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from the skin of whales, the skins of sharks and other fish were used to make various leather products,
the skins of sea lions and other marine mammals were used to obtaining valuable fur [43].

The resources of industrial collagen raw materials of both terrestrial animals and aquatic organisms
are very large. However, the collagen-containing resources of terrestrial animals have been studied
more thoroughly than the raw materials of aquatic organisms [17].

In a study [30], no statistically significant intergroup differences in the effectiveness of treatment
with undenatured collagen, an alternative form of collagen, glucosamine, and chondroitin were found
in groups of 26 patients.

Martin et al. [29] presented the results of an analysis of the effectiveness of oral collagen
intake in various doses (8 trials of 3 doses of collagen hydrosilicates, gelatin versus placebo,
and undenatured collagen versus glucosamine hydrochloride and chondroitin sulfate). A low level of
research methodology for OA therapy was revealed. Despite the widespread distribution of collagen
drugs (oral, intra-articular form) in the therapeutic practice of many countries, the evidence base for
the effectiveness of these drugs has not yet been collected due to the weak correlation between drug
intake and the main symptoms of the disease (pain sensations, dynamics of motor function).

High moisture-binding capacity and structure-forming properties determine the main functions
of glycosaminoglycans (GAG). In general, the amount of GAG correlates well with the resistance of
the articular cartilage to deformation [4]. There are four main GAG classes in cartilage (hyaluronan,
keratan sulfate, dematan sulfate, and chondroitin sulfate). More than 80% of GAG in articular
cartilage is chondroitin sulfate (CS), which has gel-like characteristics (lubrication, water retention,
load resistance) [5–7]. The two most common disaccharide isomers among CS are chondroitin-4-sulfate
and chondroitin-6-sulfate.

To date, only a few studies of CS have been conducted in patients with OA [20]. Sulfotransferases
involved in the sulfation of cholesterol are divided into three types.

Some of these enzymes cause pathological genetic diseases, for example, Ehlers–Danlos
syndrome [10] and Kashin–Beck disease [21]. These clinical and laboratory observations have
shown that the deregulation of the sulfate group in CS can cause abnormal CS structures and cartilage
disturbance. As mentioned above, most existing studies of CS and OA are limited to small groups of
patients and did not consider possible variations in cartilage microanatomy [9].

Chondroprotectors are represented by a small number of active substances:

• Chondroitin sulfate
• Glucosamine sulfate or hydrochloride
• Hyaluronic acid
• Glycosaminoglycans
• Extraction preparations from animal or plant raw materials.

The prescription of chondroprotectors is indicated at any stage of degenerative joint disease.
CS-based bone and cartilage metabolism correctors have chondroprotective and chondrostimulating
effects. CS is a sulfated GAG consisting of repeating disaccharide units of d-glucuronic acid and
N-acetyl-d-galactosamine [5].

OA is associated with a local deficiency of certain substances, including CS, so its use in OA
treatment is justified. CS has an anti-inflammatory effect, stimulates the synthesis of proteoglycans,
collagen, and hyaluronic acid, reduces the catabolic activity of chondrocytes, and affects the metabolism
of the subchondral bone [44].

A variety of drugs with chondroprotective activity features many different forms of release
(for external and internal use, for injection, for intra-articular administration) and manufacturers of
this group of drugs [45].

Systematization by the forms of release showed that most often chondroprotective drugs are
available in the form of oral drugs (capsules, tablets, powders)—73.3%, injection forms (including
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for intraarticular administration)—13.3%, and soft dosage forms for external use (ointments,
creams)—13.4% [44].

A variety of chondroprotectors in the Russian pharmaceutical market is also associated with
the features of their registration. In this regard, there are prescription drugs (dosage forms for
injections and intraarticular use) and over-the-counter drugs (oral preparations—tablets, capsules,
powders), medical forms (most hyaluronic acid preparations for intraarticular use), dietary supplements
(mainly combined preparations of CS and glucosamine sulfate or hydrochloride). Non-prescription
chondroprotectors account for 61.0%.

It was revealed that the leaders in terms of sales among chondroprotectors in the world are
Teraflex (Bayer Healthcare, Leverkusen, Germany), Alflutop (C.S. Biotehnos SA, Otopeni, Romania),
Arthra (Unipharm, New York, NY, USA), Dona (Biologici Italia Laboratories S.R.L./Rottafarm S.p.A,
Masate, Italy), Artro-Aktiv (Diod, Moscow, Russia), Flexinovo (Adamed Pharma, SA, Pieńków, Poland),
Piaskledine (Laboratoires Expanscience, Paris La Defense, France), Structum (Laboratoire Pierre
Fabre Médicament, Paris, France), Chondrogard (Soteks, Moscow, Russia), and others.Along with
non-steroidal anti-inflammatory drugs (NSAIDs), chondroprotectors are the basis of a therapeutic
approach to the treatment of patients with OA. The basis of the action of these drugs is the influence on
the composition of the synovial fluid. What happens is that with the development of OA, clusters of
pathological chondrocytes contribute to the production of a defective main substance of cartilage,
which is partially depolymerized, with a low content of proteoglycans [46].

Chondroprotectors are mainly registered as biologically active additives or are OTC drugs,
and therefore, when forming the range of drugs in this series, consumer preferences are playing
a significant role [18].

The clinical efficacy of complex metabolic therapy, including the simultaneous use of
a chondroprotector, an osteoprotector, and an angioprotector containing glucosamine sulfate and
chondroitin sulfate, calcium hydroxyapatite, polyunsaturated omega-3 fatty acids, vitamins, minerals,
extracts from medicinal plants was studied in 564 cases of patients with OA of the knee joint. As a result
of treatment, the pain syndrome decreased significantly, motor activity in the main group of patients
improved. For the long-term therapeutic effect, the prevention of exacerbations and the progression of
gonarthrosis, regular use of complex metabolic therapy with courses from 3 to 6 months is necessary,
and if necessary, continuous use is possible and safe [5].

Chondroitin sulfate is one of the most important main components of connective tissue, is part of
the bone, cartilage, tendons, ligaments, and in many respects provides a mechanical function of the
joint, in particular resistance to compression [1,2,20,43].

Scientists [3] studied the effectiveness of a drug that contains 500 mg of glucosamine hydrochloride
and 400 mg of CS. The main group included 25 women aged 58.3 ± 5.6 years with OA of the knee
joints of the II–III degree according to the Kellgren grading. All patients complained of pain in the
knee joints, in 18 of them (72%) there was a limitation of mobility in the joints. The control group
consisted of 17 patients with a similar diagnosis at the age of 56.8 ± 6.2 years who received treatment
according to the traditional scheme, including NSAIDs during the first 2 weeks, an individual complex
of physiotherapeutic exercises, physiotherapeutic measures, etc. In the main group, the traditional
treatment regimen was supplemented with a drug with chondroitin sulfate. The drug was prescribed
during the first month, one capsule three times a day, then 1 capsule twice a day. The total duration of
treatment was 2 months. Evaluation of effectiveness was carried out using a McGill Pain Questionnaire,
VAS, the severity of joint inflammation according to the Ritchie index. Patients taking chondroitin
sulfate showed a significant decrease in the severity of pain, in particular, on a visual analog scale,
the severity of pain in the main group decreased from 7.35 to 2.34 (p < 0.05), while in the control
group the decrease was less pronounced (from 7.45 to 4.56). Side effects after taking the drug were not
found [3].

Chondroprotectors are intended to solve the important problem of the disease: to prevent
incapacitation and reduce disability. According to scientists [19], this led to the use of various drugs
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based on chondroitin sulfate and glucosamine sulfate for oral and parenteral methods of their use.
The creation of a transdermal glucosamine complex allowed the drug to be injected precisely into the
joint area. To achieve an anti-inflammatory effect and enhance penetration through the skin, ascorbic
acid and dimethyl sulfoxide (DMSO) were introduced into the composition of the drug.

Most modern methods of therapy for musculoskeletal system diseases do not affect the cause of
the disease, they affect the symptoms, eliminate pain. The possibility of influencing the etiological
mechanisms of the musculoskeletal system diseases according to the principle of replacement therapy
appeared with the development of chondroprotectors containing glucosamine and chondroitin
sulfate (CS), belonging to the pharmacological group of correctors of bone and cartilage tissue
metabolism [19]. An important role in maintaining the required osmotic pressure (elasticity of the matrix
and collagen fibers) is played by CS, which is part of the articular cartilage and has a chondroprotective,
chondrostimulating pharmacological effect and stimulates regeneration. Drugs containing CS act
primarily on the cellular component of inflammation and stimulate the synthesis of hyaluronic acid
(HA) and proteoglycans.

HA is a polysaccharide from the glycosaminoglycan family consisting of repeating disaccharide
units of N-acetyl-d-glucosamine and glucuronic acid [22].

In the human body, HA is one of the main components of the intercellular substance, acts as a natural
metabolite of connective tissue, and inhibits the action of proteolytic enzymes, blocking inflammation.

Among the drugs with chondroprotective action, created based on modified HA (MHA),
proteinogenic and antioxidant amino acids. Release form: in syringes of 2.0 mL concentration
of MHA makes 1.5%; in 5.0 mL vials, the concentration of MHA was 0.8% [1,2,20,43].

Contraindications to the intraarticular use of this drug: acute OA; synovitis; for extra-articular
use: acute radiculopathy [21]. There are general contraindications for all forms of administration,
which include hypersensitivity to the components of the drug (HA, ascorbyl phosphate); autoimmune
diseases of the connective tissue; inflammation of the tissues in the injection area; coagulopathy and/or
taking anticoagulant drugs; the presence of osteophytes in the joints [19].

In the vast majority of cases, the injections were well tolerated by patients and were not
accompanied by any significant side effects [22].

Among the side effects noted: moderate local pain from a needle stick for several days after the
procedure; increased pain in the patient immediately after the injection and its preservation after that;
a slight aggravation of the process after the initial improvement (usually by the 2nd or 3rd day) followed
by a good regression by the 7th day. According to the authors of the study, the varying severity of these
manifestations is a heterogeneous picture of one pathogenetic state in people in the acute period of the
disease with severe pain—the presence of acute inflammatory changes in the tissues [14,23,24]. It is
known that HA metabolites under conditions of a pronounced inflammatory process possess not anti-
but pro-inflammatory activity and can cause exacerbation [33]. The studies of leading scientists [25] for
the treatment of OA present the experience of using biologically active additives obtained by enzymatic
hydrolysis of the cartilaginous tissue of aquatic organisms. Biopreparations from various types of
aquatic organisms are standardized for hexosamine content (at least 2%), contain chondroitin sulfate
(6%), and collagen (16–24%) and are a complex of proteoglycans with high, medium, and low molecular
weight. The hydrolyzate of cartilage tissue of aquatic organisms is toxicologically safe. In experiments
and clinical practice, its anti-inflammatory and chondroprotective effects were established. The use of
hydrobionts of hydrolyzed cartilage tissue is most appropriate in cases where NSAIDs are not effective
enough [26].

The success of using hydrobionts of cartilage hydrolyzate [30] has also been confirmed by a reduced
need for NSAIDs. So, eight weeks after the course of therapy, 67% of patients completely refused to
take NSAIDs due to the absence or significant reduction of pain and stiffness, 33% of patients continued
to take NSAIDs only on demand (up to 2 times a week), of which 10% of patients reduced daily dose:
nimesulide—up to 100 mg; meloxicam—up to 7.5 mg.
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Most patients appreciated the therapeutic effect of hydrobionts of cartilage hydrolyzate.
Improvement was observed in relation to certain symptoms of OA. So, the intensity of pain during
walking and at the beginning of the movement significantly decreased, and the number of episodes of
pain at rest and night also decreased. Patients were less likely to experience waking at night due to
pain and joint pain when waking in the morning. The frequency of neuropathic pain complaints has
decreased [30].

The number of patients who determined knee edema, pain during passive flexion/extension was
significantly reduced, and local pain in the pes anserinus, lateral ligament, and knee joint was reduced.
Hydrolyzate tolerance was good; not a single patient discontinued treatment due to an adverse reaction.
Adverse events were noted in two patients as skin allergic reactions. Taking antihistamines allowed
eliminating it and safely complete the course of treatment without any negative consequences [47].
The data obtained indicate the high efficiency of the hydrolyzate of the cartilage of hydrobionts in OA:
90% of patients at the end of the course rated the effect of the dietary supplement as good or excellent.

The inadequacy of traditional and non-traditional OA treatment practices has led cell therapy
to the leading positions. The loss of articular cartilage is the main consequence of OA and it occurs
in a compartment that is immunotolerant, available for cell delivery. In the 1990s, Brittberg et al.
confirmed the possibility of articular cartilage restoration with cell therapy within the framework
of the autologous chondrocyte implantation (ACI). ACI involves extracting chondrocytes from the
weightless part of the intact articular areas, expanding them in culture, and transplanting them into
focal defects in the affected joint [27]. Possibly due to the loss of chondrogenic capacity after in vitro
expansion, along with the difficulty of sustained engraftment and the rapid loss of any precursors
that take root in the superficial zone due to ongoing trauma, ACI therapy or matrix-induced ACI
treatment (MACI) have had modest results when used in patients for the treatment of osteochondral
lesions accompanying OA [28]. The use of readily available, highly proliferative, and multipotent
mesenchymal stromal cells (MSC) has become the transition point of cell therapy from autologous
chondrocytes. Although there have been recent studies evaluating adjuvant growth factors and new
scaffold technologies, MSC infusion using direct intra-articular injections and osteochondral grafts
accompanied by scaffolds or matrices is still not confirmed in clinical trials. The approach in which
direct surgical injury to the articular surface stimulates the predominant fibrovascular inflammatory
response by mobilizing endogenous mesenchymal precursors is called microdestruction.

The ex vivo production of MSC with a reparative ability made it possible to develop methods
for direct injection of the drug locally into the joint. MSC, which includes mesenchymal stromal cells,
drug signaling cells, multipotent stromal cells, can differentiate into three types of tissues (cartilage,
bone, and adipose) and exhibit the ability to self-renew and multiply rapidly. MSCs have paracrine
anti-inflammatory and immunomodulatory properties [29,30]; can be collected from the bone marrow
(biopsy or aspirate), stromal vascular fraction of adipose tissue [16,32,48].

A total of 44 studies on intra-articular injections of MSC obtained from bone marrow, adipose tissue,
and umbilical cord for the OA treatment were analyzed in a review [49]. Intra-articular injection of all
three MSC cell samples has been proven to be effective and safe in the treatment of OA with minimal
side effects. Pers et al. [34] evaluated 20 full-text articles (systematic reviews, comprehensive reviews,
clinical reviews and meta-analyzes) published from 2006 to 2016, which provide data on the treatment
of cartilage damage using MSC [34].

A group of scientists studied three doses of MSCs from adipose tissue (2 × 106, 10 × 106, 50 × 106 of
cells) [35]. It is also believed that MSCs can work through innate and adaptive immune modulation [36].

Currently, MSC procedures are quite expensive and not fully covered by most health insurance.
The cost of one course of treatment for OA with stem cells in the United States is more than $5000 [37,39].

Vitamin D deficiency affects more than a billion people [39]. Especially low levels of this vitamin
are observed at extreme latitudes and in the winter months, which is explained by the role of sunlight
in the production of vitamin D in vivo [28]. Several proinflammatory factors, including the soluble
IL-6 receptor and C-reactive protein, have their peak expression in the winter months, while the
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peak expression of the vitamin D receptor occurs in the summer months [38]. It was found that
some diseases, including OA, have similarities in seasonality and geography. There are results of
epidemiological observations that support these conclusions [31].

A certain role in the production regulation of matrix metalloproteinases and prostaglandin E2 can
be played by vitamin D receptors, which are present on chondrocytes. The synthesis of proteoglycans
in mature chondrocytes is stimulated by vitamin D. Bone tissue formed with a deficiency of this vitamin
may be predisposed to the development of OA [50].

Despite these observations, four RCTs of vitamin D in OA have been performed in the USA [40],
India [41], the United Kingdom, and Australia. None of them showed structural or symptomatic
benefits in OA.

Results of a placebo-controlled study (McAlindon with colleagues) in the United States with
146 women (mean age 62.4) were described in work [4]. There were no significant improvements in knee
OA symptoms, functional status, or cartilage structure associated with vitamin D supplementation.

In the aforementioned placebo-controlled study [44], despite an increase of 25-OH-vitamin D
in serum (approximately 20 to 30 µg/L) in the treatment group of 474 participants over 50 years of age,
there was no significant symptomatic or radiological changes in knee OA after 3 years of treatment.

A recent systematic review [45] investigated the correlation between vitamin D deficiency and
knee OA. Although the results of the reviewed 11 studies established some relationship between
vitamin D and OA of the knee joint, it is so ambiguous that it cannot be evidence of this association.
The results included in the review [50] were mainly obtained in segmental, except for two randomized,
clinical trials. There was a prominent variability in the relationship between vitamin D and knee OA.

It is known that periodontal tissue is closely related to connective tissue. It is believed that vitamin
D has anti-inflammatory and antimicrobial effects, which may be a link between the known interaction
of periodontitis (CP) and coronary heart disease (CHD) [51]. The amount of vitamin D received by
patients, as in the case of OA, had a significant effect on the periodontal tissue, as well as on the
connective tissue [52].

The trial [50] included 118 patients with knee OA who were randomly divided into treatment
groups with glucosamine, MSC, the combination of these drugs, and placebo. Within 12 weeks,
all groups, except for placebo, showed positive dynamics in pain and Lequesne functional index.

The effectiveness of GA and chondroitin in various combinations with MSC (MSC only with
GA and/or with chondroitin and/or with placebo) was studied on a group of 147 patients with early
symptomatic OA of the knee joint (Kellgren and Lawrence Classification I–II) [53]. An improvement
in terms of VAS and WOMAC pain scores was established in the MSC-treated groups compared to
other therapeutic prescriptions.

Cochrane review [40] studied 4 randomized, placebo-controlled, staged therapies for hip and
knee OA. The review described the history of 656 patients and showed a significant improvement
in mobility, but with little effect on pain (4 to 100 mm VAS) compared with placebo. No significant side
effects were identified, but the quality of the data collection methodology was poor, as evidenced by
the moderate degree of sample heterogeneity (I2 = 54%).

3. Conclusions

In this review, OA was classified by severity, the effectiveness of known drugs with
chondroprotective properties on the course of osteoarthritis was studied. The main types of
classification of OA were considered. Sources of collagen-containing industrial animal and plant
materials were identified. The mechanisms of action of chondroprotective drugs (chondroitin sulfate,
glucosamine sulfate or hydrochloride, hyaluronic acid, glycosaminoglycan, extraction preparations
from animal or plant raw materials), their composition and properties were described. It has
been established that bone and cartilage metabolism correctors based on chondroitin sulfate have
chondroprotective and chondrostimulating effects. Currently, the treatment of OA is shifting towards
cell therapy. Cell therapy has switched from autologous chondrocytes to the use of readily available,
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highly proliferative, and multipotent mesenchymal stromal cells. World studies show that there are
vitamin D receptors on chondrocytes that play an important role in the regulation of the production
of matrix metalloproteinases and prostaglandin E2. The severity of the problems of treatment and
prevention of degenerative-dystrophic processes of connective tissue proves the relevance of ongoing
research on this topic.

Author Contributions: Conceived and designed the research—O.B., A.P., and S.I.; analyzed and interpreted
the data—O.B., S.S., and N.P.; contributed reagents, materials, analysis tools or data—S.S. and A.P.; wrote the
paper—O.B., A.P., and S.I. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the RUSSIAN FOUNDATION FOR BASIC RESEARCH,
grant number 20-316-70002.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Głuszko, P.; Stasiek, M. Symptom-modifying effects of oral avocado/soybean unsaponifiables in routine
treatment of knee osteoarthritis in Poland. An open, prospective observational study of patients adherent to
a 6-month treatment. Reumatologia 2016, 54, 217. [CrossRef]

2. Geenen, R.; Overman, C.; Christensen, R.; Åsenlöf, P.; Capela, S.; Huisinga, K.; Husebø, M.; Köke, A.;
Paskins, Z.; Pitsillidou, I.; et al. EULAR recommendations for the health professional’s approach to pain
management in inflammatory arthritis and osteoarthritis. Ann. Rheum. Dis. 2018, 77, 797–807. [CrossRef]
[PubMed]

3. Florentin, A.; Ciurea, P.; Rosu, A.; Chisalau, B.; Parvanescu, C.; Firulescu, S.; Turcu-Stiolica, A.; Barbulescu, A.;
Dinescu, S.; Dumitrescu, C.; et al. The effect of glucosamine, chondroitin and harpagophytum procumbens
on femoral hyaline cartilage thickness in patients with knee osteoarthritis—An MRI versus ultrasonography
study. J. Mind Med. Sci. 2019, 6, 162–168. [CrossRef]

4. Battelli, M.G.; Polito, L.; Bortolotti, M.; Bolognesi, A. Xanthine oxidoreductase-derived reactive species:
Physiological and pathological effects. Oxid. Med. Cell. Longev. 2016, 2016, 3527579. [CrossRef] [PubMed]

5. Castrogiovanni, P.; Trovato, F.M.; Szychlinska, M.A.; Nsir, H.; Imbesi, R.; Musumeci, G. The importance of
physical activity in osteoporosis. From the molecular pathways to the clinical evidence. Histol. Histopathol.
2016, 31, 1183–1194. [CrossRef]

6. Lindström, E.; Rizoska, B.; Tunblad, K.; Edenius, C.; Bendele, A.M.; Maul, D.; Larson, M.; Shah, N.; Otto, V.Y.;
Jerome, C.; et al. The selective cathepsin K inhibitor MIV-711 attenuates joint pathology in experimental
animal models of osteoarthritis. J. Transl. Med. 2018, 26, 56. [CrossRef]

7. Bruyere, O.; Honvoab, G.; Veronesec, N.; Ardende, N.K.; Brancof, J.; Curtise, E.M.; Al-Daghrig, N.M.;
Herrero-Beaumonth, G.; Martel-PelletieriJean-Pierre, J.; François, P.; et al. An updated algorithm
recommendation for the management of knee osteoarthritis from the European Society for Clinical
and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases (ESCEO).
Semin. Arthritis Rheum. 2019, 49, 337–350. [CrossRef]

8. Daily, J.W.; Yang, M.; Park, S. Efficacy of turmeric extracts and curcumin for alleviating the symptoms of
joint arthritis: A systematic review and meta-analysis of randomized clinical trials. J. Med. Food 2016, 19,
717–729. [CrossRef]

9. Aitken, D.; Laslett, L.L.; Pan, F.; Haugen, I.K.; Otahal, P.; Bellamy, N.; Bird, P.; Jones, G. A randomized
double-blind placebo-controlled crossover trial of HUMira (adalimumab) for erosive hand Osteoarthritis
The HUMOR trial. Osteoarthr. Cartil. 2018, 26, 880–887. [CrossRef]

10. Deshmukh, V.; Hu, H.; Barroga, C.; Bossard, C.; Kc, S.; Dellamary, L.; Stewart, J.; Chiu, K.; Ibanez, M.;
Pedraza, M.; et al. A small-molecule inhibitor of the Wnt pathway (SM04690) as a potential disease modifying
agent for the treatment of osteoarthritis of the knee. Osteoarthr. Cartil. 2018, 26, 18–27. [CrossRef]

11. Bannuru, R.R.; Osani, M.C.; Al-Eid, F.; Wang, C. Efficacy of curcumin and Boswellia for knee osteoarthritis:
Systematic review and meta-analysis. Semin. Arthritis Rheum. 2018, 48, 416–429. [CrossRef] [PubMed]

12. Di Martino, A.; Di Matteo, B.; Papio, T.; Tentoni, F.; Selleri, F.; Cenacchi, A.; Kon, E.; Filardo, G. Platelet-rich
plasma versus hyaluronic acid injections for the treatment of knee osteoarthritis: Results at 5 years of
a double-blind, randomized controlled trial. Am. J. Sports Med. 2019, 47, 347–354. [CrossRef] [PubMed]

http://dx.doi.org/10.5114/reum.2016.63661
http://dx.doi.org/10.1136/annrheumdis-2017-212662
http://www.ncbi.nlm.nih.gov/pubmed/29724726
http://dx.doi.org/10.22543/7674.61.P162168
http://dx.doi.org/10.1155/2016/3527579
http://www.ncbi.nlm.nih.gov/pubmed/26823950
http://dx.doi.org/10.14670/HH-11-793
http://dx.doi.org/10.1186/s12967-018-1425-7
http://dx.doi.org/10.1016/j.semarthrit.2019.04.008
http://dx.doi.org/10.1089/jmf.2016.3705
http://dx.doi.org/10.1016/j.joca.2018.02.899
http://dx.doi.org/10.1016/j.joca.2017.08.015
http://dx.doi.org/10.1016/j.semarthrit.2018.03.001
http://www.ncbi.nlm.nih.gov/pubmed/29622343
http://dx.doi.org/10.1177/0363546518814532
http://www.ncbi.nlm.nih.gov/pubmed/30545242


Pharmaceuticals 2020, 13, 220 12 of 14

13. Di, Y.; Han, C.; Zhao, L.; Ren, Y. Is local platelet-rich plasma injection clinically superior to hyaluronic acid
for treatment of knee osteoarthritis? A systematic review of randomized controlled trials. Arthritis Res. Ther.
2018, 20, 128. [CrossRef] [PubMed]

14. Neumann, J.; McCulloch, J.B.; Link, T.M. Diabetics show accelerated progression of knee cartilage and
meniscal lesions: Data from the osteoarthritis initiative. Skelet. Radiol. 2019, 48, 919–930. [CrossRef]
[PubMed]

15. Deshmukh, V.; Seo, T.; Swearingen, C.J.; Yazici, Y. Sm04690, a WNT pathway inhibitor: Anti-inflammatory
and cartilage protective effects in preclinical a models. Osteoarthr. Cartil. 2018, 26, 801–802. [CrossRef]

16. Onuora, S. Osteoarthritis: Wnt inhibitor shows potential as a DMOAD. Nat. Rev. Rheumatol. 2018, 13, 634.
[CrossRef]

17. Diao, N.; Yang, B.; Yu, F. Effect of vitamin D supplementation on knee osteoarthritis: A systematic review
and meta-analysis of randomized clinical trials. Clin. Biochem. 2017, 50, 1312–1316. [CrossRef]

18. Fleischmann, R.M.; Bliddal, H.; Blanco, F.J.; Schnitzer, T.J.; Peterfy, C.; Chen, S.; Wang, L.; Feng, S.;
Conaghan, P.G.; Berenbaum, F.; et al. A phase 2 trial of lutikizumab, an anti-interleukin 1α/β dual variable
domain immunoglobulin, in knee osteoarthritis patients with synovitis. Arthritis Rheum. 2019, 71, 1056–1069.
[CrossRef]

19. Henrotin, Y.; Malaise, M.; Wittoek, R.; de Vlam, K.; Brasseur, J.-P.; Luyten, F.P.; Jiangang, Q.; Van den Berghe, M.;
Uhoda, R.; Bentin, J.; et al. Bio-optimized Curcuma longa extract is efficient on knee osteoarthritis pain: A
double-blind multicenter randomized placebo controlled three-arm study. Arthritis Res. Ther. 2019, 21, 179.
[CrossRef]

20. Hached, F.; Vinatier, C.; Le Visage, C.; Gonde, H.; Guicheux, J.; Grimandi, G.; Billon-Chabaud, A.
Biomaterial-assisted cell therapy in osteoarthritis: From mesenchymal stem cells to cell encapsulation.
Best Pract. Res. Clin. Rheumatol. 2017, 31, 730–745. [CrossRef]

21. Harrell, C.R.; Markovic, B.S.; Fellabaum, C.; Arsenijevic, A.; Volarevic, V. Mesenchymal stem cell-based
therapy of osteoarthritis: Current knowledge and future perspectives. Biomed. Pharmacother. 2019, 109,
2318–2326. [CrossRef] [PubMed]

22. Huang, Y.; Liu, X.; Xu, X.; Liu, J. Intra-articular injections of platelet-rich plasma, hyaluronic acid or
corticosteroids for knee osteoarthritis. Orthopäde 2019, 48, 239–247. [CrossRef] [PubMed]

23. Ivanov, A.S.; Kondratov, O.S.; Skljar, S.I.; Zapko, G.V. Influence of the drug of sodium diclofenac in a dose dl100
and dl50 on mechanisms of differentiation of cells of red bone marrow cells of rats in vitro. Probl. Uninterrupted
Med Train. Sci. 2020, 1, 56. [CrossRef]

24. Jevotovsky, D.S.; Alfonso, A.R.; Einhorn, T.A.; Chiu, E.S. Osteoarthritis and stem cell therapy in humans:
A systematic review. Osteoarthr. Cartil. 2018, 26, 711–729. [CrossRef] [PubMed]

25. Korotkyi, O.; Dvorshchenko, K.; Falalyeyeva, T.; Sulaieva, O.; Kobyliak, N.; Abenavoli, L.; Fagoonee, S.;
Pellicano, R.; Ostapchenko, L. Combined effects of probiotic and chondroprotector during osteoarthritis
in rats. Panminerva Med. 2020, 62, 93–101. [CrossRef] [PubMed]

26. Lamo-Espinosa, J.M.; Mora, G.; Blanco, J.F.; Granero-Moltó, F.; Núñez-Córdoba, J.M.; López-Elío, S.;
Andreu, E.; Sánchez-Guijo, F.; Aquerreta, J.D.; Bondía, J.M.; et al. Intra-articular injection of two different
doses of autologous bone marrow mesenchymal stem cells versus hyaluronic acid in the treatment of knee
osteoarthritis: Multicenter randomized controlled clinical trial (phase I/II). J. Transl. Med. 2016, 14, 246.
[CrossRef] [PubMed]

27. Lin, K.Y.; Yang, C.C.; Hsu, C.J.; Yeh, M.L.; Renn, J.H. Intra-articular injection of platelet-rich plasma is superior
to hyaluronic acid or saline solution in the treatment of mild to moderate knee osteoarthritis: A randomized,
double-blind, triple-parallel, placebo-controlled clinical trial. Arthroscopy 2019, 35, 106–117. [CrossRef]

28. Lubis, A.M.T.; Siagian, C.; Wonggokusuma, E.; Marsetyo, A.F.; Setyohadi, B. Comparison of
Glucosamine-Chondroitin Sulfate with and without Methylsulfonylmethane in Grade I-II Knee Osteoarthritis:
A Double Blind Randomized Controlled Trial. Acta Med. Indones. 2017, 49, 105–111.

29. Martin, L.S.M.; Massafra, U.; Bizzi, E.; Migliore, A. A double blind randomized active-controlled clinical
trial on the intra-articular use of Md-Knee versus sodium hyaluronate in patients with knee osteoarthritis
(“Joint”). BMC 2016, 17, 94. [CrossRef]

30. Ogura, T.; Bryant, T.; Mosier, B.A.; Minas, T. Autologous chondrocyte implantation for bipolar chondral
lesions in the tibiofemoral compartment. Am. J. Sports Med. 2018, 46, 1371–1381. [CrossRef]

http://dx.doi.org/10.1186/s13075-018-1621-0
http://www.ncbi.nlm.nih.gov/pubmed/29921309
http://dx.doi.org/10.1007/s00256-018-3088-0
http://www.ncbi.nlm.nih.gov/pubmed/30357451
http://dx.doi.org/10.1016/j.joca.2018.02.136
http://dx.doi.org/10.1038/nrrheum.2017.164
http://dx.doi.org/10.1016/j.clinbiochem.2017.09.001
http://dx.doi.org/10.1002/art.40840
http://dx.doi.org/10.1186/s13075-019-1960-5
http://dx.doi.org/10.1016/j.berh.2018.05.002
http://dx.doi.org/10.1016/j.biopha.2018.11.099
http://www.ncbi.nlm.nih.gov/pubmed/30551490
http://dx.doi.org/10.1007/s00132-018-03659-5
http://www.ncbi.nlm.nih.gov/pubmed/30623236
http://dx.doi.org/10.31071/promedosvity2020.01.056
http://dx.doi.org/10.1016/j.joca.2018.02.906
http://www.ncbi.nlm.nih.gov/pubmed/29544858
http://dx.doi.org/10.23736/S0031-0808.20.03841-0
http://www.ncbi.nlm.nih.gov/pubmed/32192320
http://dx.doi.org/10.1186/s12967-016-0998-2
http://www.ncbi.nlm.nih.gov/pubmed/27565858
http://dx.doi.org/10.1016/j.arthro.2018.06.035
http://dx.doi.org/10.1186/s12891-016-0948-4
http://dx.doi.org/10.1177/0363546518756977


Pharmaceuticals 2020, 13, 220 13 of 14

31. Wang, J. Efficacy and safety of adalimumab by intra-articular injection for moderate to severe knee
osteoarthritis: An open-label randomized controlled trial. J. Int. Med. Res. 2018, 46, 326–334. [CrossRef]

32. Piuzzi, N.S.; Ng, M.; Chughtai, M.; Khlopas, A.; Ng, K.; Mont, M.A.; Muschler, G.F. The stem-cell market
for the treatment of knee osteoarthritis: A patient perspective. J. Knee Surg. 2017, 31, 551–556. [CrossRef]
[PubMed]

33. Jin, X.; Jones, G.; Flavia, C.; Wluka, A.; Zhu, Z.; Han, W.; Antony, B.; Wang, X.; Winzenberg, T.; Blizzard, L.;
et al. Effect of vitamin D supplementation on tibial cartilage volume and knee pain among patients with
symptomatic knee osteoarthritis: A randomized clinical trial. JAMA 2016, 315, 1005–1013. [CrossRef]
[PubMed]

34. Pers, Y.M.; Rackwitz, L.; Ferreira, R.; Pullig, O.; Delfour, C.; Barry, F.; Sensebe, L.; Casteilla, L.; Fleury, S.;
Bourin, P.; et al. Adipose mesenchymal stromal cell-based therapy for severe osteoarthritis of the knee:
A phase i dose-escalation trial. Stem Cells Transl. Med. 2016, 5, 847–856. [CrossRef] [PubMed]

35. Pers, Y.M.; Quentin, J.; Feirreira, R.; Espinoza, F.; Abdellaoui, N.; Erkilic, N.; Cren, M.; Dufourcq-Lopez, E.;
Pullig, O.; Nöth, U.; et al. Injection of adipose-derived stromal cells in the knee of patients with severe
osteoarthritis has a systemic effect and promotes an anti-inflammatory phenotype of circulating immune
cells. Theranostics 2018, 8, 5519. [CrossRef]

36. Stellavato, A.; Virginia, A.; Pirozzi, A.; Diana, P.; Reale, S.; Vassallo, V.; Fusco, A.; Donnarumma, G.;
De Rosa, M.; Schiraldi, C. Hyaluronic acid and chondroitin sulfate, alone or in combination, efficiently
counteract induced bladder cell damage and inflammation. PLoS ONE 2019, 14, e0218475. [CrossRef]

37. Tegner, H.; Frederiksen, P.; Esbensen, B.A.; Juhl, C. Neurophysiological Pain Education for Patients With
Chronic Low Back Pain: A Systematic Review and Meta-Analysis. Clin. J. Pain 2018, 34, 778–786. [CrossRef]

38. Vaishya, R.; Vijay, V.; Lama, P.; Agarwal, A. Does vitamin D deficiency influence the incidence and progression
of knee osteoarthritis?–A literature review. J. Clin. Orthop. Trauma 2019, 10, 9–15. [CrossRef]

39. Torshin, I.Y.; Gromova, O.A.; Lila, A.M.; Limanovam, O.A. Systematic analysis of the molecular
pathophysiology of tenosynovitis: Promise for using chondroitin sulfate and glucosamine sulfate.
Neurol. Neuropsychiatry Psychosom. 2020, 12, 64–71. [CrossRef]

40. Wyndaele, J.J.J.; Riedl, C.; Tanej, R.; Lovász, S.; Ueda, T.; Cervigni, M. GAG replenishment therapy for
bladder pain syndrome/interstitial cystitis. Neurourol. Urodyn. 2019, 38, 535–544. [CrossRef]

41. Zhu, X.; Sang, L.; Wu, D.; Rong, J.; Jiang, L. Effectiveness and safety of glucosamine and chondroitin for the
treatment of osteoarthritis: A meta-analysis of randomized controlled trials. J. Orthop. Surg. Res. 2018, 13,
170. [CrossRef] [PubMed]

42. Vasiliadis, H.S.; Tsikopoulos, K. Glucosamine and chondroitin for the treatment of osteoarthritis.
World J. Orthop. 2017, 8, 1. [CrossRef] [PubMed]

43. Torshin, I.Y.; Lila, A.M.; Limanova, O.A.; Gromova, O.A. Prospects for the use of chondroitin sulfate
and glucosamine sulfate with osteoarthritis associated with pathology of the kidneys and urinary system.
Farmakoekon. Mod. Pharm. Pharmacoepidemiol. 2020, 13, 23–34. [CrossRef]

44. Rondanelli, M.; Faliva, M.; Monteferrario, F.; Peroni, G.; Repaci, E.; Allieri, F.; Perna, S. Novel insights on
nutrient management of sarcopenia in elderly. BioMed Res. Int. 2015, 2015, 524948. [CrossRef]

45. Sehm, T.; Fan, Z.; Ghoochani, A.; Rauh, M.; Engelhorn, T.; Minakaki, G.; Dörfler, A.; Klucken, J.; Buchfelder, M.;
Eyüpoglu, I.Y.; et al. Sulfasalazine impacts on ferroptotic cell death and alleviates the tumor microenvironment
and glioma-induced brain edema. Oncotarget 2016, 7, 36021–36033. [CrossRef] [PubMed]

46. Persson, M.S.M.; Stocks, J.; Walsh, D.A.; Doherty, M.; Zhang, W. The relative efficacy of topical
non-steroidalanti-inflammatory drugs and capsaicin in osteoarthritis: A network meta-analysis of randomised
controlled trials. Osteoarthr. Cartil. 2018, 26, 1575–1582. [CrossRef]

47. Tian, R.; Li, X.; Li, Y.; Wang, K.; Wang, C.; Yang, P. 1,25(OH)2D3 promotes chondrocyte apoptosis and restores
physical function in rheumatoid arthritis through the NF-κB signal pathway. Biomed. Pharmacother. 2018,
106, 149–155. [CrossRef]

48. Ogura, T.; Bryant, T.; Minas, T. Biological knee reconstruction with concomitant autologous chondrocyte
implantation and meniscal allograft transplantation: Mid-to long-term outcomes. Orthop. J. Sports Med. 2016,
4, 2325967116668490. [CrossRef]

49. Ortved, K.F. Regenerative medicine and rehabilitation for tendinous and ligamentous injuries in sport horses.
Vet. Clin. Equine Pract. 2018, 34, 359–373. [CrossRef]

http://dx.doi.org/10.1177/0300060517723182
http://dx.doi.org/10.1055/s-0037-1604443
http://www.ncbi.nlm.nih.gov/pubmed/28738432
http://dx.doi.org/10.1001/jama.2016.1961
http://www.ncbi.nlm.nih.gov/pubmed/26954409
http://dx.doi.org/10.5966/sctm.2015-0245
http://www.ncbi.nlm.nih.gov/pubmed/27217345
http://dx.doi.org/10.7150/thno.27674
http://dx.doi.org/10.1371/journal.pone.0218475
http://dx.doi.org/10.1097/AJP.0000000000000594
http://dx.doi.org/10.1016/j.jcot.2018.05.012
http://dx.doi.org/10.14412/2074-2711-2020-2-64-71
http://dx.doi.org/10.1002/nau.23900
http://dx.doi.org/10.1186/s13018-018-0871-5
http://www.ncbi.nlm.nih.gov/pubmed/29980200
http://dx.doi.org/10.5312/wjo.v8.i1.1
http://www.ncbi.nlm.nih.gov/pubmed/28144573
http://dx.doi.org/10.17749/2070-4909.2020.13.1.23-34
http://dx.doi.org/10.1155/2015/524948
http://dx.doi.org/10.18632/oncotarget.8651
http://www.ncbi.nlm.nih.gov/pubmed/27074570
http://dx.doi.org/10.1016/j.joca.2018.08.008
http://dx.doi.org/10.1016/j.biopha.2018.06.061
http://dx.doi.org/10.1177/2325967116668490
http://dx.doi.org/10.1016/j.cveq.2018.04.012


Pharmaceuticals 2020, 13, 220 14 of 14

50. Ekholm, J.S.; Nyström, S.; Brantsing, C.; Lindahl, A.; Skiöldebrand, E. Vitamin D exerts disease modifying
effects on OA chondrocytes and differentiated IPSCS in vitro. Osteoarthr. Cartil. 2020, 28, S101–S102.
[CrossRef]

51. Isola, G.; Alibrandi, A.; Rapisarda, E.; Matarese, G.; Williams, R.C.; Leonardi, R. Association of vitamin D
in patients with periodontitis: A cross-sectional study. J. Periodontal Res. 2020, in press. [CrossRef] [PubMed]

52. Isola, G.; Alibrandi, A.; Currò, M.; Matarese, M.; Ricca, S.; Matarese, G.; Ientile, R.; Kocher, T. Evaluation of
salivary and serum ADMA levels in patients with periodontal and cardiovascular disease as subclinical
marker of cardiovascular risk. J. Periodontol. 2020, 91, 1076–1084. [CrossRef] [PubMed]

53. Gromova, O.A.; Torshin, I.Y.; Lila, A.M.; Shostak, N.A.; Rudakov, K.V. Molekulyarnye mehanizmy
mioprotektivnogo deystvia hondroitina sulfata i glukozamina sulfata pri sarkopenii [Molecular
mechanisms of protective action of chondroitin sulfate and glucosamine sulfate in sarcopenia].
Neurol. Neuropsychiatry Psychosom. 2019, 11, 117–124. (In Russian) [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.joca.2020.02.159
http://dx.doi.org/10.1111/jre.12746
http://www.ncbi.nlm.nih.gov/pubmed/32173876
http://dx.doi.org/10.1002/JPER.19-0446
http://www.ncbi.nlm.nih.gov/pubmed/31912509
http://dx.doi.org/10.14412/2074-2711-2019-1-117-124
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	Conclusions 
	References

