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Abstract 
Osteoarthritis (OA) is a persistent joint condition resulting from the disturbance of joint homeostasis due to various systemic and 
biomechanical factors. This condition is marked by the deterioration of cartilage and other joint tissues, accompanied by low-grade 
inflammation that can lead to symptoms such as pain, diminished function, and disability. 
Objective. The study assessed the impact of frequently prescribed pharmacological treatments on structural changes in the knee among 
participants experiencing progressive OA using MRI. 
Material and Methods. The study was conducted on a number of 34 patients with bilateral knee OA (22 women and 12 men), aged between 
35 and 78 years. Selected patients were evaluated at the initial visit, then 6 months after administration of glucosamine, chondroitin sulfate 
and Harpagophytum procumbens therapy. From a clinical point of view, morning stiffness and pain intensity (visual analogue scale – VAS), 
knee mobility and functionality were quantified with the help of the WOMAC and the quality-of-life questionnaire (HAQ – 20 items). In terms 
of imaging evaluation bilateral knee MRI was performed. Measurements of the cartilage thickness were performed both at the level of the 
lateral and medial condyles, as well as intercondylar. 
Outcomes. The average age of onset of OA was 55.06 ± 10.05 years. The mean duration of the disease at the time of inclusion was 
6.32±3.45 years. The mean VAS value at baseline was 73 ± 9.90 mm. The degree of OA was quantified on the Kellgren-Lawrence scale up 
to grade III disease severity. The use of slow-acting symptomatic agents (SYSADOA) resulted in a reduced need for administration of 
analgesic and anti-inflammatory therapy, leading to diminished side effects associated with these drugs. Thus, spontaneous pain and 
assessed functionality improved significantly, with symptom improvement reaching up to 25%. In addition, SYSADOA therapy resulted in a 
delay in imaging progression of knee OA, with improvement in femoral hyaline cartilage thickness in all compartments. The MRI results did 
not show a statistically significant difference between the thickness of the femoral hyaline cartilage, between the first and the second imaging 
evaluation. Thus, between baseline and the 6-month visit, femoral cartilage thickness appears to be maintained, even showing a slight 
increase after SYSADOA treatment. 
Conclusions. SYSADOA administration delays the radiographic progression of knee OA, with preservation, even modest improvement in 
hyaline cartilage thickness, making MRI an important tool in the evaluation and monitoring of OA. An increase in patients’ quality of life in 
terms of both pain and functionality was also reported. 

Keywords: osteoarthritis, glucosamine, chondroitin sulfate, Harpagophytum procumbens, MRI. 

 

 
 Introduction 

OA is the most widespread type of arthritis, marked 
by the gradual deterioration of the cartilage matrix, 
sclerosis of the subchondral bone, and the development 
of osteophytes [1,2]. Given its unique nature and 
structure, articular cartilage exhibits limited self-repair 
capability, making recovery from damage challenging 
and essentially irreversible. Devoid of nerves and blood 

vessels, articular cartilage depends on synovial fluid for 
nutrient absorption and waste elimination, leading to a 
constrained regenerative capacity [3,4]. Longitudinal 
studies involving human OA patients indicate an annual 
decrease in cartilage volume ranging from 0.5% to 3% in 
knee compartments. The incidence of OA, especially in 
weight-bearing joints such as the knee, is anticipated to 
rise [5]. 

Presently, OA is a noteworthy public health issue, 
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affecting around 10% of men and 18% of women aged 
over 60 [1]. As life expectancy continues to increase, OA 
is expected to emerge as the fourth most prevalent cause 
of disability [1]. Elevated body mass index in individuals 
with knee OA is associated with a notable increase in 
lower limb disability [6]. Previous research suggests that 
factors such as genetic predisposition, aging, obesity, 
excessive mechanical loading, and inflammation 
contribute to the progression of OA [7]. These structural 
changes manifest as joint pain, stiffness, tenderness, 
swelling, joint deformities or muscle atrophy, ultimately 
leading to disability and impacting the quality of life for 
patients [8]. 

Guidelines for managing OA patients, provided by 
the Osteoarthritis Research Society International 
(OARSI) and the European Society for Clinical and 
Economic Aspects of Osteoporosis, Osteoarthritis, and 
Musculoskeletal Diseases, advocate a combination of 
non-pharmacological and pharmacological interventions 
[9,10]. Non-pharmacological approaches encompass 
exercise therapy, weight loss, walking aids and physical 
therapy. Common pharmacological treatments include 
non-steroidal anti-inflammatory drugs (NSAIDs), 
paracetamol, duloxetine, opioids, and intra-articular 
injections of hyaluronic acid and corticosteroids [11]. 
However, the extended use of medication at high doses 
often results in varying degrees of liver and kidney 
function impairment or nervous system and 
gastrointestinal mucosal damage [12]. Additionally, 
inappropriate steroid use not only leads to osteoporosis 
but also heightens the risk of intra-articular infection 
[13]. As an alternative to NSAIDs, Harpagophytum 
procubens, also known as the Devil’s claw, presents itself 
as an herbal remedy with analgesic and anti- 
inflammatory effects. This option is commonly 
employed for treating inflammation, responsible for the 
musculoskeletal pain [14–16]. 

Moreover, extended use of symptomatic slow-acting 
drugs for osteoarthritis (SYSADOAs) is acknowledged 
as a viable treatment approach for symptomatic OA by 
several medical associations [10,17]. SYSADOAs are 
documented to induce a structure-modifying impact in 
OA by stimulating anabolic processes within the 
cartilage matrix, inhibiting the activity of lysosomal 
enzymes, and improving chondrocyte function [18]. 
Concerning structure-modifying effects, both 
glucosamine (GA) and chondroitin sulfate (CS) as 
individual treatments exhibited a statistically significant 
decrease in joint space narrowing [19]. GA and CS, 
whether used independently or in combination, are 
among the most thoroughly researched and 
recommended SYSADOAs. The enhanced effectiveness 
noted with the combined use of GA and CS, can be 
attributed to variations in their mechanisms of action 
[18]. 

Furthermore, both the European Alliance of 
Associations for Rheumatology (EULAR) and the 2010 
OARSI guidelines for managing symptomatic knee OA 
advocate for the administration of CS and GA [20–23]. 
In contrast, the National Institute for Health and Care 
Excellence (NICE) in the UK discourages the use of 
these products, primarily due to economic 

considerations. Meanwhile, the American College of 
Rheumatology (ACR) recommends the use of GA and 
CS under specific conditions [24]. 

Our study aimed to evaluate the efficacy of a 
SYSADOA product, which includes a daily combination 
of 500g GA, 400mg CS, 10mg collagen type II, and 
40mg Harpagophytum procumbens. We utilized MRI to 
measure cartilage thickness. The secondary objective, 
was to assess the dynamics of pain, daily functional joint 
activity, quality of life, and treatment satisfaction among 
patients with knee OA who underwent the extended 
combination therapy of GA and CS, along with 
Harpagophytum procumbens, in routine clinical practice. 

 
 Material and methods 

 
Study design 

In this prospective longitudinal study, 34 consecutive 
patients diagnosed with primary knee OA were included. 
The diagnosis was supported by radiographic evidence of 
OA, and the participants were experiencing severe pain 
(WOMAC pain score ≥ 301 on a 0–500 scale). The 
inclusion criteria encompassed individuals aged 35–78 
years with knee OA at stages I–III based on the Kellgren 
& Lawrence classification. Additionally, participants 
were required to personally provide signed and dated 
informed consent. 

Exclusion criteria included the presence of a severe 
grade of knee OA determined through radiological 
assessment (grade IV according to the Kellgren– 
Lawrence radiology criteria). Patients with a history of 
knee replacement, trauma, joint fracture, or injections in 
or around the affected joint within the last three months 
were also excluded. Furthermore, exclusion criteria 
encompassed active lumbosacral radiculopathy, and 
gout, as well as the use of anticoagulants, warfarin, and 
ticlopidine. Hemorrhagic diseases, infection with 
Brucella, neuropathies, a history of allergies and allergic 
reactions to the drugs, gastrointestinal disorders, and 
other conditions like uncontrolled hypertension, diabetes, 
cancer, and significant kidney, liver, lung, and heart 
disorders were also grounds for exclusion. Additionally, 
individuals who were pregnant or lactating were 
excluded from the study. 

After securing consent, patient information, lifestyle 
details, medical history, and OA grades based on the 
Kellgren & Lawrence classification were recorded. 
Throughout all visits, data regarding the use of GA, CS 
and Harpagophytum procumbens were collected. Basic 
vital signs and body mass index (BMI) were documented, 
a physical examination was performed, and information 
on concomitant therapy and any adverse events was 
noted. The study protocol included an initial visit and a 
follow-up visit after 6 months. Patients were allowed to 
use up to 3 g/day of acetaminophen as rescue medication, 
except within the 48 hours preceding the clinical 
evaluation. 

The MRI examination 

All knee MRI scans were performed at baseline and 
after 6 months, following the prescribed protocol, using 
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a 1.5 T system (Siemens Magnetom Symphony). The MR 
images were acquired using a sagittal slice imaging 
protocol. Cartilage thickness was determined through 
automated segmentation of knee cartilage. As a result, the 
primary outcome centered on the structural changes in 
the knee by quantification of cartilage thickness using 
MRI. 

Statistical analysis 

Statistical analysis was performed using GraphPad 
Prism 5.00, and the data were expressed as the mean ± 
standard deviation. Paired t-tests were applied to 
cartilage thickness values obtained from MRI 
assessments. The significance level was set at p≤0.05. 

 
 Results 

This study included 68 knees in 34 patients (22 
females, 12 males). The mean age of onset of OA of 
55.06±10.05 years. The average duration of the disease 
at the time of inclusion was 6.32±3.45 years. The mean 
VAS value at baseline was 73±9.90 mm. The average 
WOMAC pain score was 382.3±42.6, with Kellgren and 
Lawrence grade 2 changes observed in 63.5% of the 
participants. Notably, the mean BMI of the patients was 
29.49 kg/m2, indicating that the majority of the patients 
were either obese or overweight. 

Upon enrollment in the study, information regarding 
concurrent diseases was gathered. The prevalent 
conditions included cardiovascular diseases (50.3%), 
metabolic and nutritional disorders (31.0%), and 
gastrointestinal disorders (19.8%). Hypertension 
(45.7%), obesity (24.3%) and chronic gastritis (12.7%) 
were the most frequently reported conditions. Towards 
the end of each patient’s observation period, questions 
were posed regarding the concurrent analgesic therapy 
they employed during the study. 

Based on the data gathered at the beginning of GA, 
CS and Harpagophytum procumbens treatment, 19.3% 
of knee OA patients were undergoing regular 
NSAID/analgesic therapy, while 25.8% received 
episodic analgesic therapy. In most of these cases, oral 
treatments were utilized. Nevertheless, some patients 
exclusively used topical anti-inflammatory products (8 
patients), while others depended on a combination of 
topical and oral analgesics (17 patients). 

Therefore, from the initial assessment to the 6-month 
follow-up, femoral cartilage thickness appears to be 
maintained, with a slight increment observed after 
SYSADOA treatment. However, statistically, there was 
no noteworthy distinction in cartilage thickness before 
and after treatment, both in the external, internal and 
intercondylar compartments of both knees. This was 
substantiated by the p-values of 0.8293 for the external 
compartment, 0.1636 for the internal compartment, and 
0.7725 for the intercondylar compartment. Furthermore, 
erosive changes were detected in 73.5% of the patients 
during the initial imaging evaluation, and this percentage 
remained consistent after 6 months of SYSADOA 
therapy (Figure 1). 

 

 
Figure 1 – Graphs illustrating the cartilage 
thickness before and after treatment of the 
external (A), internal (B) and intercondylar (C) 
compartments of both knees (right knee-RK, left 
knee-LK). 

 
At the end of the study, a significant difference was 

noted in patients with moderate-to-severe pain for the 
primary outcome, marked by a 20% reduction in the 
WOMAC pain score (p=0.003). Additionally, there were 
significant differences in Health Assessment 
Questionnaire pain score (p=0.02). Furthermore, the 
percentage of patients using any type of analgesics or 
NSAIDs decreased from 19.3% to 5.6% (p<0.001) in the 
knee OA group. Significantly, there was a notable 
decrease in the requirement for both topical and oral 
analgesic therapy (p<0.001). This decline in the need for 
analgesics over the observation period could be attributed 
to the overall enhancements in joint functionality and 
well-being. 

 
 Discussions 

Recently, different phenotypes of OA have been 
recognized, encompassing obesity-related OA, 
mechanically induced OA, and aging-related OA [25]. A 
critical challenge involves identifying distinct 
phenotypes for targeted treatments. Traditionally, the 
management of OA has been predominantly centered on 
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relieving symptoms, reducing pain, and improving joint 
function, employing a combination of non- 
pharmacological and pharmacological strategies outlined 
in major guidelines [20–24,26,27]. While symptom 
control is essential, it is not the exclusive goal for OA 
patients. 

Ideally, the treatment of OA should not only address 
symptoms but also preserve joint structures, emphasizing 
the improvement of patients’ quality of life [28] and 
ensuring a favorable safety profile. The potential side 
effects of chronic use of OA therapies, such as NSAIDs 
[29], need careful consideration. Oral NSAIDs, known 
for their potential to trigger adverse events, especially in 
older individuals and those with digestive, 
cardiovascular, or renal comorbidities, might be 
appropriate for individuals lacking such comorbidities. 
Thus, Harpagophytum procumbens demonstrates 
efficacy and suitability for alleviating pain and enhancing 
function in individuals with mild knee OA in the short 
term. This herbal remedy can be considered a viable 
alternative to NSAIDs. Furthermore, studies have shown 
that it can block the AP-1 pathway, inhibit COX in blood 
cells, enhance CB2 receptor expression, and 
downregulate PI-PLC β2 in synovial membranes [14– 
16,30]. 

Glycosaminoglycans, namely GA and CS, are two 
natural compounds categorized as SYSADOAs. 
Furthermore, certain compounds have shown potential as 
chondroprotective and disease-modifying agents, as 
indicated by the assessment of joint space narrowing on 
radiographs [31]. In an experimental model, the 
coadministration of GA and CS resulted in a 96.6% 
increase in the production of glycosaminoglycans in 
chondrocytes, in contrast to a 32% increase observed 
with the administration of each agent individually [32]. 

GA is exclusive to articular cartilage and contributes 
to the synthesis of proteoglycan, replenishing lost 
components of the cartilage matrix. GA has the ability to 
restore the normal metabolic function of chondrocytes 
and uphold the typical morphology and structure of the 
cartilage matrix [33]. Its attributes encompass a sustained 
effect, excellent safety, and minimal side effects, 
rendering it suitable for the extended treatment of knee 
OA [34]. GA can induce the synthesis of cartilage 
proteoglycan, diminish the activity of catabolic enzymes, 
and counteract the detrimental effects of IL-1 on cartilage 
metabolism [26]. 

CS is a macromolecular substance composed of 
repeated aminoglycan-binding sugar molecules. CS is 
soluble in water, readily absorbed by the intestinal 
mucosa, capable of crossing the blood-synovial barrier, 
and can be absorbed by chondrocytes [35]. CS plays a 
vital role in the synthesis of proteoglycans within 
chondrocytes. The proteoglycan colloidal complex, 
attached to the matrix collagen grid, in conjunction with 
the collagen grid structure, constitutes an elastomer that 
withstands pressure, transmits and absorbs stress, and 
protects both cartilage and subchondral bone [32]. 
Several studies suggest that CS not only hinders the 
release of hydrolase but also alleviates the damage 
inflicted by hydrolase on the cartilage matrix. CS can 
additionally hinder the synthesis of MMP-3 and IL-1β in 

individuals with OA, demonstrating immunosuppressive 
effects on phagocytes and complement activity. It also 
possesses pharmacological effects, including 
antioxidation, scavenging free radicals, slow aging [36], 
and exhibiting anti-tumor properties [37]. 

CS and GA display a gradual onset of response but 
provide enduring relief from pain and functional 
improvement in OA [38–41]. Studies have emphasized 
the anti-inflammatory effects of both GA and CS. 
Together, they inhibit metalloproteinase activity, release 
of prostaglandin E2, production of nitric oxide, and 
degradation of glycosaminoglycan, while also promoting 
the synthesis of hyaluronic acid in the joint. Furthermore, 
CS stimulates collagen synthesis, while GA inhibits the 
release of prostaglandins [18,33,42,43]. Despite the 
individual advantages each substance provides to the 
processes involved in OA, multiple studies have 
illustrated the synergistic effects observed with the 
combined treatment of GA and CS, amplifying the 
overall therapeutic impact [34,44–46]. 

In a recent study, it was found that the combination of 
GA and CS exhibited comparable efficacy to celecoxib 
in diminishing pain, stiffness, and functional limitations 
after 6 months in individuals with painful knee OA, while 
also demonstrating a favorable safety profile [47]. 
Significantly, notable clinical efficacy was particularly 
evident in patients with moderate to severe knee pain. 

In clinical practice, a common approach involves 
combination therapy, and interventions such as the 
combination of SYSADOAs are regularly administrated 
in the treatment of OA patients. Our study seeks to 
emphasize the potential role of SYSADOAs. Subsequent 
inquiries into the effectiveness of combination therapy 
with GA and CS are crucial for accurately characterizing 
OA treatment and gaining a comprehensive 
understanding of their potential mechanisms. In terms of 
safety, both compounds are well-tolerated. 

This study had several limitations. Firstly, the 
effectiveness of GA, CS and Harpagophytum 
procumbens could not be directly evaluated due to the 
observational nature of the study, which lacked a control 
group. However, the extensive long-term follow-up of 
patients for up to 24 weeks mitigates this limitation, 
enhancing the value of the real-world data obtained. 

 
 Conclusions 

The main objective of treating knee OA is to relieve 
pain, restore function, and fundamentally, safeguard and 
repair articular cartilage while impeding the pathological 
process. Harpagophytum procumbens, along with CS 
and GA, showcasing a favorable risk/benefit ratio, should 
be especially elected for the treatment of elderly OA 
patients with comorbidities that restrict the long-term 
and/or recurrent use of medications such as oral NSAIDs 
and paracetamol. The documented enhancements in both 
pain and functionality contribute to an improved quality 
of life of the patients. 

In conclusion, the administration of SYSADOAs 
delays the structural progression of knee OA, preserving 
and, in some cases, modestly improving hyaline cartilage 
thickness. This underscores the significance of MRI as a 
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crucial tool in the assessment and monitoring of OA. 

 
Conflict of Interest 
The authors declare that there is no conflict of 

interest. 

Acknowledgement 
The study was supported by a grant supported by 

Fiterman Pharma SRL. 
 
 

REFERENCES 
[1] Glyn-Jones S, Palmer AJ, Agricola R, Price AJ, Vincent TL, 

Weinans H, Carr AJ. Osteoarthritis. Lancet, 2015, 
386(9991):376-387. https://doi.org/10.1016/S0140- 
6736(14)60802-3 

[2] Lotz M, Martel-Pelletier J, Christiansen C, Brandi ML, 
Bruyère O, Chapurlat R, Collette J, Cooper C, Giacovelli G, 
Kanis JA, Karsdal MA, Kraus V, Lems WF, Meulenbelt I, 
Pelletier JP, Raynauld JP, Reiter-Niesert S, Rizzoli R, 
Sandell LJ, Van Spil WE, Reginster JY. Value of biomarkers 
in osteoarthritis: current status and perspectives. Ann 
Rheum Dis, 2013, 72(11):1756-1763. 
https://doi.org/10.1136/annrheumdis-2013-203726 

[3] Zegels B, Crozes P, Uebelhart D, Bruyère O, Reginster JY. 
quivalence of a single dose (1200 mg) compared to a three- 
time a day dose (400 mg) of chondroitin 4&6 sulfate in 
patients with knee osteoarthritis. Results of a randomized 
double blind placebo controlled study. Osteoarthr Cartil, 
2013, 21(1):22-27. 
https://doi.org/10.1016/j.joca.2012.09.017 

[4] Persiani S, Rotini R, Trisolino G, Rovati LC, Locatelli M, 
Paganini D, Antonioli D, Roda A. Synovial and plasma 
glucosamine concentrations in osteoarthritic patients 
following oral crystalline glucosamine sulphate at therapeutic 
dose. Osteoarthr Cartil, 2007, 15(7):764-772. 
https://doi.org/10.1016/j.joca.2007.01.019 

[5] Felson DT, Zhang Y. An update on the epidemiology of knee 
and hip osteoarthritis with a view to prevention. Arthritis 
Rheum, 1998, 41(8):1343-1355. 
https://doi.org/10.1002/1529-0131(199808)41:8<1343:AID- 
ART3>3.0.CO;2-9 

[6] Clegg DO, Reda DJ, Harris CL, Klein MA, O'Dell JR, Hooper 
MM, Bradley JD, Bingham CO 3rd, Weisman MH, Jackson 
CG, Lane NE, Cush JJ, Moreland LW, Schumacher HR Jr, 
Oddis CV, Wolfe F, Molitor JA, Yocum DE, Schnitzer TJ, 
Furst DE, Sawitzke AD, Shi H, Brandt KD, Moskowitz RW, 
Williams HJ. Glucosamine, chondroitin sulfate, and the two 
in combination for painful knee osteoarthritis. N Engl J Med, 
2006, 354(8):795-808. 
https://doi.org/10.1056/NEJMoa052771 

[7] arcOGEN Consortium; arcOGEN Collaborators; Zeggini E, 
Panoutsopoulou K, Southam L, Rayner NW, Day-Williams 
AG, Lopes MC, Boraska V, Esko T, Evangelou E, Hoffman 
A, Houwing-Duistermaat JJ, Ingvarsson T, Jonsdottir I, 
Jonnson H, Kerkhof HJ, Kloppenburg M, Bos SD, Mangino 
M, Metrustry S, Slagboom PE, Thorleifsson G, Raine EV, 
Ratnayake M, Ricketts M, Beazley C, Blackburn H, 
Bumpstead S, Elliott KS, Hunt SE, Potter SC, Shin SY, 
Yadav VK, Zhai G, Sherburn K, Dixon K, Arden E, Aslam N, 
Battley PK, Carluke I, Doherty S, Gordon A, Joseph J, Keen 
R, Koller NC, Mitchell S, O'Neill F, Paling E, Reed MR, 
Rivadeneira F, Swift D, Walker K, Watkins B, Wheeler M, 
Birrell F, Ioannidis JP, Meulenbelt I, Metspalu A, Rai A, Salter 
D, Stefansson K, Stykarsdottir U, Uitterlinden AG, van Meurs 
JB, Chapman K, Deloukas P, Ollier WE, Wallis GA, Arden N, 
Carr A, Doherty M, McCaskie A, Willkinson JM, Ralston SH, 
Valdes AM, Spector TD, Loughlin J. Identification of new 
susceptibility loci for osteoarthritis (arcOGEN): a genome- 
wide association study. Lancet, 2012, 380(9844):815-823. 
https://doi.org/10.1016/S0140-6736(12)60681-3 

[8] Nuesch E, Dieppe P, Reichenbach S, Williams S, Iff S, Juni 
P. All cause and disease specific mortality in patients with 

knee or hip osteoarthritis: population based cohort study. 
BMJ, 2011, 342:d1165. https://doi.org/10.1136/bmj.d1165 

[9] Bannuru RR, Osani MC, Vaysbrot EE, Arden NK, Bennell K, 
Bierma-Zeinstra SMA, Kraus VB, Lohmander LS, Abbott JH, 
Bhandari M, Blanco FJ, Espinosa R, Haugen IK, Lin J, Mandl 
LA, Moilanen E, Nakamura N, Snyder-Mackler L, Trojian T, 
Underwood M, McAlindon TE. OARSI guidelines for the non- 
surgical management of knee, hip, and polyarticular 
osteoarthritis. Osteoarthr Cartil, 2019, 27(11):1578-1589. 
https://doi.org/10.1016/j.joca.2019.06.011 

[10] Bruyère O, Honvo G, Veronese N, Arden NK, Branco J, 
Curtis EM, Al-Daghri NM, Herrero-Beaumont G, Martel- 
Pelletier J, Pelletier JP, Rannou F, Rizzoli R, Roth R, 
Uebelhart D, Cooper C, Reginster JY. 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(3):337-350. 
https://doi.org/10.1016/j.semarthrit.2019.04.008 

[11] Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. Lancet, 2019, 
393(10182):1745-1759. https://doi.org/10.1016/S0140- 
6736(19)30417-30419 

[12] Vasiliadis HS, Tsikopoulos K. Glucosamine and chondroitin 
for the treatment of osteoarthritis. World J Orthop, 2017, 
8(1):1-11. https://doi.org/10.5312/wjo.v8.i1.1 

[13] Atinga RA, Akosen G, Bawontuo V. Perceived 
characteristics of outpatient appointment scheduling 
association with patient satisfaction and treatment 
adherence: An innovation theory application. Hosp Pract. 
2021;49(4):298–306. DOI: 
10.1080/21548331.2021.1942878. 

[14] Fiebich BL, Muñoz E, Rose T, Weiss G, McGregor GP. 
Molecular Targets of the Antiinflammatory Harpagophytum 
procumbens (Devil’s claw): Inhibition of TNFα and COX‐2 
Gene Expression by Preventing Activation of AP‐1. Phyther 
Res, 2012, 26(6):806-811. https://doi.org/10.1002/ptr.3636 

[15] Anauate MC, Torres LM, de Mello SBV. Effect of isolated 
fractions of Harpagophytum procumbens D.C. (devil’s claw) 
on COX‐1, COX‐2 activity and nitric oxide production on 
whole‐blood assay. Phyther Res, 2010, 24(9):1365-1369. 
https://doi.org/10.1002/ptr.3124 

[16] Abdelouahab N, Heard C. Effect of the Major Glycosides of 
Harpagophytum procumbens (Devil’s Claw) on Epidermal 
Cyclooxygenase-2 (COX-2) in Vitro. J Nat Prod, 2008, 
71(5):746-749. https://doi.org/10.1021/np070204u 

[17] Alexander LAM, Ln D, Eg Z, Is D, Ay K, Ss R, Ea T, Sp Y, Ez 
Y, L G. Pharmacological Management of Osteoarthritis With 
a Focus on Symptomatic Slow-Acting Drugs: 
Recommendations From Leading Russian Experts. J Clin 
Rheumatol, 2021, 27(8):e533-539. 
https://doi.org/10.1097/RHU.0000000000001507 

[18] du Souich P. Absorption, distribution and mechanism of 
action of SYSADOAS. Pharmacol Ther, 2014, 142(3):362- 
374. https://doi.org/10.1016/j.pharmthera.2014.01.002 

[19] Zeng C, Wei J, Li H, Wang YL, Xie DX, Yang T, Gao SG, Li 
YS, Luo W, Lei GH. Effectiveness and safety of 
Glucosamine, chondroitin, the two in combination, or 
celecoxib in the treatment of osteoarthritis of the knee. Sci 
Rep, 2015, 5(1):16827. https://doi.org/10.1038/srep16827 

[20] Zhang W, Doherty M, Arden N, Bannwarth B, Bijlsma J, 
Gunther KP, Hauselmann HJ, Herrero-Beaumont G, Jordan 
K, Kaklamanis P, Leeb B, Lequesne M, Lohmander S, 
Mazieres B, Martin-Mola E, Pavelka K, Pendleton A, Punzi 
L, Swoboda B, Varatojo R, Verbruggen G, Zimmermann- 
Gorska I, Dougados M; EULAR Standing Committee for 
International Clinical Studies Including Therapeutics 
(ESCISIT). EULAR evidence based recommendations for 
the management of hip osteoarthritis: report of a task force 
of the EULAR Standing Committee for International Clinical 
Studies Including Therapeutics (ESCISIT). Ann Rheum Dis, 
2005, 64(5):669-681. 
https://doi.org/10.1136/ard.2004.028886. PMID: 15471891 

[21] Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, 
Arden N, Bierma-Zeinstra S, Brandt KD, Croft P, Doherty M, 
Dougados M, Hochberg M, Hunter DJ, Kwoh K, Lohmander 
LS, Tugwell P. OARSI recommendations for the 



The impact of glucosamine, chondroitin sulfate, and Harpagophytum procumbens on knee osteoarthritis features 31 
 

 

management of hip and knee osteoarthritis, Part II: OARSI 
evidence-based, expert consensus guidelines. Osteoarthr 
Cartil, 2008, 16(2):137–62. 
https://doi.org/10.1016/j.joca.2007.12.013. 

[22] Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, 
Arden N, Bierma-Zeinstra S, Brandt KD, Croft P, Doherty M, 
Dougados M, Hochberg M, Hunter DJ, Kwoh K, Lohmander 
LS, Tugwell P. OARSI recommendations for the 
management of hip and knee osteoarthritis, part I: critical 
appraisal of existing treatment guidelines and systematic 
review of current research evidence. Osteoarthr Cartil, 2007, 
15(9):981-1000. https://doi.org/10.1016/j.joca.2007.06.014 

[23] Zhang W, Nuki G, Moskowitz RW, Abramson S, Altman RD, 
Arden NK, Bierma-Zeinstra S, Brandt KD, Croft P, Doherty 
M, Dougados M, Hochberg M, Hunter DJ, Kwoh K, 
Lohmander LS, Tugwell P. OARSI recommendations for the 
management of hip and knee osteoarthritis: part III: Changes 
in evidence following systematic cumulative update of 
research published through January 2009. Osteoarthr Cartil, 
2010, 18(4):476-499. 
https://doi.org/10.1016/j.joca.2010.01.013 

[24] Hochberg MC, Altman RD, April KT, Benkhalti M, Guyatt G, 
McGowan J, Towheed T, Welch V, Wells G, Tugwell P; 
American College of Rheumatology. American College of 
Rheumatology 2012 recommendations for the use of 
nonpharmacologic and pharmacologic therapies in 
osteoarthritis of the hand, hip, and knee. Arthritis Care Res 
(Hoboken), 2012, 64(4):465-474. 
https://doi.org/10.1002/acr.21596 

[25] Conaghan PG. Osteoarthritis in 2012: Parallel evolution of 
OA phenotypes and therapies. Nat Rev Rheumatol, 2013, 
9(2):68-70. https://doi.org/10.1038/nrrheum.2012.225 

[26] Jordan KM, Arden NK, Doherty M, Bannwarth B, Bijlsma JW, 
Dieppe P, Gunther K, Hauselmann H, Herrero-Beaumont G, 
Kaklamanis P, Lohmander S, Leeb B, Lequesne M, Mazieres 
B, Martin-Mola E, Pavelka K, Pendleton A, Punzi L, Serni U, 
Swoboda B, Verbruggen G, Zimmerman-Gorska I, 
Dougados M; Standing Committee for International Clinical 
Studies Including Therapeutic Trials ESCISIT. EULAR 
Recommendations 2003: an evidence based approach to the 
management of knee osteoarthritis: Report of a Task Force 
of the Standing Committee for International Clinical Studies 
Including Therapeutic Trials (ESCISIT). Ann Rheum Dis, 
2003, 62(12):1145-1155. 
https://doi.org/10.1136/ard.2003.011742 

[27] Zhang W, Doherty M, Leeb BF, Alekseeva L, Arden NK, 
Bijlsma JW, Dinçer F, Dziedzic K, Häuselmann HJ, Herrero- 
Beaumont G, Kaklamanis P, Lohmander S, Maheu E, Martín- 
Mola E, Pavelka K, Punzi L, Reiter S, Sautner J, Smolen J, 
Verbruggen G, Zimmermann-Górska I. EULAR evidence 
based recommendations for the management of hand 
osteoarthritis: report of a Task Force of the EULAR Standing 
Committee for International Clinical Studies Including 
Therapeutics (ESCISIT). Ann Rheum Dis, 2007, 66(3):377- 
388. https://doi.org/10.1136/ard.2006.062091 

[28] Hochberg M, Chevalier X, Henrotin Y, Hunter DJ, Uebelhart 
D. Symptom and structure modification in osteoarthritis with 
pharmaceutical-grade chondroitin sulfate: What’s the 
evidence? Curr Med Res Opin, 2013, 29(3):259-267. 
https://doi.org/10.1185/03007995.2012.753430 

[29] Wieland HA, Michaelis M, Kirschbaum BJ, Rudolphi KA. 
Osteoarthritis - An untreatable disease? Nat Rev Drug 
Discov, 2005, 4(4):331-344. https://doi.org/10.1038/nrd1693 

[30] Mariano A, Di Sotto A, Leopizzi M, Garzoli S, Di Maio V, Gullì 
M, Dalla Vedova P, Ammendola S, Scotto d'Abusco A. 
Antiarthritic Effects of a Root Extract from Harpagophytum 
procumbens DC: Novel Insights into the Molecular 
Mechanisms and Possible Bioactive Phytochemicals. 
Nutrients, 2020, 12(9):2545. 
https://doi.org/10.3390/nu12092545 

[31] Henrotin Y, Marty M, Mobasheri A. What is the current status 
of chondroitin sulfate and glucosamine for the treatment of 
knee osteoarthritis? Maturitas, 2014, 78(3):184-187. 
https://doi.org/10.1016/j.maturitas.2014.04.015 

[32] Bruyère O, Burlet N, Delmas PD, Rizzoli R, Cooper C, 
Reginster JY. Evaluation of symptomatic slow-acting drugs 
in osteoarthritis using the GRADE system. BMC 

Musculoskelet Disord, 2008, 9(1):165. 
https://doi.org/10.1186/1471-2474-9-165 

[33] Henrotin Y, Lambert C. Chondroitin and glucosamine in the 
management of osteoarthritis: An update. Curr Rheumatol 
Rep, 2013, 15(10):361. https://doi.org/10.1007/s11926-013- 
0361-z 

[34] Lippiello L, Woodward J, Karpman R, Hammad TA. In Vivo 
Chondroprotection and Metabolic Synergy of Glucosamine 
and Chondroitin Sulfate. Clin Orthop Relat Res, 2000, 
381:229-240. https://doi.org/10.1097/00003086-200012000- 
00027 

[35] Porcheret M, Jordan K, Croft P. Treatment of knee pain in 
older adults in primary care: development of an evidence- 
based model of care. Rheumatology, 2006, 46(4):638-648. 
https://doi.org/10.1093/rheumatology/kel340 

[36] Hochberg MC, Zhan M, Langenberg P. The rate of decline of 
joint space width in patients with osteoarthritis of the knee: a 
systematic review and meta-analysis of randomized 
placebo-controlled trials of chondroitin sulfate. Curr Med Res 
Opin, 2008, 24(11):3029-3035. 
https://doi.org/10.1185/03007990802434932 

[37] Wandel S, Jüni P, Tendal B, Nüesch E, Villiger PM, Welton 
NJ, Reichenbach S, Trelle S. Effects of glucosamine, 
chondroitin, or placebo in patients with osteoarthritis of hip or 
knee: Network meta-analysis. BMJ, 2010, 341:c4675. 
https://doi.org/10.1136/bmj.c4675 

[38] Uebelhart D, Malaise M, Marcolongo R, de Vathaire F, 
Piperno M, Mailleux E, Fioravanti A, Matoso L, Vignon E. 
Intermittent treatment of knee osteoarthritis with oral 
chondroitin sulfate: A one-year, randomized, double-blind, 
multicenter study versus placebo. Osteoarthr Cartil, 2004, 
12(4):269–76. https://doi.org/10.1016/j.joca.2004.01.004 

[39] Morreale P, Manopulo R, Galati M, Boccanera L, Saponati 
G, Bocchi L. Comparison of the antiinflammatory efficacy of 
chondroitin sulfate and diclofenac sodium in patients with 
knee osteoarthritis. J Rheumatol, 1996, 23(8):1385-1391. 
PMID: 8856618 

[40] Reginster JY, Deroisy R, Rovati LC, Lee RL, Lejeune E, 
Bruyere O, Giacovelli G, Henrotin Y, Dacre JE, Gossett C 
Long-term effects of glucosamine sulphate on osteoarthritis 
progression: A randomised, placebo-controlled clinical trial. 
Lancet, 2001, 357(9252):251-256. 
https://doi.org/10.1016/S0140-6736(00)03610-2 

[41] Herrero-Beaumont G, Ivorra JA, Del Carmen Trabado M, 
Blanco FJ, Benito P, Martín-Mola E, Paulino J, Marenco JL, 
Porto A, Laffon A, Araújo D, Figueroa M, Branco J. 
Glucosamine sulfate in the treatment of knee osteoarthritis 
symptoms: A randomized, double-blind, placebo-controlled 
study using acetaminophen as a side comparator. Arthritis 
Rheum, 2007, 56(2):555-567. 
https://doi.org/10.1002/art.22371 

[42] Calamia V, Ruiz-Romero C, Rocha B, Fernández-Puente P, 
Mateos J, Montell E, Vergés J, Blanco FJ. 
Pharmacoproteomic study of the effects of chondroitin and 
glucosamine sulfate on human articular chondrocytes. 
Arthritis Res Ther, 2010, 12(4):R138. 
https://doi.org/10.1186/ar3077 

[43] Bensen WG, Fiechtner JJ, McMillen JI, Zhao WW, Yu SS, 
Woods EM, Hubbard RC, Isakson PC, Verburg KM, Geis GS. 
Treatment of osteoarthritis with celecoxib, a 
cyclooxygenase-2 inhibitor: A randomized controlled trial. 
Mayo Clin Proc, 1999, 74(11):1095-10105. 
https://doi.org/10.4065/74.11.1095 

[44] McCarty MF, Russell AL, Seed MP. Sulfated 
glycosaminoglycans and glucosamine may synergize in 
promoting synovial hyaluronic acid synthesis. Med 
Hypotheses, 2000, 54(5):798-802. 
https://doi.org/10.1054/mehy.1999.0954 

[45] Orth MW, Peters TL, Hawkins JN. Inhibition of articular 
cartilage degradation by glucosamine-HCl and chondroitin 
sulphate. Equine Vet J Suppl, 2002, (34):224-229. 
https://doi.org/10.1111/j.2042-3306.2002.tb05423.x 

[46] Chan PS, Caron JP, Rosa GJM, Orth MW. Glucosamine and 
chondroitin sulfate regulate gene expression and synthesis 
of nitric oxide and prostaglandin E(2) in articular cartilage 
explants. Osteoarthr Cartil, 2005, 13(5):387-394. 
https://doi.org/10.1016/j.joca.2005.01.003 



Daniela Dumitrescu et al. 32 
 

 

[47] Hochberg MC, Martel-Pelletier J, Monfort J, Möller I, Castillo 
JR, Arden N, Berenbaum F, Blanco FJ, Conaghan PG, 
Doménech G, Henrotin Y, Pap T, Richette P, Sawitzke A, du 
Souich P, Pelletier JP; MOVES Investigation Group. 
Combined chondroitin sulfate and glucosamine for painful 
knee osteoarthritis: a multicentre, randomised, double-blind, 

non-inferiority trial versus celecoxib. Ann Rheum Dis, 2016, 
75(1):37-44. https://doi.org/10.1136/annrheumdis-2014- 
206792. 

 
 
 
 
 
 
 
 
 
 

Corresponding author 
Cristina Elena Biță, +40769 61 35 31, cristina.gofita@gmail.com, mailing address: Tabaci no 1, 2nd floor, Craiova, 
Romania. 

 
 
 
 

Received: 27.02.2024 
 

Accepted: 28.03.2024 


