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Introduction

Osteoarthritis (OA) is a progressive degenerative disorder of 
cartilage, characterized by cartilage destruction, subchon-
dral sclerosis, and the formation of osteophytes. The destruc-
tion of joint cartilage can cause joint pain, decrease joint 
range of motion, and cause varying degrees of impairments 
in function. Because of the high loads borne by the knee 
joint during activities of daily living and mobility, the knee 
is the most frequent site of OA. A range of conservative and 
surgical treatments are available in knee OA.1 Most of the 
conservative treatment options have limited effect. Intra-
articular injections of hyaluronic acid (HA) are commonly 
used with the aim of providing pain relief and improve func-
tional status.2-4 Effectiveness of HA is being challenged, 
however, because of its limited anti-inflammatory role.

The role of free-oxygen radicals (FORs) in the pathogen-
esis of OA has increasingly been considered. FORs are 
toxic chemicals, promoting the destruction of the cartilage 

matrix, apoptosis of chondrocyte cells and synovial inflam-
mation, resulting in destruction of joint cartilage and 
decreased viscosity of synovial fluid.5,6 As cartilage destruc-
tion causes the release of a range of biochemical markers, 
levels of these markers reflect the rate of cartilage turnover 
and, therefore, are predictive of the severity of OA, the 
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Abstract
Objective. To compare the relative effectiveness of intra-articular N-acetyl cysteine (NAC) and hyaluronic acid (HA) on 
pain, function and cartilage degradation markers in patients with mild to moderate knee osteoarthritis (OA). Design. We 
prospectively conducted a clinical trial with 20 patients having a diagnosis of Kellgren-Lawrence grade 2-3 knee OA, and 
randomly allocated to the HA or NAC groups. Groups were matched on age, sex, and body mass index. Injections of 3-mL 
HA (Hylan G-F 20) or 3-mL NAC (Asist ampoule) were administered as a single shot. Functional status and pain were 
evaluated before and after injection, using the Western Ontario and McMaster Universities Arthritis Index (WOMAC) 
and the visual analogue scale (VAS) scores. Pre- and posttreatment concentrations of serum C-reactive protein (CRP), 
synovial fluid chondroitin-6-sulfate (C-6S), matrix metalloproteinase-3 (MMP-3), cross-linked C-terminal telopeptide of 
type 2 collagen (CTX-II), total oxidant status (TOS), and total antioxidant concentration (TAC) were obtained. Results. 
WOMAC, VAS scores, and CRP levels were comparable between groups prior to treatment. Both HA and NAC produced 
comparable reductions in TOS and MMP-3. NAC was more effective in reducing C-6S and CTX-II (P < 0.05). No effects on 
TAC were noted. Conclusions. NAC is effective in lowering some cartilage degradation markers, with comparable outcomes 
to HA for pain and function. NAC could provide a cheaper alternative to HA for intra-articular injection treatment of 
mild to moderate knee OA. Future placebo controlled trials are warranted to evaluate effectiveness in a larger patient 
population with a wider range of age and OA severity.
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effectiveness of a treatment and, ultimately, prognosis, as 
well as to inform the development of new cartilage-protect-
ing drugs.7,8

N-Acetyl cysteine (NAC) is a strong antioxidant and 
anti-inflammatory agent with few side effects reported.9 
Experimental and tissue culture studies have provided evi-
dence of the effectiveness of NAC in clearing FORs and, 
consequently, slowing the process of cartilage destruction, 
decreasing synovial inflammation and reducing pain pro-
ducing cytokines.10-16 Factors involved in the pathogenesis 
of OA are cartilage apoptosis, release of proteases, and pro-
duction of inflammatory cytokines such as interleukin (IL)-
1β and tumor necrosis factor (TNF)-α.17 Chondrocyte 
apoptosis has been correlated with the severity of OA and is 
involved in the progression of the disease.18 Chondrocyte 
apoptosis has been reported to occur in response to various 
stimuli, including nitric oxide (NO). NO is present at high 
levels in OA cartilage and may play an important role in the 
progression of OA.19 Studies of the mechanisms involved in 
these effects have indicated that cell damage occurs when 
NO interacts with reactive oxygen species (ROS). 
Exogenous NO induces ROS within cells, resulting in  
cytotoxicity.20 As a result, ROS damages DNA, protein, and 
other molecules in the cell, finally leading to apoptosis.21 
Considering the pathogenesis of OA and the molecular 
action mechanisms of NAC, we hypothesized that NAC 
may be used therapeutically as an alternative treatment 
modality in the treatment of knee osteoarthritis.

Credible evidence regarding the application of NAC for 
the clinical management of knee OA is not currently avail-
able. Therefore, the aim of our study was to identify and 
compare the relative effectiveness of intra-articular NAC 
and HA on pain, function and cartilage degradation markers 
in patients with mild to moderate knee OA. NAC was cho-
sen as an alternative modality of treatment because it has in 
vitro anti-inflammatory, antioxidant, and chondroprotective 
effects and lower cost.10-16

Patients and Methods

Prospective participants for our small, single site, pilot 
study were patients receiving treatment for knee OA at our 
institution, between April 2013 and October 2013, selected 
based on the following inclusion criteria: confirmed diag-
nosis of primary knee OA according to the American 
College of Rheumatology (ACR) OA criteria22; ≥40 years 
of age; Kellgren-Lawrence (KL) grade 2 or 3 OA quantified 
from anterior-posterior and lateral weightbearing radio-
graphs, obtained bilaterally; symptomatic for ≥6 months; 
<1 week use of painkillers, muscle relaxants, or nonsteroi-
dal anti-inflammatory drugs (NSAIDS); <2 months’ use of 
oral, intravenous, or intramuscular steroids; no history of 
intra-articular injection or physical therapy in the previous 
1 year; no history of knee trauma or surgery in the previous 

6 months; no clinical findings of neurological deficit of the 
lower limbs; and no history of systemic disease.

Twenty patients met the inclusion criteria and were 
enrolled in our trial. All participants provided informed con-
sent including all possible side effects and no previous use of 
NAC with a dosage that had not been tested for safety and 
toxicity or long-term effects on cartilage in human joints 
before. The study protocol received clearance from the 
Erciyes University research ethics board. Twenty patients 
were divided blindly into 2 groups by sealed envelope tech-
nique as HA injection group (group HA) or the NAC group 
(group NAC). Prior to the start of treatment, biochemical 
and radiographic assessments were completed for all study 
participants, including: complete blood count levels, wide 
biochemistry, erythrocyte sedimentation rate, C-reactive 
protein (CRP) levels, rheumatoid factor, and radiographs to 
confirm KL grading. Age, sex, height, weight, and body 
mass index (BMI) were recorded for all patients.

Patients in group A received intra-articular injections of 
3 mL of HA (Hylan G-F 20 24 mg/3 mL) as a single shot. 
Group B received 3 mL of NAC (Asist ampoule 300 mg/3 
mL), according to the same schedule. All injections and 
aspirations performed by the first author (2 years of experi-
ence as orthopedic surgeon). Aspiration of synovial fluid 
was performed before injections and at 6 weeks after the 
injections. Aspiration and injection was performed under 
sterile conditions, using a lateral approach with patients in a 
supine position under ultrasonographic guidance. A 1.7-mm 
cannulated dry syringe was used for all procedures. Patients 
were encouraged to maintain a program of isometric 
strength training for the quadriceps muscle and their activi-
ties of daily living.

Clinical Assessment

The Western Ontario and McMaster Universities Arthritis 
Index (WOMAC) (WOMAC 3.1, 11-box Numerical Rating 
Scale format, Turkish version) and the visual analogue scale 
(VAS) were completed before the start of treatment and 6 
weeks after the injection, and used to evaluate patient satis-
faction, decrease in pain and functional status.

Biochemical Assessment

Serum CRP levels and synovial concentrations of inflam-
matory and cartilage degradation biomarkers were mea-
sured before injection and at 6 weeks after the injection. 
Serum CRP levels were used to exclude infectious or 
inflammatory etiologies. Synovial fluid samples were cen-
trifuged 10 minutes at 4000 rpm and supernatants collected. 
All the samples controlled for hemolysis microscopically. 
All supernatants were transferred to Eppendorf tubes, with 
a minimum volume of 0.3 mL in each tube, and maintained 
at −80°C until analysis.
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The following biochemical analyses were conducted on 
samples: Enzym-linked immunosorbent assay (ELISA) test 
kit was used to determine levels of chondroitin-6-sulfate 
(C-6S) (SunRedBio, 01-12-1896 code number kit), matrix 
metalloproteinase-3 (MMP-3) (Boster Biological technol-
ogy, EK0461 code number kit), and cross-linked C-terminal 
telopeptide of type 2 collagen (CTX-II) (USCN Life, E0686h 
code number kit); and total oxidant status (TOS) and total 
antioxidant concentrations (TAC) levels were determined by 
calorimetric test (Immundiagnostik Company KC 5100 and 
KC5200 code number kits). All level measurements were 
detected using the Epoch microplate reader. Measurements 
of TAC and TOS levels were performed using a colorimetric 
method, which was first described by Erel.23

Statistical Analysis

All data were expressed as a mean ± standard deviation. 
The distribution of numeric variables was evaluated using 
the Shapiro-Wilk test. Between-group differences were 
evaluated using chi-squared test for categorical variables 
and Mann-Whitney U test for nonparametric variables. 
Wilcoxon rank test was used to evaluate change in mea-
sured variables, before and after injections. All analyses 
were performed with SPSS version 15 for Windows (SPSS 
Inc, Chicago, IL, USA), with a P value of <0.05 indicating 
statistical significance.

Results

The distribution of sex, age, weight, BMI, and KL grade was 
comparable for both groups (P > 0.05): 8 females and 2 males 
in each group; mean age of 54.6 ± 2.7 years for the HA group 
and 55.0 ± 3.6 years in the NAC group; mean BMI of 32.7 ± 
1.4 kg/m2 in the HA group and 32.0 ± 1.5 kg/m2 in the NAC 
group; and 5 patients with KL grade 2 knee OA and 5 with 
grade 3 in each group. The full course of intra-articular injec-
tions was completed for all patients in both groups with no 
local or systemic reactions to the injections or side effects. 
Mean aspiration fluid volume was 1.38 ± 0.22 mL (median = 
1.3, CI = 0.35-2.08). All samples had clear appearance and 
high viscosity. In the microscopic evaluation, mean white 
blood cell count was 677 ± 233 per microliter (median = 600, 
CI = 570-629.7) with 50% of polymorphonuclear leukocytes.

A significant decrease in VAS score was identified after 
the course of injections for both groups (P < 0.05) (Table 1). 
Although the absolute magnitude of change in VAS score 
was greater for patients having received HA, this between-
group difference was not significant (P > 0.05).

Intra-articular injections of both HA and NAC yielded 
significant improvement in total WOMAC score, as well as 
on the WOMAC domains of stiffness and physical function 
(P < 0.05) (Table 2). WOMAC scores were comparable 
between groups before and after injections.

Levels of CRP significantly decreased in both groups 
after injection (P < 0.05) (Table 3). There were no between-
group differences in CRP levels, before or after treatment 
(P > 0.05).

In terms of synovial fluid analysis, TOS and MMP-3 con-
centrations decreased significantly in both groups after injec-
tion (P < 0.05) (Table 4). Synovial fluid concentrations of 
C-6S and CTX-II decreased in both groups after injection, 
reaching statistical significance in the NAC group (P < 0.05).

TAC was comparable between groups before and after 
injections: HA group 231.0 ± 31.9 μmol before and 201.0 ± 

Table 1. Changes in VAS Score Before and After Injections.

VAS Score HA Group (n = 10) NAC Group (n = 10)

Before injections 7.3 ± 0.6 7.4 ± 0.6
After injections 4.5 ± 0.7 5.2 ± 0.6
P* 0.004 0.003
Change 2.8 ± 0.62 2.2 ± 0.4
Change of P° 0.052

HA, hyaluronic acid; NAC = N-acetyl cysteine; VAS, visual analogue scale; 
P*, P value of intragroup difference and P°, P value of intergroup change.

Table 2. Changes in WOMAC Scores Between the 2 Groups.

HA Group 
(n = 10)

NAC Group 
(n = 10)

WOMAC pain score  
 Before injection 10.3 ± 0.9 10.9 ± 1.1
 After injection 6.1 ± 0.9 6.9 ± 0.8
 P* 0.004 0.004
 Change 4.2 ± 0.7 4 ± 1
 Change of P° 0.63
WOMAC stiffness score  
 Before injection 2 ± 0.6 2.2 ± 0.6
 After injection 1.1 ± 0.5 1.3 ± 0.4
 P* 0.003 0.007
 Change 0.9 ± 0.3 0.9 ± 0.5
 Change of P° 0.97
WOMAC physical function  
 Before injection 26.7 ± 5.1 31.2 ± 4.0
 After injection 16.7 ± 4.2 20 ± 3.2
 P* 0.005 0.005
 Change 10 ± 2 11.2 ± 2
 Change of P° 0.21
WOMAC total score  
 Before injection 38.8 ± 6.7 44.3 ± 5.1
 After injection 23.8 ± 5.2 28.1 ± 3.7
 P* 0.005 0.005
 Change 15 ± 3 16.2 ± 3.1
 Change of P° 0.48

HA, hyaluronic acid; NAC = N-acetyl cysteine; Western Ontario 
and McMaster Universities Arthritis Index; P*, P value of intragroup 
difference and P°, P value of intergroup change.
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Table 4. Synovial Fluid Changes of Each Group.

HA Group  
(n = 10)

NAC Group  
(n = 10)

TOS (µmol/L)  
 Before injection 302.7 ± 53.9 328.6 ± 43.4
 After injection 216 ± 28.6 163.5 ± 32.8
 P* 0.009 0.005
TAC (µmol/L)  
 Before injection 231 ± 31.9 230.9 ± 28.4
 After injection 201 ± 21.7 213.6 ± 28.1
 P* 0.052 0.169
C-6S (ng/mL)  
 Before injection 16.4 ± 4.4 17 ± 4.8
 After injection 15 ± 5.5 14.3 ± 4.3
 P* 0.445 0.022
CTX-II (pg/mL)  
 Before injection 281.5 ± 109.9 307 ± 81.7
 After injection 260.8 ± 100 208 ± 86
 P* 0.799 0.022
MMP-3 (pg/mL)  
 Before injection 307.6 ± 50 297.3 ± 100.6
 After injection 198.3 ± 38.1 204.4 ± 83.8
 P* 0.005 0.005

C-6S = synovial fluid chondroitin-6-sulfate; CTX-II = cross-
linked C-terminal telopeptide of type 2 collagen; MMP-3 = matrix 
metalloproteinase–3; TAC = total antioxidant concentration; TOS = 
total oxidant status; P*, P value of intragroup difference.

Table 5. Comparison of the 2 Groups for Synovial Fluid 
Changes.

HA Group  
(n = 10)

NAC Group  
(n = 10) P°

TOS (µmol/L) 86.6 ± 63.7 165 ± 47.4 0.007
TAC (µmol/L) 29.2 ± 37 17.3 ± 35 0.43
C-6S (ng/mL) 1.4 ± 5.9 2.6 ± 2.8 0.85
CTX-II (pg/mL) 20.7 ± 163 99 ± 105 0.21
MMP-3 (pg/mL) 109 ± 26.9 92 ± 60.9 0.31

C-6S = synovial fluid chondroitin-6-sulfate; CTX-II = cross-
linked C-terminal telopeptide of type 2 collagen; MMP-3 = matrix 
metalloproteinase–3; TAC = total antioxidant concentration; TOS = 
total oxidant status; P°, P value of intergroup change.

21.7 μmol after injections; NAC group, 230.9 ± 28.4 μmol 
before and 213.6 ± 28.1 μmol after injections. There was no 
significant effect of either HA or NAC injections on TAC lev-
els (P > 0.05). NAC injection, however, produced a greater 
decrease in TOS concentrations, compared to HA injection 
(P < 0.05, Table 5).

Discussion

The purpose of this study was to identify and compare the 
relative effectiveness of intra-articular NAC and HA on 
pain, function, and cartilage degradation markers in patients 
with mild to moderate knee OA. Our results showed that 

both HA and NAC produced comparable reductions in TOS 
and MMP-3. NAC was more effective in reducing C-6S and 
CTX-II (P < 0.05). Also, intra-articular injections of both 
HA and NAC yielded significant improvements in VAS and 
total WOMAC scores, as well as on the WOMAC domains 
of stiffness and physical function (P < 0.05). Both HA and 
NAC produced significant, and comparable, improvements 
in pain and functional scores.

NAC may be effective on progression of knee osteoar-
thritis. The aim of OA treatment is to relieve pain and 
increased joint, as well as overall, function. Intra-articular 
injection of HA is a widely used treatment for knee OA 
worldwide. OA is a chronic degenerative disease character-
ized by destruction of articular cartilage, leading to progres-
sive pain and impairments in function.

The pathogenesis of OA is related to chondrocyte death, 
loss of matrix proteoglycans, and disruption of the balance 
between cartilage formation and resorption.24 Primary osteo-
arthritis is the most common form of knee OA, with age 
being the most potent risk factor of its incidence. According 
to the ACR criteria, the lower age limit for OA diagnosis is 
38 years.25 The age of our study group conformed with this 
minimum diagnostic criterion for OA, with a mean age of 
54.6 years of the HA group and 55.0 years for the NAC 
group. The prevalence of knee OA is also higher in women.26 
Again, our study group was representative of the general 
population with OA, with an 80% proportion of females in 
both groups. The relationship between obesity and OA has 
been well documented, with the Framingham study provid-
ing strong evidence for BMI being predictive of future OA.25 
Our study group was representative of the general OA popu-
lation, with a mean BMI of 32.7 kg/m2 for the HA group and 
32.0 kg/m2 for the NAC group, which is within the BMI 
range of 30.0 to 34.9 kg/m2 commonly interpreted as being 
indicative of obesity. Therefore, our study groups were 
homogenous and compatible with principle demographic 
variables of the OA within the general population.

There is evidence of the effectiveness of intra-articular 
HA in providing pain relief and improving function, for at 

Table 3. Comparison in CRP Level Changes of the 2 Groups.

CRP (mg/L) HA Group (n = 10) NAC Group (n = 10)

Before injection 6.5 ± 3.0 6.9 ± 3.0
After injection 4.8 ± 1.8 4.6 ± 2.3
P* 0.007 0.008
Change 1.6 ± 1.5 1.4 ± 1.4
Change of P° 1.0

CRP = C-reactive protein; HA, hyaluronic acid; NAC = N-acetyl 
cysteine; P*, P value of intragroup difference and P°, P value of 
intergroup change.
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least 6 months after injection. Corrado et al.27 reported a sig-
nificant decrease in pain, both at rest and with activity, 35 
days after HA injection. A meta-analysis of randomized con-
trolled trials provided evidence for decreased pain, at rest and 
with activity, and improved function status after HA injec-
tion. However, the effectiveness of HA has been reported to 
be limited in patients older than 65 years and in patients with 
higher grades of OA.28 Another second meta-analysis of 76 
studies provided head-to-head comparison of HA with a pla-
cebo group, as well as with steroid use, physical therapy and 
exercise, with results of intra-articular HA being superior to 
placebo.29 Based on this evidence, the authors concluded that 
HA is an effective treatment method for knee OA.

HA injection treatment is a relatively expensive method 
in comparison with NAC injection. According to our results, 
NAC injection was found effective as HA injection in the 
treatment of mild to moderate knee osteoarthritis. But, our 
study population was relatively small. Future randomized 
controlled comparative studies with larger populations and 
varying OA degrees needed to assess effectiveness and cost 
of NAC injection therapy.

In vitro biochemical studies have shown the concentra-
tion- and molecular weight–dependent effectiveness of HA 
injections in inhibiting IL-1-induced prostaglandin E

2
 

(PGE
2
), bradykinin, and arachidonic acid release, as well 

as positively modifying leukocyte function, as well as 
inflammatory cell function, migration, chemotaxis, and 
phagocytosis.30-32 The positive effects of HA in providing 
pain relief and improving functional status in our patients 
supports these mechanisms.

Intra-articular HA injection is recommended for patients 
with KL knee OA grades of 2 and 3.41 High molecular 
weight HA is the preferred preparation with high concentra-
tion and high molecular weight HA enhancing the lubrica-
tion and shock absorption capacity of the articular 
cartilage.27 In addition, high molecular weight HA induces 
endogen HA synthesis and reduces the concentration of car-
tilage damage biomarkers in synovial fluid.3,33,34 It is based 
on this evidence that we used a high molecular weight HA 
(Hylan G-F 20) in our study.

NAC, which is a glutathione precursor, is a strong antioxi-
dant agent with thiol group, directly neutralizing FORs. In 
addition, NAC act as an indirect antioxidant, by entering the 
cell through plasma membrane and reacting with glutamic 
acid and glycine to generate intracellular glutathione.10 
Glutathion is the most abundant antioxidant in cells.42 
Because of its antioxidative properties, glutathione can con-
trol cell damage. Glutathione in chondrocytes also plays cru-
cial role in their survival.15 Several in vivo and in vitro studies 
evaluating the anti-inflammatory effect of NAC on human 
articular tissues have provided evidence of the effectiveness 
of NAC in neutralizing FORs by inducing a TNF-α and 
IL-1β downregulation and inhibiting PGE

2
 synthesis and 

COX-2 expression.10,11,35,43 We chose NAC as an alternative 

treatment modality because of its in vitro antioxidant, anti-
inflammatory, and chondroprotective effects. Pain relief and 
functional status improvements in our patients after NAC 
injections support anti-inflammatory mechanisms. Also, 
decreased TOS and cartilage degradation markers after NAC 
injections support antioxidant and chondroprotective mecha-
nisms. Nakagawa et al.10 reported decreased cartilage apop-
tosis and cartilage degeneration in experimental OA rat 
models after an 8-week protocol of intra-articular, 5-mg 
injection of NAC. It is based on this current evidence, consid-
ering the volume of the human knee joint and possible side 
effects and toxicity, that we used lowest available intrave-
nous NAC concentration of 300 mg/3 mL intra-articular 
(Asist ampoule).

CRP levels may be elevated in patients with OA.36 In a 
study of 105 female patients with knee OA, patients with 
bilateral knee OA had higher CRP levels than patients with 
unilateral knee OA.37 In our study, we identified a mild eleva-
tion in CRP levels in both the HA and NAC groups. (HA 
group, 6.5 ± 3.0 mg/L; NAC group, 6.9 ± 3.0 mg/L). Both 
HA and NAC injections were effective in lowering serum 
CRP levels. Lo et al.36 reported decreased serum CRP levels 
after intra-articular HA and indomethacin injection in an 
experimental OA model. In their clinical study, Palmieri 
et al.32 reported decreased serum CRP levels after high 
molecular weight HA injections in patients with KL grade 2 
and 3 knee OA. In our study, we confirmed a statistically sig-
nificant decrease in serum CRP levels after both HA and 
NAC intra-articular injections.

OA molecular predictors (OMP) provide a proxy mea-
sure of cartilage turnover and, therefore, are useful in the 
follow-up of patients, determination of prognosis, and 
development of new protective drugs.7,8 In our study, we 
quantified C-6S, MMP-3, CTX-II, TOS, and TAC levels to 
evaluate the effectiveness of intra-articular NAC injection 
therapy efficiency. We identified that both HA and NAC 
significantly decreased synovial fluid TOS concentrations. 
However, NAC decreased TOS concentration to a greater 
extent than HA (P < 0.05). As the extent of change in TAC 
concentration was comparable for both HA and NAC injec-
tions, we postulated that the significant effect of NAC on 
TOS is indicative of the antioxidant capacity of NAC.

Matrix metalloproteinase enzymes (MMPs) play an 
important role in cartilage matrix degradation. MMP-3 has 
wide substrate specificity and therefore, contributes signifi-
cantly to the degradation of type 2 collagen. Several studies 
have reported elevated MMP-3 concentrations in synovial 
fluid and cartilage tissue in patients with OA.7,32,34,38 In an 
experimental OA model, MMP-3 levels decreased after HA 
injection.11 In another clinical study, synovial fluid C-6S 
levels decreased after five intra-articular injections of HA.39 
Conrozier et al.40 reported decreased urine CTX-II levels 
after intra-articular HA injections. Using in vivo models, 
Morin et al.14 reported a downregulation of TNF-α- and 
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IL-1β-dependent MMP-3 gene expression after NAC injec-
tion. Homandberg et al.35 further confirmed an effect of 
NAC on TNF-α, IL-1, and IL-6 catabolic cytokines, as well 
as an indirect decrease in MMP-3 synthesis. Interestingly, 
in our study, we identified significant decreases in the 
MMP-3 concentration in synovial fluid after intra-articular 
HA injection (P < 0.05). HA did not decrease concentra-
tions of C-6S and CTX-II concentrations (P > 0.05). By 
comparison, intra-articular NAC injections produced a sig-
nificant decrease in concentrations of TOS, MMP-3, C-6S, 
and CTX-II concentrations in synovial fluid (P < 0.05). We 
could not explain why NAC decreased certain cartilage 
degradation and inflammation markers but not others. 
Based on these results, we conclude that NAC may be more 
effective than HA in decreasing proteoglycan and collagen 
degradation, which would provide favorable outcomes in 
the treatment of OA. Also, NAC provides a cheaper treat-
ment alternative in mild to moderate knee OA.

This study is the first pilot study assessing the effective-
ness of intra-articular NAC injection in knee OA. The main 
limitation of this study was relatively small number of par-
ticipants because of the funding restrictions. Also there was 
no placebo control group. Studies with larger placebo con-
trolled patient groups may warrant possible clinical use of 
NAC in the treatment of knee OA.

Conclusion

Based on the clinical and biochemical outcomes of our study, 
we suggest that NAC may be as an effective and cheaper 
alternative to HA in slowing the process of progressive carti-
lage destruction and improving clinical and functional status. 
NAC would provide a further advantage of lowering the cost 
of intra-articular OA treatment, compared to HA. Placebo-
controlled trials are warranted to provide higher level of evi-
dence regarding the possible clinical role of intra-articular 
NAC in the treatment of patients with knee OA.

Acknowledgments and Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Ethical Approval

Ethical approval for this study was obtained from Erciyes 
University Scientific Research Ethical Board (2013/579).

Informed Consent

Written informed consent was obtained from all subjects before 
the study.

Trial Registration

Erciyes University Scientific Research Project Committee: 
TTU-2013-4982

References

 1. Bennell KL, Hunter D, Hinman RS. Management of osteoar-
thritis of the knee. BMJ. 2012;345:e4934.

 2. Balazs EA, Denlinger JL. Viscosupplementation: a new 
concept in the treatment of osteoarthritis. J Rheumatol. 
1993;20(suppl 39):3-9.

 3. Abatangelo G, O’Regan M. HA: biological role and function 
in articular joints. Eur J Rheumatol Inflamm. 1995;15:9-16.

 4. Larsen NE, Lombard KM, Parent EG, Balazs EA. Effect 
of hylan on cartilage and chondrocyte cultures. J Orthop 
Res.1992;10:23-32.

 5. Loeser RF. Aging and osteoarthritis: the role of chondro-
cyte senescence and aging changes in the cartilage matrix. 
Osteoarthritis Cartilage. 2009;17:971-9.

 6. Sokolove J, Lepus CM. Role of inflammation in the patho-
genesis of osteoarthritis: latest findings and interpretations. 
Ther Adv Musculoskelet Dis. 2013;5:77-94.

 7. Taskiran E, Taskiran D, Kutay F, Lok V. The significance 
of measurement of cartilage matrix degradation products 
by synovial fluid analysis in the early diagnosis and moni-
torization of osteoarthritis. Acta Orthop Traumatol Turc. 
1995;29:455-8.

 8. Rousseau JC, Delmas PD. Biological markers in osteoarthri-
tis. Nat Clin Pract Rheumatol. 2007;3:346-56.

 9. Zafarullah M, Li WQ, Sylvester J, Ahmad M. Molecular 
mechanisms of N-acetylcysteine actions. Cell Mol Life Sci. 
2003;60:6-20.

 10. Nakagawa S, Arai Y, Mazda O, Kishida T, Takahashi KA, 
Sakao K, et al. N-Acetylcysteine prevents nitric oxide–
induced chondrocyte apoptosis and cartilage degeneration 
in an experimental model of osteoarthritis. J Orthop Res. 
2010;28:156-63.

 11. Roman-Blas JA, Contreras-Blasco MA, Largo R, Alvarez-
Soria MA, Castaneda S, Herrero-Beaumont G. Differential 
effects of the antioxidant N-acetylcysteine on the production 
of catabolic mediators in IL-1β-stimulated human osteo-
arthritic synoviocytes and chondrocytes. Eur J Pharmacol. 
2009;623:125-131.

 12. Kröger H, Miesel R, Dietrich A, Ohde M, Altrichter S, Braun 
C, et al. Suppression of type II collagen-induced arthritis by 
N-acetyl-l-cysteine in mice. Gen Pharmacol. 1997;29:671-674.

 13. Ueno T, Yamada M, Sugita Y, Ogawa T. N-Acetyl cysteine 
protects TMJ chondrocytes from oxidative stress. J Dent Res. 
2011;90:353-359.

 14. Morin I, Li WQ, Su S, Ahmad M, Zafarullah M. Induction 
of stromelysin gene expression by tumor necrosis factor α is 
inhibited by dexamethasone, salicylate, and N-acetylcysteine in 
synovial fibroblasts. J Pharmacol Exp Ther. 1999;289:1634-40.

 15. Lohmander LS, Roos H, Dahlberg L, Lark MW. The role 
of molecular markers to monitor disease, intervention and 
cartilage breakdown in osteoarthritis. Acta Orthop Scand. 
1995;266:84-7.

 16. Xie DL, Hui F, Meyers R, Homandberg GA. Cartilage chon-
drolysis by fibronectin fragments is associated with release of 



390 CARTILAGE 8(4) 

several proteinases: stromelysin plays a major role in chon-
drolysis. Arch Biochem Biophys. 1994;311:205-12.

 17. Reboul P, Pelletier JP, Tardif G, Cloutier JM, Martel-Pelletier 
J. The new collagenase, collagenase-3, is expressed and syn-
thesized by human chondrocytes but not by synoviocytes. A 
role in osteoarthritis. J Clin Invest. 1996;97:2011-2019.

 18. Blanco FJ, Guitian R, Vazquez-Martul E, de Toro FJ, Galdo 
F. Osteoarthritis chondrocytes die by apoptosis: a pos-
sible pathway for osteoarthritis pathology. Arthritis Rheum. 
1998;41:284-9.

 19. Diaz-Gallego L, Prieto JG, Coronel P, Gamazo LE, Gimeno 
M, Alvarez A. Apoptosis and nitric oxide in an experimental 
model of osteoarthritis in rabbit after hyaluronic acid treat-
ment. J Orthop Res. 2005;23:1370-6.

 20. Wu GJ, Chen TG, Chang HC, Chiu WT, Chang CC, Chen RM. 
Nitric oxide from both exogenous and endogenous sources 
activates mitochondria dependent events and induces insults 
to human chondrocytes. J Cell Biochem. 2007;101:1520-31.

 21. Stoop R, Buma P, van der Kraan PM, Hollander AP, Clark 
Billinghurst R, Robin Poole A, et al. Differences in type II 
collagen degradation between peripheral and central cartilage 
of rat stifle joints after cranial cruciate ligament transection. 
Arthritis Rheum. 2000;43:2121-31.

 22. Wu CW, Morrell MR, Heinze E, Concoff AL, Wollaston 
SJ, Arnold EL, et al. Validation of American College of 
Rheumatology classification criteria for knee osteoarthri-
tis using arthroscopically defined cartilage damage scores. 
Semin Arthritis Rheum. 2005;35:197-201.

 23. Erel O. A novel automated method to measure total anti-
oxidant response against potent free radical reactions. Clin 
Biochem. 2004;37:112-9.

 24. Di Cesare P, Haudenschild DR, Samuels J, Abramson SB. 
Pathogenesis of osteoarthritis. In: Firestein GS, Budd RC, 
Gabriel SE, McInnes IB, O’Dell JR, editors. Kelley’s text-
book of rheumatology. 9th ed. Philadelphia, PA: Elsevier; 
2013. p. 1617-35.

 25. Musumeci G, Aiello FC, Szychlinska MA, Di Rosa M, 
Castrogiovanni P, Mobasheri A. Osteoarthritis in the XXIst 
century: risk factors and behaviours that influence disease 
onset and progression. Int J Mol Sci. 2015;16:6093-12.

 26. Srikanth VK, Fryer JL, Zhai G, Winzenberg TM, Hosmer D, 
Jones G. A meta-analysis of sex differences prevalence, inci-
dence and severity of osteoarthritis. Osteoarthritis Cartilage. 
2005;13:769-81.

 27. Corrado EM, Peluso GF, Gigliotti S, De Durante C, Palmieri 
D, Savoia N, et al. The effects of intra-articular administra-
tion of hyaluronic acid on osteoarthritis of the knee a clinical 
study with immunological and biochemical evaluations. Eur J 
Rheumatol Inflamm. 1995;15:47-56.

 28. Wang CT, Lin J, Chang CJ, Lin YT, Hou SM. Therapeutic 
effects of hyaluronic acid on osteoarthritis of the knee. A 
meta-analysis of randomized controlled trials. J Bone Joint 
Surg Am. 2004;86:538-45.

 29. Wang CT, Lin J, Chang CJ, Lin YT, Hou SM. High molecular 
weight hyaluronic acid down-regulates the gene expression 
of osteoarthritis-associated cytokines and enzymes in fibro-
blast-like synoviocytes from patients with early osteoarthritis. 
Osteoarthritis Cartilage. 2006;14:1237-47.

 30. Ghosh P. The role of hyaluronic acid (hyaluronan) in health 
and disease: interactions with cells, cartilage and components 
of synovial fluid. Clin Exp Rheumatol. 1993;12:75-82.

 31. Tobetto K, Yasui T, Ando T, Hayaishi M, Motohashi N, 
Shinogi M, et al. Inhibitory effects of hyaluronan on (14C) 
arachidonic acid release from labeled human synovial fibro-
blasts. Jpn J Pharmacol. 1992;60:79-84.

 32. Palmieri B, Rottigni V, Iannitti T. Preliminary study of highly 
cross-linked hyaluronic acid-based combination therapy for 
management of knee osteoarthritis-related pain. Drug Des 
Dev Ther. 2013;7:7-12.

 33. Elmorsy S, Funakoshi T, Sasazawa F, Todoh M, Tadano 
S, Iwasaki N. Chondroprotective effects of high molecular 
weight cross-linked hyaluronic acid in a rabbit knee osteoar-
thritis model. Osteoarthritis Cartilage. 2014;22:121-7.

 34. Bellamy N, Campbell J, Robinson V, Gee T, Bourne 
R, Wells G. Viscosupplementation for the treatment of 
osteoarthritis of the knee. Cochrane Database Syst Rev. 
2006;19(2):CD005321.

 35. Homandberg GA, Hui F, Wen C, Purple C, Bewsey K, Koepp 
H, et al. Fibronectin-fragment-induced cartilage chondrolysis 
is associated with release of catabolic cytokines. Biochem J. 
1997;321(pt 3):751-7.

 36. Hasegawa M, Nakoshi Y, Tsujii M, Sudo A, Masuda H, 
Yoshida T, et al. Changes in biochemical markers and pre-
diction of effectiveness of intra-articular hyaluronan in 
patients with knee osteoarthritis. Osteoarthritis Cartilage. 
2008;16:526-9.

 37. Sowers M, Jannausch M, Stein E, Jamadar D, Hochlberg M, 
Lachance L. C-reactive protein as a biomarker of emergent 
osteoarthritis. Osteoarthritis Cartilage. 2002;10:595-601.

 38. Conrozier T, Balblanc JC, Richette P, Mulleman D, Maillet B, 
Henrotin Y, et al. Early effect of hyaluronic acid intraarticu-
lar injections on serum and urine biomarkers in patients with 
knee osteoarthritis: an open label observational prospective 
study. J Orthop Res. 2012;30:679-85.

 39. Lo YJ, Sheu MT, Tsai WC, Lin YH, Li JL, Liang YC, et al. 
Intra-articular injection of hyaluronate and indomethacin 
in rabbits with antigen-induced arthritis. Rheumatol Int. 
2007;27:1099-111.

 40. Kusayama Y, Akamatsu Y, Kumagai K, Kobayashi H, 
Aratake M, Saito T. Changes in synovial fluid biomarkers 
and clinical efficacy of intra-articular injections of hyal-
uronic acid for patients with knee osteoarthritis. J Exp 
Orthop. 2014;1:16.

 41. Jordan K, Arden N, Doherty M, Bannwarth B, Bijlsma J, 
Dieppe P, et al. EULAR Recommendations 2003: an evi-
dence-based approach to the management of knee osteoarthri-
tis: Report of a Task Force of the Standing Committee for 
International Clinical Studies Including Therapeutic Trials 
(ESCISIT). Ann Rheum Dis. 2003;62:1145-55.

 42. Carlo MD, Loeser RF. Increased oxidative stress with aging 
reduces chondrocyte survival: correlation with intracellular 
glutathione levels. Arthritis Rheum. 2003;48:3419-30.

 43. Martin JA, McCabe D, Walter M, Buckwalter JA, McKinley 
TO. N-Acetylcysteine inhibits post-impact chondrocyte 
death in osteochondral explants. J Bone Joint Surg Am. 
2009;91:1890-7.


