
Osteoarthritis (OA) is a clinical and pathological 

disease of articular cartilage that ultimately 

leads to the structural and functional deformity of the 
1

synovial joint.  In the beginning, the OA usually 

involves the entire joint organ, including the subchond-

ral bone, menisci, ligaments, peri-articular muscle, 
2

capsule, and synovium.  OA is considered the final 

stage of joint failure, whose initial stage is triggered 
3by some injury to cartilage and ligaments.  This disease 

is more prevalent in women of the age of nearly 60 or 
(4)

older , causing stiffness and rigidity in joints, tendons, 

and ligaments, leading to OA. The factors resulting in 

the development of OA include age, obesity, injury, 
5,6

joint overuse, and some hormonal disorders.  Chon-

drocytes are the primary source of reactive oxygen 
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species that cause damage to cartilage collagen and 
7

affect synovial fluid’s viscosity.  Some studies have 

shown that radiographs are insensitive to early disease 

progression. Bone marrow lesions and the existence 
8

of synovitis are not completely imaged on radiographs.  

Laboratory tests on blood, urine, and synovial fluid 

are not frequently conducted for diagnosis but could 

give promising results as such tests enable the early 
9,10detection of biomarkers.  

 Reactive oxygen species (ROS) are a group of 

reactive molecules derived from oxygen species and 

are well recognized for their beneficial and harmful 
11roles.  An appropriate balance is required between 

12ROS generation and its clearance.  Our focus in this 

study is to detect oxidative stress markers in patients 

suffering from OA. Major markers include 8-hydroxy-

2-deoxyguanosine, a marker of oxidative DNA damage; 

malondialdehyde, a marker of oxidation of lipids; 

hydroxynonenal, another lipid oxidation marker; as 

well as isoprostane. 8-hydroxy-2-deoxyguanosine is 

produced as a result of DNA oxidation and serves as 
13,14a biomarker of oxidative stress.  As a result of oxi-

dative injury to DNA, guanine gets oxidized, causing 

guanine and adenine to yield an oxidation product of 
158 hydroxyl deoxyguanosine.  It is a promising biomarker 

for the risk assessment of various degenerative diseases; 

hence, it proves that it increases in the serum and saliva 

of patients with degenerative oxidative disease. Hydroxy-

nonenal (HNE) is an alpha- and beta-unsaturated 

hydroxyalkene and acts as a second messenger of oxi-
16,17dative stress.  Hydroxynonenal reacts with large 

molecules, such as proteins, and forms protein adducts 

that are regarded as biomarkers of chronic inflamma-
18tion.  There is no effective treatment for osteoarthritis. 

Therefore, in biological and physical domains, various 

studies have been conducted so far for the early detection 

of biomarkers prevailing in OA, for which this study 

is also aiming, but within the context of the Pakistani 

population.

METHODS

 The present study was designed as a comparative 

cross-sectional study with non-probability convenient 

19
sampling  to recruit study participants. A sample size 

of 50 was calculated (Epitools® software) for this 

study using the hypothesized difference of 3.24, with 

a standard deviation of 1.62 and a variance of 2.64. 
20

These values are taken from the reference article.

 Fifty (n=50) osteoarthritic female patients in the 

age group of 50–75 years presented at Sheikh Zayed 

Hospital, Lahore, Pakistan, were eligible for inclusion 

in the study. The patients selected had a history of OA 

not more than three months. Fifty clinically healthy 

individuals in the same age group were included as 

controls. Subjects with a history of taking drugs (inclu-

ding alcohol and cigarettes) and pre-diagnosis medi-

cations (e.g., antiparkinsonian or antipsychotic) were 

excluded from this study. It was made sure that none 

of the controls were on any medication for the treatment 

of OA or had a history of chronic infections, malnutri-

tion syndrome, depression, psychosis, or metabolic 

dysfunction (such as diabetes mellitus, liver diseases, 

or cancer) that could interfere with the levels of oxi-

dative metabolites. Informed consent was obtained 

from the participants before they were included in this 

study.

Detection of oxidative stress biomarkers

 Serum, saliva, and urine samples were collected 

from the study subjects (patients and controls) as per 

Centre for Disease Control and Prevention (CDC) 

guidelines (CDC, 2018). The levels of all four oxidative 

stress biomarkers (8-isoprostane, MDA, 4-HNE, and 

8-OHdG) in body secretions were qualitatively assessed 

by the commercially available Abcam competitive 

ELISA kits (ab201734 for 8-OHdG, ab175819 for 8-

isoprostane, ab238537 for MDA, and ab287803 for 

4- HNE). A percent positivity of 80% and above was 

considered positive for the sample.

 Descriptive statistics of data compromises of 

minimum, mean, maximum and standard deviation. 

For inferential statistics independent sample t-test 

was applied to compare the levels of each biomarker 

in the serum between case and control and Tuckey’s 

test was used as post hoc test. Significance was set at 

p<0.05.



RESULTS

 The levels of oxidative stress markers, including 

MDA, IsoP, 8-OHdG, and 4-HNE, were measured in 

the serum, saliva, and urine of the patients suffering 

from OA. The level of the above-mentioned markers 

was also found in the healthy control group (with no 

OA). Out of the calculated sample size of 50 patients 

and controls, 40 patients consented to participate in 

the study with an 80% response rate. The rest of the 

10 patients and 10 controls refused to participate in 

the study.

Levels of malondialdehyde (MDA) in patients 

with OA and controls

 Among the tested samples, the serum samples of 

the study subjects showed the highest levels of MDA 

with a mean of 1.86±0.06 nmol/mL (p<0.03), followed 

by the level of MDA in urine with a mean of 0.46± 0.09 

nmol/mL (p<0.05) (Figure 1). Out of all study subjects, 

the lowest level of MDA was detected in saliva (0.06 

±0.32 nmol/mL; p>0.10). Overall, a significant diffe-

rence was found between the MDA levels in the urine 

and serum of subjects and controls. For the healthy 

controls, the highest levels of MDA were estimated 

in serum samples (0.96±0.05) of OA patients, followed 

by saliva (0.05±0.02) and urine samples (0.03±0.01).

Levels of Isoprostane (pg/mL) in patients with 

OA and controls:

 In the current study, a significant difference was 

found between the isoprostane levels in the serum and 

urine of subjects and controls (p ≤0.05). Among the 

tested samples, the serum samples of the study subjects 

(Figure 2) showed the highest levels of isoprostane 

with a mean of 150±58.9 pg/mL (p<0.001), followed 

by the level of isoprostane in urine with a mean of 2.16 

±0.45 pg/mL (p<0.05). Out of all study subjects, the 

lowest level of isoprostane was detected in saliva (2.13 

± 0.25 pg/mL; p >0.05). For the healthy controls, the 

highest levels of isoprostane were estimated in serum 

samples (1.85±0.09) of OA patients, followed by saliva 

(1.07±0.23) and urine samples (0.90±0.45).

Levels of 8-hydroxyguanosine (nmol/day) in patients 

with OA and controls:

 A significant difference was found between the 

8-OHdG levels in the serum and urine of subjects and 

controls (p ≤0.05). Among the tested samples, the urine 

samples of the study subjects showed the highest levels 

of 8-OHdG with a mean of 1.76±0.15 nmol/day (p< 

0.01), followed by the level of 8-OHdG in serum with 

a mean of 1.68±0.22 nmol/day (p<0.05) (Figure 3). 

Out of all study subjects, the lowest level of 8-OHdG 

was detected in saliva (0.52±0.10 nmol/day, p > 0.05). 

For the healthy controls, the highest levels of 8-OHdG 

were estimated in serum samples (0.57±0.15) of OA 

patients, followed by saliva (0.51±0.20) and urine 

samples (0.06±0.01 nmol/day).

Levels of 4-Hydroxynonenol (4-HNE) (pg/mL) in 

patients with OA and controls:

 Among the tested samples, a significant difference 

was found between the 4-HNE levels in the serum and 

urine of subjects and controls (p ≤0.05). The serum 

samples of the study subjects showed the highest levels 

of 4-HNE with a mean of 5.98±1.16 pg/mL (p< 0.001), 
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Table 1:  Mean levels of MDA in the patients 
suffering from OA and healthy controls

G
ro

u
p

s

Para-
meters

Mini-
mum

Mean
Maxi-
mum

Standard

deviation

C
o
n

tr
ol Serum 0.87 0.96 1.08 0.05

Saliva 0.017 0.05 0.08 0.02

Urine 0.01 0.03 0.05 0.01

S
u

b
je

ct
s Serum 1.78 1.86 1.97 0.06

Saliva 0.05 0.32 0.97 0.32

Urine 0.27 0.46 0.63 0.09

G
ro

u
p

s

Para-
meters

Mini-
mum

Mean
Maxi-
mum

Standard

deviation

C
on

tr
ol Serum 1.67 1.85 1.99 0.09

Saliva 0.69 1.07 1.54 0.23

Urine 0.35 0.90 1.94 0.45

S
u

b
je

ct
s Serum 31.8 150 221.7 58.9

Saliva 1.68 2.13 2.52 0.25

Urine 1.64 2.16 2.93 0.45

Table 2:  Mean levels of ISO in the patients suffering 
from OA and healthy controls



VARIATIONS OF MALONDIALDEHYDE, HYDROXYNONENAL, ISOPROSTANE AND  8-HYDROXYDEOXYGUANOSINE 

197 JAIMCVol. 21 No. 3  July - September 2023

followed by the level of 4-HNE in urine with a mean 

of 4.02±0.39 pg/mL (p<0.01) (Figure 4). Out of all 

study subjects, the lowest level of 4-HNE was detected 

in saliva (0.84±0.06 pg/mL, p>0.05). For the healthy 

controls, the highest levels of 4-HNE were estimated 

in serum samples (1.79±0.09 pg/mL) of OA patients, 

followed by urine (0.64±0.25 pg/mL) and saliva samples 

(0.32±0.09 pg/mL).

DISCUSSION

 Osteoarthritis is a highly prevalent disease that 

occurs in almost 22% to 39% of individuals, especially 

in the elderly, and it is the leading cause of disability, 

suffering, and morbidity (Marks, 2014). Studies have 

shown the prevalence of knee osteoarthritis (KOA) 

21
to be 7.50%, 10.9%, and 13.6% in China.  In India 

and Bangladesh, it is reported to be 5.78% and 10.20%, 
22respectively.  A study in Pakistan has shown that 

28.00% of the urban and 25.00% of the rural population 

have knee osteoarthritis (KOA). A study conducted 

in China found that risk factors like geography, age, 

BMI, and sex of the patients are highly associated 

with the occurrence of OA; hence, these factors should 
23be considered while conducting studies on OA  In 

our study, age and sex were closely considered for the 

inclusion of the patients. Such factors have also been 

reported by other studies conducted in Germany and 

India, showing that obesity (42.24%) and menopause 

(66.7%) are major risk factors associated with the 
24high occurrence of OA.

 Many oxidative stress markers found in the body 

are lipid hydroperoxide, 4-hydroxynonenal, isoprostane, 

8-hydroxydeoxyguanosine, malondialdehyde, and 

allantois. Since malondialdehyde and isoprostane were 

discovered, studies have shown that they are reliable 

oxidative damage markers susceptible to quantitative 

determinants in biological fluids. Studies have shown 

that osteoarthritis is due to an increased level of oxida-

tive stress and serum malondialdehyde. Studies conducted 

showed that plasma and serum malondialdehyde levels 

are significantly higher (P<.005) than in healthy sub-
25

jects at 0.5 mmol/L.  So, it is confirmed that the subject 

experiences oxidative stress, which results in the oxi-

dation of lipids that increase plasma malondialdehyde. 

Lipid peroxidation generates decomposing end pro-

ducts such as malondialdehyde, hydroxynonenal, and 

isoprostane. They are measured in plasma and urine 

as an indirect index of oxidative stress. It acts as a second 

cytokine messenger. 

 Our findings indicate that the highest levels of 

these oxidative stress markers were detected in serum, 

followed by urine. The saliva overall presented lower 

levels of oxidative stress markers in individuals with 

and without OA. In our study, the levels of inflammatory 

and oxidative stress markers were significantly higher 

in the serum samples as compared to the urine and saliva. 
26Similar findings have also been found by Amin,  

where the highest levels of MDA, 8-OHDG, and iso-

protane are found in the serum, making it one of the 

most important samples to detect OA. 

 The levels of oxidative stress markers were higher 

(45 nmol/day) in patients with OA as compared to the 

healthy controls. Our findings are consistent with those 

of other studies where elevated levels of such markers 

were evident in OA patients. The higher concentration 

G
ro

u
p

s

Para-
meters

Mini-
mum

Mean
Maxi-
mum

Standard

deviation

C
on

tr
ol Serum 0.37 0.57 0.85 0.15

Saliva 0.18 0.50 0.77 0.20

Urine 0.04 0.06 0.09 0.01

S
tu

d
y Serum 1.25 1.68 1.99 0.22

Saliva 0.37 0.52 0.68 0.10

Urine 1.44 1.76 1.98 0.15

Table 3:  Mean levels of 8-OhdG in the patients 
suffering from OA and healthy controls

G
ro

u
p

s

Para-
meters

Mini-
mum

Mean
Maxi-
mum

Standard

deviation

C
o
n

tr
ol Serum 1.66 1.79 1.98 0.09

Saliva 0.18 0.32 0.51 0.09

Urine 0.21 0.64 1.01 0.25

S
tu

d
y Serum 3.52 5.97 8.06 1.16

Saliva 0.70 0.84 0.94 0.06

Urine 3.35 4.04 4.68 0.39

Table 4:  Mean levels of HNE (pg/mL) in the 
patients suffering from OA and healthy controls



198JAIMC Vol. 21 No. 3  July - September 2023

Zoya Muzzafar

of oxidative stress markers is usually correlated with 

the stage of inflammation, i.e., low in acute OA and 

higher in chronic OA, which might relate to the higher 
27level of 8-OHDG in patients with chronic OA.  Such 

oxidative stress, leading to increased levels of the 

markers, may contribute to the pathology of OA. Urine, 

on the other hand, was found to have a poor expression 

of these markers, and these findings are in accordance 

with earlier findings. Moreover, the apparent discre-

pancy in the level of these markers in urine is usually 

affected by the time when the sample was collected 

and the physical activity of that day. Such confounders 

should be involved in future studies, nonetheless, these 

factors are found to be non-damaging for the immune 
27

system.  In addition to this, plasma and serum samples 

are described as the most useful samples for the detec-

tion of various grades of OA (low and high-grade OA). 

 The detection of MDA alone is considered a gold 

standard for the detection of OA and has been most 

frequently used so far, but it has been criticized as 

having many pitfalls. Our findings are in opposition 

of this. Still, MDA measurement has strong clinical 

relevance due to its role in the induction of pro-infla-

mmatory cells. Studies have shown that all patients 

with primary osteoarthritis have significantly shown 

an increase in malondialdehyde concentration, hydroxy-

nonenal, and isoprostane in synovial fluid and a dec-

rease in synovial fluid viscosity when compared to 

control groups. Lipid peroxidation would significantly 

increase in association with an increase in reactive 

oxygen species. Grigolo et al conducted a study showing 

that the malondialdehyde concentration is significantly 
28higher in the case of lipid peroxidation in osteoarthritis.  

In some studies, the concentration of lipid peroxidation 

in synovial fluid is low, and it protects them from oxi-
28dative damage.  

 Serum in synovial fluid in osteoarthritis has a 

significantly high level of oxidative stress markers like 

malondialdehyde and hydroxynonenal, which are well-

characterized end products derived from the peroxidation 

of cell membrane PUFA. This damaging effect is a 

chain reaction that provides a continuous supply of 

free radicals that leads to further peroxidation. Oxidative 

decomposition of PUFA and membrane lipids leads to 

a complex mixture of malondialdehyde and hydroxy-

nonenal. So, it is confirmed in this study that increased 

lipid peroxidation like malondialdehyde and hydroxy-
29

nonenal in synovial cells of osteoarthritic patients.  

It has been proven through studies that malondialdehyde, 

a toxic aldehyde end product of lipid peroxidation, 

mediates the oxidation of cartilage and results in a 
30

cytopathological effect.  All the studies in the past 

have shown that malondialdehyde levels could be high 

in the synovial fluid of osteoarthritis patients. Reactive 

oxygen species contribute to cartilage degradation in 

osteoarthritis through lipid peroxidation, which shows 

that hydroxynonenal, isoprostane, and malondialdehyde 

are the three oxidative stress markers that are increasing 

in the case of osteoarthritis. But malondialdehyde can 
31be used as a severe marker for osteoarthritis disease.  

This study differs from the previous study in that it 

informs us that malondialdehyde levels are high in 

osteoarthritis.

 Similarly, the expression of isoprostane in the 

serum was found to be highest as compared to the other 
32

two sample sources.  Though isoprostanes are gene-

rally stable molecules, their expression in body fluids 

gives a good estimation of oxidative stress on phos-
32

pholipids.  Isoprostane is found in free form in all 

biological fluids and in esterified form; it is unaffected 

by lipid content in the diet. Urinary isoprostane is sig-

nificantly higher in patients with chronic inflammation 

and disease, so the presence of isoprostane in plasma 

and urine may reflect systemic inflammation. Hydroxy-

nonenal is linked to joint pathophysiology, particularly 

in osteoarthritis, where hydroxynonenal levels are 

increased in the synovial fluid of osteoarthritis. Wei 

et al. showed that apoptosis and necrosis osteoarthritis 

occur by sustaining and amplifying of cell death signa-
33

ling.  Our study also showed elevated expression of 

8-OHDG in patients with OA; however, the expression 

was not as elevated as in the case of MDA. In previous 

studies, 8-hydroxydeoxyguanosine levels have also 

been reported to be increased in the serum, saliva, and 
34synovial fluid of patients.
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CONCLUSION 

 The clinical significance of biomarkers of oxida-

tive stress in humans must come from critical analysis 

of the markers that should give an overall index of 

redox status in particular conditions. The current study 

provides an understanding to detect and diagnose the 

inflammatory markers in the patient’s secretions and 

to treat OA before the disease has pronounced progress. 

It also helps clinicians in decision making to choose 

most appropriate test for the early detection of OA.

REFERENCES

1. Terkawi MA, Ebata T, Yokota S, Takahashi D, Endo 
T, Matsumae G, et al. Low-grade inflammation in the 
pathogenesis of osteoarthritis: cellular and molecular 
mechanisms and strategies for future therapeutic inter-
vention. Biomedicines. 2022;10(5):1109.

2. O’reilly SC, Jones A, Muir KR, Doherty M. Quadriceps 
weakness in knee osteoarthritis: the effect on pain and 
disability. Annals of the rheumatic diseases. 1998; 57 
(10): 588-94.

3. Bierma-Zeinstra S. Osteoarthritis. Lancet. 2019; 393 
(10182):1745-59.

4. Du H, Chen S-L, Bao C-D, Wang X-D, Lu Y, Gu Y-Y, 
et al. Prevalence and risk factors of knee osteoarthritis 
in Huang-Pu District, Shanghai, China. Rheumatology 
International. 2005;25:585-90.

5. Thompson DA, Kolpin DW, Hladik ML, Lehmler 
H-J, Meppelink SM, Poch MC, et al. Prevalence of 
neonicotinoid insecticides in paired private-well tap 
water and human urine samples in a region of intense 
agriculture overlying vulnerable aquifers in eastern 
Iowa. Chemosphere. 2023;319:137904.

6. Neogi T, Zhang Y. Epidemiology of osteoarthritis. 
Rheumatic Disease Clinics. 2013;39(1):1-19.

7. Chua JR, Jamal S, Riad M, Castrejon I, Malfait AM, 
Block JA, et al. Disease burden in osteoarthritis is similar 
to that of rheumatoid arthritis at initial rheumatology 
visit and significantly greater six months later. Arthritis 
& Rheumatology. 2019;71(8):1276-84.

8. Hart DJ, Doyle DV, Spector TD. Incidence and risk 
factors for radiographic knee osteoarthritis in middle-
aged women: the Chingford Study. Arthritis & Rheu-
matism: Official Journal of the American College of 
Rheumatology. 1999;42(1):17-24.

9. Ameye LG, Chee WS. Osteoarthritis and nutrition. 
From nutraceuticals to functional foods: a systematic 
review of the scientific evidence. Arthritis research 
& therapy. 2006;8:1-22.

10. Mobasheri A. Osteoarthritis year 2012 in review: bio-

markers. Osteoarthritis and Cartilage. 2012; 20(12): 
1451-64.

11. Lambeth JD. NOX enzymes and the biology of reactive 
oxygen. Nature Reviews Immunology. 2004; 4(3): 
181-9.

12. Vaillancourt F, Fahmi H, Shi Q, Lavigne P, Ranger P, 
Fernandes JC, et al. 4-Hydroxynonenal induces apop-
tosis in human osteoarthritic chondrocytes: the protective 
role of glutathione-S-transferase. Arthritis research 
& therapy. 2008;10(5):1-11.

13. Wang Z-Q, Porreca F, Cuzzocrea S, Galen K, Lightfoot 
R, Masini E, et al. A newly identified role for superoxide 
in inflammatory pain. Journal of Pharmacology and 
Experimental Therapeutics. 2004;309(3):869-78.

14. Negre‐Salvayre A, Coatrieux C, Ingueneau C, Salvayre 
R. Advanced lipid peroxidation end products in oxi-
dative damage to proteins. Potential role in diseases 
and therapeutic prospects for the inhibitors. British 
journal of pharmacology. 2008;153(1):6-20.

15. Bartkova J, Rezaei N, Liontos M, Karakaidos P, Kletsas 
D, Issaeva N, et al. Oncogene-induced senescence is 
part of the tumorigenesis barrier imposed by DNA 
damage checkpoints. Nature. 2006;444(7119):633-7.

16. Poli G, Schaur RJ, Siems Wa, Leonarduzzi G. 4‐ Hyd-
roxynonenal: A membrane lipid oxidation product of 
medicinal interest. Medicinal research reviews. 2008; 
28(4):569-631.

17. Vyas C, Mishbak H, Cooper G, Peach C, Pereira RF, 
Bartolo P. Biological perspectives and current bio-
fabrication strategies in osteochondral tissue enginee-
ring. Biomanufacturing Reviews. 2020;5:1-24.

18. Grune T, Michel P, Sitte N, Eggert W, Albrecht-Nebe H, 
Esterbauer H, et al. Increased levels of 4-hydroxyno-
nenal modified proteins in plasma of children with 
autoimmune diseases. Free Radical Biology and 
Medicine. 1997;23(3):357-60.

19. Petrie A, Sabin C. Medical statistics at a glance: John 
Wiley & Sons; 2019.

20. Waqas M, Saeed U, Saeed S, Asif S, Malik A, Tariq R. 
Augmented points of lipid peroxidation and appearance 
of prophetic variables and their affiliation to develop 
rheumatoid arthritis. European J Pharma Med Res. 
2019;6(6):181-6.

21. Michelson J, Easley M, Wigley FM, Hellmann D. Foot 
and ankle problems in rheumatoid arthritis. Foot & 
ankle international. 1994;15(11):608-13.

22. Haq SA, Darmawan J, Islam MN, Uddin MZ, Das 
BB, Rahman F, et al. Prevalence of rheumatic diseases 
and associated outcomes in rural and urban commu-
nities in Bangladesh: a COPCORD study. The Journal 
of rheumatology. 2005;32(2):348-53.

23. Iqbal MN, Haidri FR, Motiani B, Mannan A. Frequency 



200JAIMC Vol. 21 No. 3  July - September 2023

Zoya Muzzafar

of factors associated with knee osteoarthritis. JPMA-
Journal of the Pakistan Medical Association. 2011; 
61(8):786.

24. Ouédraogo D, Séogo H, Cissé R, Tieno H, Ouédraogo 
T, Nacoulma I, et al. Risk factors associated with osteo-
arthritis of the knee in a rheumatology outpatient clinic 
in Ouagadougou, Burkina Faso. Medecine tropicale: 
revue du Corps de sante colonial. 2008;68(6):597-9.

25. Vyas S, Sharma H, Vyas R. Role of malondialdehyde 
in the serum of rheumatoid arthritis and osteoarthritis. 
Journal of Postgraduate Medical Institute. 2016; 30 
(1).

26. Arsalan HM, Altaf M, Amin ZS, Khan MKA, Shahzadi 
A, Mudasser H, et al. Correlation between Biochemical 
and Anti-Oxidative status in Rheumatoid Arthritis 
Patients Update from Lahore, Pakistan. Punjab Univer-
sity Journal of Zoology. 2019;34(2):159-64.

27. Altindag O, Erel O, Aksoy N, Selek S, Celik H, Karao-
glanoglu M. Increased oxidative stress and its relation 
with collagen metabolism in knee osteoarthritis. Rheu-
matology international. 2007;27:339-44.

28. Grigolo B, Roseti L, Fiorini M, Facchini A. Enhanced 
lipid peroxidation in synoviocytes from patients with 
osteoarthritis. The Journal of rheumatology. 2003; 30 
(2):345-7.

29. Mazzetti I, Grigolo B, Pulsatelli L, Dolzani P, 
Silvestri T, Roseti L, et al. Diffe-rential roles of nitric 
oxide and oxygen radicals in chondrocytes affected 
by osteoarthritis and rheumatoid arthritis. Clinical 
Science. 2001;101(6):593-9.

30. Luo P, Gao F, Niu D, Sun X, Song Q, Guo C, et al. The 
role of autophagy in chondrocyte metabolism and osteo-
arthritis: a comprehensive research review. BioMed 
research international. 2019;2019.

31. Basu S, Whiteman M, Mattey D, Halliwell B. Raised 
levels of F2-isoprostanes and prostaglandin F2α in 
different rheumatic diseases. Annals of the rheumatic 
diseases. 2001;60(6):627-31.

32. Marrocco I, Altieri F, Peluso I. Measurement and clini-
cal significance of biomarkers of oxidative stress in 
humans. Oxidative medicine and cellular longevity. 
2017;2017.

33. Gu H-Y, Yang M, Guo J, Zhang C, Lin L-L, Liu Y, et 
al. Identification of the biomarkers and pathological 
process of osteoarthritis: weighted gene co-expression 
network analysis. Frontiers in physiology. 2019; 10: 
275.

34. Hu J, Zhou J, Wu J, Chen Q, Du W, Fu F, et al. Loganin 
ameliorates cartilage degeneration and osteoarthritis 
development in an osteoarthritis mouse model through 
inhibition of NF-κB activity and pyroptosis in chondro-
cytes. Journal of ethnopharmacology. 2020; 247: 11 
2261.


	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75

