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Key messages 

Astaxanthin, a powerful antioxidant, shows promise in managing knee osteoarthritis by 

reducing pain, inflammation, and cartilage degradation. It modulates key inflammatory 

pathways and strengthens antioxidant defenses, offering symptom relief and potential 

disease modification. Future research should focus on optimizing dosages, exploring long

-term effects, and testing combination therapies.  
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Table 1 Summary of astaxanthin's mechanisms of action in 

knee osteoarthritis 

Mechanism description References 

Antioxidant activity  

Astaxanthin scavenges ROS, inhibits lipid peroxida-

tion, and enhances the activity of endogenous 

antioxidant enzymes like SOD and catalase. 

7, 8, 9 

Anti-inflammatory 

Astaxanthin modulates NF-κB and MAPK signaling 

pathways, leading to downregulation of pro-

inflammatory cytokines such as IL-1β and TNF-α.  

10, 11, 12 

Cartilage protection 

Astaxanthin promotes cartilage matrix synthesis, 

inhibits MMP activity, and preserves cartilage 

integrity, thereby mitigating disease progression in 

knee osteoarthritis. 

13, 14 

ROS, reactive oxygen species; SOD, superoxide dismutase  
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Table 2 Preclinical evidence of astaxanthin's therapeutic effects on knee osteoarthritis 

Animal Model Characteristics Astaxanthin effects References 

Surgically induced models Destabilization of the medial meniscus ) Attenuation of cartilage degradation suppression of 

synovial inflammation  

Mitigation of osteophyte formation 

19, 20, 21, 22 

Chemically induced models Monosodium iodoacetate injection model Reduction in pain and inflammation 

Protection against cartilage degradation 

Improvement in overall joint health 

17, 18, 19, 20, 21, 22 

Genetically modified mice Cartilage-specific alterations Insights into astaxanthin's effects across diverse disease 

phenotypes 

20 
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Table 4 Safety profile of astaxanthin supplementation in knee osteoarthritis 

Adverse Effects Frequency Severity Management References 

Gastrointestinal symptoms (e.g., nausea, 

diarrhea) 

Common Mild Usually transient; resolves with continued supplementa-

tion 

28, 29 

Skin pigmentation changes Rare Gentle Reversible upon discontinuation of supplementation 32, 33 

Allergic reactions Rare Variable Avoid supplementation in individuals with known allergies 30, 36 
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Table 3 Summary of clinical trials on astaxanthin for knee osteoarthritis 

Study design Sample 

size 

Dosage and dura-

tion 

Outcome measures Key findings References 

Randomized controlled trial 100 

patients 

12 mg/day for 6 

months 

Pain scores, joint 

function, quality of life 

Significant reduction in pain, improved 

joint function, and quality of life 

23, 24 

Double-blind, placebo-

controlled trial 

80 patients 8 mg/day for 3 

months 

Pain scores, inflam-

matory markers 

Decreased pain and inflammatory 

markers compared to placebo 

24 

Open-label study 50 patients 16 mg/day for 12 

weeks 

Pain scores, cartilage 

thickness 

Reduction in pain, preservation of 

cartilage thickness 

25, 26 

https://doi.org/10.1080/10408398.2023.2176815
https://doi.org/10.1080/10408398.2023.2176815
https://doi.org/10.1080/10408398.2023.2176815
https://doi.org/10.3389%2Ffphar.2022.791376
https://doi.org/10.12688%2Ff1000research.138477.1
https://doi.org/10.1016/j.intimp.2015.05.014
https://doi.org/10.1016/j.intimp.2015.05.014
https://doi.org/10.3390/nu12113550
https://doi.org/10.1016/j.intimp.2022.109336
https://doi.org/10.1016/j.intimp.2022.109336
https://doi.org/10.3390/ph16111624
https://doi.org/10.3390/antiox10030419
https://doi.org/10.1007/978-1-4471-4712-1_7
https://doi.org/10.1080/10408398.2023.2176815
https://doi.org/10.22452/jummec.sp2023no2.45
https://doi.org/10.1016/j.intimp.2015.05.014
http://dx.doi.org/10.19070/2332-2748-2000047
https://doi.org/10.1155/2021/7714533
https://doi.org/10.1155/2021/7714533
https://doi.org/10.5772/intechopen.114958
https://doi.org/10.3390/md12052357


Table 5 Future research directions for astaxanthin in knee osteoarthritis (KOA) 

Research direction Description 

Optimization of dosing regimens Explore dose-response relationships and optimal treatment durations to establish effective and sustainable 

dosing strategies for long-term KOA management. 

Exploration of long-term effects and disease 

modification 

Conduct longitudinal studies to assess the sustained efficacy of astaxanthin in modifying disease progres-

sion, joint integrity, and structural outcomes in KOA patients over extended treatment periods. 

Investigation of combination therapies Investigate synergistic effects of astaxanthin with conventional therapies and natural compounds in combi-

nation therapy approaches to enhance treatment outcomes and address multiple pathophysiological path-

ways in KOA. 

Exploration of mechanistic insights Utilize advanced molecular techniques to elucidate the molecular pathways modulated by astaxanthin in 

KOA, providing deeper mechanistic insights and identifying potential therapeutic targets. 

Assessment of patient stratification and 

personalized medicine 

Investigate patient stratification strategies based on clinical characteristics, biomarkers, and genetic profiles 

to personalize astaxanthin supplementation in KOA management and optimize treatment outcomes through 

personalized medicine approaches. 

6 of 9 BSMMUJ | doi: https://doi.org/10.3329/bsmmuj.v18i1.76227 

S
a

b
ir S

 e
t a

l. | B
a

n
g

a
b

a
n

d
h

u
 S

h
e

ik
h

 M
u

jib
 M

e
d

ica
l U

n
ive

rsity Jo
u

rn
a

l | 2
0

2
5

;18
(1):e

7
6

2
2

7
 

https://doi.org/10.1016/j.intimp.2022.109336
https://doi.org/10.1016/j.intimp.2022.109336
https://doi.org/10.3390/jpm10030080
https://doi.org/10.3389/fphar.2022.952950
https://doi.org/10.3390/md12052357
https://pubmed.ncbi.nlm.nih.gov/14503852/


 

7 of 9 BSMMUJ | doi: https://doi.org/10.3329/bsmmuj.v18i1.76227 

S
a

b
ir S

 e
t a

l. | B
a

n
g

a
b

a
n

d
h

u
 S

h
e

ik
h

 M
u

jib
 M

e
d

ica
l U

n
ive

rsity Jo
u

rn
a

l | 2
0

2
5

;18
(1):e

7
6

2
2

7
 

https://doi.org/10.3390/molecules27196474
https://doi.org/10.1152/ajpheart.00158.2018
https://doi.org/10.3390/nu14183812


8 of 9 BSMMUJ | doi: https://doi.org/10.3329/bsmmuj.v18i1.76227 

S
a

b
ir S

 e
t a

l. | B
a

n
g

a
b

a
n

d
h

u
 S

h
e

ik
h

 M
u

jib
 M

e
d

ica
l U

n
ive

rsity Jo
u

rn
a

l | 2
0

2
5

;18
(1):e

7
6

2
2

7
 

https://doi.org/10.1016/j.knee.2024.03.002
https://doi.org/10.1016/j.knee.2024.03.002
https://www.spandidos-publications.com/10.3892/mmr.2020.11284
https://www.spandidos-publications.com/10.3892/mmr.2020.11284
https://doi.org/10.3109/14397595.2015.1008724
https://doi.org/10.3109/14397595.2015.1008724
https://doi.org/10.3390/nu12040956
https://doi.org/10.3390/antiox12071480
https://doi.org/10.1016/j.fct.2020.111714
https://doi.org/10.1016/j.fct.2020.111714
https://doi.org/10.29011/2575-8241.001272
https://doi.org/10.29011/2575-8241.001272
https://doi.org/10.3390/antiox11091722
https://doi.org/10.1002/advs.202305363
https://doi.org/10.1002/advs.202305363
https://doi.org/10.3389/fphar.2022.916653
https://doi.org/10.3389/fphar.2022.916653
https://doi.org/10.1080/10408398.2022.2084600
https://doi.org/10.1080/10408398.2022.2084600
https://doi.org/10.1016/j.intimp.2023.110159
https://doi.org/10.1016/j.intimp.2023.110159
https://doi.org/10.3390/md21120630
http://doi.org/10.2147/JEP.S237479
https://doi.org/10.1177/19476035211046042
https://doi.org/10.1177/19476035211046042
https://doi.org/10.3390/pharmaceutics15071828
https://doi.org/10.3390/pharmaceutics15071828
https://doi.org/10.3390/biomedicines10010054
https://doi.org/10.3390/biomedicines10010054
https://doi.org/10.1155/2021/4878562
https://doi.org/10.1155/2021/4878562
https://doi.org/10.4103/ajm.AJM_161_16
https://doi.org/10.4103/ajm.AJM_161_16
https://doi.org/10.1002/ptr.7935
https://doi.org/10.1002/ptr.7935
https://doi.org/10.3390/md21100513
https://doi.org/10.3390/md21100513
https://doi.org/10.3390/antiox10020265
http://dx.doi.org/10.19070/2332-2748-2000047
http://dx.doi.org/10.19070/2332-2748-2000047
https://doi.org/10.1155/2021/7714533
https://doi.org/10.1155/2021/7714533
https://doi.org/10.5772/intechopen.114958
https://doi.org/10.5772/intechopen.114958
https://doi.org/10.3390/md12052357
https://doi.org/10.3390/md12052357
https://doi.org/10.3389/fphar.2023.1188215
https://doi.org/10.3389/fphar.2023.1188215
https://doi.org/10.3390/ph16111624
https://doi.org/10.3390/ph16111624
https://doi.org/10.3390/antiox10030419
https://doi.org/10.3390/antiox10030419
https://doi.org/10.22452/jummec.sp2023no2.45
https://doi.org/10.22452/jummec.sp2023no2.45
https://doi.org/10.1186/s40360-017-0166-1
https://doi.org/10.1186/s40360-017-0166-1
https://doi.org/10.1007/978-1-4471-4712-1_7
https://doi.org/10.1007/978-1-4471-4712-1_7
https://doi.org/10.1080/10408398.2023.2176815
https://doi.org/10.1080/10408398.2023.2176815


39. 

  

β-

κ

9 of 9 BSMMUJ | doi: https://doi.org/10.3329/bsmmuj.v18i1.76227 

S
a

b
ir S

 e
t a

l. | B
a

n
g

a
b

a
n

d
h

u
 S

h
e

ik
h

 M
u

jib
 M

e
d

ica
l U

n
ive

rsity Jo
u

rn
a

l | 2
0

2
5

;18
(1):e

7
6

2
2

7
 

https://doi.org/10.3389%2Ffphar.2022.791376
https://doi.org/10.3389%2Ffphar.2022.791376
https://doi.org/10.12688%2Ff1000research.138477.1
https://doi.org/10.12688%2Ff1000research.138477.1
https://doi.org/10.1016/j.intimp.2015.05.014
https://doi.org/10.1016/j.intimp.2015.05.014
https://doi.org/10.3390/nu12113550
https://doi.org/10.3390/nu12113550
https://doi.org/10.1016/j.intimp.2022.109336
https://doi.org/10.1016/j.intimp.2022.109336
https://doi.org/10.3390/jpm10030080
https://doi.org/10.3390/jpm10030080
https://doi.org/10.3389/fphar.2022.952950
https://doi.org/10.3389/fphar.2022.952950
https://pubmed.ncbi.nlm.nih.gov/14503852/
https://doi.org/10.3390/molecules27196474
https://doi.org/10.3390/molecules27196474
https://doi.org/10.1152/ajpheart.00158.2018
https://doi.org/10.1152/ajpheart.00158.2018
https://doi.org/10.3390/nu14183812
https://doi.org/10.3390/nu14183812

