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Abstract 

Background and aim: Osteoarthritis (OA) is a chronic degenerative disease characterized by an inflammatory state 

and significant oxidative stress. As curcuma is known for its anti-inflammatory and antioxidant activities, it could be 

used as alternative therapy next to or together with the standard treatment. This treatment consists of analgesics, steroids 

or non-steroidal anti-inflammatory drugs (NSAIDs) to reduce pain and inflammation related symptoms. The current 

study investigates the effect of bio-optimized curcuma on genetic (SIRT1) and metabolic regulation of inflammation and 

associated symptomatology in patients with osteoarthritis. 

Materials and methods: In the in vitro study, Hela human cells were seeded in 12-well plates, incubated with 

curcuma at different concentrations and incubated for 3, 6 and 24 hours. The targeted protein expression/phosphorylation 

was evaluated by immunoblotting, while cytotoxicity tests were performed by CellTiter-Blue Cell Viability Assay. In 

the in vivo study, a total of 33 patients were recruited and divided into 3 subgroups based on the treatment: standard 

treatment (ST), ST + curcuma and ST + curcuma + Vitamin D (2000UI). The health status (SF36) and osteoarthritis 

index (WOMAC score) were analyzed at 0; 1,5 and 3 months with blood sampling at 0 and 3 months for the evaluation 

of inflammation markers, 25 (OH) VitD and SIRT1. 

Results: in vitro data showed no statistically significant decrease (p>0.05) in the number of viable cells. The expression 

of SIRT1 and the activation of AMP activated protein kinase (AMPK) were significantly increased in all experimental 

groups compared with the control group (p<0.001). A significant increase in 25(OH) VitD values in the ST + curcuma 

+ VitD group (p <0.007) and in SIRT1 in all groups taking curcuma (p <0.001) was shown. Also for IL-1 (p=0.031), IL-

6 (p=0.031) and IFN-γ (p=0.013), all groups taking curcuma showed significantly lower inflammatory markers with no 

added value of vitamin D.  

Conclusions: Curcuma as an adjuvant to ST leads to a positive modulation of the SIRT1 pathway, a significant decline 

of blood inflammatory markers and a better osteoarthritis outcome. 

 Osteoarthritis, a chronic degenerative disease characterized by an inflammatory state and significant oxidative 

stress 

 Curcuma as alternative therapy next to or together with the standard treatment 

 Effect of bio-optimized curcuma on genetic and metabolic regulation of inflammation 

 Positive modulation of SIRT1 pathway, decline of blood inflammatory markers and a better OA outcome 

Key words: bio-optimized curcuma; osteoarthritis; inflammation; SIRT1; Womac Score; NAMPT; 

metalloproteinases; proinflammatory cytokines; PMSF; synoviocytes; Curcudyn 
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1 Introduction 

Osteoarthritis (OA) is a multifactorial degenerative joint disease evolving 

over time with no resolutive cure to date [1-3]. OA is characterized by an 

inflammatory state and significant oxidative stress resulting in pain, 

stiffness, swelling and loss of mobility [4]. The world prevalence of knee 

osteoarthritis increased with 26.6% from 1990 to 2010 and about 12% of 

the general population is suffering from OA [4-5].  

In OA, synoviocytes and synovial macrophages produce inflammatory 

mediators including prostaglandins, reactive oxygen species and 

proinflammatory cytokines such as Interleukin (IL)-6, Tumor Necrosis 

Factor (TNF)-α. [6,7]. These proinflammatory cytokines stimulate 

articular chondrocytes and synoviocytes to produce matrix-degrading 

enzymes such as Matrix metalloproteinases (MMPs) and 

proinflammatory enzymes such as Cyclooxygenase-2 (Cox-2), leading to 

a vicious circle and cartilage extracellular matrix destruction and 

degeneration [8]. The whole process enhances the apoptosis of 

chondrocytes which is further stimulated by the production of reactive 

oxygen species [6-8].  

The current treatment focusses mainly on the reduction of pain and 

inflammation with analgesics, steroids and Non-Steroidal Anti-

Inflammatory Drugs (NSAIDs) [2, 9]. However, they fail to modify the 

disease progression in term of prevention and chondroprotection and their 

long-term use cannot be sustained due to inadequate pain relief, immune 

disturbances and serious gastrointestinal, renal and cardiovascular 

adverse events [1, 2, 4, 9]. Therefore, herbal therapies with anti-

inflammatory properties have been investigated due to minimal side 

effects. In addition, the impaired balance between anabolic and catabolic 

mechanisms leading to articular damage, can also be influenced by dietary 

compounds like nutraceuticals, food products providing health and 

medical benefits such as Curcuma longa and Zingiber Officinale [1, 10-

14].  

Curcuma is a yellow pigment isolated from the rhizomes of Curcuma 

Longa [1, 15,16] and is composed of demethoxycurcumin, 

bisdemethoxycurcumin, 5’-methoxycurcumin and dihydrocurcumin, 

collectively named curcuminoids [15, 16]. Curcuminoids modify NF-kB 

signaling, proinflammatory cytokine production such as interleukins and 

phospholipase A2, COX-2 and 5-LOX activities resulting in anti-oxidant, 

anti-inflammatory and analgesic properties [10-18]. Curcumin itself is 

also a free radical scavenger and increases the binding of different 

molecules to the antioxidant response element, increasing the total 

antioxidant properties [16, 18]. In addition, Curcumin might also be able 

to reverse the imbalance between anabolic and catabolic factors occurring 

in OA joint tissues by reducing the catabolic part [17]. In vitro studies on 

chondrocytes have confirmed the anti-inflammatory properties but have 

also shown anti-catabolic properties by the inhibition of MMP-3 synthesis 

resulting in decreased chondrolysis and decreased breakdown of 

extracellular matrix. Also anti-apoptotic activities on chondrocytes and 

growth-inhibitory and pro-apoptotic effects on synovial adherent cells, 

the main source of inflammatory mediators of cartilage degradation, have 

been confirmed [19, 20]. Belcaro et al. showed significant improvement 

in OA symptoms, a three-fold increase in walking distance and a 

significant decrease in inflammatory markers after administration of a 

curcumin-phosphatidylcholine complex [21]. Kuptniratsaikul et al. 

showed that curcuma for knee OA treatment was as effective as ibuprofen 

but with fewer adverse events [13, 14]. 

Ginger has been an important ingredient in Asian medicine, especially for 

pain relief in musculoskeletal diseases [1, 22, 23]. Especially the gingerol 

and zingerone components have anti-inflammatory and anti-oxidant 

effects and are working synergistically with curcumin [24, 25]. 

Mozaffari-Khosravi et al. showed the inhibition of COX-2 and a decline 

in proinflammatory cytokines, TNF-α and IL-1β modulating NF-kB 

activities after the intake of ginger powder in patients with knee OA [25], 

another case study has shown relief of OA symptoms after ginger therapy 

[26]. In general, ginger reduces inflammation, pain and disability in OA 

without any side effects [22-25]. 

Regarding vitamins, Vitamin D is needed for normal bone metabolism as 

suboptimal levels may have an adverse effect on calcium metabolism, 

osteoblastic activity, matrix ossification and bone density [27, 28]. 

Supplementation with Vitamin D led to a lower disability of knee OA 

patients [27] and there might even be evidence that Vitamin D results in 

lower skeletomuscular pain [29]. In addition, Vitamin C is mostly known 

for its antioxidant function neutralizing the Reactive Oxygen species 

generated by cells within the joints and playing a role in OA [30]. 

Additionally, Vitamin C is also critical to bone health, as electron donor 

in the synthesis of type II collagen resulting in decreased cartilage 

degradation [30, 31] 

Herein, we investigate the effect of bio-optimized curcuma on genetic 

(SIRT1) and metabolic regulation of inflammation and associated 

symptomatology in patients with osteoarthritis. 

2 Materials and Methods 
 

2.1  In vitro study 

2.1.1 Chemicals and antibodies 

Cell culture reagents were purchased from Lonza (Basel, Switzerland) 

and Gibco-BRL (Grand Island, NY). General laboratory chemicals were 

purchased from Sigma-Aldrich (St. Louis, MO, USA) and Carlo Erba 

(Milano, Italy).  

Ripa Lysis Buffer System, Protease Inhibitor Cocktail, Phosphatase 

Inhibitor Cocktail C, phenyl-methane-sulfonyl-fluoride (PMSF), Sodium 

Orthovanadate and Sodium Pyrophosphate were obtained from Santa 

Cruz Biotechnology (California, USA). CellTiter-Blue Cell Viability 

Assay was purchased from Promega (Madison, USA). 

Reagents, protein markers and membrane for Western Blot were from 

Biorad Laboratories (California, USA), Rabbit polyclonal antibody 

against SIRT1 (H-300, sc-15404), mouse monoclonal antibody against 

Actin (C-2, sc-8432), goat anti-rabbit IgG-HRP antibody (sc-2004) and 

goat anti-mouse IgG-HRP antibody (sc-2005) were purchased from Santa 

Cruz Biotechnology (California, USA).  

Rabbit polyclonal antibody against Phosho-AMPKα (Thr172, #2531), 

rabbit polyclonal antibody against Total AMPKα (#2532) were from Cell 

Signaling Technologies (Massachussets, USA). Luminata Crescendo 

Western HRP Substrate for chemiluminescent detection of bands were 

from Millipore (Massachussets, USA). 

2.1.2 Cell Culture 

Human Cervical Carcinoma cells (HeLa) were cultured in DMEM 

supplemented with 10% (v/v) fetal bovine serum, 1% antibiotics 

(penicillin and streptomycin) and 1% L-glutamine at 37°C in a humidified 

air atmosphere with 5% (v/v) CO2.  

The cells were grown to a confluence of 80%, were then trypsinized, 

counted with a Burker chamber and plated (100.000 cells / well). The day 

of the experiment, the cells were treated with the substances at the 

different concentrations considered and left in incubation for 3, 6 and 24 

hours. 

At the end of the incubation periods, the cells were washed with PBS (pH 

7.4) and collected in a 1.5 ml microtube with 0.130 ml of lysis buffer 

(RIPA buffer) containing a protease inhibitor cocktail, a phosphatase 

inhibitor cocktail, PMSF, sodium orthovanadate and sodium 

pyrophosphate. 
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They were lysed by three freezing-thawing cycles after which the 

supernatants were recovered. 

A part of the lysate was used to quantify the protein content with the 

spectrophotometer (Thermo Scientific Multiskan FC, Thermo Scientific), 

using a commercial kit based on the Bradford assay. The final 

concentrations are expressed in µg / µl. 

2.1.3 CellTiter-Blue Cell Viability Assay 

The CellTiter-Blue Cell Viability Assay provides a homogeneous 

fluorometric method for estimating the number of viable cells present in 

multi-well plates. It uses resazurin, an indicator dye, to measure the 

metabolic capacity of cells to determine cell viability. As only viable cells 

reduce resazurin into resorufin, which is highly fluorescent, fluorescence 

is linked to cell viability.  

Cell viability was carried out in 96-well plates and after obtaining the 

desired density, they were treated with the substances to be analyzed and 

appropriately diluted in DMSO. 

5000 cells/well were plated, in a final volume of 100μL per well. The cells 

were treated with above-mentioned substances and incubated for 3, 6 and 

24 hours. 

Subsequently, the reagent (20μL/well) was added and the plate was 

incubated in the dark for 4 hours at 37°C. Finally, the fluorescence 

(560Ex/590Em) was detected using Cytofluor 2300 (Millipore 

Corporation. USA). The produced fluorescence is directly proportional to 

the number of viable cells and, these values were compared and expressed 

with respect to control (cells without treatment). 

2.2  In vivo study 

2.2.1 Study design  

This open label, randomized study included 33 patients from Italy 

enrolled between January and March 2016.  

The main inclusion criteria were: age between 24 and 82 years with 

shoulder, hip or knee OA. The main exclusion criteria were dementia, 

inability to give informed consent, pregnancy or lactation, planned knee 

replacement surgery, allergy or contraindication to curcumin, and joint 

diseases other than OA. The use of any intra-articular injection in the 

target knee in the last 3 months, the use of symptomatic slow-acting drugs 

in OA (SYSADOA) in the last month, oral corticotherapy ≥ 5 mg/day in 

the last 3 months, the use of products containing curcuminoids extract in 

the last 3 months, was also specifically forbidden by the study protocol. 

All patients were instructed to not change the dietary habits nor 

medication. 

The study was conducted in conformity with principles stated in the 

World Medical Association Declaration of Helsinki regarding on ethical 

conduct of research involving human subjects and was approved by 

Human Ethic Committee. All patients gave their written informed consent 

to participate. 

2.2.2 Treatment assignment 

The bio-optimized curcuma evaluated in this study was approved by the 

Competent Authorities and commercialized under the brand name 

Curcudyn® (Metagenics). Two capsules of CurcuDyn® contain 100mg 

active curcumin.  

Patients (n=33) were randomly assigned to one of the following three 

groups (Table 1): Control group receiving the standard treatment (ST), 

CurcuDyn group receiving standard treatment and curcuma for 3 months 

(ST+CurcuDyn) and the CurcuDyn + vitamin D (Vit D) group receiving 

standard treatment and curcuma for 1.5 months and the standard 

treatment, curcuma and vitamin D (Metagenics, 2000 UI) for the next 1.5 

months.  

The standard treatment consists of a hyaluronic acid in combination with 

corticosteroid injection performed for all patients at T0 (trial start), while 

Curcudyn® capsules were taken twice daily with water, once at breakfast 

and once at dinner for 15 days, and then once daily until the end of the 

study (3 months). Two capsules contain 105 mg of turmeric rhizome 

extract (Curcuma longa L.), 16 mg of Vitamina C (ascorbic acid), 5 µg of 

Vitamin D (cholecalciferol) and 20 mg of Gember extract (Zingiber 

officinalis).  

The trial lasted three months with the following observational intervals: 

0, 1.5 and 3 months. 

For the further analysis, subjects with two locations of arthroses were 

assigned to a single location. Thus, in the control group, the subject with 

should/hip was assigned to hip and the subject with hip/knee was assigned 

to the knee group. In the Curcudyn + Vit D group, the subject with 

shoulder/knee was assigned to the shoulder group. 

2.2.3 Parameters evaluated  

2.3.3.1 Short Form (SF36) Health Survey 

The Short Form (36) Health Survey, better known as SF36, is a set of 

generic, coherent, and easily administered quality-of-life measure.  It is 

used to indicate the health status of particular populations, to help with 

service planning and to measure the impact of clinical and social 

interventions. SF36 consists of eight scaled scores, which are the 

weighted sums of the questions in their section. Each scale is directly 

transformed into a 0-100 scale on the assumption that each question 

carries equal weight.   

2.3.3.2 WOMAC SCORE 

The Western Onstario and McMaster Universities Arthritis Index 

(Womac) Score is widely used in the evaluation of Hip and Knee 

Osteoarthritis. It is a self-administered questionnaire consisting of 24 

items divided into 3 subscales: pain (5 items), stiffness (2 items) and 

physical function (17 items). The WOMAC takes approximately 12 

minutes to complete, and can be taken on paper, over the telephone or 

computer. Both the computerized and the mobile versions of the test have 

been found to be comparable to the paper form, with no significant 

difference. 

The test questions are scored on a scale of 0-4, which correspond to: None 

(0), Mild (1), Moderate (2), Severe (3), and Extreme (4). The scores for 

each subscale are summed up, with a possible score range of 0-20 for 

Pain, 0-8 for Stiffness, and 0-68 for Physical Function. Usually a sum of 

the scores for all three subscales gives a total WOMAC score, however 

there are other methods that have been used to combine scores. Higher 

scores on the WOMAC indicate worse pain, stiffness, and functional 

limitations. 

2.3.3.3 Blood samples 

Blood samples were taken after an over-night fasting status, kept on ice 

and centrifuged at 2500 g, 4°C for 10 min. Then, the serum was collected 

and stored at –80 °C until assayed. 

The evaluation of IL-1, IL-6, IFN-y, TNF-α and SIRT1 was performed by 

a specific human Elisa test (Emelca, The Netherlands), while the 

remaining markers were measured with classical clinical biochemistry 

methods.  

Both the SF36 and WOMAC SCORE were evaluated at T0, T1.5 and T3, 

while blood samples were collected at 0 and 3 months for the evaluation 
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of inflammation markers (VES, gamma-GT, PCR, AST, ALT, IL-1, IL-

6, IFN-y, TNF-α),  25(OH)VitD and SIRT1. 

At the time of enrolment, all participants shared detailed information 

about their clinical history and life style habits.  

2.3 Statistical analyses 

Descriptive statistics of all demographic, baseline variables and study 

parameters were provided overall. Continuous data were summarized by 

their mean, standard deviation, median, minimum and maximum. All data 

are expressed as mean ± Standard Error of the Mean (SEM). 

In the in vitro study, the effect of increasing concentrations of curcuma 

and of different exposure times on the average viability (Hela cells), 

SIRT1 expression and AMPK activation was investigated with a two-way 

ANOVA. The assumptions underlying the model were assessed with 

diagnostic plots (QQ-plot of residuals, residuals versus fitted plots). 

For the continuous parameters, mean changes (difference between T0 and 

T3) between the different treatment groups were explored using a one-

way analysis of variance (one-way ANOVA). The normality of the 

residuals was investigated with a qq-plot. The homogeneity of variances 

was tested with the Levene’s test. In case of a significant ANOVA, the 

multiple comparison Scheffe’s procedure was used to investigate which 

of the treatments were different. A value of p < 0.05 was considered 

statistically significant. All analyses were performed in R version 3.2.0. 

(R Core Team, 2018).  

3 Results 
3.1 In vitro results 

3.1.1 CellTiter-Blue Cell Viability Assay (Promega) results. 

Hela cells were treated with 0, 2.5, 5, 7.5 and 10µl of curcuma over 3h, 

6h and 24h to determine the viability by cell count. The effect of 

increasing concentrations of curcuma on the viability of Hela cells is 

presented in Figure 1. The viability was not affected up to a concentration 

of 10 μL of curcuma and the viability remained high after a 3h 

(mean=91.6%), 6h (mean=89.3%) and 24h (mean=90.9%) exposure. 

 

 

 

 

Figure 1. Effect of Curcudyn concentration on the viability of Hela cells. 

The line corresponds with the average of 3 samples, the dots with the 

individual viability. The time (3, 6 and 24 hours) corresponds with the 

exposure time for the different concentrations (0, 2.5, 5, 7.5 and 10µl). 

3.1.2 The expression of SIRT1 was significantly increased in all 

experimental groups compared with the control group. 

The effect of increasing concentrations of curcuma and of different 

exposure times (3h, 6h, and 24h) on the expression of SIRT1 (Western 

Blot analysis of the lysates of the cells incubated with the tested 

compound, Figure 2A-B) was investigated with a two-way ANOVA. 

Increasing concentrations of Curcudyn did result in a statistically 

significantly higher expression of SIRT1 in comparison with the control 

treatment (F (2, 32) = 16.6, p < 0.001) but the expression was not 

influenced by the exposure time (F (2, 32) = 0.363, p = 0.699). 
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Figure 2A. Boxplot of the effect of curcuma concentration on the expression of SIRT1. 

 The time corresponds with the exposure time for the different concentrations 

 

Figure 2B. Representative blots of experiments in which SIRT1 expression (SIRT1) was normalized with β-actin housekeeping gene (β-Act). The 

statistical significance was ***p<0.001 vs. CT 

 

The next phase verified if curcuma, proven to be a SIRT1 activator, was 

also able to modulate and interact with the AMPK pathway. The Western 

Blot analysis showed that the activation of AMPK is significantly 

increased in all experimental groups compared with the control group, at 

all concentrations and all experimental times (p <0.001) (Figure 3) 
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Figure 3. Representative blots of experiments in which phosphor- AMPK (AMPK-p) was normalized with total AMPK (AMPK-t). The statistical 

significance was ***p<0.001 vs. CT 

3.2 In vivo results 

       Table 1. 

 

Table 1. Demographic characteristics 

3.2.2 SF 36 results 

The distribution of the responses to the SF36 questionnaire was reported 

in specific tables and appropriately analyzed (tables not shown). 

Briefly, the results show benefits in 76 percent of patients, more precisely 

25 patients out of 33 total. These 25 patients all belong to groups treated 

with bio-optimized curcumin. On the other hand, results show no benefit 

in 24 percent or 8 out of 33 patients. Of these, 7 were in the control 

groupor patients only treated with the SD. To conclude, the assessment of 

the SF36 showed that only one patient treated with Curcudyn didn’t report 

any benefit.  

3.2.3 WOMAC Score 

The analysis of the WOMAC Score showed a different response in knee 

and hip OA patients. In further analysis, the comparison of change in 

WOMAC will be performed for knee and hip separately (Figure 4) 
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Figure 4. Boxplot for change in Womac, the dots correspond with the individual changes 

Regarding hip OA, there was no evidence of a statistically significant 

difference between the treatment groups as determined by a one-way 

ANOVA (F (2, 10) = 0.777, p = 0.486, Figure 3). The mean change of 

WOMAC for hip OA at 3-months follow-up from baseline were 

comparable between the different treatments (Table 2) 

 

Treatment N Mean SD Min Max 

Control 3 2.67 1.45 1.00 3.62 

Curcudyn 6 7.94 8.12 -1.89 19.73 

Curcudyn+VitD 4 8.73 6.79 1.25 16.00 

Table 2. Summary statistics for changes in Womac for Hip OA patients (T3-T0) 

Also for knee OA, there was no evidence of a statistically significant 

difference between the treatment groups as determined by a one-way 

ANOVA (F (2, 8) = 0.245, p = 0.788, Figure 4). The mean change of 

WOMAC for the knee OA patients at 3-months follow-up from baseline 

were comparable between the different treatments (Table 3). 

 

Treatment N Mean SD Min Max 

Control 3 0.01 0.02 0.00 0.04 

Curcudyn 5 -0.67 9.07 -15.64 8.98 

Curcudyn+VitD 3 2.58 1.23 1.40 3.85 

Table 3. Summary statistics for changes in Womac for knee OA (T3-T0) 

3.2.4 Blood inflammation markers 

3.2.4.1 No statistically significant difference for VES, gamma GT, 

PCR were found 

Figure 5A-C shows no evidence of a statistically significant difference 

between the treatment groups as determined by a one-way ANOVA both 

for VES (F (2, 30) = 1.73, p = 0.195), gamma GT (F (2, 30) = 0.998, p = 0.381) 

and PCR (F (2, 30) = 0.159, p = 0.854), respectively. 
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(Figure 5A) 

 
(Figure 5B) 

 
(Figure 5C) 

Figure 5A-5C. Boxplot for change in blood inflammatory biomarkers, the dots correspond with the individual changes: (A) VES; (B) gamma GT; 

(C) PCR. 
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The mean change of VES, gamma GT and PCR levels at 3-month follow-

up from baseline were comparable between the different treatments 

(Tables not shown). 

3.2.4.2 Vitamin D levels were increased by Curcudyn treatment 

The vitamin D level analysis shows the presence of a statistically 

significant difference between the treatment groups as determined by a 

one-way ANOVA (F (2, 30) = 3.31, p = 0.004, Figure 6). 

 

Figure 6. Boxplot for change in Vit D, the dots correspond with the individual changes 

 

A Scheffe post-hoc test (Table 4) revealed that the increase in mean 

vitamin D levels was significantly higher after taking Curcudyn + Vit D 

(11.6 ± 6.3 min, p = 0.007) compared to Curcudyn (2.7 ± 2.5 min). There 

was no statistically significant difference between the Control and 

Curcudyn group (p = .113) and between the Control and Curcudyn + Vit 

D group (p = .0.708). 

 

Comparisons Difference Lower CI Upper CI p-value 

Scheffe 

homogeneous 

subsets 

Curcudyn vs Control -6.2 -13.7 1.2 0.113 AB 

Curcudyn+VitD vs Control 2.6 -5.5 10.7 0.708 A 

Curcudyn+VitD vsCurcudyn 8.9 2.3 15.5 0.007 B 

Table 4. Posthoc multiple comparisons of means: Scheffe Test 95% family-wise confidence level 

3.2.4.3 The tested cytokine levels significantly decrease after 

Curcudyn treatment, except forTNFα. 

The analysis of cytokine levels shows different responses. IL-1, IL-6 and 

IFN-y levels significantly decrease after Curcudyn treatment, in contrast 

to TNFα levels. 

Regarding IL-1, there was a statistically significant difference between 

the treatment groups as determined by a one-way ANOVA (F (2, 30) = 

4.78, p 0.016, Figure 7).  
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Figure 7. Boxplot for change in IL-1, the dots correspond with the individual changes 

A Scheffe post-hoc test (Table 5) revealed that the decrease in mean IL-1 

levels was significantly higher after taking Curcudyn (-0.12 ± 0.07 min, 

p = 0.031) and Curcudyn + Vit D (-0.13 ± 0.08 min, p = 0.030) compared 

to the Control group (-0.03 ± 0.03 min). There was no significant 

difference between the Curcudyn and Curcudyn + Vit D group (p = 

0.959). 

 

Comparisons Difference Lower CI Upper CI p-value 

Curcudyn vsControl -0.09 -0.17 -0.01 0.031 

Curcudyn+VitD vsControl -0.10 -0.18 -0.01 0.030 

Curcudyn+VitD vsCurcudyn -0.01 -0.08 0.06 0.959 

Table 5. Posthoc multiple comparisons of means: Scheffe Test 95% family-wise confidence level (IL-1) 

 

Also for IL-6 and IFN-α levels was showed a statistically significant difference between the treatment groups as determined by one-way ANOVA (F 

(2, 30) = 3.89, p 0.032 and F (2, 30) = 7.43, p 0.002, Figure 8A-B) 
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(Figure 8B) 

Figure 8A-8B. Boxplot for change in cytokines levels, the dots correspond with the individual changes: (A) IL6; (B) IFN-y 

A Scheffe post hoc test (data not shown) revealed that the decrease in 

mean IL6 and IFN-y levels were statistically significantly higher after 

taking Curcudyn (-0.17 ± 0.13 min, p = 0.031   and -0.13 ± 0.08 min, p = 

0.013, respectively). While for IL6 was borderline (not statistically 
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different) the decrease in mean after Curcudyn + Vit D (-0.17 ± 0.14 min, 

p = 0.073) compared to Control (-0.02 ± 0.10 min), instead for INF-y was 

statistically significant too (-0.16 ± 0.07 min, p = 0.004 vs -0.03 ± 0.05 

min).  There was no statistically significant difference between the 

Curcudyn and Curcudyn + Vit D groups both for IL6 (p = 0.999) and for 

INF-y (p= 0.635). 

In contrary, the analysis of TNFα levels evidenced no e statistically 

significant difference between the treatment groups as determined by a 

one-way ANOVA (F (2, 30) = 0.011, p = 0.989, Figure 9).  

 

Figure 9. Boxplot for change in TNFα, the dots correspond with the individual changes 

3.2.4.4 SIRT 1 levels increased significantly after Curcudyn 

treatment.  

Figure 10, shows the increase in SIRT1 levels after Curcudyn treatment.  

Briefly, there was a statistically significant difference between the 

treatment groups as determined by a one-way ANOVA (F (2, 30) = 17.7, 

p < 0. 001).  

 

Figure 10. Boxplot for change in SIRT 1, the dots correspond with the individual changes 
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A Scheffe post-hoc test  (Table 6) revealed that the increase in mean SIRT1 levels was significantly higher after taking Curcudyn (0.16 ± 0.08 min, p 

< 0.001) and Curcudyn + Vit D (0.16 ± 0.05 min, p = .007) compared to the Control group (0.00 ± 0.02 min). There was no statistically significant 

difference between the Curcudyn and Curcudyn + Vit D group (p = 0.985). 

 

Comparisons Difference Lower CI Upper CI p-value 

Curcudyn vs Control 0.16 0.09 0.23 < 0.001 

Curcudyn+VitD vs Control 0.16 0.08 0.23 < 0.001 

Curcudyn+VitD vs Curcudyn 0.00 -0.07 0.06 0.985 

Table 6. Posthoc multiple comparisons of means: Scheffe Test 95% family-wise confidence level (SIRT1) 

Discussion 

OA is a degenerative disease of the movable joints affecting mostly the 

elderly worldwide. It is characterized by local loss of cartilage, 

remodeling of adjacent bone, and bony overgrowth. It is the consequence 

of a maladaptive repair process of the cartilage due to overwhelming 

trauma. Its presentation is highly variable between individuals, with 

common features as joint pain, impaired movement, tenderness, crepitus, 

occasional effusion, and local inflammation [1-3]. Kraus et al. proposed 

that an altered inflammatory state is the underlying cause of OA, with 

mechanical stress as inducer [32]. More precisely, in OA, synoviocytes 

and synovial macrophages produce inflammatory mediators including 

prostaglandins, reactive oxygen species and proinflammatory cytokines 

such as IL-6, TNF-α, etc. [6-8, 32]. These proinflammatory cytokines 

stimulate articular chondrocytes and synoviocytes to produce matrix-

degrading enzymes such as MMPs and proinflammatory enzymes such as 

COX-2, leading to a vicious circle and cartilage extracellular matrix 

destruction and degeneration [6-8]. 

Currently, the available pharmacological treatments for OA include 

paracetamol (acetaminophen) as a first-line treatment, oral and topical 

NSAIDs as a second-line treatment and tramadol and intra-articular 

corticosteroid injections as third-line treatment. Opioids, duloxetine, and 

intra-articular hyaluronate injections are recommended when these initial 

treatments fail [2, 9]. Non-pharmacological modalities include 

biomechanical interventions, land-based and water-based exercise, 

strength training, and weight management. The efficacy of glucosamine 

sulfate, chondroitin sulphate, and avocado soybean unsaponifiables 

remains uncertain. Most of these treatments relieve the symptoms of OA, 

but they do not modify the underlying cause of the disease, chronic 

inflammation. Therefore, in recent years many natural compounds have 

been investigated, due to the minimal side effects [10-14].  

Among these natural compounds polyphenols and especially curcumin 

gained the attention of the scientific world. Curcumin is derived from 

turmeric and possesses both anti-inflammatory and antioxidative 

activities. Buhrmann et al. proved the suppressor activity of curcumin on 

the activation of IKB (inhibitor of nuclear factor kappa-light-chain-

enhancer of activated B cells [NF-κB]) kinase (IKK), the phosphorylation 

of AKT (protein kinase B) and the association between the two signaling 

molecules induced by IL-1β [33].  In turn, curcumin is able to inhibit 

translocation of NF-κB into the nucleus, thus preventing the inflammatory 

response of the cells [33]. Seo et al. confirmed these results and showed 

how curcumin could also prevent the decrease of Bcl-2 and Bcl-XL 

expressions and the increase of Bax and caspase-3 expression stimulated 

by IL-1β. A decrease of Bcl-2/Bax and Bcl-XL/Bad ratio is associated 

with the loss of mitochondrial membrane potential [34]. On the other 

hand, Yan at al. highlighted that curcumin increases the phosphorylation 

and DNA binding activity of the nuclear factor erythroid 2-related factor 

2 to the antioxidant response element [35]. This translates into a reduction 

of inflammation and oxidative stress in experimental animals and humans 

supplemented with curcumin [36]. This preliminary evidence justifies the 

potential of curcumin as an anti-osteoarthritic agent [36, 37]. 

In 2016, Chin KY. et al. carried out a thorough meta-analysis and 

highlighted a total of 15 relevant clinical studies on the effects of 

curcumin supplementation on osteoarthritic patients. All these studies 

demonstrated how patients with OA showed improvement in pain, 

physical function, and quality of life after taking curcumin. They also 

reported reduced concomitant usage of analgesics and reduced side 

effects during treatment [38]. 

However, while the benefits of turmeric seem to be irrefutable, some 

researchers consider its poor bioavailability in the human body the main 

drawback to using curcumin. Recently, some studies confine this poor 

bioavailability when used alone, highlighting how an approach to 

counteract this effect may be a combination treatment with several 

polyphenols or with polyphenols and other drugs [39-43]. Ginger, an 

important ingredient in Asian medicine, works synergistically with 

curcumin and showed anti-inflammatory effect.  

Over the years, many studies have tried to understand the mechanisms 

behind their anti-inflammatory action, revealing how a response could be 

mediated in the SIRT1 pathway. SIRT1 and AMPK are two important 

proteins involved in many pathophysiological processes, which are able 

to activate each other: AMPK activates SIRT1 by increasing the 

Nicotinamide phosphoribosyltransferase (NAMPT) levels and SIRT1 

stimulates AMPK through LKB1 deacetylation [43, 44] 

SIRT1 is a NAD+ dependent histone/protein deacetylase and is able to 

deacetylate a lot of substrates, including p53, NF-kB, FOXO transcription 

factors, Ku-70, PPAR-γ, and PGC-1α, with roles in cellular processes 

ranging from energy metabolism to cell survival [43-46]. 

AMPK is a fuel-sensing enzyme activated by a decrease in the cell’s 

energy state to inhibit anabolic processes and to increase catabolic 

processes with the aim of restoring ATP reserves [43, 47-50]. Recent 

work suggests a relationship between SIRT1/AMPK, the inflammatory 

processes and OA, underlining how their activation could be crucial in 

this context and potentially protective against OA [50-54] 

This study investigated the effect of a bio-optimized curcumin on the 

genetic (SIRT1 and AMPK) and metabolic regulation of inflammation 

and associated symptomatology in patients with OA.  

The bio-optimized curcumin used in this study was commercialized under 

the brand name Curcudyn® (Metagenics) and formulated to overcome the 

problem of bioavailability described above. The assimilability of 

curcumin can be increased thanks to the use of specific technologies such 

as CurcuDyn's micellar technology®. This technology (NovaSol patent) 

helps to contain the liposoluble curcumin in a water-soluble fulcrum, 

guaranteeing a 185-fold increase in assimilability compared to to standard 

turmeric powder [55]. 
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Our in vitro study shows that Curcudyn doesn’t affect the viability of Hela 

cells as their viability remained high after 24h exposure to the product. 

Additionally, we provide evidence that Curcudyn is able to stimulate 

SIRT1 (p<0.001) and activate AMPK (p<0.001), in support of the studies 

that highlight the importance of the SIRT1/AMPK pathway in many 

diseases, especially in OA.  

The in-vivo trial showed beneficial effects of curcuma as adjuvant therapy 

on the health condition and an improvement in pain and quality of life.  

The WOMAC score analysis confirmed the SF36 results. In addition, all 

groups taking Curcudyn showed a significant reduction of inflammatory 

markers, as proof of the curcumin modulation of inflammation. 

Regarding the inflammatory markers IL-1, IL-6 and IFN-Ꝩa significant 

difference between the treatment groups compared to the control group 

was found, confirming the anti-inflammatory effect of curcuma. 

Additionally, SIRT 1 expression was stimulated.The addition of vitamin 

D didn’t show any beneficial effect to this treatment.  

Limitations of this trial are the small patient population and inequal 

distribution of the patients in the treatment groups. As in vivo trials 

assessing blood parameters encounter a huge variability on the data, more 

patients could lead to lower standard errors and an amelioration of 

statistical results. Future trials should recruit more patients in order to 

counteract the variability, drop-out and inequal distribution of patients in 

all treatment groups. Future studies should also investigate the need for 

the standard therapy on the long term when curcuma is taken as adjuvant 

therapy. A dose-lowering protocol could give good perspectives for these 

patients. 

Conclusion 

In this study we tested a bio-optimized curcumin, formulated to overcome 

the problem of bioavailability described above. Our data demonstrate how 

curcuma as adjuvant to the standard treatment of osteoarthritis leads to a 

positive modulation of the SIRT1 pathway, a significant decline of blood 

inflammatory markers and a better osteoarthritis outcome. 

 Osteoarthritis, a chronic degenerative disease characterized by an 

inflammatory state and significant oxidative stress 

 Curcuma as alternative therapy next to or together with the standard 

treatment 

 Effect of bio-optimized curcuma on genetic and metabolic 

regulation of inflammation 

 Positive modulation of SIRT1 pathway, decline of blood 

inflammatory markers and a better OA outcome 

Conflict of Interest 

MS, GV and MVDD are employees of Metagenics Europe. The other 

authors declare to have no conflicts of interest 

Abbreviations 

AMPK    Adenosine Monophosphate-activated Protein Kinase 

ATP    A+-adenosine triphosphate 

BSA    Bovine Serum Albumin 

COX2    Cyclooxygenase-2 

DMEM   Dulbecco's Modified Eagle's Medium 

DMSO    Di-Methyl Sulf-Oxide 

FBS    Fetal Bovine Serum 

FOXO    Forkhead box protein O 

HRP    Horse Radish Protein 

IFN    Interferon 

IL    Interleukin 

LKB1    Serine–threonine liver kinase B1  

MMPs    Matrix metalloproteinases 

mTOR    Mechanistic Target of Rapamycin 

NAD+    Nicotinamide Adenine Dinucleotide 

NAMPT Nicotinamide phosphoribosyltransferase 

NF-KB   Nuclear factor kappa-light-chain-enhancer of activated B cells 

NSAIDs Nonsteroidal anti-inflammatory drug 

OA    Osteoarthritis 

PGC1α   Peroxisome proliferator-activated receptor gamma coactivator 

1-alpha 

PMSF    Phenyl-Methane-Sulfonyl-Fluoride 

PVDF    PolyVinylidene DiFluoride 

RONS    Reactive Oxygen and Nitrogen Species 

ROS    Reactive Oxygen Species 

SDS    Sodium Dodecyl Sulfate 

SF-36    Short Form (36) Health Survey 

SIRT1    Sirtuin 1 

ST    Standard treatment 

T-TBS    Tween-Tris Buffered Saline 

TNF    Tumor necrosis factor 

VitD    Vitamin D 

WOMAC Western Onstario and McMaster Universities Arthritis Index) 

5-LOX    5-lipoxygenase  
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