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ABSTRACT 

 
Background: A wide spectrum of therapeutic effects of curcumin and flaxseed has been shown by extensive scientific 

research as an anti-inflammatory. IL6 cytokines are produced in large quantities during inflammation and serve as 

mediators in chronic inflammatory conditions. Moreover, IL-10 is classified as strong immunosuppression and anti-

inflammatory cytokine. 

Objective: The purpose of our study to assess and compare the anti-inflammatory capacity of turmeric and flaxseed either 

alone or in combination in a healthy animal model. 

 Method: We evaluate the serum level of IL-6 and IL-10 in healthy male swiss albino mice (n=72) after low dose oral 

intake of curcumin and flaxseed for six weeks by enzyme-linked immunosorbent assay.  

Results: Our results demonstrate that dietary turmeric as well as flaxseed had a non-significance decrease in serum IL-6 

level and could induce the expression and production of IL-10 level significantly. Moreover, turmeric and flaxseed co-

administration appear to be more positive health impacts to boost inhibition of IL 6 and improve IL 10 induction.  

Conclusion: Turmeric and flaxseed may modulate the level of IL-10. Moreover, their combination having a greater anti-

inflammatory potential efficiency than each one separately.  
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Introduction 

 
Turmeric is obtained from the Curcuma longa rhizome and is widely used in our diet. Curcumin is the most 

researched bioactive nutraceuticals derived from turmeric for its advantage in the treatment of diverse diseases and 

its capacity to regulate inflammatory response [1]. Moreover, curcumin exhibited therapeutic efficacy in a variety of 

inflammatory diseases through regulations on various signaling molecules as cytokines, tumor suppressor genes, 

transcription factors, and microRNAs [2]. Recent studies were carried out on the use of curcumin as a health-

improving agent. Therefore, turmeric and its ingredient, curcumin, are becoming increasingly interested [3].  

 

Flaxseed is one of the oldest crops, its Latin name is Linumusitatissimum. Flaxseed contains several phytonutrients 

which promote health and have anti-inflammatory action [4]. Owing to the health benefits related to some of its 

biologically active elements, flaxseeds have become particularly involved in our diets and disease studies in the last 

two decades [5].  

 

The initiation and development of various types of serious diseases are usually associated with inflammatory and 

infection conditions [6]. Inflammation reduction is one of the most effective forms of health-promoting. Fortunately, 

our diet can regulate the inflammatory process. Some nutrients have strong medicinal properties which can relieve 

inflammation [7]. Recently, research into novel anti-inflammatory compounds has been based on the natural 

products curcumin and flaxseed. 

 

Cytokines are proteins produced on the cell surface by various kinds of cells and have a particular impact on cellular 

signals and communications [8]. IL-6 acts as both a pro-inflammatory cytokine and an anti-inflammatory cytokine 

[9]. Many studies revealed that the downregulation of IL-6 is associated with curcumin therapeutic effects [10]. 

Likewise, flaxseed has a remarkable significant inhibition of IL-6 [11]  
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IL-10, a potent anti-inflammatory mediator, and its levels play a crucial role in inflammation counter-regulation and 

play a key role in infections, by limiting immune response and preventing host damage [12,13]. The health benefits 

of curcumin may be linked to its ability to increase the expression of IL-10 [14]. As well as flaxseed can induce IL-

10 production [15]. 

 

To date, curcumin and flaxseed studies have been carried out with the number of populations with existing health 

problems. The purpose of our study to assess and compare the level of IL-6 and IL-10 on healthy mice after 

administration with a safe dose of turmeric and flaxseed either alone or in combination for six weeks. 

 

Methodology 

 

Animals  

 
A total number of 72 male healthy swiss albino mice (C57BL/6 strain), aged 6-8 weeks with bodyweight 20-30 gm. The 

animals were obtained from the European Country Farms in Egypt. Mice were well examined to ensure that they are 

free from any signs of microbial or parasitic diseases, and they were housed in Theodor Bilharz Research Institute 

(TBRI) in suitable plastic cages under a temperature of 21 C˚ and 60% humidity. Moreover, they were kept on a 

standard diet containing 24% protein, 4% fat, 4-5% fiber, and water ad-libitumin.  Animals were fed, housed, and 

handled according to the recommendation of (Gide For Care And use Of Laboratory Animals) and were approved by an 

institution responsible for animal ethics concerning care for animals and safe disposal of their wastes at TBRI. 

 

Experimental Design 

 
Briefly, mice were allocated into 6 groups (12 animals/group). The first group was allocated to a control group. The 

Turmeric group administrated 2 gm turmeric and 20 mg piperine /kg body weight. Flaxseed group that administrated 

grinded flaxseed with daily consumption dose amount of 45 g/kg body weight. Flaxseed oil group administrated 0.2 

ml flaxseed oil /25 gm. Turmeric/Flaxseed group administrated 2 gm turmeric and 20 mg piperine /kg and 45 g/kg 

grind flaxseed. Turmeric/Flaxseed oil group administrated 2 gm turmeric and 20 mg piperine /kg and 0.2 ml 

flaxseed oil /25 gm. Turmeric has been demonstrated by poor bioavailability due to poor absorption, fast 

metabolism, and rapid systemic elimination [16]. The bioavailability of curcumin was improved by the combination 

of piperin and turmeric [17]. In our study, we increased the bioavailability of turmeric by its combination with 

piperin. 

 

All administration to the mice by P.O. gavage continued daily for 6 weeks. Four mice of each group were sacrificed 

after 2 weeks, 4 weeks, and 6 weeks. IL 6 and IL 10 levels were measured for each interval period.  

 

Assessment of interleukins (IL-6 and IL10) by ELISA:  

 
Blood samples were collected, allowed to clot at room temperature, and centrifuged at 4000 rpm for 15 min 

(Eppendorf, Germany). Serum samples were collected and stored in -80 ℃ till use. IL10 & IL6 were assessed using 

commercial ELISA kit (NOVA Rat interleukin ELISA kit cat #: In Ra0655, China and Cloud Clone Corp. IL6 

ELISA kit cat #: E-20303Mo, USA respectively) according to manufacture instruction.  

 

In brief, both tests were performed by sandwich–ELISA method. The micro-ELISA strip plates have been pre-

coated with antibodies specific to either IL-10 or IL6. Standard or samples were added to the appropriate micro-

ELISA strip plate wells and incubated to allow the combination to the specific antibody. Then Horseradish 

peroxidase (HRP) as a conjugated antibody was added and incubated. The substrate solution was added to each well, 

the blue color of (IL 10 or IL6) and HRP-conjugated antibody complexes turned yellow after the addition of stop 

solution. The optical density was measured spectrophotometrically at a wavelength of 450 nm. The concentrations 

of either IL10 or IL6 were determined by comparing the optical density (OD) of the samples to the standard curve. 
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Statistical Analysis 

 
SPSS statistical package was used for data analysis, version 20 with Excel programming software used for 

tabulating and showing the data. All results were expressed as mean± SD. The significant difference between groups 

was noted using a one-way analysis of variance (ANOVA). P- values < 0.05 were considered significant. 

 

Results 

 
The current study did not observe significant inhibition of IL-6 release by any oral administrations of turmeric alone, 

flaxseed (grinded) alone, flaxseed oil alone, and coadministrations of turmeric with flaxseed. The effect of 

prolonged daily showed a slight decrease in serum IL-6 level. Our findings reported in Table 1 depicted the serum 

IL-6 level for each group.  Decreasing of IL-6 level in each group was observed by increasing the administration 

period time from 2 to 6 weeks. Co-administration of turmeric and flaxseed oil showed a modest decrease of IL-6 

than if they administrated separately even more than combined turmeric and whole grinded flaxseed. Results have 

been presented as the mean ± standard deviation of four samples. The serum IL-6 levels throughout the study time 

interval are shown in Figure 1. It showed no statistically significant difference between the groups' IL-6 levels. 

 

Table1: Changes in IL-6 level throughout the study. 

IL-6 

 2 weeks 

(Mean ± SD) 

4 weeks 

(Mean ± SD) 

6 weeks 

(Mean ± SD) 

Turmeric group 116± 3.3 113±3.5 111±2.9  

Flaxseed group 120±2.1 118±2.4 111± 3.4 

Flaxseed oil group 120±2.9 113±2.9  111±3.1  

Turmeric + Flaxseed group 115±4.9 113±4.5  110±4.2  

Turmeric + Flaxseed oil group 119±5.1 110±5.3 94.5±5.3  

 

Results have been presented as mean ± standard deviation of four samples (n = 4). 
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Figure 1:Comparative bar diagram showing IL-6 levels in healthy female swiss albino mice with daily oral intake of 

turmeric, flaxseed grinded, flaxseed oil, combination of turmeric and grinded flaxseed and combination of turmeric 

and flaxseed oil after 2 weeks, 4 weeks and 6 weeks. 

Table 2 showed a significant increase in serum IL-10 relative to the control of the study. On the contrary, all groups 

induced the expression and production of IL-10. Moreover, changes in IL-10 level were strongly significant through 

a prolonged experiment administration interval period. We observed a significant increase in IL-10 levels of serum 

with all the administrated supplements separately or combination after 4 weeks (p* < 0.05). The effect of turmeric, 

flaxseed grinded, flaxseed oil, and the combined administration of turmeric and grinded flaxseed in addition to the 

co-administration of turmeric and flaxseed oil on the level of IL-10 after prolonged time 6 weeks (p** < 0.001). 

Figure 2 showed that all potent and efficacious data in promoting IL-10 production.   

 

Table2: Changes in IL-10 level throughout the study. 

IL-10 

 2 weeks 

(Mean ± SD) 

4 weeks 

(Mean ± SD) 

6 weeks 

(Mean ± SD) 

Turmeric group 
220±7.1 270±6.8*  442.5±9.1** 

Flaxseed group 215.5±5.2  295.5±5.2*  450±4.1**  

Flaxseed oil group 220±9.3  250±9.3* 296±7.5* 

Turmeric + Flaxseed group 225±8.6  340±7.8* 450±9.7**  

Turmeric + Flaxseed oil group 230±4.5  350±4.4*  500.5±7.8**  

 

Results have been presented as mean ± standard deviation of four samples (n = 4). Significant effects are indicated 

by asterisks (∗P< 0.05, ∗∗P< 0.001) 

 

 

Figure 2:Comparative bar diagram showing IL-10 levels in healthy female swiss albino mice with daily oral intake 

of turmeric, flaxseed grinded, flaxseed oil, combination of turmeric and grinded flaxseed and combination of 

turmeric and flaxseed oil after 2 weeks, 4 weeks and 6 weeks. Significant effects are indicated by asterisks (∗P< 

0.05, ∗∗P< 0.001) 
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Discussion 

 
Turmeric spice is a therapeutic superfood. It is a relative of ginger and the spice that give a typical yellowish color to 

curry powder. Most people used to use it daily for flavoring their food in addition to its anti-inflammatory 

therapeutic action [18]. Turmeric benefits are better obtained by combining curcumin with substances like piperine, 

which greatly enhance bioavailability [19]. Moreover, turmeric is one of the main studied medical spices against 

inflammation. It has recognized anti-inflammatory properties for centuries against several diseases. Widespread 

research in the last two to three decades reported that curcumin is a central ingredient in turmeric’s anti-

inflammatory effects [20]. 

 

Numerous studies on inflammatory diseases demonstrated the effect of turmeric and its active ingredient curcumin 

on anti-inflammatory cytokines. Many observations correlated its effect through down-regulation of IL-6 level in 

serum [21,22], in contrast, other studies revealed that curcumin did not significantly reduce the level of IL-6 [23,24]. 

Moreover, the induction level of IL-10 increased to modulate the immune response on inflammatory conditions 

[13].  

 

Flaxseed is a rich source of polyunsaturated fatty acid omega-3 fatty acid, alpha-linolenic acid (ALA) that exhibit 

anti-inflammatory properties [25]. The hardened coat protection of the flaxseed is destroyed by crushing, leading to 

exposure of alpha-linolenic acid ALA to oxidation and makes it more available and much effective [26]. On the 

other hand, flaxseed oils have a higher content of alpha-linolenic acid [27]. Their health benefits are various and 

attract global attention mainly because of their antioxidant and anti-inflammatory pathways. 

 

Recent analysis on flaxseed revealed the ability to reduce IL-6 circulating concentrations in inflammatory diseases 

[28,29]. Furthermore, other studies showed no significant alteration on IL-10 level [15]. 

 

Up to date, curcumin and flaxseed trials have been carried out with populations that having health problems. Our 

study is carried out on healthy mice to evaluate the pro-inflammatory IL-6 and the anti-inflammatory IL-10 levels 

with prolonged experiment time extend to 6 weeks with daily oral uptake of turmeric, grinded flaxseed, and flaxseed 

oil individually. Furthermore, make a comparison analysis for their co-administration effects.   

 

The present study results revealed turmeric, grinded flaxseed, flaxseed oil, turmeric/flaxseed, and turmeric/flaxseed 

oils oral supplementation in healthy mice did not exert any significant effects on the concentrations of IL-6. 

Although the administration of turmeric and flaxseed oils individually almost does not affect IL-6 level, their 

combination showed a relative decrease in IL-6 level. Suggesting the combination of them enhanced the 

inflammatory responses. 

 

In contrast to their effect on the level of IL-6, the level of IL-10 was induced significantly after 4 weeks (P < 0.05) 

and duplicate its induction after 6 weeks into two folds (P < 0.001). Our experimental herps have anti-inflammatory 

effects mediated through mild reduction of potent pro-inflammatory cytokines and induction of anti-inflammatory 

cytokines production. 

 

The main observation of our work is that even with no inflammation induction, turmeric, and flaxseed in addition to 

their combination can induce IL-10 expression. Our study suggests that the prolonged administration time of 

turmeric and flaxseed and their combination may have played an indirect role in upregulating the expression of 

several key genes involved in the expression of IL-10 and modulate its production in higher levels. Therefore, 

further research into this topic is necessary on the molecular level.  

 

This study demonstrates for the first time that dietary oral administration of turmeric and flaxseed, and their 

combination in a healthy animal model may have a beneficial effect in suppressing the pro-inflammatory cytokines 

and expressing the anti-inflammatory cytokines. It seems that a combination of turmeric and flaxseed oil has the best 

anti-inflammatory effect. Moreover, one of the strong points of our work was the detection of IL-10 level in healthy 

mice model after daily dietary of turmeric and flaxseed, which responsible power to change in immune system 

response in the body.  
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There are some limitations to this study that should be mentioned.The main limitation is other identified 

inflammatory markers were not assessed.Moreover, a relatively small sample size is considered as other limitations 

of the study. 

 

 

Conclusion 

 
The prolonged administration time of turmeric and flaxseed and their combination may have played an indirect role 

in upregulating the pro-inflammatory IL-10 and modulate its production in high levels and have no significant effect 

on IL-6 level. 

References 

 
[1] Fabianowska-Majewska K, Kaufman-Szymczyk A, Szymanska-Kolba A,Jakubik J, Majewski G, 

LubeckaK. Curcumin from Turmeric Rhizome: A Potential Modulator of DNA Methylation Machinery 

in Breast Cancer Inhibition. Nutrients. 2021 Jan 23;13(2):332. Doi: 10.3390/nu13020332. PMID: 

33498667; PMCID: PMC7910847. 

[2] MortezaGhandadi and Amirhossein Sahebkar, “Curcumin: An Effective Inhibitor of Interleukin-6”, 

Current Pharmaceutical Design (2017) 23: 921. https://doi.org/10.2174/1381612822666161006151605 

[3] Xu XY, Meng X, Li S, Gan RY, Li Y, Li HB. Bioactivity, Health Benefits, and Related Molecular 

Mechanisms of Curcumin: Current Progress, Challenges, and Perspectives. Nutrients. 2018 Oct 

19;10(10):1553. Doi: 10.3390/nu10101553. PMID: 30347782; PMCID: PMC6213156. 

[4] Shan Liang, Xiaofeng Li, Xiang Ma, Aijun Li, Yong Wang, Martin J.T. Reaney, Youn Young Shim, A 

flaxseed heteropolysaccharide stimulates immune responses and inhibits hepatitis B virus, International 

Journal of Biological Macromolecules,Volume 136, 2019, Pages 230-240, 

https://doi.org/10.1016/j.ijbiomac.2019.06.076. 

[5] Goyal, A., Sharma, V., Upadhyay, N. et al. Flax and flaxseed oil: an ancient medicine & modern 

functional food. J Food Sci Technol51, 1633–1653 (2014). https://doi.org/10.1007/s13197-013-1247-9 

[6] Hunter P. The inflammation theory of disease. The growing realization that chronic inflammation is 

crucial in many diseases opens new avenues for treatment. EMBO Rep. 2012 Nov 6;13(11):968-70. 

Doi: 10.1038/embor.2012.142. Epub 2012 Oct 9. PMID: 23044824; PMCID: PMC3492709. 

[7] Bertozzi B, Tosti V, Fontana L: Beyond Calories: An Integrated Approach to Promote Health, 

Longevity, and Well-Being. Gerontology 2017;63:13-19. Doi: 10.1159/000446346 

[8] Mollazadeh H, Cicero AFG, Blesso CN, Pirro M, Majeed M, Sahebkar A. Immune modulation by 

curcumin: The role of interleukin-10. Crit Rev Food Sci Nutr. 2019;59(1):89-101. DOI: 

10.1080/10408398.2017.1358139. Epub 2017 Sep 6. PMID: 28799796. 

[9] Jürgen Scheller, Athena Chalaris, Dirk Schmidt-Arras, Stefan Rose-John. The pro- and anti-

inflammatory properties of the cytokine interleukin-6. Biochimica et Biophysica Acta (BBA) – 

Molecular Cell Research. Volume 1813, Issue 5, 2011, Pages 878-888. 

https://doi.org/10.1016/j.bbamcr.2011.01.034. 

[10] Ghandadi M, Sahebkar A. Curcumin: An Effective Inhibitor of Interleukin-6. Curr Pharm Des. 

2017;23(6):921-931. Doi: 10.2174/1381612822666161006151605. PMID: 27719643. 

[11] Abdelkarem HM, Abd El-Kader MM, Kasem SA. Manipulation of flaxseed inhibits tumor necrosis 

factor-alpha and interleukin-6 production in ovarian-induced osteoporosis. Saudi Med J. 2011 

Apr;32(4):369-75. PMID: 21483995. 

[12] Almanan M., et al. IL-10producing Tfh cells accumulate with age and link inflammation with age-

related immune suppression (2020). DOI: 10.1126/sciadv.abb0806 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 6329 - 6335 

Received 05 March 2021; Accepted 01 April 2021.  
 

6335 
 
http://annalsofrscb.ro 

[13] Hamid Mollazadeh, Arrigo F. G. Cicero, Christopher N. Blesso, Matteo Pirro, Muhammed Majeed & 

Amirhossein Sahebkar(2019)Immune modulation by curcumin: The role of interleukin-10,Critical 

Reviews in Food Science and Nutrition,59:1,89-101,DOI: 10.1080/10408398.2017.1358139 

[14] Saraiva, M., O’Garra, A. The regulation of IL-10 production by immune cells. Nat Rev Immunol10, 

170–181 (2010). https://doi.org/10.1038/nri2711 

[15] Zhang X, Wang H, Yin P, Fan H, Sun L, Liu Y. Flaxseed oil ameliorates alcoholic liver disease via 

anti-inflammation and modulating gut microbiota in mice. Lipids Health Dis. 2017 Feb 22;16(1):44. 

Doi: 10.1186/s12944-017-0431-8. PMID: 28228158; PMCID: PMC5322643. 

[16] Anand P, Kunnumakkara AB, Newman RA, Aggarwal BB. Bioavailability of curcumin: problems and 

promises. Mol Pharm. 2007;4(6):807–18. Doi:10.1021/mp700113r. 

[17] Shoba G, Joy D, Joseph T, Majeed M, Rajendran R, Srinivas PS. Influence of piperine on the 

pharmacokinetics of curcumin in animals and human volunteers. Planta Med. 1998;64(4):353– 6. 

Doi:10.1055/s-2006-957450 

[18] Aggarwal B.B., Harikumar K.B. Potential therapeutic effects of curcumin, the anti-inflammatory agent, 

against neurodegenerative, cardiovascular, pulmonary, metabolic, autoimmune and neoplastic diseases. 

Int. J. Biochem. Cell Biol. 2009;41:40–59. doi: 10.1016/j.biocel.2008.06.010. 

[19] Han H.K. The effects of black pepper on the intestinal absorption and hepatic metabolism of drugs. 

Expert Opin. Drug Metab. Toxicol. 2011;7:721–729. doi: 10.1517/17425255.2011.570332. 

[20] Hewlings, S. J., & Kalman, D. S. (2017). Curcumin: A Review of Its Effects on Human Health. Foods 

(Basel, Switzerland), 6(10), 92. https://doi.org/10.3390/foods6100092 

[21] MortezaGhandadi and Amirhossein Sahebkar, “Curcumin: An Effective Inhibitor of Interleukin-6”, 

Current Pharmaceutical Design (2017) 23: 921. https://doi.org/10.2174/1381612822666161006151605 

[22] Bright, J.J. Curcumin and autoimmune disease. In The Molecular Targets and Therapeutic Uses of 

Curcumin in Health and Disease; Springer: Berlin/Heidelberg, Germany, 2007; pp. 425–451 

[23] Hui, Suocheng, Kai Liu, Xiaohui Zhu, C. Kang and M. T. Mi. “Effect of Curcumin on IL-6 and IL-8: A 

Meta-analysis and Systematic Review.” Journal of Nutrition and Food Sciences 8 (2018): 1-7. DOI: 

10.4172/2155-9600.1000697 

[24] Ganjali S., Sahebkar A., Mahdipour E., Jamialahmadi K., Torabi S., Akhlaghi S., Ferns G., Parizadeh 

S.M.R., Ghayour-Mobarhan M. Investigation of the effects of curcumin on serum cytokines in obese 

individuals: A randomized controlled trial. Sci. World J. 2014;2014:898361. doi: 10.1155/2014/898361. 

[25] Simopoulos AP. Essential fatty acids in health and chronic diseases. Am J Clin Nutr. 1999;70:560–569. 

[26] Edel A.E., Aliani M., Pierce G.N. Stability of bioactives in flaxseed and flaxseed-fortified foods. Food 

Res. Int. 2015;77:140–155. doi: 10.1016/j.foodres.2015.07.035. 

[27] Lukaszewicz M, Szopa J, Krasowska A. Susceptibility of lipids from different flax cultivars to per 

oxidation and its lowering by added antioxidants. Food Chem. 2004;88:225–231. 

[28] Akrami A, Makiabadi E, Askarpour M, Zamani K, Hadi A, Mokari-Yamchi A, Babajafari S, Faghih S, 

Hojhabrimanesh A. A Comparative Study of the Effect of Flaxseed Oil and Sunflower Oil on the 

Coagulation Score, Selected Oxidative and Inflammatory Parameters in Metabolic Syndrome Patients. 

Clin Nutr Res. 2020 Jan 29;9(1):63-72. doi: 10.7762/cnr.2020.9.1.63. PMID: 32095449; PMCID: 

PMC7015724. 

[29] Askarpour M, Karimi M, Hadi A, Ghaedi E, Symonds ME, Miraghajani M, Javadian P. Effect of 

flaxseed supplementation on markers of inflammation and endothelial function: A systematic review 

and meta-analysis. Cytokine. 2020 Feb;126:154922. doi: 10.1016/j.cyto.2019.154922. Epub 2019 Nov 

15. PMID: 31739218. 

 


