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Abstract 

Arthritis is one of the most common diseases affecting the elderly population, more than 100 types of 

arthritis are found with different prevalence and medical symptoms. Out of which osteoarthritis (OA) and 

rheumatoid arthritis (RA) are the most common ones however no such medical treatment is available to 

cure the disease. Diet therapy had always played a crucial role in many diseases such as diabetes, 

cardiovascular diseases and many more. The objective of this review work is to evaluate the therapeutic 

potential of hesperidin, luteolin and coumaric acid that can be found from our daily diet. These 

phytochemical has anti-oxidative, anti-inflammatory, immunomodulatory and enzyme inhibitory effects. 

Scientific evidence revealed that these components exert beneficial effects on RA through several 

cellular mechanisms including down regulation of pro-inflammatory cytokines such as, IL-6, TNF-a and 

NF-jB, inhibition of cartilage degradation with destructive metal proteinases, suppression of oxidative 

stress and enhancement of antioxidant performance. It can be concluded that hesperidin, luteolin and 

coumaric acid obtained from our diet can have immense effect to alleviate the effect of rheumatoid 

arthritis both symptomatically and by stopping RA- induced bone destruction. It can be an effective 

treatment option however more research is required to understand how these dietary phytochemicals can 

directly affect rheumatoid arthritis. 
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Introduction  

Arthritis is a disorder of the joints wherein in inflammation of the joints are observed. It can 

affect one or multiple joints at the same time. It is accompanied by joint pain, stiffness, 

swelling, and redness of the joints and impairs the ability to perform daily work. More than 

100 types of arthritis are present with different medical symptoms and prevalence. Rheumatoid 

arthritis (RA) and Osteoarthritis (OA) are the most common ones [1]. It is becoming a very 

common disease and is observed in elderly person in most of the cases; however it can also 

develop in younger population. It is more common among women than men and is also 

prevalent amongst the overweight and obese population [2]. Osteoarthritis occurs when the 

cartilage that cushions the joints wears away whereas rheumatoid arthritis is a degenerative 

and autoimmune disease where the body’s immune system starts attacking own body tissues. 

The treatment usually depends in the form of arthritis, its location, severity and persistence. 

There is no cure for the disease as of now however the pain can be suppressed and further 

damage can be delayed using a combination of pharmacologic and non-pharmacologic 

measures. The main aim of the treatment is to reduce the joint inflammation and pain as well 

as preventing further damage and improve the joint functions. 

Extensive researchers are being carried out to find the exact cause of Rheumatoid arthritis; 

however the exact pathway is yet to be elucidated. Development of RA is caused due to series 

of complex chain of events. Activated T cells expresses the α4β1-integrin, which binds to 

vascular cellular adhesion molecule on the surface of venules in tissues which are inflamed, 

then the activated T cells penetrates into ECF by passing through the endothelial wall [3]. 

Cytokines such as IL-1, IL-6, IL-12, IL-15, IL-23, tumor necrosis factor (TNF), T cell receptor 

(TCR) and transforming growth factor (TGF) is associated with higher generation of T cells 
[4].The release of cytokines, especially TNF-α, IL-6 and IL-1, causes inflammation of the 

synovial.  
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Determination of cytokine levels, C reactive protein (CRP), 

erythrocyte sedimentation rate (ESR), plasma viscosity 

permits the evaluation of anti- inflammatory effects of drugs. 

Studies have confirmed that phytochemical reduces the 

various cytokines level hence reducing the inflammation [5]. 

Phytochemical are various chemical compounds produced by 

plants with therapeutic activities such as anti-carcinogenic, 

anti-inflammatory and anti-oxidant properties. Phytochemical 

such as phenolic, stilbene and polyphenol compounds, 

flavonoids, terpenoids, alkaloids, anthraquinones, lignans 

polysaccharides and peptides is known to have positive effect 

on managing and treating arthritis. These are dietary 

phytochemical which are widely available in food from plant 

origin. In Indian diet, food is rich in both plant and animal 

origin. From the time immemorial, photochemical have 

played commendable role in curing and averting different 

diseases [6]. In this review work, we have reviewed three 

phytochemical namely Hesperidin, Luteolin and Coumaric 

acid and attempted to gather all useful information and its 

relationship with inflammation.  

 

Inflammation and Arthritis  

When a part of our body swells up it is considered as 

inflammation, it can be accompanied by redness of that 

particular area and surrounding, it is often hot and painful, it 

is especially a reaction to infection or injury. It can take place 

in any part of the body. The white blood cells try to fight the 

foreign particle that has invaded our body which causes 

inflammation. The white blood cells protect our body from 

infections by foreign materials such as bacteria and viruses, 

but in some inflammatory disease, the defense system of our 

body triggers a response even when no foreign substances are 

present to fight off, these are known as auto immune 

disorders. Here, the immune system of the body causes 

damage to its own tissues, rheumatoid arthritis is one of them 

in which the immune system attacks the joints of the body 

causing inflammation in the joints. Rheumatoid arthritis is 

characterized by hyperplasia and synovial inflammation, auto-

antibody production, cartilage and bone destruction [7]. 

Dietary flavonoids have beneficial effect for preventing 

inflammation and oxidative stress. 

 

Hesperidin 
Hesperidin is a flavonone found in citrus fruits. Chemically it 

is a flavanone glycoside. Its aglycone form is called 

hersperetin. The molecular formula is C28H34O15.It is 

weakly acidic with pure being white needle-like crystals. It is 

light yellow crystalline powder with melting point being 258-

262 °C (soften at 252 °C). It is highly soluble in sodium 

hydroxide solution, pyridine and dimethyl formamide; 

slightly soluble in hot glacial acetic acid and methanol; very 

slightly soluble in acetone, ether, chloroform and benzene. It 

is odorless and tasteless and barely soluble in water, only 1g 

can be dissolved in 50L of water [8]. 

 

 
 

Fig1: Chemical Structure of Hesperidin 

Hesperidin is been widely studied as it contains anti-oxidant 
[9] anti-inflammatory [10, 11], anti-carcinogenic [12] properties, 

and is also hypolipidaemic [13]. The Anti-Inflammatory 

property of Hesperidin have been confirmed in animal model 

of rheumatoid arthritis and also in clinical trials in patients 

suffering from this disease [14, 15, 16, 17]. All the results of these 

studies demonstrated a down-regulation of Tumor- necrosis 

factor (TNF) interleukins (IL) and active macrophages, and 

up-regulation of the activity of T lymphocytes in the presence 

of hesperidin. Another study revealed that hesperidin 

reduces inflammatory pain by targeting transient receptor 

potential vanilloid (type 1) [TRPV1] receptor activity, 

oxidative stress, NF-κB activity and cytokine production [18]. 

Hesperdin has potential anti-oxidant activity and its anti-

arthritic effect was evident in a study where the joint 

inflammation reduced and reduction in articular elastase 

activity was observed [17]. Reduction in pro-inflammatory 

cytokines and oxidative stress and augmentation of anti-

inflammatory cytokines and antioxidant enzymes has been 

observed. In conclusion, is suggested that hesperidin may be 

beneficial in rheumatoid arthritis and can be added to standard 

anti-rheumatoid therapy since normal intake of this compound 

along with its derivatives does not show any side effect or any 

sign of toxicity [19, 20] 

 

Luteolin 

Luteolin (3′, 4′, 5, 7-tetrahydroxyflavone) are naturally 

occurring flavonoid. They are phenyl substituted chromones 

(benzopyran derivative) consisting of a 15 carbon basic 

skeleton chain (C6-C3-C6), with the molecular formula 

C15H1006. It is flavone compound which is found as an 

integral components of diet. They are quite abundant as 

constituents of flowering plants, particularly of food plants. It 

has a potential anti-inflammatory, anti-oxidant, apoptosis 

inducing and chemopreventive activities [21]. 
 

 
 

Fig 2: Chemical Structure of luteolin 

 

In a study, it was found that Luteolin significantly 

inhibited superoxide (SO) anion generation, ROS production. 

It also inhibited the increase of elastase release, chemotaxis 

and CD11b expression. It significantly suppressed mitogen-

activated proteinkinase-1 (MEK-1) and phosphorylation of 

extracellular signal-regulated kinase (Erk). It reduced the paw 

edema and paw thickness of the arthritic rats [22]. Another 

study revealed similar results where Luteolin suppressed 

TNF-α, IL-1β, IL-6, and IL-17 significantly. All these 

parameters are potential markers of inflammation and luteolin 

seemed to significantly suppress these markers. In another 

study it was found that luteolin reduces synovial hyperplasia 

and also the infiltration of inflammatory cells as well as 

protected joint destruction. It also suppressed Caspase-1p10, 

P2X4, ASC and NLRP1 activity [23, 24]. Number of studies 

revealed that luteolin reduces oxidative stress and regulate 



 

~ 1185 ~ 

International Journal of Physiology, Nutrition and Physical Education 
inflammation [25, 26, 27] so this compound can be used up for 

the treatment of rheumatic arthritis. 

 

Coumaric acid  

Coumaric acid (3-(4-hydroxyphenyl)-2-propenoic acid), a 

common dietary polyphenol, is also known as 4-

Hydroxycinnamic acid, with molecular formula C9H8O3. It is 

a yellowish green crystalline powder. It is also used for 

industrial purposes such as producing synthetic indigo, 

artificial flavours and perfumes. Their biological activities 

includes antioxidant, anti-cancer, antimicrobial, antivirus, 

anti-inflammatory, antiplatelet aggregation, anxiolytic, 

antipyretic, analgesic, and anti-arthritis activities [28] It is a 

crystalline solid that is slightly soluble in water, but highly 

soluble in ethanol and diethyl ether [29]. 
 

 
 

Fig 3: Chemical structure of p-coumaric acid 

 

Coumaric acid has been effective in rat models to treat 

inflammation. Administration of p-coumaric acid to the 

arthritic rats brought the altered biochemical and physical 

parameters to near normal levels, it also reduced the 

inflammation of the ankle joints by reducing the leukocyte 

infiltration [30]. Administration of p-coumaric acid reduced the 

expression of inflammatory mediator TNF-α and circulating 

immune complexes. The increased cell-mediated immune 

responses and macrophage phagocytic index was also reduced 

by administration of this polyphenol [31]. Coumaric acid 

decreased hypoxia-inducible factor-1α and NF-kappa B 

immuno positive neurons significantly (32).It reduced the 

expression of inflammatory enzymes (iNOS and COX-2), 

osteoclast genic factors (TRAP and RANKL) and pro-

inflammatory cytokines (TNF-α, IL-1β, IL-6, and IL-17) in 

arthritic rats [33]. 

 

Dietary Sources 

Dietary flavonoids shows anti-inflammatory properties in 

both in vitro and on various animal models [34, 35]. Hesperdin, 

luteolin and coumaric acid are also found from dietary 

sources, hesperidin can be found in citrus fruits such as 

orange and lemon. It is also found in grapefruit, apricots, 

plum, berries etc. It is widely found in the peel of the citrus 

food, the best source can be 100% orange juice in which the 

peel, pulp and membranes are pressed and hesperidin is 

extracted in the juice [36]. Consumption of the orange peel or 

lemon peel in dried form can be beneficial. It can be added to 

cakes and pastries which not only enhance the flavor but can 

increase the nutritive value as well. Luteolin can be found in 

green leafy vegetables such as garlic stalk, radish leaves, red 

apple, mustard leaves etc. Garlic stalk and radish leaves are 

the most abundant source of luteolin [37]. Coumaric acid is 

found widely in edible plants such as basil, spinach and garlic, 

it is also found in peanuts, navy beans, tomato, carrot, wine, 

vinegar and barley grains [38, 39]. Gooseberry, raspberry, 

strawberry are also good source. It is also found in peer, 

spinach, chili pepper and onion, it is abundantly found in few 

mushroom species [40]. 

Conclusion  

Diet therapy is widely used as an effective measure to treat 

many diseases as it makes the medical treatment more 

effective. Hesperdin, luteolin and coumaric acid are found in 

the food components of our daily diet. All the three 

polyphenols that has been reviewed in this article has shown 

immense anti-inflammatory properties. All the work cited in 

this article supports the anti-inflammatory property of these 

polyphenols. In this review article it is evident that these 

compounds have several cellular mechanisms including down 

regulation of pro-inflammatory cytokines such as, IL-6,TNF-a 

and NF-jB, inhibition of cartilage degradation with 

destructive metalloproteinase, suppression of oxidative stress 

and enhancement of antioxidant performance, through these 

actions it can exert beneficial effect on arthritis, especially 

RA. Hence these derivatives can be used effectively for 

treatment of arthritis as they have promising anti-arthritic 

effect. Green leafy vegetables and fruits such as apple, 

pomegranate, orange, grapefruit, cherries, grapes are rich 

source of polyphenols and can be helpful in this condition. 

Although the exact mechanisms of this anti-inflammatory 

activity are not fully elucidated, but several study confirms 

that there is a correlation between the high intake of food 

which is rich in these compounds and a down-regulation of 

the inflammatory response. Further research is required to 

find the exact correlation. Hence, it can be a safe and effective 

treatment option in alternate medicine however more research 

is required to understand how dietary phytochemical can 

directly affect rheumatoid arthritis. 

 

References 
1. Firestein GS. Etiology and pathogenesis of rheumatoid 

arthritis. 8th edition, Kelley’s textbook of rheumatology, 

Philadelphia, PA: Saunders Elsevier, 2008, 1040-1082. 

2. Clements JN. Treatment of Rheumatoid arthritis: a 

review of recommendation and emerging therapy. 

Formulary. 2011; 46:532-544 

3. WB van, den Berg, Miossec P, IL-17 as a future 

therapeutic target for rheumatoid arthritis, Nature 

Reviews Rheumatology. 2009; 5(10):549-553. 

4. Plenge RM. Rheumatoid arthritis genetics: update, Curr 

Rheumatol Rep. 2009; 11(351-6). 

5. Bak MJ, Truong VL, Kang HS, Jun M, Jeong WS. Anti-

inflammatory effect of procyanidins from wild grape 

(Vitis amurensis) seeds in LPS-induced RAW 264.7 

cells. Oxidative Medicine and Cellular Longevity, 2013, 

2013, 11. doi: 10.1155/2013/409321.409321 

6. Phillipson JD. Phytochemistry and medicinal plants,” 

Phytochemistry. 2001; 56(3):237-243. 

7. McInnes IB, Schett G. The Pathogenesis of Rheumatoid 

Arthritis. J Med. 2011; 365:2205-19. 

8. National Center for Biotechnology Information. 

PubChem Compound Database; CID=10621, https://pubc 

hem.ncbi.nlm.nih.gov/compound/10621 

9. Tirkey N, Pilkhwal S, Kuhad A, Chopra K. Hesperidin, a 

citrus bioflavonoid, and decreases the oxidative stress 

produced by carbon tetrachloride in rat liver and kidney. 

BMC Pharmacol. 2005; 5:2.doi:10.1186/1471-2210-5-2 

10. Emim JA, Oliveira AB, Lapa AJ. Pharmacological 

evaluation of the anti-inflammatory activity of a citrus 

bio flavonoid, hesperidin, and the iso flavonoids, duartin 

and claussequinone, in rats and mice. J Pharm Pharmacol. 

1994; 46(2):118-122 

11. Guardia T, Rotelli AE, Juarez AO, Pelzer LE. Anti-

inflammatory properties of plant flavonoids. Effects of 



 

~ 1186 ~ 

International Journal of Physiology, Nutrition and Physical Education 
rutin, quercetin and hesperidin on adjuvant arthritis in rat. 

Farmaco. 2001; 56(9):683-687 

12. Tanaka T, Makita H, Kawabata K, Mori H, Kakumoto M, 

Satoh K et al. Chemoprevention of azoxymethane-

induced rat colon carcinogenesis by the naturally 

occurring flavonoids, diosmin and hesperidin. 

Carcinogenesis. 1997; 18(5):957-965 

13. Monforte MT, Trovato A, Kirjavainen S, Forestieri AM, 

Galati EM, Lo Curto RB. Biological effects of 

hesperidin, a citrus flavonoid (note II): hypolipidemic 

activity on experimental hypercholesterolemia in rat. 

Farmaco. 1995; 50(9):595-599 

14. Kometani T et al. Effects of alpha-glucosylhesperidin, a 

bioactive food material, on collagen-induced arthritis in 

mice and rheumatoid arthritis in humans. 

Immunopharmacol Immunotoxicol, 2008.  

15. Li R et al. Suppression of adjuvant arthritis by hesperidin 

in rats and its mechanisms. J Pharm Pharmacol, 2008.  

16. Li R, et al. Hesperidin suppresses adjuvant arthritis in 

rats by inhibiting synoviocyte activity. Phytother Res, 

2010. 

17. Umar S et al. Hesperidin inhibits collagen-induced 

arthritis possibly through suppression of free radical load 

and reduction in neutrophil activation and infiltration. 

Rheumatol Int, 2013.  

18. Pinho-Ribeiro FA1, Hohmann MS1, Borghi SM1, 

Zarpelon AC1, Guazelli CF1, Manchope MF1 et al. 

Protective effects of the flavonoid hesperidin methyl 

chalcone in inflammation and pain in mice: role of 

TRPV1, oxidative stress, cytokines and NF-κB.Chem 

Biol Interact. 2015; 228:88-99. doi: 10.1016/j.cbi.2015. 

01.011. Epub, 2015, 21. 

19. Erlund I, Meririnne E, Alfthan G, Aro A. Plasma kinetics 

and urinary excretion of the flavanones naringenin and 

hesperetin in humans after ingestion of orange juice and 

grapefruit juice. J Nutr. 2001; 131(2):235-241 

20. Garg A, Garg S, Zaneveld LJ, Singla AK. Chemistry and 

pharmacology of the citrus bioflavonoid hesperidin. 
Phytother Res. 2001; 15(8):655-669. doi:10.1002/ptr.107 4 

21. National Center for Biotechnology Information. 

PubChem Compound Database; CID=5280445, 

https://pubchem.ncbi.nlm.nih.gov/compound/5280445 

22. Shun-Chin Yang, Po-Jen Chen, Shih-Hsin Chang, Yu-

Ting Weng, Fang-Rong Chang, Kuang-Yi Chang, et al. 

Luteolin attenuates neutrophilic oxidative stress and 

inflammatory arthritis by inhibiting Raf1 activity, 

Biochemical Pharmacology, 2001-2018 154. ISSN 0006-

2952:384-396 

23. Fengchao Shi, Dun Zhou, Zhongqiu Ji, Zhaofeng Xu, 

Huilin Yang. Anti-arthritic activity of luteolin in 

Freund’s complete adjuvant-induced arthritis in rats by 

suppressing P2X4 pathway, Chemico-Biological 

Interactions, 2015, 226. ISSN 0009-2797:82-87 

24. Hou Y, Wu J, Huang Q, Guo L. Luteolin inhibits 

proliferation and affects the function of stimulated rat 

synovial fibroblasts Cell Biol Int. 2009; 33(2):135-47.  

25. Xia F, Wang C, Jin Y, Liu Q, Meng Q, Liu K et al. 

Luteolin protects HUVECs from TNF-α-induced 

oxidative stress and inflammation via its effects on the 

Nox4/ROS-NF-κB and MAPK pathways. J Atheroscler 

Thromb. 2014; 21(8):768-83. Epub 2014 Mar 12. 

26. Hytti M, Piippo N, Korhonen E, Honkakoski P, 

Kaarniranta K, Kauppinen A. Fisetin and luteolin protect 

human retinal pigment epithelial cells from oxidative 

stress-induced cell death and regulate inflammation. Sci 

Rep. 2015; 5:17645. Doi: 10.1038/srep17645. 

27. Jeon IH, Kim HS, Kang HJ, Lee HS, Jeong SI, Kim SJ, 

Jang SI Anti-inflammatory and antipruritic effects 

of luteolin from Perilla (P. frutescens L.) leaves. 

Molecules. 2014; 19(6):6941-51. Doi: 10.3390/molecules 

19066941. 

28. Pei K1, Ou J2, Huang J1, Ou S1. Coumaric acid and its 

conjugates: dietary sources, pharmacokinetic properties 

and biological activities. J Sci Food Agric. 2016; 

96(9):2952-62. doi: 10.1002/jsfa.7578. Epub 2016 Jan 25 

29. National Center for Biotechnology Information. 

PubChem Compound Database; CID=637542, https://pub 

chem.ncbi.nlm.nih.gov/compound/637542  

30. Pragasam SJ, Murunikkara V, Sabina EP, Rasool M. 

Ameliorative effect of p-coumaric acid, a common 

dietary phenol, on adjuvant-induced arthritis in rats. 

Rheumatol Int. 2013; 33(2):325-34. doi: 10.1007/s00296-

012-2394-4. Epub 2012 Mar 25. 

31. Pragasam SJ, Venkatesan V, Rasool M. 

Immunomodulatory and anti-inflammatory effect of p-

coumaric acid, a common dietary polyphenol on 

experimental inflammation in rats. Inflammation. 2013; 

36(1):169-76. doi: 10.1007/s10753-012-9532-8. 

32. Guven M, Sehitoglu MH, Yuksel Y, Tokmak M, Aras 

AB, Akman T, et al. The Neuroprotective Effect 

of Coumaric Acid on Spinal Cord Ischemia/Reperfusion 

Injury in Rats. Inflammation. 2015; 38(5):1986-95. doi: 

10.1007/s10753-015-0179-0. 

33. Neog MK, Joshua Pragasam S, Krishnan M, Rasool M.p-

Coumaric acid, a dietary polyphenol ameliorates 

inflammation and curtails cartilage and bone erosion in 

the rheumatoid arthritis rat model. Bio factors. 2017; 
43(5):698-717. Doi: 10.1002/biof.1377. Epub 2017 Jul 25. 

34. Rotelli AE, Guardia T, Juarez AO, de la Rocha NE. 

Comparative study of flavonoids in experimental models 

of inflammation. Pharmacol Res. 2003; 48:601-6. 

35. Wang L, Tu YC, Lian TW, Hung JT, Yen JH, Wu MJ. 

Distinctive antioxidant and anti-inflammatory effects of 

flavonols. J Agric Food Chem. 2006; 54:9798-804 

36. Bhagwat S, Haytowitz D. USDA Database for the 

Flavonoid Content of Selected Foods Release 3.2. In. 

Beltsville, MD: Unites States Department of Agriculture, 

2015. 

37. Jie cao, Wei cheN, Ying Zha Ng, Yuqiu Zha Ng, Xiujuan 

Zhao. Content of Selected Flavonoids in 100 Edible 

Vegetables and Fruits. Food Sci. Technol. Res. 2010; 

16(5):395-402.  

38. Carrero Gálvez, Miguel, García Barroso, Carmelo Pérez-

Bustamante, Juan Antonio. Analysis of polyphenolic 

compounds of different vinegar samples. Zeitschrift für 

Lebensmittel-Untersuchung und -Forschung. 1994; 

199:29-31.doi:10.1007/BF01192948. 

39. Quinde-Axtell, Zory Baik, Byung-Kee. Phenolic 

Compounds of Barley Grain and Their Implication in 

Food Product Discoloration". Journal of Agricultural and 

Food Chemistry. 2006; 54(26):9978-9984. doi:10.1021/ 

jf060974w. PMID 17177530 

40. Pei Kehan, Ou, Juanying, Huang, Junqing, Ou, Shiyi. P-

zoumaric acid and its conjugates: Dietary sources, 

pharmacokinetic properties and biological activities. 

Journal of the science of food and agriculture, 2015. 96. 

10.1002/jsfa.7578.  


