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1. Introduction 

Not surprisingly, the wide range of herbal 
medicines available today has been brought 
about by one of the most significant ancient 
heritages, the sophisticated experience of 
people who have tried over millennia to find 

useful plants for health improvement, with 
each generation adding its own experience to 
this tradition. Following on from scientific 
advancements, in a time of increased 
considerations to natural products as a safe 
herbal remedies, it is as important as ever to 
gather detailed documentations of the latter in 
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Abstract 

One of the most frequently consumed herbal remedies available today is the chamomile 
preparations prepared from Matricaria chamomilla (MC). The medicinal preparations of MC are 
composed of several classes of biological active compounds with inhibitory effects on 
inflammation including essential oil and flavonoids. Apigenin, quercetin and luteolin are the 
major flavonoids of MC which exhibit their anti-inflammatory effects through different 
mechanisms. Apigenin exhibits anti-inflammatory activity via inhibition of proinflammatory 
cytokines production, whilst luteolin suppresses production of nitric oxide (NO), prostaglandin 
E2 and expression of inducible NO synthase and cyclooxygenase-2 all of which are associated 
with inflammatory responses. However, there are also some additional components of the MC 
preparations which have a role on the anti-inflammatory actions of the plant through other 
pathways. The mentioned mechanisms are in reference with the authors' concept that MC 
would be of value in alleviating inflammation and pain in rheumatoid arthritis. 
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every aspect. Compositae family has been 
holding a place of value for hundreds of years 
due to the infusions and tinctures of numerous 
medicinal plants used as components of herbal 
treatments for a variety of ailments. 
Considering the endemism and diversity of the 
species used in traditional and folk medicine in 
Iran, Matricaria a genus of different species of 
flowering plants in this family has a widespread 
usage by different cultures and also a high 
reputation in herbal medicine by several known 
healing attributes. Chamomile is widely 
represented by two known varieties viz. Roman 
chamomile (Chamaemelum nobile) and 
German chamomile (Matricaria chamomilla). 
The common variety used for medicinal 
purposes is MC. Chamomile holding a high 
reputation among herbal medicines during the 
history due to its anti-inflammatory, analgesic, 
antimicrobial, antispasmodic and sedative 
properties (1,2). 

The flowering parts of chamomile could be 
used both externally and internally to alleviate, 
even cure a range of disorders, particularly 
those involving an inflammatory condition (2). 
The merit of the traditional use of MC has been 
supported by the isolation and identification of 
several biologically active chemicals including 
polyphenols (flavonoids) and essential oil 
extracted from chamomile flowers (1). The 
latter mainly consist of terpenoids and azulenes 
(including chamazulene and en-yne dicolo 
ether) (3). It has been shown that terpenoids, 
bisabolol and chamazulene possess anti-
inflammatory properties (2). Chamazulene 
strongly suppresses the formation of 
leukotriene B4 (LTB4) in the neutrophilic 
granulocytes (4). It also inhibits lipid 
peroxidation, via antioxidant activity (5). 
Moreover, chamazulene blocks peroxidation of 
arachidonic acid (AA) causing a reduction in 
inflammatory mediators that are derived from 
arachidonic acid. A number of literatures have 
been published on the identification of the 
phenolic compounds of MC including apigenin, 

quercetin, and luteolin (6,7). Some reports 
suggest that flavonoids play an important role 
in inflammatory processes and immune 
functions through inhibition of several enzymes 
which are activated during certain 
inflammatory conditions (7,8). For instance, 
luteolin, a member of the flavone type 
flavonoids displays specific anti-inflammatory 
activities such as activation of anti-oxidative 
enzymes, suppression of the nuclear factor 
Kappa B (NF-κB) pathway, inhibition of pro-
inflammatory substances, and reduction in the 
enhanced vascular permeability (9). Apigenin, 
another flavone in the MC, that is non-toxic, 
non-mutagenic, and a potent antioxidant, 
effectively blocks intercellular adhesion 
molecule-1 up-regulation, leukocyte adhesion 
in response to cytokines, suppress COX-2 
expression, and is a potential apoptosis inducer 
(10). The pharmacolgical properties of MC 
made it increasingly popular in the form of tea 
which is consumed at a rate of over one million 
cups per day in the world (11).  

2. Rheumatoid arthritis 

Rheumatoid arthritis (RA) is a chronic 
autoimmune inflammatory disease 
characterized by the accumulation and 
persistence of an inflammatory infiltrate in the 
synovial membrane that leads to synovitis (12). 
In addition, a progressive destruction of the 
joint architecture resulting in an impaired 
function is associated with proliferation of the 
synovial cells and infiltration of activated 
immune inflammatory cells. Following on from 
recent advancements, in a time of increased 
considerations to the inflammatory diseases, it 
is as important as ever to study different 
aspects and treatments of autoimmune 
disorder, RA. As a systemic disease, RA has 
extra manifestations in systems such as the 
pulmonary, ocular, vascular, and other organs 
that may be affected by the inflammatory 
process. There is an accumulation of 
inflammatory cells (T and B lymphocytes, 
neutrophils, and monocytes), tissue edema, 
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endothelial cell proliferation, and matrix 
degradation (13,14). Although the etiology of 
RA is basically unknown, numerous studies 
have implicated that RA is mostly modified by 
systemic, genetic, and environmental variables. 
Factors such as infections and smoking lead to 
defects in immune regulation and also a host of 
inflammatory mechanisms involved in joint 
tissue damage include a role for oxidative stress 
(15). In general, an imbalance between oxidants 
and anti-oxidants in support of the oxidants, 
bring about an interruption of redox signaling 
and molecular damage which is called oxidative 
stress (14). 

Several sources of reactive oxygen species 
(ROS), as oxidants, in the synovial joint, include 
free radicals liberated by activated phagocytic 
cells at the site of inflammation (16). As follows, 
free radicals especially ROS have been 
considered as mediators of accelerated joint 
damage and osteoclast activation in RA, in 
combination with proinflammatory cytokines 
(17-19). Furthermore, ROS degrade synovial 
fluid and depolymerize hyaluronic acid, leading 
to a loss of viscosity in the joint, inactivation of 
anti-proteinases and induction of bone 
resorption (20).  

Other features of oxidative stress in RA synovial 
fluid lymphocytes is manifested by NF-κB– 
dependent gene transcription, initiating the up-
regulation of tumor necrosis factor α (TNF-α) 
and interleukin (IL)-1β (16). A number of 
cytokines, such as TNF-α, IL-1β, IL-6, IL-8, IL-12, 
IL-17, IL-18, IL-23 and IFN-γ are considered to 
have a role in the continuance of chronic 
inflammatory process in the inflated joints. The 
known inflammatory mediators of TNF-α and 
IL-1β are the initiators of the NF-κB activation 
cascade and are under its transcriptional 
control (14). Additionally, in response to 
different stimulant factors, TNF-α and IL-1β that 
are released from the inflammatory cells 
activate the fibroblast-like synovial cells.   

Like other inflammatory cells, fibroblast-like 

synovial cells stimulate COX-2 expression and 
PGE2 production (21). Moreover, the TNF-α and 
IL-1β, present in synovial fluid of RA patients, 
have shown to have a role in COX-2 induction 
and PGE2 production, as well (22). Likewise, in 
view of the fact that the lipid mediator PGE2 is 
found at a high level in the synovial fluid of RA 
patients, is thought to be a key prostaglandin 
species working in RA pathogenesis (21). 

Eventually, owing to the fact that RA affects 
about 0.5 to 1% of adults which is associated 
with increased morbidity and mortality 
worldwide, it seems important to have a 
deeper insight into RA as a result of an 
imbalance between pro-inflammatory and anti-
inflammatory cytokines to develop newer 
treatment strategies for RA.  

3. Hypothesis 

A great body of literature has been 
documenting the role of inflammation in the 
initiation and development of several 
pathological disorders, as discussed above. 
Steroidal anti-inflammatory drugs 
(corticosteroids) and non steroidal anti-
inflammatory drugs (NSAIDs) have a long and 
illustrious history in managing acute and 
chronic inflammations. Nevertheless, they have 
not been entirely successful in the treatment of 
inflammatory disorders, as one of the major 
issues that have restricted the application of 
these medications in this regard, are their 
undesirable side effects (e.g. osteoporosis and 
peptic ulcer). Consequently, there is a necessity 
to seek for safer anti-inflammatory compounds 
(23).  

In the search for anti-inflammatory agents, 
alternative strategies such as natural products 
are becoming more popular and being used 
extensively by a large number of people. 
Natural products are being ever more 
investigated for their biological activity to 
confirm their role in the prevention and 
treatment of inflammatory diseases. As an 
alternative therapy, extracts of plants have 
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traditionally been a rich source of medicinal 
compounds for the treatment of a wide variety 
of disorders including acute and chronic 
inflammatory ones (24,25). 

The MC is one of the most popular single 
ingredient herbal teas, or tisanes (1). 
Traditionally, flowering parts of MC have been 
used both internally and externally to alleviate 
and even to cure several disorders, particularly 
those related to inflammatory processes (2). 
The authors would like to postulate a role for 
MC as a pain reliever in RA which could be 
attributed to its flavonoids and essential oil. 
Apigein, lutelin, and quercetin are the main 
flavonoids in the MC extract. Nicholas et al. 
have shown that apigeinin produces anti-
inflammatory effects by inactivation of NF-κB 
pathway through suppression of p65 
phosphorylation which in turn blocks the 
expression of pro-inflammatory cytokines, like 
interleukin IL 1β, 6 and TNF-α in human 
monocytes (26). This effect regulates 
prostaglandin and NO production and 
suppresses inflammation (13). In rheumatoid 
arthritis, synovial T cells are highly 
differentiated and express a phenotype 
susceptible to apoptosis (27). Fortunately, 
apigenin is an apoptosis inducer in human 
leukemic cells and human hepatoblastoma 
derived cell line Hep G2 (28,29). Besides, 
luteolin, as a natural antioxidant, displays 
excellent free radical scavenging activity and 
cytoprotective properties. Also luteolin 
produces anti-inflammatory effects by 
activation of antioxidative enzymes, 
suppression of the NF-κB pathway and 
inhibition of pro-inflammatory substances. 
Furthermore, luteolin is effective in diminution 
of inflammation through reduction of enhanced 
vascular permeability (9,30). Luteolin and 
quercetin also suppress production of NO and 
PGE2 as well as the expression of iNOS, COX-2, 
TNF-α and IL-6 via blocking NF-κB activation 
pathway (29,31). In addition, it has been 
reported that quercetin is a potent inhibitor of 

human 5-Lipoxygenase (5-LPO) (29). Free 
radical reactions are implicated in numerous 
pathophysiological conditions like RA. 
Chamazulene, the active substance of 
chamomile, inhibits lipid peroxidation via its 
antioxidant activity and blocks chemical 
peroxidation of AA and consequent 
inflammation. Additionally, chamazulene 
inhibits the formation of LTB4 in neutrophilic 
granulocytes (4,5). Another constituent of the 
MC essential oil, En-yne dicycloether, could 
inhibit degranulation of mast cells to prevent 
histamine release and vasodilation (32). 

Based on the previous studies and our 
proposed hypotheses, principle anti-
inflammatory mechanisms of MC have been 
summarized in Table 1. Accordingly, two 
foremost mechanisms could be described for 
the efficacy of MC compounds in RA pain relief. 
The first mechanism is the prevention of NF-κB 
activation and suppression of iNOS and COX-2 
gene expression via apigenin and luteolin. The 
next one is the antioxidant activity of apigenin, 
luteolin and chamazulene which prevent lipid 
peroxidation of AA and subsequent production 
of inflammatory substances. Moreover, 
inhibition of vasodilatation and induction of 
apoptosis might be important mechanisms in 
anti-inflammatory effects of MC in RA. 

In view of these aspects, natural products, 
particularly higher plant species, continue to be 
important sources of medicinal and 
supplementary health products which 
represent a challenge to science due to their 
various properties including chemical diversity, 
synergism to biological activity, and variable 
compositions. Correspondingly, the 
mechanisms mentioned above interfere with 
major inflammation pathways of RA and 
support our hypothesis that herbal 
preparations of MC would be of beneficial in 
alleviating rheumatic pains. Concisely, this issue 
furnishes background for the experiments on 
the associated basic studies for the Matricaria 
chamomilla to confirm the therapeutic 
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potential of this plant in RA. 
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Compound Mechanism Reference 

Apigenin Modulation of NF-κB, IL-6 level 
reduction, antioxidant activity, iNOS 

and COX-2 gene expression 
suppression, apoptosis induction, 5-

LPO inhibition 

10,26,28,33,34 

Luteolin Modulation of NF-κB, vasodilation 
inhibitor, antioxidant activity, iNOS 

and COX-2 gene expression 
suppression, apoptosis induction, 5-

LPO inhibition 

9,31,34 

En-yne 
dicycloether 

Vasodilation inhibitor 32 

Chamazulene Inhibition of LTB4 formation, 
antioxidant activity 

4,5 

Quercetin Modulation of NF-κB, iNOS and COX-
2 gene expression suppression, 

apoptosis induction, 5-LPO 
inhibition,  IL-6 level reduction 

29,33,34 

Table 1: Main anti-inflammatory mechanisms of Matricaria chamomilla 

NF-κB, nuclear factor Kappa B; IL, interleukin; iNOS, inducible nitric oxide synthase; COX-2, 
cyclooxigenase-2; 5-LPO, 5-Lipoxygenase; LTB4, leukotriene B4 

 

 

References 

1. McKay DL, Blumberg JB. A review of the bioactivity and potential health benefits of chamomile tea (Matricaria 
recutita L.). Phytother Res. 2006;20:519-530. 

2. Gardiner P. Complementary, holistic, and integrative medicine: Chamomile. Pediatr Rev. 2007;28:e16-e18. 

3. Ganzera M, Schneider P, Stuppner H. Inhibitory effects of the essential oil of chamomile (Matricaria recutita L.) and 
its major constituents on human cytochrome P450 enzymes. Life Sci. 2006;78:856-861. 

4. Safayhi H, Sabieraj J, Sailer ER, Ammon HPT. Chamazulene: An antioxidant-type inhibitor of leukotriene B4 
formation. Planta Med. 1994;60:410-413. 

5. Rekka EA, Kourounakis AP, Kourounakis PN. Investigation of the effect of Chamazulene on lipid peroxidation and free 
radical processes. Res Commun Mol Pathol Pharmacol. 1996;92:361-364. 

6. Svehliková V, Bennett RN, Mellon FA, Needs PW, Piacente S, Kroon PA, Bao Y. Isolation, identification and stability of 
acylated derivatives of apigenin 7-O-glucoside from chamomile (Chamomilla recutita *L.+ Rauschert). Phytochemistry. 
2004;65:2323-2332. 

7. Avallone R, Zanoli P, Puia G, Kleinschnitz M, Schreier P, Baraldi M. Pharmacological profile of apigenin, a flavonoid 
isolated from Matricaria chamomilla. Biochem Pharmacol. 2000;59:1387-1394. 

8. Ghavimi H, Shayanfar A, Hamedeyazdan S, Shiva A, Garjani A. Chamomile: An ancient pain remedy and a modern 

http://www.abcmed.aiac.org.au/


 
 

  

   http://www.abcmed.aiac.org.au                                                                                                    25 | P a g e  

 
 

Hypothesis Advances in Bioscience & Clinical Medicine 

 

gout relief-A hypothesis. Afr J Pharm Pharmacol. 2012;6:508-511. 

9. Seelinger G, Merfort I, Schempp CM. Anti-oxidant, anti-inflammatory and anti-allergic activities of luteolin. Planta 
Med. 2008;74:1667-1677. 

10. Lee JH, Zhou HY, Cho SY, Kim YS, Lee YS, Jeong CS. Anti-inflammatory mechanisms of apigenin: Inhibition of 
cyclooxygenase-2 expression, adhesion of monocytes to human umbilical vein endothelial cells, and expression of 
cellular adhesion molecules. Arch Pharmacal Res. 2007;30:1319-1327. 

11. Srivastava JK, Gupta S. Extraction, characterization, stability and biological activity of flavonoids isolated from 
chamomile flowers. Mol Cell Pharmacol. 2009;1:138. 

12. Perricone C, Ceccarelli F, Valesini G. An overview on the genetic of rheumatoid arthritis: A never-ending story. 
Autoimmun Rev. 2011;10:599-608. 

13. He Y, Xu H, Liang L, Zhan Z, Yang X, Yu X, Ye Y, Sun L. Antiinflammatory effect of Rho kinase blockade via inhibition of 
NF-kappaB activation in rheumatoid arthritis. Arthritis Rheum. 2008;58:3366-3376. 

14. Filippin LI, Vercelino R, Marroni NP, Xavier RM. Redox signalling and the inflammatory response in rheumatoid 
arthritis. Clin Exp Immunol. 2008;152:415-422. 

15. Ozkan Y, Yardym-Akaydyn S, Sepici A, Keskin E, Sepici V, Simsek B. Oxidative status in rheumatoid arthritis. Clin 
Rheumatol. 2007;26:64-68. 

16. Remans PH, van Oosterhout M, Smeets TJ, Sanders M, Frederiks WM, Reedquist KA, Tak PP, Breedveld FC, van Laar 
JM. Intracellular free radical production in synovial T lymphocytes from patients with rheumatoid arthritis. Arthritis 
Rheum. 2005;52:2003-2009. 

17. Droge W. Free radicals in the physiological control of cell function. Physiol Rev. 2002;82:47-95. 

18. Goldring SR. Pathogenesis of bone erosions in rheumatoid arthritis. Curr Opin Rheumatol. 2002;14:406-410. 

19. Miossec P. An update on the cytokine network in rheumatoid arthritis. Curr Opin Rheumatol. 2004;16:218-222. 

20. McCord JM. Free radicals and inflammation: protection of synovial fluid by superoxide dismutase. Sci. 
1974;185:529-531. 

21. Nochi H, Tomura H, Tobo M, Tanaka N, Sato K, Shinozaki T, Kobayashi T, Takagishi K, Ohta H, Okajima F, Tamoto K. 
Stimulatory role of lysophosphatidic acid in cyclooxygenase-2 induction by synovial fluid of patients with rheumatoid 
arthritis in fibroblast-like synovial cells. J Immunol. 2008;181:5111-5119. 

22. Crofford LJ, Lipsky PE, Brooks P, Abramson SB, Simon LS, van de Putte LB. Basic biology and clinical application of 
specific cyclooxygenase-2 inhibitors. Arthritis Rheum. 2000;43:4-13. 

23. Yoon JH, Baek SJ. Molecular targets of dietary polyphenols with anti-inflammatory properties. Yonsei Med J. 
2005;46:585-596. 

24. Robak J, Gryglewski RJ. Bioactivity of flavonoids. Pol J Pharmacol. 1996;48:555-564. 

25. Russo A, Acquaviva R, Campisi A, Sorrenti V, Di Giacomo C, Virgata G, Barcellona ML, Vanella A. Bioflavonoids as 
antiradicals, antioxidants and DNA cleavage protectors. Cell Biol Toxicol. 2000;16:91-98. 

26. Nicholas C, Batra S, Vargo MA, Voss OH, Gavrilin MA, Wewers MD, Guttridge DC, Grotewold E, Doseff AI. Apigenin 
blocks lipopolysaccharide-induced lethality in vivo and proinflammatory cytokines expression by inactivating NF-
kappaB through the suppression of p65 phosphorylation. J Immunol. 2007;179:7121-7127. 

27. Salmon M, Scheel-Toellner D, Huissoon AP, Pilling D, Shamsadeen N, Hyde H, D'Angeac AD, Bacon PA, Emery P, 
Akbar AN. Inhibition of T cell apoptosis in the rheumatoid synovium. J Clin Invest. 1997;99:439-446. 

28. Chen D, Daniel KG, Chen MS, Kuhn DJ, Landis-Piwowar KR, Dou QP. Dietary flavonoids as proteasome inhibitors and 
apoptosis inducers in human leukemia cells. Biochem Pharmacol. 2005;69:1421-1432. 

29. Xiao ZP, Peng ZY, Peng MJ, Yan WB, Ouyang YZ, Zhu HL. Flavonoids Health Benefits and Their Molecular Mechanism. 
Mini-Rev Med Chem. 2011;11:169-177. 

30. Kim JS, Jobin C. The flavonoid luteolin prevents lipopolysaccharide-induced NF-kappaB signalling and gene 
expression by blocking IkappaB kinase activity in intestinal epithelial cells and bone-marrow derived dendritic cells. 
Immunology. 2005;115:375-387. 

31. Chen CY, Peng WH, Tsai KD, Hsu SL. Luteolin suppresses inflammation-associated gene expression by blocking NF-B 
and AP-1 activation pathway in mouse alveolar macrophages. Life Sci. 2007;81:1602-1614. 

http://www.abcmed.aiac.org.au/


 
 

  

   http://www.abcmed.aiac.org.au                                                                                                    26 | P a g e  

 
 

Hypothesis Advances in Bioscience & Clinical Medicine 

 

32. Miller T, Wittstock U, Lindequist U, Teuscher E. Effects of some components of the essential oil of chamomile, 
Chamomilla recutita, on histamine release from rat mast cells. Planta Med. 1996;62:60-61. 

33. Drummond EM, Harbourne N, Marete E, Martyn D, Jacquier J, O'Riordan D, Gibney ER. Inhibition of 
proinflammatory biomarkers in THP1 macrophages by polyphenols derived from chamomile, meadowsweet and 
willow bark. Phytother Res. 2013;27:588-594. 

34. Marzocchella L, Fantini M, Benvenuto M, Masuelli L, Tresoldi I, Modesti A, Bei R. Dietary flavonoids: molecular 
mechanisms of action as anti- inflammatory agents. Recent Pat Inflamm Allergy Drug Discov. 2011;5:200-220. 

 

http://www.abcmed.aiac.org.au/

