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ABSTRACT 

Obesity is an increasing health concern related to many metabolic disorders, including metabolic syndrome, dia-

betes type 2 and cardiovascular diseases. Many studies suggest that herbal products can be useful dietary supple-

ments for weight management due to the presence of numerous biologically active compounds, including antiox-

idant polyphenols that can counteract obesity-related oxidative stress. In this review we focus on Matricaria cha-

momilla, commonly known as chamomile, and one of the most popular medicinal plants in the world. Thanks to 

a high content of phenolic compounds and essential oils, preparations from chamomile flowers demonstrate a 

number of pharmacological effects, including antioxidant, anti-inflammatory, antimicrobial and sedative actions 

as well as improving gastrointestinal function. Several recent studies have shown certain positive effects of cham-

omile preparations in the prevention of obesity and complications of diabetes. These effects were associated with 

modulation of signaling pathways involving the AMP-activated protein kinase, NF-κB, Nrf2 and PPARγ tran-

scription factors. However, the potential of chamomile in the management of obesity seems to be underestimated. 

This review summarizes current data on the use of chamomile and its individual components (apigenin, luteolin, 

essential oils) to treat obesity and related metabolic disorders in cell and animal models and in human studies. 

Special attention is paid to molecular mechanisms that can be involved in the anti-obesity effects of chamomile 

preparations. Limitation of chamomile usage is also analyzed.   
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Abbreviations: 

AMPK 5' adenosine monophosphate-activated pro-

tein kinase 

AP-1 activator protein-1 

FOXO1 forkhead box O protein 1 

GLUT-4 glucose transporter type 4 

HFD high fat diet 

FFAs free fatty acids 

LDL low density lipoproteins 

NF-κB nuclear factor-κB 

Nrf2 nuclear factor erythroid 2 related factor 2 

PPARγ  peroxisome proliferator-activated receptor 

gamma 

ROS reactive oxygen species 

mailto:maria.bayliak@pnu.edu.ua
http://dx.doi.org/10.17179/excli2021-4013
http://dx.doi.org/10.17179/excli2021-4013
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-6268-8910
https://orcid.org/0000-0001-9467-1267
https://orcid.org/0000-0003-2585-7281
https://orcid.org/0000-0002-1549-3755
https://orcid.org/0000-0002-7363-1853
https://orcid.org/0000-0001-5602-3330


EXCLI Journal 2021;20:1261-1286 – ISSN 1611-2156 

Received: June 21, 2021, accepted: July 21, 2021, published: July 26, 2021 

 

 

1262 

STZ streptozotocin 

TAG triacylglycerides 

TNFα tumor necrosis factor alpha 

 

 

 

INTRODUCTION 

Obesity is a non-infectious chronic meta-

bolic disorder that has become a medical and 

social issue of 21st century (Bray et al., 2017). 

Intensive fat accumulation is accompanied by 

inflammation and oxidative stress in adipose 

tissue which further aggravate metabolic dis-

turbances and provoke obesity-related cardio-

vascular, cerebrovascular and metabolic com-

plications (Fernández-Sánchez et al., 2011; 

Kanda et al., 2011; Matsuda and Shimomura, 

2013; Catrysse and van Loo, 2017; Bayliak 

and Abrat, 2020). Metabolic alterations in-

clude increased levels of blood triacylglyce-

ride (TAG), cholesterol and low-density lipo-

proteins with decreased levels of high-density 

lipoproteins, hypertension and impaired glu-

cose tolerance. These signs together charac-

terize metabolic syndrome, which is currently 

considered as a chronic metabolic disease 

causing increased risk of concomitant pathol-

ogies including insulin resistance, diabetes 2 

type and liver disease (Grundy, 2004; 

Laclaustra et al., 2007; Saklayen, 2018).  

Global anti-obesity strategies are focused 

on dietary and lifestyle changes, i.e., change 

the energy balance so that calories spent pre-

vail over calories consumed along with an in-

crease in physical activity (Mehta et al., 

2021). Natural product-based drug interven-

tions are also considered to be an important 

approach for obesity management (González-

Castejón et al., 2011; Mehta et al., 2021). Var-

ious dietary bioactive compounds can be use-

ful in the prevention of obesity-associated 

metabolic disorders via targeting of digestion 

processes, different stages of adipocyte pro-

liferation and differentiation, and molecular 

and metabolic pathways related to obesity 

(González-Castejón et al., 2011). 

Matricaria chamomilla (synonym: Matri-

caria recutita), commonly known as chamo-

mile, is one of the most popular medicinal 

plants in the world (Singh et al., 2011; Sri-

vastava et al., 2010; Raal et al., 2012). Prepa-

rations from chamomile flowers have antiox-

idant, anti-inflammatory, antiseptic, antispas-

modic and sedative effects (McKay and 

Blumberg, 2006; European Medicines 

Agency, 2015), and contain a number of bio-

logically active compounds, including essen-

tial oils (e.g. chamazulene, α-bisabolol and 

spiroethers) and phenolic compounds – phe-

nolic acids, coumarins and flavonoids (Muli-

nacci et al., 2000; McKay and Blumberg, 

2006; Haghi et al., 2014).  

In vitro and in vivo studies have shown 

that polyphenols have protective effects 

against oxidative stress-related diseases, in-

cluding metabolic syndrome and obesity 

(Zang et al., 2006; Zhang et al., 2015; Pallauf 

et al., 2017; Gómez-Zorita et al., 2017; Kwon 

and Choi, 2018; Gentile et al., 2018a). In line 

with this, chamomile extracts were found to 

protect against oxidative damage associated 

with obesity (Jabri et al., 2016, 2020; Ze-

mestani et al., 2016). The antioxidant effects 

seem to attribute not only phenolic com-

pounds but also to essential oils (Querio et al., 

2018). Modulation of signaling pathways re-

lated to energy metabolism, inflammation, 

stress responses and adipogenesis were also 

found under treatment with chamomile ex-

tracts or its individual components (Weidner 

et al., 2013; Pallauf et al., 2017; Lu et al., 

2019; Ma et al., 2020). Some studies report 

that chamomile inhibits carbohydrate diges-

tion and glucose absorption in the intestine 

(Villa-Rodriguez et al., 2018; de Franco et al., 

2020). In addition, chamomile extract and its 

individual flavonoids show hypoglycemic 

and hypocholestrolemic effects (Panda and 

Kar, 2007; Kato et al., 2008; Najla et al., 

2012; Zhang et al., 2016a; Zemestani et al., 

2016). Thus, chamomile might be a poten-

tially effective anti-obesity agent and remedy 

for metabolic syndrome treatment. In this pa-

per, current data on the anti-obesity potential 

of chamomile and its individual compounds 

are summarized with analysis of potential 

https://www.sciencedirect.com/science/article/pii/S1043661811002179?via%3Dihub#bib0095
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mechanisms of protective action of therapeu-

tically interesting active compounds isolated 

from chamomile flowers.  

 

OBESITY AND METABOLIC  

SYNDROME 

Causes and complications 

Obesity is a metabolic condition charac-

terized by an excess of fat in the subcutaneous 

tissue and other tissues of the body, which oc-

curs when food/energy intake exceeds 

food/energy utilization. Excessive caloric in-

take combined with low physical activity are 

considered to be the  main cause of obesity 

worldwide (Bray et al., 2017; Bayliak et al., 

2019). Both adults and children can develop 

obesity, but preschool and adolescence peri-

ods are thought to be at the highest risk of 

obesity development (Dereń et al., 2018). 

Generally, an etiology of obesity may be both 

genetic and acquired (Laclaustra et al., 2007; 

Vaiserman et al., 2018; Bayliak et al., 2019). 

The amount of fat in the body is controlled 

by two parallel processes – lipogenesis and li-

polysis. When lipogenesis is balanced with li-

polysis, the body maintains a constant fat 

mass. Overweight is developed when lipogen-

esis dominates over lipolysis, that leads to ex-

cessive fat accumulation in the adipose tissue 

(Laclaustra et al., 2007; Bray et al., 2017; 

Bayliak et al., 2019). In mammals, there are 

two types of adipose tissue, namely brown 

and white one. Brown adipose tissue predom-

inates in newborns and functions to dissipate 

energy in the form of heat by uncoupling the 

mitochondrial respiratory electron transport 

chain from oxidative phosphorylation result-

ing in the production of heat instead of ATP 

(Van Eenige et al., 2018). White adipose tis-

sue is the main tissue accumulating storage 

fats in the form of triacylglycerides (TAG). 

White adipose tissue is found in subcutaneous 

and visceral compartments with the latter be-

ing an important endocrine organ producing 

various hormones involved in the regulation 

of satiety, insulin sensitivity and inflamma-

tion (Trayhurn and Wood, 2004; Coelho et al., 

2013; Bayliak and Abrat, 2020).  

Overweight and obesity lead to a number 

of metabolic complications collectively 

called as metabolic syndrome. Clinical diag-

nosis of metabolic syndrome includes fea-

tures as follows: increased waist circumfer-

ence or so-called abdominal obesity, reduced 

high density lipoprotein level (or “good” cho-

lesterol), elevated blood pressure, and in-

creased blood glucose and TAG levels 

(Grundy, 2004; Saklayen, 2018). When pa-

tients have three or more of these signs, they 

are diagnosed with metabolic syndrome (Sak-

layen, 2018). It should be noted that there is 

debate about causal relationship between obe-

sity and metabolic syndrome: whether obesity 

is a factor leading to metabolic syndrome or 

the syndrome causes obesity. Nevertheless, 

research suggests that excessive fat accumu-

lation, especially in visceral tissue, increases 

the risk of metabolic syndrome and its various 

complications, including fatty liver, pro-in-

flammatory state and oxidative stress, hyper-

tension, dyslipidemia, atherosclerosis, insulin 

resistance and type 2 diabetes (Grundy, 2004; 

Laclaustra et al., 2007; Matsuda and Shimo-

mura, 2013; Gastaldelli et al., 2017; Marušić 

et al., 2021; Bayliak and Abrat, 2020).  

 

Short overview of molecular mechanisms of 

obesity and related metabolic complications  

Excessive food consumption can lead to 

excess nutrients being deposited in adipose 

tissue in the form of storage lipids, TAG (Fi-

gure 1). Insulin acts on adipose tissue by sti-

mulating of glucose uptake and TAG synthe-

sis with simultaneous suppression of TAG hy-

drolysis. Fat accumulation is accompanied by 

adipocyte enlargement up to 10 times in vo-

lume. Hypertrophied adipose tissue secretes 

different active compounds known collec-

tively as adipokines that include chemokines, 

pro-inflammatory cytokines, and molecules 

acting as appetite regulators (leptin), insulin 

sensitizers and atheroprotectors (adiponectin) 

(Coelho et al., 2013; Smith and Kahn, 2016). 

In this group, only adiponectin is “a good 

guy” since it acts to prevent atherosclerotic 

vascular changes, but its synthesis is gradu-

ally decreased with obesity progression (Coel-
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Figure 1: Mechanisms of development of obesity and metabolic syndrome 
Chronic excessive energy intake especially in combination with low physical activity results in a positive 
energy balance that may increase insulin production with stimulation of lipogenesis in visceral white 
adipose tissue. Adipose tissue primarily responds to the higher demand for energy storage by increasing 
the size of adipocytes leading to adipocyte hypertrophy. As a first step, adipocytes produce higher ROS 
levels due to stimulation of glucose oxidation via mitochondrial respiration. Increased ROS levels induce 
activation of adipose AP-1 transcription factor, a regulator of adipose cell proliferation and differentiation, 
and NF-κB transcription factor, which trigger an acute inflammation response followed by releasing pro-
inflammatory mediators, including interleukins (IL-6, IL-1β), TNF-α and MCP-1. The latter mediates mac-
rophage infiltration in adipose tissue. Recruited macrophages produce high levels of ROS as a part of 
their protective function resulting in intensification of oxidative stress which further stimulates inflamma-
tion processes, forming a vicious cycle. Both chronic oxidative stress and inflammation lead to metabolic 
complications. NF-κB acts as a negative regulator of peroxisome proliferator activated receptor gamma 
PPARγ, which regulates expression of anti-inflammatory mediators and adiponectin. Adiponectin sen-
sitizes adipocytes to insulin and stimulates lipogenesis. In the hypertrophied adipocytes, synthesis of 
adiponectin is decreased and that impairs the insulin signaling and stimulates lipolysis with the release 
of free fatty acids (FFAs) into the bloodstream. FFAs are adsorbed by liver and muscle causing a de-
crease in insulin sensitivity of these tissues. As a result, blood glucose level increases. Activated gluco-
neogenesis in insulin-insensitive liver also contributes to hyperglycemia. Liver increases synthesis and 
accumulation of triacylglycerols (TAG) that impairs its function and provokes atherogenic blood 
dyslipidemia. Together these processes characterize metabolic syndrome development. 

 

 

ho et al., 2013). Altered insulin sensitivity de-

creases levels of the major insulin-regulated 

glucose transporter, GLUT4, in the cell mem-

brane of adipocytes and activates hormone 

sensitive lipase in adipocytes (Goldberg, 

1996). This, in turn, reduces adipose tissue 

glucose uptake and de novo lipogenesis and 

stimulates lipolysis (Smith and Kahn, 2016). 

The plasma concentration of free fatty acids 

(FFAs) increases via lipolysis in adipose tis-

sue, especially from visceral fat (Langin et al., 

2006).  

Circulating FFAs are accumulated ectopi-

cally in insulin-sensitive tissues and impair 

insulin action (Morigny et al., 2016). In mus-

cle, increased diacylglycerol levels were 

shown to stimulate phosphorylation of the 

serine residues in insulin receptors leading to 
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muscle insensitivity to insulin and suppres-

sion of the insulin signaling pathway (Shul-

man, 2000). In liver, excess FFAs leads to en-

hanced TAG synthesis that provokes insulin 

resistance as found in muscles. Increased glu-

coneogenesis and elevated production of glu-

cose are consequences of reduced insulin ef-

fects in the liver. As the result, liver releases 

more glucose into circulation but due to insu-

lin-insensitivity of muscle it increases blood 

glucose level (Morigny et al., 2016; Marušić 

et al., 2021). Hyperglycemia is a clinical sign 

of insulin dysfunction (Grundy, 2004; 

Morigny et al., 2016). To combat hyperglyce-

mia, the pancreas secretes more insulin but 

this does not rescue the situation. Intense 

TAG biosynthesis with concomitantly sup-

pressed lipogenesis impairs liver functions 

and causes blood atherogenic dyslipidemia 

(Grundy, 2004; Marušić et al., 2021). 

Macrophage count is also increased in hy-

pertrophied adipose tissue. Increased levels of 

FFAs, cholesterol, and bacterial lipopolysac-

charide (LPS) are well-known inductors of 

macrophage recruitment. Activated macro-

phages secrete cytokines and chemokines, 

such as MCP-1, which, in turn, augment the 

recruitment of more monocytes and other leu-

kocytes into adipose tissue (Coelho et al., 

2013). Increased production of pro-inflamma-

tory cytokines such as tumor necrosis factor 

alpha (TNF-α) and interleukins 1β (IL-1β) 

and 6 (IL-6) leads to a low-grade chronic sys-

temic inflammation in adipose tissue and 

other peripheral tissues (Catrysse et al., 2017; 

Bayliak and Abrat, 2020).  

Inflammation increases production of re-

active oxygen species (ROS) by macrophages 

as a part of the immune response (Matsuda 

and Shimomura, 2013). Overloading of mito-

chondria with energy substrates and activa-

tion of adipose NADPH oxidase also contrib-

ute to enhanced ROS production followed by 

oxidative stress development in enlarged adi-

pocytes (Fernández-Sánchez et al., 2011; 

Kanda et al., 2011; Matsuda and Shimomura, 

2013). Experimental data show that enhanced 

ROS levels stimulate proliferation of pre-adi-

pocytes and increase the size of differentiated 

adipocytes (Kanda et al., 2011). High blood 

glucose increases glucose autoxidation and 

non-enzymatic glycosylation of proteins and 

nucleic acids; reactive carbonyl species 

formed by these processes aggravate oxida-

tive damage (Masania et al., 2016; Sem-

chyshyn, 2014, 2021; Garaschuk et al., 2018). 

Increased levels of products of lipid peroxida-

tion, protein and DNA oxidation are observed 

in blood and adipose tissue of obese patients 

and mice (Furukawa et al., 2004; Tinahones 

et al., 2009). Oxidized low-density lipopro-

teins elicit a strong activation of the nuclear 

receptor peroxisome proliferator-activated re-

ceptor gamma (PPARγ) (Nagy et al., 1998; 

Zhong et al., 2015), that is one of the main 

regulators of adipogenesis and lipid storage 

(Ma et al., 2018; Guo et al., 2020). Under dif-

ferent stimuli or pathological conditions, 

PPARγ is able to form distinct transcription 

complexes with different cofactors and tran-

scription partners to express pleiotropic or 

even opposite effects (Ma et al., 2018; Her-

nandez-Quiles et al., 2021). In white adipose 

tissue, activated PPARγ induces an adipo-

genic program via increasing expression of li-

pogenic genes including genes encoding fatty 

acid synthase and cluster of differentiation 36 

(CD36) protein, a transmembrane transporter 

of long chain fatty acids (Ma et al., 2018; Ma-

réchal et al., 2018; Yu et al., 2021). Thus, 

PPARγ lowers circulating FFA levels and 

ameliorates lipotoxicity. At the same time, 

PPARγ enhances insulin sensitivity in adi-

pose and muscle via production of adiponec-

tin which improves glucose utilization, re-

duces levels of inflammatory cytokines and 

lowers the intensity of oxidative stress (Du-

bois et al., 2017; Yanai and Yoshida, 2019).    

Obesity-related increments in ROS pro-

duction leads to activation of several redox-

sensitive transcriptional regulators, including 

the nuclear factor-κB (NF-κB), activator pro-

tein-1 (AP-1), nuclear factor erythroid 2 re-

lated factor 2 (Nrf2), and FOXO1 (forkhead 

box O protein 1) (Fernández-Sánchez et al., 

2011; Klotz et al., 2015; Bayliak et al., 2019; 

Bayliak and Abrat, 2020; Lushchak, 2021). 

NF-κB and AP-1 induce pro-inflammatory 
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cytokine synthesis and release (Catrysse et al., 

2017; Fernández-Sánchez et al., 2011; 

Bayliak et al., 2019), whereas Nrf2 and 

FOXO1 are involved in the activation of anti-

oxidant defense and regulation of adipocyte 

differentiation (Klotz et al., 2015; Bayliak et 

al., 2019; Lushchak, 2021). Сhronic oxidative 

stress leads to depletion of antioxidant de-

fenses and activation of a pro-adipogenic pro-

gram (Klotz et al., 2015; Bayliak et al., 2019). 

Generally, chronic oxidative stress and re-

lated chronic inflammation seem to be the two 

main interconnecting players in obesity-re-

lated metabolic complications. 

 

OVERVIEW OF TRADITIONAL AND 

CURRENT MEDICAL USE OF  

CHAMOMILE  

Chamomile is an annual plant from the 

family Asteraceae or Compositae that origi-

nates from Southern and Eastern Europe. This 

herbaceous plant is characterized by a 

branched erect stem with long and slender 

leaves and paniculated flower heads consist-

ing of white ray florets and yellow disc flo-

rets. Chamomile flowers possess a broad 

range of pharmaceutical and pharmacological 

properties due to which the plant has been in-

cluded into the pharmacopoeia of 26 countries 

(Singh et al., 2011). In folk medicine, chamo-

mile is used to treat digestion, gynecological 

and skin problems, eye and mouth infections 

and is also used as a sedative and analgetic 

remedy (Singh et al., 2011; Srivastava et al., 

2010). Chamomile essential oils are widely 

used in cosmetology, aromatherapy and even 

perfumery (Singh et al., 2011). Numerous in 

vitro and in vivo studies have demonstrated 

wound healing, anti-inflammatory, and anti-

microbial properties of chamomile prepara-

tions. Beneficial effects of chamomile for di-

gestion problems and nervous system func-

tioning were also established (McKay and 

Blumberg, 2006; Sharifi-Rad et al., 2018). In 

particular, chamomile preparations are rec-

ommended for stress and mental disorders, in-

somnia, anxiety and hysteria (Amsterdam et 

al., 2009; Mao et al., 2016). 

The most commonly used forms of herbal 

preparations from chamomile flowers are wa-

ter decoctions and liquid water-ethanol ex-

tracts, while dried extracts in tablet form or as 

a supplement to creams are used less fre-

quently (European Medicines Agency, 2015). 

Hot water and alcohol (ethanol or methanol) 

are the most often used solvents for extraction 

of biologically active substances from cham-

omile flowers. There are standardized cham-

omile preparations containing defined con-

centrations of marked substances (e.g., api-

genin in the concentration of 1.2 %), and non-

standardized preparations such as teas or de-

coctions which contain almost no free apig-

enin, but contain apigenin glycosides (Sri-

vastava et al., 2010). Herewith, the medicinal 

properties and chemical composition of 

chamomile preparations significantly depend 

on the cultivation conditions of the plant 

(Singh et al., 2011; Raal et al., 2012).  

 

CHEMICAL COMPOSITION OF 

CHAMOMILE FLOWERS  

Over 100 compounds have been identified 

in chamomile herb. Chamomile flowers con-

tain essential oils and other terpenes, phenolic 

compounds (flavonoids, coumarins, and phe-

nolic acids), organic acids, polysaccharides, 

sterols and mineral compounds (McKay and 

Blumberg, 2006; European Medicines 

Agency, 2015) (Figure 2). The content of dif-

ferent compounds in the plant depends on ge-

netic, ontogenetic and environmental factors 

(Raal et al., 2012; Ghasemi et al., 2016). 

Dried chamomile flowers contain up to 2 % 

of essential oils (McKay and Blumberg, 

2006), up to 50 % of phenolic substances 

(Haghi et al., 2014), and 10-26 % of minerals 

among which K, Ca, Mg are present in the 

highest concentrations (McKay and Blum-

berg, 2006). Other organic acids and polysac-

charides make up to 10 % of dry flower mass 

(McKay and Blumberg, 2006). Among ster-

ols, stigmasterol and β-sitosterol were isolated
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Figure 2: The main constituents of chamomile flowers 

 

 

from chamomile flowers (Ahmad and Misra, 

1997). 

The main components of essential oils are 

sequiterpenes and spiroethers. Sequiterpenes 

include mainly azulenes (1-15 %) with 

chamazulene being the most abundant, α-

bisabolol and its oxides (up to 78 %), and 

trans-β-farnesene (12-28 %) (Kazemi, 2015; 

Stanojevic et al., 2016). Flowers also contain 

non-violate proazulenes (sesquiterpene lac-

tones) like matricin (0.03-0.20 %) and matri-

carin, that can be partially converted during 

steam distillation into violate chamazulene of 

blue color (Capuzzo et al., 2014; European 

Medicines Agency, 2015; Ghasemi et al., 

2016). Bisabolol, a monocyclic sequiterpene 

alcohol, and bisabol oxides A-D are main 

constituents providing the aroma of essential 

oils (Sharifi-Rad et al., 2018). Bisabolol is 

present in other plants but in chamomile its 

amounts are the highest (Fernandes et al., 

2019). Trans-β-farnesene is involved in 

chemical communication between plants and 

protects chamomile from pests (Su et al., 

2015). Chamomile spiroethers are presented 

by cis- and trans-en-in-dicycloethers (up to 

20 %) (Redaelli et al., 1981; McKay and 

Blumberg, 2006). Spiroethers are lipophilic 

compounds and are important for the quality 

assessment of chamomile and chamomile ex-

tracts, but they are easily decomposed, espe-

cially by heating (Redaelli et al., 1981). Minor 

components of essential oils include α- and β-

caryophyllene, caryophyllene-oxide, spathu-

lenol, and some monoterpenes like β-phellan-
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drene, limonene, β-ocimene, γ-terpinen, cam-

phene, sabinene, limonene, 1,8-cineole, cam-

phor, α-pinene, etc. (Kazemi, 2015; Stano-

jevic et al., 2016; Sharifi-Rad et al., 2018). 

Flavonoids and their glycosides, couma-

rins and phenolic acids are the main groups of 

phenolic compounds in chamomile flowers 

(Mulinacci et al., 2000; Singh et al., 2011; Vi-

apiana et al., 2016). The flavonoid group (up 

to 6 %) includes naringenin (flavanone), 

quercetin and rutin (flavonols), luteolin and 

luteolin-7-O-glucoside (flavones), apigenin 

and apigenin-7-O-glucoside (Singh et al., 

2011; Haghi et al., 2014; European Medicines 

Agency, 2015). The latter is present in high 

amounts (up to 17 % of total flavonoids) and 

is used for standardization of chamomile 

preparations (Miguel et al., 2015). The tannin 

content in chamomile is less than 1 % (Singh 

et al., 2011). The coumarins (up to 0.1 %) are 

mainly represented by herniarin and umbelli-

ferone (in a ratio of 1: 5) (Redaelli et al., 1981; 

Kotov et al., 1991), whereas chlorogenic, caf-

feic and ferulic acids are major phenolic acids 

in chamomile flowers (Viapiana et al., 2016).  

 

PHARMACOLOGICAL EFFECTS OF 

CHAMOMILE PREPARATIONS  

The main biological and pharmacological 

properties of chamomile include antioxidant 

(Cemek et al., 2008; Capuzzo et al., 2014; Ko-

lodziejczyk-Czepas et al., 2015; Stanojevic et 

al., 2016; Jabri et al., 2017, 2020), anti-in-

flammatory (Bhaskaran et al., 2010; Miguel 

et al., 2015; Cavalcante et al., 2020), antimi-

crobial (Kazemi, 2015; Stanojevic et al., 

2016), antispasmodic (Albrecht et al., 2014; 

Gentile et al., 2018b) and sedative (Amster-

dam et al., 2009) activities.  

The antioxidant properties of chamomile 

are attributed mainly to its phenolic sub-

stances especially flavonoids (apigenin, lute-

olin, quercetin, etc.) and their glycosides 

(McKay and Blumberg, 2006; de Franco et 

al., 2020), although chamomile essential oils 

also possess antioxidant activity (Capuzzo et 

al., 2014; Stanojevic et al., 2016; Wang et al., 

2020b). Due to the presence of active hy-

droxyl groups, phenols can serve as donors of 

electrons and scavenge free radicals and re-

duce oxidized biomolecules. Phenols with 

higher numbers of hydroxyl groups have 

greater electron donor activity and, respec-

tively, higher antioxidant properties (Foti, 

2007). In glycosylated form, phenolic com-

pounds usually exhibit lower antioxidant ac-

tivity (de Franco et al., 2020). The chamomile 

coumarins, herniarin and umbelliferone, be-

ing phenolic substances also have an ability to 

quench electron exciting molecules, in partic-

ular those formed by ultraviolet light. Due to 

the ability of coumarins to strongly absorb ul-

traviolet rays, chamomile extracts are used in 

the cosmetic field for skin defense (Molnar et 

al., 2017). It is possible that recorded in vivo 

antioxidant effects of phenolic substances are 

also connected with their effects as weak 

prooxidants due to which they up-regulate ex-

pression of Nrf2-controlled antioxidant en-

zymes (Lushchak, 2021). 

The anti-inflammatory effects of chamo-

mile preparations or their isolated compounds 

have been identified in studies of multiple ex-

perimental models (Miguel et al., 2015; Wang 

et al., 2020a; Cavalcante et al., 2020) and 

when used to treat various diseases associated 

with the development and progression of in-

flammatory processes (Jabri et al., 2020; 

Wang et al., 2020a). For example, treatment 

of macrophages with lipopolysaccharide 

(LPS) from Escherichia coli is a well-estab-

lished experimental system for studies of in-

flammation and stimulates a range of signal-

ing pathways, including NF-κB-mediated sig-

naling that enhances the transcription of 

mRNA encoding pro-inflammatory cytokines 

such as IL-1β, IL-6, TNF-α (Tanaka et al., 

2014). The incubation of macrophages with 

LPS in the presence of polyphenol-rich cham-

omile extracts or apigenin-7-O-glucoside de-

creased production of pro-inflammatory cyto-

kines IL-1β, IL-6 and TNF-α (Drummond et 

al., 2013; Miguel et al., 2015). Apigenin-7-O-

glucoside also had strong inhibitory effects on 

LPS-induced NF-κB/NLRP3/caspase-1 sig-

naling in macrophage RAW246.7 cells 

(Wang et al., 2020a). Moreover, apigenin-7-
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O-glucoside was found to suppress LPS-in-

duced mRNA expression of iNOS and cy-

clooxygenase-2 (COX-2), lowering release of 

inflammatory mediators, •NO and prostaglan-

din E2 (PGE2) (Hu et al., 2016). Such effects 

are likely to be due to blocking the activation 

of the pro-inflammatory signaling cascade 

mediated by NF-κB (Kim et al., 2011; 

Bhaskaran et al., 2010; Ma et al., 2020). In ad-

dition to flavonoids, components of essential 

oils like bisabolol, chamazulene and farne-

sene were shown to possess anti-inflamma-

tory properties (Cavalcante et al., 2020; Wang 

et al., 2020b).  

 

СHAMOMILE IN THE MANAGEMENT 

OF METABOLIC SYNDROME AND 

OBESITY 

Anti-hyperglycemic and anti-hyperlipidemic 

effects of whole chamomile extracts  

Administration of ethanolic extract from 

chamomile flowers decreased postprandial 

hyperglycemia and oxidative stress intensity 

and augmented the antioxidant system in rats 

with streptozotocin (STZ)-induced diabetes 

(Table 1). As a result, the extract exhibited a 

strong antihyperglycemic effect and protected 

beta-cells of pancreas against ROS in diabetic 

rats (Cemek et al., 2008). Chamomile hot wa-

ter extract (chamomile tea) showed moderate 

suppression of hyperglycemia in a sucrose-

loading test and a STZ-induced rat diabetes 

model (Kato et al., 2008). In addition, cham-

omile water extract reduced the elevated fast-

ing blood glucose in STZ-induced diabetic 

rats (Najla et al., 2012). 

Aqueous chamomile extracts reduced se-

rum cholesterol levels in hyperlipidemic rats 

but had no effect on serum triacylglyceride 

levels (Al-Jubouri et al., 1990). Another study 

showed that chamomile decoction extract pre-

vented the increase in body mass, oxidative 

stress development in liver and kidney, and 

disturbances in blood lipid profile in rats fed 

with high fat diet (Jabri et al., 2017). Neuro-

protective effects of chamomile decoction 

were also observed in rats on a high fat diet 

(Jabri et al., 2020). Feeding with high fat diet 

induced the anxiogenic-like symptoms, in-

flammation and ROS production in rat brain, 

and these changes were alleviated by admin-

istering of chamomile extract (Jabri et al., 

2020). These findings together confirm poten-

tial anti-obesity and anti-lipidemic properties 

of chamomile preparations. 

Some studies suggest that chamomile 

preparations can prevent metabolic overload 

effects of high glucose or fructose diets by at-

tenuating their absorption through inhibition 

of carbohydrate-digestive enzymes and hex-

ose transporters in the intestine (Villa-Rodri-

guez et al., 2018). The inhibition of key en-

zymes involved in gluconeogenesis and gly-

cogenolysis as well as stimulation of glucose 

utilization (mostly in muscle and adipose tis-

sue) is considered to contribute to chamomile-

induced changes of blood glucose levels 

(Kato et al., 2008; Rafraf et al., 2015; Ze-

mestani et al., 2016). Apigenin, apigenin-7-

O-glucoside, and (Z) and (E)-2-hydroxy-4-

methoxycinnamic acid glucosides were iden-

tified as the most active polyphenols in cham-

omile flowers that may modulate carbohy-

drate digestion and absorption in vitro as as-

sessed by inhibition of activities of α-amylase 

and maltase (Villa-Rodriguez et al., 2018).  

The treatment of insulin-resistant high-fat 

diet fed C57BL/6 mice with chamomile etha-

nol extract considerably reduced insulin re-

sistance, glucose intolerance, and levels of 

plasma TAG, non-esterified fatty acids and 

low density cholesterol (Weidner et al., 

2013). Chamomile improves insulin sensiti-

vity via affecting the peroxisome proliferator-

activated receptor (PPAR) family, a group of 

transcription factors that participate in glu-

cose and lipid homeostasis. Modulation of 

PPARs is commonly used for insulin re-

sistance and dyslipidemia treatment (Dubois 

et al., 2017). Chamomile extract was shown 

to activate the nuclear receptor PPARγ in hu-

man primary adipocytes leading to specific 

expression of PPARγ target genes (Weidner 

et al., 2013).  

Administration with chamomile tea re-

duced body mass gain, fasting and postpran-
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dial blood glucose levels and levels of gly-

cated hemoglobin in alloxan-induced diabetic 

rats, and these results were comparable with 

glibenclamide used as an anti-diabetic stand-

ard (Khan et al., 2014). A single-blind ran-

domized controlled clinical trial carried out 

with 64 individuals with type 2 diabetes 

(males and females) showed that chamomile 

tea consumed three times per day signifi-

cantly decreased concentrations of glycated 

hemoglobin and serum insulin, total choles-

terol, triacylglyceride and low-density lipo-

protein cholesterol (Rafraf et al., 2015). Pa-

tients also showed decreased serum 

malondialdehyde levels and higher serum to-

tal antioxidant capacity as compared with the 

control group (Zemestani et al., 2015). Such 

effects might be associated with reduction of 

insulin resistance. 

Effects of individual chamomile constitu-

ents  

In this part of the paper, we analyze anti-

obesity and anti-diabetic effects of some 

chamomile constituents – the flavonoids apig-

enin and luteolin and the sesquiterpenes α-

bisabolol and chamazulene. Сhamomile flow-

ers contain other important compounds like 

quercetin or ferulic acid but they are analyzed 

in detail elsewhere (Pérez-Torres et al., 2021).  

 

Apigenin 

Marker compounds of chamomile prepa-

rations apigenin and its glycoside apigenin-7-

O-glucoside have been well-studied for their 

antioxidant, anti-inflammatory and antimi-

crobial effects (Gentile et al., 2018b; Wang et 

al., 2019; Salehi et al., 2019). In addition, re-

cent studies demonstrated effectiveness of 

apigenin in the prevention and treatment of 

obesity-related metabolic complications 

(Feng et al., 2017; Gentile et al., 2018b; Yang 

et al., 2018; Lv et al., 2019) (Table 1). 

 
Table 1: In vivo anti-obesity and anti-diabetic activities of whole chamomile flower extracts and apigenin, 
one of the main chamomile compounds 

Experimental 
conditions 

Type and 
dose of 

chamomile 
preparations  

Dura-
tion 

Observed 
phenotype and metabolic  

characteristics 

Refe-
rence 

Whole chamomile extract 

STZ-induced 
diabetes in 
Wistar rats 

Ethanolic ex-
tract – 20, 50 
and 100 
mg/kg b.w.  

14 days Decrease in postprandial blood glucose; 
increase in non-enzymatic antioxidants 
(GSH, β-carotene) and decrease in 
MDA levels in plasma 

Cemek et 
al., 2008 

STZ-induced 
diabetes in 
Wistar rats 

Water extract 
– 500 mg/kg 
b.w.  

21 days Decrease in postprandial blood glucose; 
increase in liver glycogen level and inhi-
bition of glycogen-degrading enzymes 

Kato et 
al., 2008 

STZ-induced 
diabetes in al-
bino rats 

Water extract 
– 200 mg/kg 
b.w. 

21 days Decrease in fasting blood glucose, AST, 
ALT, and ALP activities, and levels of 
urea, creatinine, uric acid, TAG and 
LDL; prevention of liver steatosis and 
kidney injury 

Najla et 
al., 2012 

Hyperlipidemic 
Wistar rats 

Water extract 
– 4 mg/kg b.w. 

10 days Decrease in serum TC; no effects on se-
rum TAG levels 

Al-Jubouri 
et al., 
1990 

HFD-fed  
Wistar rats  

Water extract 
– 100 mg/kg 
b.w. 

6 weeks Prevention of body weight gain; de-
crease in levels of serum TAG, TC, LPL, 
urea and creatinine, ALT and AST; de-
crease in MDA levels, increase in anti-
oxidant enzyme activity (SOD, catalase, 
GPx) and GSH levels in the liver and 
kidney 

Jabri et 
al., 2017 
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HFD-fed 
Wistar rats 

Water extract 
– 100 mg/kg 
b.w. 

6 weeks Decrease in acetylcholinesterase activ-
ity, increase in SOD, catalase and GPx 
activities and GSH levels; decrease in 
inflammation (reduced levels of IL-1β 
and IL-6) in the brain  

Jabri et 
al., 2020 

Insulin-re-
sistant HFD-
fed C57BL/6 
mice  

Ethanolic ex-
tract – 200 
mg/kg b.w. 

6 weeks Decrease in insulin resistance, glucose 
intolerance, plasma TAG, FFAs and LDL 
levels 

Weidner 
et al., 
2013 

Healthy HFD-
fed C57BL/6 
mice 

Ethanolic ex-
tract – 200 
mg/kg b.w. 

20 
weeks 

Prevention of fatty liver formation and 
hepatic inflammation; decrease in 
HOMA-IR index, plasma FFAs and ALT, 
liver TAG and TNF-α, decrease in ex-
pression of genes involved in inflamma-
tion and macrophage infiltration 

Weidner 
et al., 
2013 

Alloxan-in-
duced diabetic 
Wistar rats 

Chamomile 
tea, ad libitum 

7, 30 
and 60 
days 

Decrease in fasting blood glucose, post-
prandial blood glucose, and glycated he-
moglobin HbA1C 

Khan et 
al., 2014 

64 patients 
with T2DM 

Chamomile 
tea (3 g/150 
ml hot water) 
three times 
per day 

8 weeks Decrease in HOMA-IR index, serum 
HbA1C, insulin, TAG, TC, and LDL le-
vels; no changes in HDL levels 

Rafraf et 
al., 2015 

64 patients 
with T2DM 

Chamomile 
tea (3 g/150 
ml hot water) 
three times 
per day 

8 weeks Decrease in serum MDA, increase in se-
rum total antioxidant capacity and anti-
oxidant enzyme activities (SOD, GPx 
and catalase)  

Ze-
mestani et 
al., 2016 

Apigenin 

HFD-fed 
obese 
C57BL/6 mice  

Apigenin – 30 
mg/ kg b.w. 

3 weeks Prevention of liver steatosis: decrease in 
TAG, inflammatory markers (MCP-1, 
TNF-α), lipid peroxidation (MDA levels) 
and protein carbonylation, and increase 
in antioxidant enzyme activities (SOD, 
catalase, GPx); decrease in expression 
of PPARγ target genes; increase in ex-
pression of NRF2 target genes 

Feng et 
al., 2017 

HFD-fed 
C57BL/6 mice 

Apigenin – 30 
mg/ kg b.w.  

8 weeks Prevention of increase in body and epi-
didymal fat weight; decrease in MDA 
levels and pro-inflammatory cytokines 
IL-1β and IL-6, decrease in eosinophil 
infiltration and iNOS expression in colon  

Gentile et 
al., 2018b 

Kunming mice 
fed 20 % fruc-
tose in drink-
ing water 

Apigenin – 50 
mg/kg b.w. 

4 weeks Prevention of body weight gain; de-
crease in HOMA-IR index, postprandial 
blood glucose, plasma TG, TC and LDL 
levels, ALT and AST activities; decrease 
in hepatic lipid droplets, MDA levels and 
increase in expression of HO-1; preven-
tion of decrease in SOD, catalase and 
GPx activities in the liver  

Yang et 
al., 2018 

Alloxan-in-
duced diabetic 
mice 

Apigenin – 
0.78 mg/kg 
b.w. 

10 days Increase in levels of serum insulin with a 
parallel decrease in glucose levels and 
hepatic glucose-6-phosphatase activity: 
reduction in serum TC level; decrease in 
lipid peroxidation and increase in antiox-
idant enzyme activities (SOD, catalase) 
and GSH level in the liver 

Panda et 
al., 2007 
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STZ-induced 
diabetic Wistar 
rats 

Apigenin – 4 
mg/kg b.w. 

7 days Decrease in fasting and postprandial 
blood glucose levels; decrease in serum 
urea levels and AST and ALT activities 

Rauter et 
al., 2010 

HFD-fed 
C57BL/6J 
mice  

Apigenin - 50 
mg/kg b.w. 

16 
weeks 

Decrease in body weight gain, postpran-
dial glucose level and insulin resistance; 
prevention of liver steatosis: decrease in 
serum ALT, AST TC and TAG levels, in-
tracellular lipid accumulation; decrease 
in hepatic expression of genes involved 
in fatty acid synthesis and lipid uptake; 
increase in expression of antioxidant 
genes (GSTα-1, HO-1), decrease in lev-
els of IL-1β and IL-18 

Lv et al., 
2019 

HFD-fed 
C57BL/6J 
mice 

0.005 % (w/w) 
apigenin 

16 
weeks 

No effects on body weight gain; de-
crease in fasting blood glucose, plasma 
insulin levels and HOMA-IR; decrease in 
plasma ALT, AST, pro-inflammatory 
markers (IL-6, TNF-α, MCP-1), FFAs, 
TC, but no effects on TAG; prevention of 
hepatic lipid droplets’ accumulation; 
down-regulation of expression of lipoly-
sis- and lipogenesis-related genes 
(PRARγ, Lpl) 

Jung et 
al., 2016 

HFD-fed 
C57BL/6J 
mice 

Apigenin – 10 
mg/kg b.w. 

12 
weeks 

Decrease in the body weight, visceral fat 
weight, plasma lipid levels (TAG, TC, 
LDL), postprandial glucose levels, re-
duction of hepatic SREBP-1c and 
SREBP-2 expressions  

Wu et al., 
2021 

Abbreviations: ALT – alanine aminotransferase, ALP – alkaline phosphatase; AST – aspartate ami-
notransferase, FFAs – free fatty acids, GSH – glutathione, GPx – glutathione peroxidase, HFD – high 
fat diet, HDL – high density lipoproteins, LDL – low density lipoproteins, Lpl – lipoprotein lipase, MDA – 
malondialdehyde, PPARγ – peroxisome proliferator-activated receptor gamma, SOD – superoxide dis-
mutase, STZ – streptozotocin, SREBP-1c – sterol regulatory element-binding protein 1c, SREBP-2 – 
sterol regulatory element-binding protein 2, TAG – triacylglycerides, TC – total cholesterol 

 

 

Oral administration of apigenin (0.78 

mg/kg body weight) for 10 days was reported 

to reverse the decrease in hepatic antioxidant 

potential in insulin-dependent diabetic mice 

(Panda and Kar, 2007). Intraperitoneal ad-

ministration of apigenin had a significant an-

tihyperglycemic effect in rats with strepto-

zotocin-induced diabetes (Rauter et al., 2010). 

In cloned pancreatic β-cells, apigenin treat-

ment attenuated 2-deoxy-D-ribose-induced 

apoptosis due to its antioxidant activity and 

controlling the mitochondrial membrane po-

tential (Suh et al., 2012). In monotypic human 

THP-1 cells, apigenin inhibited the activation 

of NF-κB-induced synthesis of cytokines 

TNF-α and IL-1β (Zhang et al., 2014). In 

HepG2 hepatocytes treated with palmitic 

acid, the flavonoid reduced excessive lipid ac-

cumulation, enhanced phosphorylation of 

AMP-activated protein kinase (AMPK) and 

decreased levels of 3-hydroxy-3-methylglu-

taryl CoA reductase (Lu et al., 2019). Apig-

enin also prevented lipid accumulation in 

HepG2 cells exposed to high glucose levels, 

and these effects were accompanied by in-

creased phosphorylation of AMPK and its 

downstream target, acetyl-CoA carboxylase 

(Zang et al., 2006), confirming that apigenin 

has a beneficial effect on dyslipidemia and di-

abetes by regulating energy metabolism. 

In mice fed a high fat diet (HFD), apigenin 

counteracted the increase in body and epidid-

ymal fat mass and prevented alterations of 

metabolic and inflammatory parameters 

(Gentile et al., 2018b). In addition, apigenin 
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decreased levels of malondialdehyde, IL-1β 

and IL-6 as well as expression of iNOS in the 

colon of HFD mice, preventing enteric in-

flammation and normalizing colonic dys-

motility associated with obesity (Gentile et 

al., 2018b). Another study showed that ga-

vage administration of apigenin mitigated 

HFD-induced liver injury, enhanced insulin 

sensitivity and reduced lipid accumulation in 

mouse liver (Lv et al., 2019). Similar results 

were obtained by Jung et al. (2016) that 

showed ameliorative effects of apigenin on 

blood lipid profile, insulin resistance and he-

patic steatosis in obese mice fed with HFD. 

Importantly, apigenin reversed the HFD-in-

duced activation of the NLRP3 inflam-

masome with a further reduction in the pro-

duction of pro-inflammatory cytokines IL-1β 

and IL-18, the inhibition of xanthine oxidase 

activity and the reduction of uric acid and 

ROS production (Lv et al., 2019). Thus, apig-

enin restrained progression of non-alcoholic 

fatty liver development in mice fed with HFD. 

The hepatoprotective effects of apigenin were 

connected with upregulation of expression of 

genes involved in fatty acid oxidation, tricar-

boxylic acid cycle, and oxidative phosphory-

lation, and down-regulation of expression of 

lipolytic and lipogenic genes (Jung et al., 

2016). Modulation of PPARγ activity was 

found to be responsible for metabolic and 

transcriptional changes in apigenin-treated 

HFD mice (Feng et al., 2016, 2017; Pallauf et 

al., 2017). In adipose tissue of HFD mice, 

apigenin activated PPARγ and blocked trans-

location of a complex of PPARγ and p65 (the 

active subunit of NF-κB factor) into the nu-

cleus, thereby decreasing NF-κB activation 

and eventually inhibiting inflammation (Feng 

et al., 2016). In HFD mouse liver, apigenin 

had no obvious activating effects on PPARγ 

but significantly inhibited the expression of 

PPARγ target genes encoding proteins associ-

ated with lipid metabolism (Feng et al., 2017). 

At the same time, apigenin caused activation 

of the transcription factor Nrf2, which trans-

located into the nucleus and affected expres-

sion of genes whose products could inhibit li-

pid metabolism and increase antioxidant de-

fense (Feng et al., 2017). It was suggested that 

activation of Nrf2 may counteract PPARγ ac-

tivation in mice fed with HFD and apigenin 

(Feng et al., 2017).  

In addition to its protective effects against 

HFD, administration of apigenin showed ben-

eficial effects via improvement of insulin re-

sistance, alleviation of liver injury, and inhi-

bition of the alterations in lipid profiles in 

high fructose-fed mice (Yang et al., 2018). 

These effects were accompanied by transloca-

tion and nuclear accumulation of Nrf2 fol-

lowed by increasing expression of heme oxy-

genase-1 and NAD(P)H:quinone acceptor ox-

idoreductase-1 genes involved in protection 

against ROS (Yang et al., 2018). In human 

HepG2 cells, apigenin induced translocation 

of the FOXO1 transcription factor (an im-

portant mediator of insulin signal transduc-

tion) into the nucleus via inhibition of the 

PKB/AKT-signaling pathway (Bumke-Vogt 

et al., 2014). Inhibition of expression of glu-

coneogenic and lipogenic genes was also 

found in apigenin-treated HepG2 cells and 

this was accompanied by activation of the 

Nrf2 signaling pathway, suggesting that the 

latter is involved in the inhibition of expres-

sion of gluconeogenic enzymes (Bumke-Vogt 

et al., 2014).  

No anti-adipogenic action was found for 

apigenin when human pre-adipocytes (mes-

enchymal fat cells) were treated with this fla-

vonoid (Gómez-Zorita et al., 2017). However, 

apigenin prevented TAG accumulation in ma-

ture adipocytes by activating lipolysis 

(Gómez-Zorita et al., 2017). It has been re-

ported recently that polyphenols and phenolic 

acids could inhibit adipogenesis in mouse 

3T3-L1 preadipocytes with different intensity 

depending on the compound and the stage of 

adipocyte differentiation (Aranaz et al., 

2019). Ferulic and gallic acids were active 

only at the early stages of differentiation, 

quercetin and resveratrol inhibited lipid accu-

mulation along the whole process of differen-

tiation, whereas apigenin was active during 

the early and latest stages (Aranaz et al., 

2019). Apigenin-7-O-glucoside also inhibited 
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adipogenesis of 3T3-L1 preadipocytes at the 

early stage of adipogenesis by downregula-

tion of PPARγ (Hadrich and Sayadi, 2018). 

Based on molecular docking analysis, it was 

proposed that phenolic compounds interact 

with specific residues of the PPARγ receptor, 

which could determine their potential anti-ad-

ipogenic activity during the early stages of 

differentiation (Aranaz et al., 2019).  

In addition to PPARγ, the signal trans-

ducer and activator of transcription 3 

(STAT3) is another important molecular 

player in obesity. The activity of STAT3 is el-

evated in visceral adipocytes of obese sub-

jects and is considered as a pathogenic factor 

of visceral obesity (Priceman et al., 2013). 

HFD increases the phosphorylation of STAT3 

that leads to STAT3 nuclear translocation and 

its enhanced transitional activity in visceral 

adipose tissue (Su et al., 2020). Apigenin was 

found to bind to non-phosphorylated STAT3 

and thus reduced STAT3 phosphorylation and 

expression of target genes, including CD36 

gene, in adipocytes (Su et al., 2020). The 

product of the CD36 gene was first identified 

as a transmembrane fatty acid transporter in-

volved in long chain fatty acid uptake in mul-

tiple tissues but is now recognized as a multi-

functional receptor (Maréchal et al., 2018). In 

particular, the role of CD36 in regulation of 

PPARγ downstream actions with benefits for 

hepatic lipid metabolism was demonstrated 

(Maréchal et al., 2018; Yu et al., 2021). Inhi-

bition of adipocyte differentiation under treat-

ment with apigenin was accompanied by de-

creased expression of both CD36 and PPARγ; 

however, overexpression of STAT3 reversed 

the apigenin-inhibited adipogenesis (Su et al., 

2020). However, it remains controversial 

whether the reduced expression of PPARγ re-

sulted from decreased CD36 signaling (Maré-

chal et al., 2018) or reduced PPARγ activity 

lowered CD36 expression (Lim et al., 2006; 

Yu et al., 2021). Wu et al. (2021) have re-

cently found that apigenin could decrease lev-

els of sterol regulatory element-binding pro-

tein 1c (SREBP-1c) and sterol regulatory ele-

ment-binding protein 2 (SREBP-2) and their 

downstream genes encoding fatty acid syn-

thase, stearyl-CoA desaturase 1 and 3-hy-

droxy-3-methyl-glutaryl-CoA reductase in 

hyperlipidemic HepG2 cells and mice fed 

with HFD. These findings support antili-

pidemic properties of apigenin. 

 

Luteolin and essential oils 

Like apigenin, luteolin is a yellow flavo-

noid and is an active ingredient of chamomile 

flowers (Ding et al., 2010). Pharmacological 

effects of luteolin include antioxidant, anti-

tumor, anti-inflammatory and antimicrobial 

actions (Lopez-Lazaro, 2009). Beneficial ef-

fects of luteolin in obesity and insulin re-

sistance have also been reported (Ding et al., 

2010; Liu et al., 2014; Bumke-Vogt et al., 

2014). Luteolin was found to intensify tran-

scriptional activity of PPARγ in 3T3-L1 adi-

pocytes and increase their insulin sensitivity 

by up-regulation of the expression of insulin-

dependent glucose transporter (GLUT-4) re-

ceptors (Ding et al., 2010). Luteolin also en-

hanced expression of the adiponectin gene, 

which is one of the PPARγ targets and in-

volved in regulation of glucose levels and 

fatty acid breakdown (Ding et al., 2010). Ad-

ipose tissue secretes adiponectin into the 

bloodstream. The adiponectin receptors pre-

sent in liver and muscle cells affect the down-

stream target, AMP kinase, an important reg-

ulator of cellular energy metabolism (Fang 

and Sweeney, 2006). Metabolic effects of ad-

iponectin include an increase in glucose in-

take in skeletal muscle and inhibition of glu-

cose production in liver (Lihn et al., 2005; 

Fang and Sweeney, 2006). 

In mice fed with HFD, luteolin attenuated 

body mass gain (Gentile et al., 2018c) and ac-

cumulation of epididymal fat and counter-

acted metabolic alterations in mesenteric ves-

sels, such as changes in relaxation response, 

increase in TNF-α levels and ROS levels 

(Gentile et al., 2018c). Pre-treatment with lu-

teolin also prevented activation of the NF-κB 

transcription factor and production pro-in-

flammatory cytokines in palmitate-stimulated 

endothelial cells and restored insulin sensiti-

vity in the endothelium (Deqiu et al., 2011). 
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Antioxidant and anti-inflammatory mecha-

nisms were assumed to be responsible for pre-

ventive effects of luteolin in systemic meta-

bolic alterations and vascular dysfunction as-

sociated with obesity (Gentile et al., 2018c). 

Like apigenin, luteolin was found to induce 

translocation of the FOXO1 transcriptional 

factor into the nucleus and activate Nrf2 that 

was accompanied by inhibition of gluconeo-

genic and lipogenic capacity in human cells 

(Blumke-Vogt et al., 2014). Several studies 

demonstrated protective effects of luteolin 

against obesity-related complications (Liu et 

al., 2014; Zhang et al., 2016a, b; Kwon et al., 

2015; Kwon and Choi, 2018; Baek et al., 

2019; Park et al., 2020). In particular, dietary 

luteolin attenuated adipose tissue inflamma-

tion and insulin resistance in obese ovariecto-

mized mice (Baek et al., 2019) and prevented 

hepatic fibrosis and insulin resistance in 

HFD-fed mice (Kwon et al., 2015; Kwon and 

Choi, 2018). The protective effects were ac-

companied by activation of AMPK-signaling 

(Zhang et al., 2016a, b) and lowering of in-

flammation (Kwon and Choi, 2018; Baek et 

al., 2019). 

Individual essential oils from chamomile 

flowers have not been studied as anti-obesity 

agents but some studies reported anti-inflam-

matory effects of the chamomile sesquiter-

penes α-bisabolol and  chamazulene in exper-

imental models of inflammation (Rocha et al., 

2011; Fernandes et al., 2019; Cavalcante et 

al., 2020; Ma et al., 2020). In addition, anti-

oxidant activity of α-bisabolol and chamazu-

lene was demonstrated in both in vitro and in 

vivo studies (Capuzzo et al., 2014; Querio et 

al., 2018; Wang et al., 2020b; Cavalcante et 

al., 2020). In particular, chamazulene attenu-

ated ROS production in bovine aortic endo-

thelial cells treated with either high glucose or 

H2O2 (Querio et al., 2018). Thus, thanks to an-

tioxidant and anti-inflammatory effects, es-

sential oils seem to contribute to the anti-obe-

sity effects of chamomile extracts in experi-

mental models.  

 

General picture of mechanisms of chamo-

mile action in obesity-related complications 

Data from the literature described above 

suggest that chamomile preparations can act 

against obesity and its complications by dif-

ferent mechanisms. The possible protective 

mechanisms are summarized in Figure 3 and 

include: 

(1) Inhibition of carbohydrate digestion 

and glucose absorption in the intestine. 

These mechanisms may improve glycemic 

control in obese people and attenuate post-

prandial hyperglycemia in type 2 diabetics 

and may also promote loss of body mass 

(Kato et al., 2008; Rafraf et al., 2015; Ze-

mestani et al., 2016; Villa-Rodriguez et al., 

2018).  

(2) Reduction of blood cholesterol levels. 

Chamomile flowers contain β-sitosterol (Ah-

mad and Misra, 1997) which was found to in-

terfere with cholesterol absorption in the in-

testine and prevent de novo cholesterol bio-

synthesis by inhibition of the hydroxy-

methylglutaryl coenzyme A reductase and 

sterol C24‐reductase gene expression in the 

intestine (Feng et al., 2020). 

(3) Direct antioxidant action of phenolic 

constituents and essential oils. Phenolic 

compounds can augment endogenous antiox-

idant defenses and help to ameliorate oxida-

tive damage during obesity progression (Jabri 

et al., 2017, 2020). 

(4) Anti-inflammatory action. Chamomile 

preparations are connected with the inhibition 

of synthesis of inflammatory mediators, •NO 

and prostaglandins, and pro-inflammatory cy-

tokines and chemokines (Kim et al., 2011; Hu 

et al., 2016; Ma et al., 2020; Wang et al., 

2020). Obesity is characterized by develop-

ment of chronic inflammation with NF-κB be-

ing the major contributor. NF-κB as a redox-

sensitive transcription factor undergoes acti-

vation when ROS levels rise. Attenuation of 

ROS production in obesity due to the antioxi-

dant activity of chamomile preparations сan 

contribute to the prevention of NF-κB hyper-

activation and the subsequent release of 

downstream inflammatory cytokines.  
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(5) Modulation of PPARγ activity. As a 

gene regulator PPARγ can act via transactiva-

tion and transrepression mechanisms. In the 

case of transactivation, PPARγ forms a com-

plex with the retinoid X receptor (RXR) and 

ligand binding to PPARγ/RXRα heterodimers 

promote corepressor release and recruitment 

of coactivators, leading to initiation of tran-

scription. In the case of transrepression, lig-

and binding to PPARγ potentiates its repres-

sion effect on transcription factors, in partic-

ular this mechanism suppresses the NF-κB 

and AP-1 pro-inflammatory signaling path-

ways (Hernandez-Quiles et al., 2021). Flavo-

noid components of chamomile can bind di-

rectly to PPARγ and thereby activate this pro-

tein promoting its anti-inflammatory effects 

(Feng et al., 2016). PPARγ may activate ex-

pression of the Nrf2 gene and is one of the tar-

get genes of Nrf2 signaling (Lee, 2017) but 

their link in obesity is not obvious. In HFD 

models, apigenin activated expression of both 

Nrf2 and PPARγ genes but suppressed ex-

pression of PPARγ-dependent genes (Feng et 

al., 2017). 

(6) Activation of Nrf2 and FOXO stress 

regulators. The primary function of Nrf2 ac-

tion is to maintain redox homeostasis via up-

regulation of the expression of antioxidant 

and xenobiotic-detoxifying enzymes (Lush-

chak, 2011, 2021; Zhang et al., 2015). En-

hanced Nrf2 activity was shown to inhibit in-

flammation and prevent adipogenesis and the 

onset of diabetes mellitus (Slocum et al., 

2016). FOXO proteins, in particular FOXO1, 

also regulate cellular stress responses via in-

duction of expression of defenses (Klotz et 

al., 2015). In addition, FOXO1 modulates en-

ergy homeostasis through regulation of adipo-

cyte size and adipose tissue-specific gene ex-

pression (Nakae et al., 2008). As described 

above, whole chamomile preparations or its 

individual compounds (apigenin, quercetin, 

luteolin) are able to activate Nrf2 or FOXO1 

and enhance expression of their target genes 

(Bhaskaran et al., 2010; Bumke-Vogt et al., 

2014; Feng et al., 2017; Pallauf et al., 2017). 

In contrast to antioxidant mechanisms, the ac-

tivation of redox-sensitive factors Nrf2 and 

FOXO1 by chamomile phenolic compounds 

appears to involve a pro-oxidant mechanism. 

In particular, it was proposed that plant flavo-

noids like apigenin and quercetin undergo ox-

idation to quinones, and then either directly or 

via ROS formation cause dissociation of Nrf2 

from its inhibitor Keap1, resulting in nuclear 

translocation of the Nrf2 factor and leading to 

expression of target genes (Pallauf et al., 

2017). Induction of antioxidant and anti-in-

flammatory proteins, and proteins regulating 

energy metabolism could be involved in the 

protective effects of flavonoid-mediated 

Nrf2-stimulation in obesity (Feng et al., 

2017). 

(7) AMPK activation. The AMP-activated 

kinase is a cellular energy sensor responding 

to low ATP levels (e.g., as in a state of caloric 

restriction) and its activation restores energy 

homeostasis and stimulates FOXO1 and Nrf2 

signaling pathways that provide cellular stress 

resistance and adaptation (Salminen and 

Kaarniranta, 2012). Activation of AMPK was 

found in adipose tissue of luteolin-treated 

mice (Zhang et al., 2016a, b) and in HepG2 

cells treated with apigenin and palmitate (Lu 

et al., 2019). It seems that phytochemicals can 

indirectly activate AMPK by acting as mimet-

ics of caloric restriction or via their pro-oxi-

dant mechanism. 

 

Efficiency of chamomile preparations 

Several human clinical trials have con-

firmed the effectiveness of chamomile tea in 

the improvement of inflammatory markers, li-

pid profile and insulin resistance in patients 

with type 2 diabetes (Rafraf et al., 2015; Ze-

mestani et al., 2016; Hajizadeh-Sharafabad et 

al., 2020) (Table 1). To our best knowledge, 

no clinical trials are available regarding 

chamomile use in the management of obesity. 

Data from animal studies suggest that chamo-

mile preparations could show potentially 

moderate improvement in obesity and its re-

lated complications. Moderate efficacy could 

be connected to large extent with a low bioa-

vailability of plant polyphenolic compounds 

for oral consumption (Manach et al., 2005). 
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Figure 3: General scheme of potential protective mechanisms of chamomile constituents in obe-
sity 
Chamomile phenolic compounds, especially flavonoids (apigenin, luteolin and quercetin) and their gly-
cosides are able to slow down food digestion and absorption in the intestine by inhibition of enzymes 
involved in carbohydrate breakdown (amylase and maltase) and inhibition of transporters for monosac-
charides. The chamomile analog of cholesterol sitosterol is supposed to decrease food cholesterol ab-
sorption via competitive mechanism. Chamomile phenolic compounds and essential oils possess anti-
oxidant properties; therefore, they demonstrate the ability to protect against oxidative stress related to 
obesity. Аnti-inflammatory activity of chamomile compounds (dependent and independent one on anti-
oxidant properties) could ameliorate obesity-induced inflammation. Direct modulation of PPARγ activity 
seems to be another protective mechanism that decreases lipotoxicity and improves insulin resistance 
of obesity. In addition, chamomile whole extracts and individual phenols can lead to activation of regu-
lators of stress responsive Nrf2 and FOXO1 transcription factors suggesting a hormetic mechanism of 
the action. Green lines denote possible routes of chamomile action.  
 
 

Moreover, this issue can be applied to a num-

ber of the polyphenol-containing plants that 

show good anti-obesity effects in vitro in ex-

perimental models and efficacy when used in 

daily human consumption. In animal studies, 

chamomile preparations or its individual 

compounds are usually administrated to ani-

mals over 6-24 weeks to observe favorable ef-

fects. However, several weeks of mouse or rat 

lifespan do not correspond several weeks of 

human lifespan. Therefore, it should likely 

take more time than in rodent models to detect 

strong positive effects of chamomile prepara-

tions in humans. Taking into account the ab-

sence of data on chamomile toxicity, long-

term consumption of chamomile preparations 

seems to be plausible to achieve desirable ef-

fects. Encapsulation of chamomile extracts or 

individual flavonoids in biocompatible nano-

particles is one of the perspective approaches 

to increase bioavailability and efficacy of 

chamomile preparations in the management 

of obesity-related complications (Dewanjee 

et al., 2020), and this issue needs further in-

vestigation.  

 

Possible risks and adverse effects of  

chamomile preparations 

Chamomile is included in the GRAS (gen-

erally recognized as safe) list of the United 
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States Food and Drug Administration (FDA), 

which means a substance added to food is 

considered safe by experts (Srivastava et al., 

2010). However, some studies report that us-

ing of chamomile preparations can cause cer-

tain adverse effects. In particular, allergic re-

actions are the most common adverse effects 

of chamomile-containing remedies (McKay 

and Blumberg, 2006; Benito et al., 2014; Eu-

ropean Medicines Agency 2015), and the al-

lergies are often observed in people who are 

allergic to other plant members of the family 

Compositae (de la Torre Morín et al., 2001; 

Paulsen et al., 2008). Chamomile topical ap-

plication most often induces contact dermati-

tis (Anzai et al., 2015), rhinitis (Scala, 2006) 

and eye irritation and conjunctivitis (Subiza et 

al., 1990). In addition, hypersensitivity reac-

tions including severe allergic reactions 

(Quincke’s disease, dyspnea, vascular col-

lapse, anaphylactic shock) after mucosal con-

tact with liquid chamomile preparations have 

been documented (Reider et al., 2000; Euro-

pean Medicines Agency 2015; Nakagawa et 

al., 2019). People with asthma should take 

chamomile drugs with caution so as not to ex-

acerbate the disease (European Medicines 

Agency 2015). Sesquiterpene lactones 

(Lundh et al., 2007) and coumarin herniarin 

(Paulsen et al., 2010) are considered as main 

sensitizers in chamomile preparations. Cham-

omile coumarins may act as a vitamin K an-

tagonist and interfere with the blood coagula-

tion processes (Segal and Pilote, 2006).  

Due to chamomile mild sedative effects 

(Chaves et al., 2020), long-term oral con-

sumption of chamomile preparations can sup-

press the central nervous system (CNS) and 

potentiate CNS depressant effects of other 

sedative drugs such as opioid analgesics and 

alcohol and, therefore, it is recommended not 

using in conjunction with these agents 

(McKay and Blumberg, 2006). 

Since chamomile essential oils and phe-

nolic compounds possess a strong antibacte-

rial activity, the oral consumption of chamo-

mile preparations at high concentrations can 

affect gut microbiota composition. In this, 

context, both beneficial and undesirable gut 

bacteria can undergo qualitative and quantita-

tive changes resulting in health adverse ef-

fects such as gastrointestinal problems. How-

ever, future clinical studies on this issue are 

needed. At high concentrations, plant phenols 

exert pro-oxidant activity (Bayliak et al., 

2016); therefore, their protective action can 

be suppressed, even opposite effects may oc-

cur. Thus, dose-dependency of chamomile ef-

fects always should be taken into account.  

 

CONCLUSIONS 

Chamomile flowers contain a wide range 

of polyphenolic compounds and essential oils 

that possess various biological activities in-

cluding antioxidant, anti-inflammatory and 

energy metabolism modulating effects. Due 

to these properties chamomile preparations 

can be effectively used for obesity prevention 

and treatment. Whole chamomile extract 

seems to be more effective than isolated indi-

vidual components since the latter show some 

differences in cellular and protein targets and 

together may demonstrate synergetic effects. 

More research is needed to establish the mo-

lecular mechanisms of action of chamomile 

preparations. In particular, there is a need to 

further explore the involvement of PPARγ 

and Nrf2 signaling pathways because these 

were found to play dual roles in obesity 

demonstrating both anti-obesity and obesity-

promoting effects (Zhang et al., 2015; Ma et 

al., 2018; Bayliak and Abrat, 2020).  
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