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Abstract: 

 

This study is focused on three main flavonoids compounds: Kaempferol, which is 

isolated from several natural plants, it is a polyphenol belonging to the subgroup of 

flavonoids, it exhibits various pharmacological activities, including anti-inflammatory, 

antioxidant, antimicrobial, and anticancer activities; Quercetin which is a polyphenolic 

flavonoid with potential chemopreventive activity, ubiquitous in plant food sources and a 

major bioflavonoid in the human diet, it also produces anti-inflammatory and anti-allergy 

effects mediated through the inhibition of the lipoxygenase and cyclooxygenase pathways, 

thereby preventing the production of pro-inflammatory mediators and Eriodictyol which is a 

flavonoid with anti-inflammatory and antioxidant activities. Because inflammation and 

oxidative stress play critical roles in the pathogenesis of diabetes mellitus, the present study 

was designed to explore whether Eriodictyol, Quercetin and Kaempferol have therapeutic 

potential for the treatment of common diseases. 

In this study we studied the anti-proliferative effect of the three flavonoids using RAW 

246.7 cells as in vitro model, and observed a dose-dependent reduction in cell viability. We 

also evaluated the capacity of these flavonoids to inhibit, in vitro, the activity of selected 

enzymes to assess their potential use as anti-aging, neuroprotective and anti-diabetic agents. 

 

Keywords: Cell Biology; Biomedical applications; cell viability; Polyphenols; anti-

inflammatory activity. 
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Resumo 

 

Este estudo focou-se em três compostos flavonóides: o Kaempferol, isolado de várias plantas 

naturais; é um polifenol pertencente ao subgrupo de flavonóides; exibe várias atividades 

farmacológicas, incluindo atividades anti-inflamatórias, antioxidantes, antimicrobianas e 

anticancerígeno; A quercetina, que é um flavonóide polifenólico com potencial atividade 

químio-preventiva, onipresente em fontes alimentares de plantas e um dos principais 

bioflavonóides da dieta humana, também produz efeitos anti-inflamatórios e antialérgicos 

mediados pela inibição das vias lipoxigenase e ciclooxigenase, impedindo assim a produção 

de mediadores pró-inflamatórios e eriodictyol, que é um flavonóide com atividades anti-

inflamatórias e antioxidantes. Como a inflamação e o estresse oxidativo desempenham papéis 

críticos na patogênese do diabetes mellitus, o presente estudo foi desenvolvido para explorar 

se o eriodictyol, a quercetina e o Kaempferol têm potencial terapêutico para o tratamento de 

doenças comuns. 

Neste estudo, estudamos o efeito anti-proliferativo dos três flavonóides usando células RAW 

246.7 como modelo in vitro, e observamos uma redução dependente da dose na viabilidade 

celular. Também avaliamos a capacidade desses flavonóides de inibir, in vitro, a atividade de 

enzimas selecionadas para avaliar seu potencial uso como agentes anti-envelhecimento, 

neuroprotetor e antidiabético 

 

Palavras-chave: Biologia Celular; Aplicações biomédicas; viabilidade celular; 

Polifenóis; atividade anti-inflamatória. 
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1. Introduction 

 

1.1 Polyphenols and their structure 

 

Polyphenols are common food constituents of plant origin; they present several 

bioactivities, such as antioxidant, with great potential health benefits. The main dietary 

sources of polyphenols are fruits like apple, grape, pear, cherry, and various berries 

containing up to 200 to 300 mg of polyphenols per 100 g. Several hundreds of different 

polyphenols have been identified in foods, being the two main types of polyphenols are 

flavonoids and phenolic acids (Tsao, 2010). Flavonoids (Figure 1) are plant pigments that are 

synthesized from phenylalanine (Yao et al., 2004), flavonoids are extensively metabolized in 

vivo, resulting in a significant alteration in their redox potentials, they mostly emit brilliant 

fluorescence when they are excited by UV light, and are ubiquitous to green plant cells 

(Havsteen, 2002).  

Some of the most common flavonoids are eriodictyol, quercetin, kaempferol, catechin, 

hesperetin, cyanidin, daidzein and proanthocyanidins. One of the most investigated activities 

of flavonoids is their contribution to cancer prevention and treatment. Flavonoids can be 

further classified into flavonols, flavones, flavanols, flavanones, anthocyanidins, and 

isoflavonoids based on the saturation level and opening of the central pyran ring (Figure 2). 

As natural products, flavonoids are obtainable in a safe and easy way, powering them as ideal 

candidates for prevention of cancer and associated diseases (Panche et al., 2016, Fangueiro et 

al., 2016). 

 

 

 

 

 

 

 

Figure 1. Most common flavonoids (http://europepmc.org/article/PMC/4127821) 
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Figure 2. Chemical structure of some polyphenols 

 

One of the most common phenolic acids is caffeic acid, present in many fruits and 

vegetables, it is often esterified with quinic acid as in chlorogenic acid, which is the major 

phenolic compound in coffee (Robbins, 2003). Another typical phenolic acid is the ferulic 

acid, which is present in cereals and is esterified to hemicelluloses in the cell wall (Klepacka 
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and Fornal, 2006). Polyphenols are antioxidants and therefore may protect cell constituents 

against oxidative damage limiting the risk of several degenerative diseases linked to oxidative 

stress. In comparison to other antioxidants, research on their health effects started to catch up 

the attention of researchers. This interest for polyphenols is broadly explained by the 

complexity of their chemical structures. Various studies on cell and animal models have 

shown that, when added to the culture media and to the diet, polyphenols limit the 

development of cancers, neurodegenerative diseases, cardiovascular disease, osteoporosis, 

and diabetes (Taghouti et al., 2018, Martins-Gomes et al., 2019, Fangueiro et al., 2016, 

Ferreira et al., 2018). This study mainly focuses on three polyphenols: quercetin, eriodictyol 

and kaempferol. Quercetin is an outstanding dietary antioxidant, it is present in countless food 

supplements as well in foods including vegetables, fruit, tea and wine and is claimed to exert 

beneficial health effects. Quercetin ensures a safeguard against various disorders such as 

osteoporosis, certain forms of cancer, pulmonary and cardiovascular diseases and it is also 

stated that it is important in the battle against aging. These possible beneficial health effects 

may come from the ability of quercetin to scavenge highly reactive species such as 

peroxynitrite and the hydroxyl radical. Identically to quercetin, kaempferol is a polyphenol 

antioxidant found in fruits and vegetables and it has equal beneficial effects in reducing the 

risk of chronic diseases, especially cancer. Epidemiological studies have shown an inverse 

relationship between kaempferol intake and cancer. Kaempferol may help by amplifying the 

body’s antioxidant defense against free radicals responsible for the development of cancer. 

Kaempferol can inflect a number of crucial elements in cellular signal transduction pathways 

linked to apoptosis, angiogenesis, inflammation, and metastasis. Eriodictyol is a flavonoid 

that is distributed in common fruits and vegetables, especially citrus fruits such as lemon. It 

displays beneficial biological properties, including antioxidant and anti-inflammatory effects. 

The radical scavenging activities associated with its structure form a great protection against 

oxidative stress. Several studies have indicated that eriodictyol shows several 

immunomodulatory effects, including inhibition of nitric oxide (NO) production by blockage 

of NF-κB activation as well as mitogen-activated protein kinase (MAPK) phosphorylation in 

macrophages. 

  

https://www.sciencedirect.com/topics/neuroscience/quercetin
https://www.sciencedirect.com/topics/neuroscience/dietary-antioxidants
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/osteoporosis
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/peroxynitrite
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/hydroxyl-radical
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1.1.1 Use of plants extracts on today’s medicine 

 

Herbal medicine is defined as the use of medicinal plants for prevention and treatment 

of diseases: it fields embrace traditional and popular medicines of many cultures (Firenzuoli 

and Gori, 2007). Generally Traditional Medical System may be safe to use, but the treatments 

have a low efficacy rate, especially in herbal medicine where tradition is almost completely 

based on remedies containing active principles at very low and ultra-low concentrations 

(Firenzuoli and Gori, 2007). 

The other not so bright side of herbal-based treatments is the absence of categorical 

and complete information about the composition of extracts. Herbal derived treatments need a 

capable and deep judgment of their pharmacological qualities and safety (Firenzuoli and Gori, 

2007). This can be achieved with the help of new biologic technologies like 

pharmacogenomic, metabolomic and microarray methodologies. Due to the large and 

expanding use of natural derived substances in all over the world, researches should adopt a 

careful approach about the tradition or supposed beliefs; explanatory and logical studies are 

useful and should be considered mandatory in the procurement of solid data (Firenzuoli and 

Gori, 2007, Yuan et al., 2016). 

 

1.1.2 Effect of medicinal plants on inflammation and oxidation processes  

 

Traditional medicine is still used widely throughout the world and plants still represent 

a large source of natural antioxidants that might serve as a support for the development of 

peculiar drugs (Yuan et al., 2016). Several anti-inflammatory and neuroprotective drugs have 

recently been displayed to have an antioxidant and radical scavenging effect as part of their 

activity (Mehta et al., 2017). This tool of inflammation injury is associated to the release of 

reactive oxygen species from activated neutrophils and macrophages, leading to tissue injury 

by damaging macromolecules such as membrane lipids through processes like lipid 

peroxidation of and oxidation of other membrane components (Winrow et al., 1993). 

Furthermore, reactive oxygen species (ROS) proliferate inflammation by stimulating release 

of cytokines such as interleukin-1, tumor necrosis factor and interferon-gamma, these play a 

role in the recruitment of additional neutrophils and macrophages. So, free radicals are 

important mediators that aggravate or sustain inflammatory processes and, consequently, their 
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neutralization by antioxidants and radical scavengers can constrict inflammation (Chen et al., 

2017).  

 

1.2 Plants of the Lamiaceae family, genus Thymus L 

 

1.2.1 Characterization of Thymus vulgaris L.  

 

Common thyme (Thymus vulgaris L.), a member of the Labiateae family, is an aromatic 

and medicinal plant of increasing importance in horticulture (Figure 3). Thyme has long 

history of been used in traditional medicine for treatment of various diseases for instance to 

treat respiratory diseases, treatment of toothache, urinary tract infection and dyspepsia 

(Ahmed, 2016, Leal et al., 2017, Taghouti et al., 2018, Martins-Gomes et al., 2018) Thyme 

essential oils and phenolic compounds has been reported to have antibacterial, anti-mycotic, 

anti-oxidative and food preservative properties, this is mainly attributed to thymol, one of the 

main components of the essential oil, and to rosmarinic acid, one of the main phenolics of 

thyme (Martins-Gomes et al., 2018, Carbone et al., 2018). 

 

 

 

 

 

 

 

 

 

 

Figure 3. Thymus vulgaris L Herbal Plant 
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1.3. Enzymes targeted by polyphenols and their role in physiology and pathology  

In this section we will refer to some enzymes that are described to have an activity that 

can be modulated by plant bioactive compounds. 

1.3.1 Cholinesterases: acetylcholinesterase and butyrylcholinesterase  

Cholinesterase inhibitors are widely settled as first-line symptomatic therapy for 

Alzheimer's disease (AD) (Müller, 2007). Relieve of symptomatic effects are mediated by the 

inhibition of acetyl- and/or butyryl-cholinesterase (AChE and/or BuChE), as these enzymes 

play a major role in the degradation of acetylcholine (ACh) in the synapse. However, ACh is 

also found outside the synapse, where it plays a role in regulating inflammation (Van Der 

Zanden et al., 2009).  

  

 ACh plays a crucial role in the autonomic nervous system. ACh is the neurotransmitter 

in the preganglionic sympathetic and parasympathetic neurons (please see, Figure 4), and also 

at the adrenal medulla. ACh also serves as the neurotransmitter in all the parasympathetic 

innervated organs. ACh is the neurotransmitter at the sweat glands, at the piloerector muscle 

of the sympathetic autonomic nervous system (McCorry, 2007). In the peripheral nervous 

system, ACh is the neurotransmitter at the neuromuscular junction between the motor nerve 

and skeletal muscle. In the central nervous system, ACh is found primarily in interneurons, 

and a few important long-axon cholinergic pathways have also been identified (McCorry, 

2007, Picciotto et al., 2012). 

It is worth to note that the degeneration of the cholinergic projection from the nucleus 

basalis of Meynert (in the basal forebrain) to the forebrain neocortex and associated limbic 

structures is one of the pathologies associated with Alzheimer's disease.  

Many plant extracts have been described as inhibitors of AChE activity and thus have 

been reported as being neuroprotective with a potential role in AD ameliorating, that is the 

case of T. pulegioides extracts (Taghouti et al., 2018). 

 

 

 



8 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Peripheral and autonomic sites where ACh is neurotransmitted (Figure 

adapted from https://nba.uth.tmc.edu/neuroscience/m/s1/chapter11.html) 

 

 

1.3.2 Thyrosinase  

 

Tyrosinase is copper-containing oxidase responsible for enzymatic browning 

reactions, present in mammals and plants (Chang, 2009b). It is responsible for the 

melanogenesis process (in mammals) and for enzymatic browning reactions in fruits, 

vegetables and tuberculous during post-harvest handling and processing (Chang, 2009b, Zaidi 

et al., 2019). But, neither the hyperpigmentation in human skin nor the enzymatic browning in 

fruits are desirable. Thus, tyrosinase inhibitors have been a great target of study due to their 

https://nba.uth.tmc.edu/neuroscience/m/s1/chapter11.html


9 
 

key role in avoiding hyperpigmentation in human skin and enzymatic browning in fruits 

(Chang, 2009a). With such concern in mind studies have been made to seek new potent 

tyrosinase inhibitors for use in food and cosmetic industry.  

The enzyme is extensively distributed in fungi, higher plants and animals (van Gelder 

et al., 1997), and is tangled in the first two steps of the melanin biosynthesis, in which L-

tyrosine is hydroxylated to 3,4-dihydroxyphenylalanine (L-DOPA) and then oxidized to 

dopaquinone (Slominski et al., 2012, Hearing, 2011). It has been reported a rather large 

synthetic and natural resources of moderate to potent tyrosinase inhibitors. Tyrosinase 

inhibitors such as arbutin, kojic acid and hydroquinones have been used as whitening or anti-

hyperpigmentation agents because of their ability to inhibit the synthesis of dermal-melanin 

(Uchida et al., 2014). Even though these inhibitors have proved to have a fairly good use, 

arbutin and kojic acid barely showed inhibitory activity against pigmentation in intact 

melanocytes or in clinical tests, and hydroquinones are considered to be cytotoxic to 

melanocytes and potentially mutagenic to mammalian cells, accordingly its remnant to search 

for new tyrosinase inhibitors without side effects (Khan, 2012). 

 

1.3.3 α-Amylase   

Amylases are among the most important enzymes and play an important role in 

biotechnology, they are part of 25% of the world enzyme market (de Souza and de Oliveira 

Magalhães, 2010). They are obtained from plants, animals and microorganisms, such as 

several fungi, yeasts and bacteria. The chemical structure of α-Amylase is shown in Figure 5.   

The industrial applications of this enzyme are countless, from food fermentation, textile, 

paper, detergent to pharmaceutical industries. With the advancements of biotechnology, more 

applications have been found and expanded to other fields, such as clinical, medicinal and 

chemistry-related industries (de Souza and de Oliveira Magalhães, 2010, van der Maarel et 

al., 2002).  
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Figure 5. Chemical structure of Human salivary alpha-amylase. In this structure the  calcium 

ion visible in pale khadi, chloride ion in green which influence substrate recognition (Figure adapted 

from (Ramasubbu et al., 1996)). 

 

The digestion of carbohydrates can be delayed by compounds with the capacity to 

inhibit carbohydrate-hydrolyzing enzymes like alpha-amylase and alpha-glucosidase, 

therefore decreasing the postprandial increase of blood glucose level after a carbohydrate 

meal, and therefore can be an important approach in controlling hyperglycemia linked to type 

2 diabetes mellitus, as is the case of extracts obtained from Polyopes lancifolia (Min and Han, 

2014), and in lower extent extracts from T. pulegioides (Taghouti et al., 2018) 

 

1.3.4 α-Glucosidase  

 

Alpha-glucosidases are among the most important carbohydrate hydrolyzing enzymes. 

These enzymes are responsible for catalyzing the hydrolysis of α-glucosidic linkages. 

Microbial inhibitors of α-amylases and other mammalian intestinal carbohydrate splitting 

enzymes have caught the interest of researches due the possible treatment of metabolic 

diseases such as diabetes (Singh et al., 2017). They also contribute considerably to a better 

understanding of the mechanism of action of α-glucosidases. (Truscheit et al., 1981). Many α-
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glucosidase inhibitors are phyto-constituents, as examples are the flavonoids, glycosides, 

phenolic compounds, and so on. These have been isolated from plants, and were shown to 

slow the elevation of blood sugar after a heavy carbohydrate meal (Lebovitz, 1997). The α-

glucosidase is present in the epithelium of the small intestine, bound to the membrane, thus 

enzyme facilitates the absorption of glucose by catalyzing the oligosaccharides hydrolysis 

into absorbable monosaccharides (Lebovitz, 1997, Yamada, 2003, Sakamoto and Tajima, 

2005) 

The rate of oligosaccharide hydrolysis can be decreased by the inhibition of α-

glucosidase in the intestine and the process of carbohydrate digestion spreads to the lower part 

of small intestine allowing the overall absorption rate of glucose into the blood to be delayed. 

This strategy proved to be a good way to ensure the control of the glucose rate in the blood 

therefore avoiding the risk of diabetic complications (Malunga et al., 2016).  
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1.3.5 Elastase  

Elastase is a serine proteinase enzyme capable of degrading elastin, it plays a decisive 

role in the control of inflammatory processes, in remodeling of tissues as well as in aging 

processes. Thus, inhibition of the elastase activity could be used as a method to protect 

against skin aging (Korkmaz et al., 2010).  

 On the other hand, increased elastase activity causes various diseases such as 

rheumatoid arthritis, chronic obstructive airway diseases, delayed wound healing and 

premature skin aging (Demkow and van Overveld, 2010). Under physiological conditions, the 

elastase activity is controlled by inhibitors (serpines; proteins with protease inhibition 

activity) (Vergnolle, 2016). This balance can however be impaired by reactive oxygen 

radicals (ROS), the aftereffect being a destruction of healthy tissue and a continued 

inflammatory process. 

 

1.4 Anti-inflammatory activity  

Inflammation is involved in several chronic diseases such as cancer, heart disease, 

diabetes and arthritis (Prasad et al., 2012). During oxidative stress, large amounts of reactive 

oxygen species (ROS) such as hydrogen peroxide (H2O2), hydroxyl radical (∙OH), and 

superoxide anion (O2
−) are produced. DNA damage leads to mutations which in turn are 

associated with the previously stated diseases (Pizzino et al., 2017). 

 This complex process involves a network of cytokines responsible for the expression 

of many pro-inflammatory genes. Macrophages are stimulated by pathogen and host derived 

molecules, such as lipopolysaccharide (LPS) and interferon-𝛾 (IFN-𝛾), they upregulate 

inflammatory mediators such as nitric oxide (NO), prostaglandin E2 (PGE2), and reactive 

oxygen species (ROS), as well as pro-inflammatory mediators such as inducible nitric oxide 

synthase (iNOS) and cyclooxygenase-2 (COX-2) (Wojdasiewicz et al., 2014). NO is 

overproduced by iNOS which is induced in response to pro-inflammatory cytokines and LPS 

(Wojdasiewicz et al., 2014, Pizzino et al., 2017). Several stimulate induce the production of 

COX-2 which is responsible for the production of large amounts of pro-inflammatory 

prostaglandins at the inflammatory sites. Thus, the inhibition of these inflammation mediators 

plays a mandatory role in the treatment of disease with anti-inflammatory components 

(Martins-Gomes et al., 2018, Pizzino et al., 2017).  
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1.5. Aims 

The main goal of this work was the study of the inhibitory activity of certain 

polyphenols in one cell line. 

In particularly: 

1) Evaluate anti-inflammatory and antioxidant activity in the extracts; 

2) Correlate the results with the several variants such as: concentration used, time 

and cell type; 

3) Understand what biomedical applications can be developed from the data. 

 

 

  



 
 

Chapter 2 

 

 

Materials and methods 
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2. Material and Methods 

 

2.1. In vitro enzymatic inhibition assays 

2.1.1 Inhibition of Acetylcholinesterase activity 

 

Cholinesterase inhibitory activity was determined according to the modified method of 

(Aktumsek et al., 2013, Taghouti et al., 2018). To each sample (50 μL; at defined 

concentrations), DTNB (125 μL; 0.3 mM, in 50 mM Tris–HCl, pH 8) and acetylthiocholine 

iodide (ATCI; 25 μL; 1.5 mM) were added. After 2 minutes of incubation, AChE (25 μL; 

0.026 U mL−1, in 20 mM Tris-HCl, pH 7.5) was added, and absorbance (Abs) was measured 

at 405 nm, 10 minutes after incubation, at 25 °C. 

The inhibition activity calculated in following way: 

I(%) = (A0-A1)/A0 x 100 

where A0 is the absorbance of the control, A1 is the absorbance of the extract/standard. 

 

2.1.2 Inhibition of Thyrosinase activity 

 

Tyrosinase inhibitory activity was determined according to the modified method of 

(Orhan et al., 2012, Taghouti et al., 2018). Tyrosinase solution (46 U/L in 50 mM phosphate 

buffer, pH 6.5) was mixed with 25 µL of samples and 80 µL of 50 mM phosphatebuffer (pH 

6.5). The reaction mixture was incubated at 37 °C for 15 min. Then, 40 µL L-DOPA as a 

substrate in the same buffer was added to start the reaction. The read was made 10 min after 

the incubation at 37 ºC. Kojic acid and methanol were used as positive and negative control, 

respectively. The tyrosinase inhibitory activity was calculated as: 

Tyrosinase inhibitory activity/% = [(A0 − A1)/A0] × 100  

where A0 is the absorbance at 492 nm of the control and A1 is the absorbance at 492 

nm with the tested sample.  
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2.1.3. Inhibition of α-amylase activity  

 

The alpha-amylase inhibitory activity was determined by the method described by 

(Torres-Naranjo et al., 2016). Samples (40 µL at various concentrations) were mixed in 96-

well microplates with 40 µL of amylase solution (100 U/mL in 0.1M sodium phosphate 

buffer, pH 7.0) and 40 µL of 0.1% starch solution (diluted in the previous buffer). After 10 

min at 37 °C, 20 µL of 1 M hydrochloric acid (HCl) and 100 µL of iodide solution (5 mM 

iodine (I2) + 5mM potassium iodide (KI), in distilled water) were added and the absorbance 

was measured at 580 nm. Results were expressed as IC50 values (µM). Acarbose was used as 

the standard. 

 

2.1.4. Inhibition of α-glucosidase activity 

Microbial (Saccharomyces cerevisiae) alpha-glucosidase inhibitory activity was 

determined according to the method described by (Taghouti et al., 2018). Samples (50 µL at 

various concentrations) were mixed with 100 µL of enzyme solution (1.0 U/mL, in 0.1 M 

sodium phosphate buffer, pH 7.0), and incubated for 10 min at 25 ºC. Then, 50 µL of 5 mM 

p-nitrophenyl-a-D-glucopyranoside (NGP; diluted in the previous buffer) were added and 

incubated more 5 min at 25 ºC. The absorbance was recorded at 405 nm using a microplate 

reader (Biotek Synergy 4) and results were expressed as IC50 values (µM). Acarbose was used 

as positive control. 

 

2.3 In vitro assays with resource to cell culture  

2.3.1 Cell maintenance and manipulation  

Raw 264.7 (Mouse macrophages, Abelson murine leukemia virus-induced tumour, 

CLS, Germany) were maintained in DMEM and handled as described in (Queiroz et al., 2017, 

Martins-Gomes et al., 2018, Taghouti et al., 2018). Briefly, cells were cultured in DMEM 

(Dulbecco’s Modified Eagle’s Medium) supplemented with 10% (v/v) fetal bovine serum 

(FBS), 1 mM L-glutamine, 100 U mL−1 penicillin and 100 μg mL−1 streptomycin (all reagents 
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were from Gibco, Alfagene, Portugal). Cells were maintained at 37 °C and in a 5% CO2/95% 

air environment and handled as previously described (Queiroz et al., 2017, Martins-Gomes et 

al., 2018, Taghouti et al., 2018). For cell viability assays, cells were seeded into 96-well 

(5×104 microplates cells/mL, 100 µL/well), exposed to samples for 24 or 48 h. After 

exposure, culture media was replaced with FBS-free medium supplemented with 10% (v/v) of 

Alamar Blue, the absorbance was read at 570 and 620 nm, after 5 h, and cell viability was 

calculated as described in (Andreani et al., 2014). 

 

2.3.2. Anti-inflammatory activity  

The anti-inflammatory activity was evaluated in RAW 264.7 cells, as described in 

(Queiroz et al., 2017, Martins-Gomes et al., 2018). Briefly, cells seeded in 96-well 5×104 

plates (at cells/mL, 100 µL/well) were incubated with the samples in the presence and in the 

absence of 1 µg/mL LPS (lipopolysaccharide), to induce NO production. After 24 h 

incubation, from each well, a volume of 50 µL of supernatant was transferred into a new 96-

well plate, to which the same volume of Griess reagent [0.1% (w/v) N-(1-naphthyl) 

ethylenediamine dihydrochloride in water and 1% (w/v) sulfanilamide prepared in 5% (w/v) 

H3PO4 (v/v)] was added. After a 10 min incubation period in the dark, the absorbance was 

read at 550 nm using a Multiskan EX micro plate reader (MTX Labsystems, USA). A sodium 

nitrite (Na2NO3) standard curve was used (0–100 µM) to allow the quantification of results 

which are expressed as percentage of nitrite production by the control. 

 

2.4. Data analysis  

Results are presented as the mean ± standard deviation. All results were statistically 

tested by analysis of variance (ANOVA) using Statistica (Version 12 from StatSoft, Inc.). 

One-way and two-way ANOVA was used along with Tukey multiple comparison test. Results 

were statistically significant when p < .05. 
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3. Results and Discussion  

 

3.1. Effect of selected flavonoids on cell viability  

In this study we used Raw 264.7 cells to study the effect of selected flavonoids before 

assaying the anti-inflammatory effect. We also studied the effect of T. vulgaris essential oil 

and two of its components to compare the effects with the flavonoids (Figure 4.1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.1. Results of the cell viability assays using Raw 264.7 cells. Cells were exposed for 24 h 

and for 48 h (as denotes to different concentrations of the several compounds as indicated (A to F).  

 

Flavonoids, like Eriodyctiol (Fig.4.1A) and Quercetin (Fig.4.1C) showed the ability to 

reduce cell viability to a level range of 20% to 25% at higher concentrations (100 µM - 200 
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µM). The lower concentrations (up to 25 µM), for 24 h exposure, did not significantly reduce 

cell viability, although eriodyctiol reduce cell viability to 75% of control. Median 

concentrations, like 50 µM started reducing cell viability to about 50-60%,. Thymus vulgaris 

essential oils (Fig. 4.1D) reduced the cell viability to values close to 0% at the medium to 

high concentration values (50-200 µM) while the lower concentration values showing a 

reduction to the 55%-65% range. Kampferol, Borneol and Thymol (Fig.4.1, B, E, F) showed 

no or small toxicity effect, where only at higher concentrations (200 µM) some reduction in 

cell viability was observed to values close to 60%.  

 

3.2. Anti-inflammatory activity  

 The anti-inflammatory activity was assayed at low concentrations of selected 

compounds as were the ones showing very low toxicity or none toxicity. The cells were 

incubated with 10 and 20 µM of compounds, in the absence and in the presence of LPS, with 

the aim to assess the capability of the compounds to reduce the LPS-stimulated NO 

production.  

 

 

 

 

 

 

 

 

 

 

Fig. 4.2. Anti-inflammatory activity (% of control), evoked by selected compounds. Results 

are presented as mean ± SD (n=4). Comparison between values are considered significant when p 

<0.05. All values were normalized to the control, 0% of anti-inflammatory activity. 
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Excessive production of NO from up-regulated iNOS is involved in the formation of 

peroxy-nitrites. These peroxy-nitrites alter the functions of multiple proteins to induce cell 

proliferation and interfere with normal repair processes. NO exerts anti-inflammatory activity 

against microorganism invasion, and exerts regulatory activity at several biological targets. 

It was investigated the ability of the selected compounds to inhibit NO production by 

LPS-stimulated RAW 264.7 cells (Fig. 4.2). None inhibition is seen in controls cells, and all 

tested compounds, at different levels, showed the capacity to inhibit the NO production. In 

cells treated with 100 ng/mL LPS (Fig. 4.2A) higher concentrations of Eriodyctiol (20 µM), 

Kampferol (20 µM) and Quercetin (20 µM) inhibited NO production by 65%, 40% and 65%, 

respectively, showing anti-inflammatory activity. The higher concentration of Borneol (Fig. 

6B) only showed to inhibit the NO production by 10%, showing a low anti-inflammatory 

activity while the lower concentration of Thymol inhibited NO production by 20%, a value 

higher than the higher concentration, denoting an anti-inflammatory activity not dependent of 

concentration or other cellular effects that interfere with NO production.  

 

3.3. Effect of selected polyphenols on enzymatic inhibition 

In this study we determined the effect of AD and HE extracts on the activity of AChE 

and tyrosinase, to assess neurobiological activity, of elastase, to assess anti-aging effect, and 

of α-amylase and of α-glucosidade, to assess the anti-diabetic potential. 

 

3.3.1. Inhibitory effect on acetylcholinesterase activity 

 The various compounds were assayed for the capacity to inhibit the AChE activity. 

Various concentrations were tested, up to 800 µM and results are shown in Figure 4.3.  

 As shown all compounds showed ability to inhibit AChE dose-dependently. At the 

highest concentration, quercetin showed the highest capacity to inhibit AChE and T. vulgaris 

EO the lowest, all the other showed equal capacity. 
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Figure 4.3. In vitro assessment of various compounds inhibitory activity against 

acetylcholinesterase (AChE) 

 

3.3.2. Inhibitory effect of α-amylase and α-glucosidase 

In this study we determined the effect selected compounds on the activity of α-

amylase and of α-glucosidase, to assess the anti-diabetic potential. Results of higher tested 

concentrations are shown in Table 4.1. As the inhibition activity was reduced we decided only 
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to show the inhibition at the highest tested concentrations. All compounds show a very low 

capacity to inhibit the α-amylase and a moderate capacity to inhibit the α-glucosidase activity. 

 

Table 4.1. Inhibition of α-amylase and of α-glucosidase at the highest concentration tested (800 µM) 

 Inhibition (%) at the highest concentration tested (800 

µM) 

 α-amylase α-glucosidase 

Eriodictyol 3.0 ±2.3 17.5±2.7 

Kaempferol 2.2±0.1 7.8±2.4 

Quercetin 6.8±1.3 14.9±2.4 

Borneol 1.2±0.8 8.4±1.6 

Thymol 3.2±0.4 15.6±3.2 

T. vulgaris E.O. 3.3±0.9 13.4±0.4 

 

 

 

3.3.3. Inhibitory effect of elastase and tyrosinase 

In this study we determined the effect selected compounds on the activity of elastase 

to assess anti-aging activity, concerning tissue elasticity, and of tyrosinase to assess the 

capability of acting as anti-hyperpigmentation, as tyrosinase is an enzyme involved in 

melanin synthesis. 

We have observed that none of the compounds inhibited these enzymes, indicating 

that they do not have anti-aging effect. Nevertheless, these experiments need to be repeated in 

order to assess if these null results are not due to experimental errors.  
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4. Conclusion  

 

In the present study, polyphenols extracts from Thymus vulgaris demonstrated that 

they not only possesses antioxidant and radical scavenging activities but also exhibits 

excellent inhibitory potential against acetylcholinesterase in vitro. Consequently, plants that 

are rich in phenolics and flavonoids are suitable and promising for the development of safe 

food products, natural additives and cosmetics. Hence, it may be concluded that the 

antioxidant and inhibitory potentials against acetyl-cholinesterase action of this plant can be 

used for the future therapeutic medicine due to the presence of potential nutraceuticals.  

 

4.1 Future perspectives  

 

Further studies will be conducted on identification of bioactive constituents, molecular 

mechanisms involved in antioxidant activity, determination of their efficacy by in vivo studies 

and demonstration of their safety and effectiveness in clinical trials. 

 

  



 
 

Chapter 5 

 

References 
  



27 
 

5. References 

 

AHMED, H. M. 2016. Ethnopharmacobotanical study on the medicinal plants used by 

herbalists in Sulaymaniyah Province, Kurdistan, Iraq. Journal of ethnobiology and 

ethnomedicine, 12, 8-8. 

AKTUMSEK, A., ZENGIN, G., GULER, G. O., CAKMAK, Y. S. & DURAN, A. 2013. 

Antioxidant potentials and anticholinesterase activities of methanolic and aqueous 

extracts of three endemic Centaurea L. species. Food Chem Toxicol, 55, 290-6. 

ANDREANI, T., KIILL, C. P., DE SOUZA, A. L., FANGUEIRO, J. F., FERNANDES, L., 

DOKTOROVOVA, S., SANTOS, D. L., GARCIA, M. L., GREMIAO, M. P., 

SOUTO, E. B. & SILVA, A. M. 2014. Surface engineering of silica nanoparticles for 

oral insulin delivery: characterization and cell toxicity studies. Colloids Surf B 

Biointerfaces, 123, 916-23. 

CARBONE, C., MARTINS-GOMES, C., CADDEO, C., SILVA, A., MUSUMECI, T., 

PIGNATELLO, R., PUGLISI, G. & SOUTO, E. 2018. Mediterranean essential oils as 

precious matrix components and active ingredients of lipid nanoparticles. 

International journal of pharmaceutics, 548, 217-226. 

CHANG, T.-S. 2009a. An updated review of tyrosinase inhibitors. International journal of 

molecular sciences, 10, 2440-2475. 

CHANG, T. S. 2009b. An updated review of tyrosinase inhibitors. Int J Mol Sci, 10, 2440-75. 

CHEN, L., DENG, H., CUI, H., FANG, J., ZUO, Z., DENG, J., LI, Y., WANG, X. & ZHAO, 

L. 2017. Inflammatory responses and inflammation-associated diseases in organs. 

Oncotarget, 9, 7204-7218. 

DE SOUZA, P. M. & DE OLIVEIRA MAGALHÃES, P. 2010. Application of microbial α-

amylase in industry - A review. Brazilian journal of microbiology : [publication of the 

Brazilian Society for Microbiology], 41, 850-861. 

DEMKOW, U. & VAN OVERVELD, F. J. 2010. Role of elastases in the pathogenesis of 

chronic obstructive pulmonary disease: implications for treatment. European journal 

of medical research, 15 Suppl 2, 27-35. 

FANGUEIRO, J. F., SOUTO, E. B. & SILVA, A. M. 2016. Encapsulation of nutraceuticals in 

novel delivery systems. In: GRUMEZESCU, A. M. (ed.) Nutraceuticals. Academic 

Press. 

FERREIRA, S. S., SILVA, A. M. & NUNES, F. M. 2018. Citrus reticulata Blanco peels as a 

source of antioxidant and anti-proliferative phenolic compounds. Industrial Crops and 

Products, 111, 141-148. 

FIRENZUOLI, F. & GORI, L. 2007. Herbal medicine today: clinical and research issues. 

Evidence-based complementary and alternative medicine : eCAM, 4, 37-40. 

HAVSTEEN, B. H. 2002. The biochemistry and medical significance of the flavonoids. 

Pharmacol Ther, 96, 67-202. 

HEARING, V. J. 2011. Determination of melanin synthetic pathways. J Invest Dermatol, 131, 

E8-e11. 

KHAN, M. T. 2012. Novel tyrosinase inhibitors from natural resources - their computational 

studies. Curr Med Chem, 19, 2262-72. 

KLEPACKA, J. & FORNAL, L. 2006. Ferulic acid and its position among the phenolic 

compounds of wheat. Crit Rev Food Sci Nutr, 46, 639-47. 

KORKMAZ, B., HORWITZ, M. S., JENNE, D. E. & GAUTHIER, F. 2010. Neutrophil 

elastase, proteinase 3, and cathepsin G as therapeutic targets in human diseases. 

Pharmacological reviews, 62, 726-759. 



28 
 

LEAL, F., TAGHOUTI, M., NUNES, F., SILVA, A., COELHO, A. C. & MATOS, M. 2017. 

Thymus Plants: A Review—Micropropagation, Molecular and Antifungal Activity. 

Active ingredients from aromatic and medicinal plants, 107-126. 

LEBOVITZ, H. E. 1997. alpha-Glucosidase inhibitors. Endocrinol Metab Clin North Am, 26, 

539-51. 

MALUNGA, L. N., ECK, P. & BETA, T. 2016. Inhibition of Intestinal α-Glucosidase and 

Glucose Absorption by Feruloylated Arabinoxylan Mono- and Oligosaccharides from 

Corn Bran and Wheat Aleurone. Journal of nutrition and metabolism, 2016, 1932532-

1932532. 

MARTINS-GOMES, C., SOUTO, E. B., COSME, F., NUNES, F. M. & SILVA, A. M. 2019. 

Thymus carnosus extracts induce anti-proliferative activity in Caco-2 cells through 

mechanisms that involve cell cycle arrest and apoptosis. Journal of Functional Foods, 

54, 128-135. 

MARTINS-GOMES, C., TAGHOUTI, M., SCHÄFER, J., BUNZEL, M., SILVA, A. M. & 

NUNES, F. M. 2018. Chemical characterization and bioactive properties of decoctions 

and hydroethanolic extracts of Thymus carnosus Boiss. Journal of functional foods, 

43, 154-164. 

MCCORRY, L. K. 2007. Physiology of the autonomic nervous system. American journal of 

pharmaceutical education, 71, 78-78. 

MEHTA, J. P., PARMAR, P. H., VADIA, S. H., PATEL, M. K. & TRIPATHI, C. B. 2017. 

In-vitro antioxidant and in-vivo anti-inflammatory activities of aerial parts of Cassia 

species. Arabian Journal of Chemistry, 10, S1654-S1662. 

MIN, S. W. & HAN, J. S. 2014. Polyopes lancifolia Extract, a Potent α-Glucosidase Inhibitor, 

Alleviates Postprandial Hyperglycemia in Diabetic Mice. Preventive nutrition and 

food science, 19, 5-9. 

MÜLLER, T. 2007. Rivastigmine in the treatment of patients with Alzheimer’s disease. 

Neuropsychiatric Disease and Treatment, 3, 211. 

ORHAN, I. E., SENOL, F. S., OZTURK, N., AKAYDIN, G. & SENER, B. 2012. Profiling of 

in vitro neurobiological effects and phenolic acids of selected endemic Salvia species. 

Food Chemistry, 132, 1360-1367. 

PANCHE, A. N., DIWAN, A. D. & CHANDRA, S. R. 2016. Flavonoids: an overview. 

Journal of nutritional science, 5, e47-e47. 

PICCIOTTO, M. R., HIGLEY, M. J. & MINEUR, Y. S. 2012. Acetylcholine as a 

neuromodulator: cholinergic signaling shapes nervous system function and behavior. 

Neuron, 76, 116-129. 

PIZZINO, G., IRRERA, N., CUCINOTTA, M., PALLIO, G., MANNINO, F., ARCORACI, 

V., SQUADRITO, F., ALTAVILLA, D. & BITTO, A. 2017. Oxidative Stress: Harms 

and Benefits for Human Health. Oxidative medicine and cellular longevity, 2017, 

8416763-8416763. 

PRASAD, S., SUNG, B. & AGGARWAL, B. B. 2012. Age-associated chronic diseases 

require age-old medicine: role of chronic inflammation. Preventive medicine, 54 

Suppl, S29-S37. 

QUEIROZ, M., OPPOLZER, D., GOUVINHAS, I., SILVA, A. M., BARROS, A. & 

DOMINGUEZ-PERLES, R. 2017. New grape stems' isolated phenolic compounds 

modulate reactive oxygen species, glutathione, and lipid peroxidation in vitro: 

Combined formulations with vitamins C and E. Fitoterapia, 120, 146-157. 

RAMASUBBU, N., PALOTH, V., LUO, Y., BRAYER, G. D. & LEVINE, M. J. 1996. 

Structure of human salivary alpha-amylase at 1.6 A resolution: implications for its role 

in the oral cavity. Acta Crystallogr D Biol Crystallogr, 52, 435-46. 



29 
 

ROBBINS, R. J. 2003. Phenolic Acids in Foods:  An Overview of Analytical Methodology. 

Journal of Agricultural and Food Chemistry, 51, 2866-2887. 

SAKAMOTO, N. & TAJIMA, N. 2005. [Effects of acarbose, alpha-glucosidase inhibitor in 

treatment of impaired glucose tolerance]. Nihon Rinsho, 63 Suppl 2, 451-6. 

SINGH, R., KUMAR, M., MITTAL, A. & MEHTA, P. K. 2017. Microbial metabolites in 

nutrition, healthcare and agriculture. 3 Biotech, 7, 15-15. 

SLOMINSKI, A., ZMIJEWSKI, M. A. & PAWELEK, J. 2012. L-tyrosine and L-

dihydroxyphenylalanine as hormone-like regulators of melanocyte functions. Pigment 

cell & melanoma research, 25, 14-27. 

TAGHOUTI, M., MARTINS-GOMES, C., SCHÄFER, J., FÉLIX, L. M., SANTOS, J. A., 

BUNZEL, M., NUNES, F. M. & SILVA, A. M. 2018. Thymus pulegioides L. as a rich 

source of antioxidant, anti-proliferative and neuroprotective phenolic compounds. 

Food & Function, 9, 3617-3629. 

TORRES-NARANJO, M., SUÁREZ, A., GILARDONI, G., CARTUCHE, L., FLORES, P. & 

MOROCHO, V. 2016. Chemical Constituents of Muehlenbeckia tamnifolia (Kunth) 

Meisn (Polygonaceae) and Its In Vitro α-Amilase and α-Glucosidase Inhibitory 

Activities. Molecules (Basel, Switzerland), 21, 1461. 

TRUSCHEIT, E., FROMMER, W., JUNGE, B., MÜLLER, L., SCHMIDT, D. D. & 

WINGENDER, W. 1981. Chemistry and Biochemistry of Microbial α-Glucosidase 

Inhibitors. Angewandte Chemie International Edition in English, 20, 744-761. 

TSAO, R. 2010. Chemistry and biochemistry of dietary polyphenols. Nutrients, 2, 1231-1246. 

UCHIDA, R., ISHIKAWA, S. & TOMODA, H. 2014. Inhibition of tyrosinase activity and 

melanine pigmentation by 2-hydroxytyrosol. Acta Pharmaceutica Sinica B, 4, 141-

145. 

VAN DER MAAREL, M. J., VAN DER VEEN, B., UITDEHAAG, J. C., LEEMHUIS, H. & 

DIJKHUIZEN, L. 2002. Properties and applications of starch-converting enzymes of 

the alpha-amylase family. J Biotechnol, 94, 137-55. 

VAN DER ZANDEN, E. P., BOECKXSTAENS, G. E. & DE JONGE, W. J. 2009. The vagus 

nerve as a modulator of intestinal inflammation. Neurogastroenterology & Motility, 

21, 6-17. 

VAN GELDER, C. W., FLURKEY, W. H. & WICHERS, H. J. 1997. Sequence and structural 

features of plant and fungal tyrosinases. Phytochemistry, 45, 1309-23. 

VERGNOLLE, N. 2016. Protease inhibition as new therapeutic strategy for GI diseases. Gut, 

65, 1215-1224. 

WINROW, V. R., WINYARD, P. G., MORRIS, C. J. & BLAKE, D. R. 1993. Free radicals in 

inflammation: second messengers and mediators of tissue destruction. British Medical 

Bulletin, 49, 506-522. 

WOJDASIEWICZ, P., PONIATOWSKI, Ł. A. & SZUKIEWICZ, D. 2014. The role of 

inflammatory and anti-inflammatory cytokines in the pathogenesis of osteoarthritis. 

Mediators of inflammation, 2014, 561459-561459. 

YAMADA, K. 2003. [Pharmacological treatment of postprandial hyperglycemia in 

hypertensive patients with type 2 diabetes mellitus]. Nihon Rinsho, 61, 1219-23. 

YAO, L. H., JIANG, Y. M., SHI, J., TOMAS-BARBERAN, F. A., DATTA, N., 

SINGANUSONG, R. & CHEN, S. S. 2004. Flavonoids in food and their health 

benefits. Plant Foods Hum Nutr, 59, 113-22. 

YUAN, H., MA, Q., YE, L. & PIAO, G. 2016. The Traditional Medicine and Modern 

Medicine from Natural Products. Molecules (Basel, Switzerland), 21, 559. 



30 
 

ZAIDI, K. U., ALI, S. A., ALI, A. & NAAZ, I. 2019. Natural Tyrosinase Inhibitors: Role of 

Herbals in the Treatment of Hyperpigmentary Disorders. Mini Rev Med Chem, 19, 

796-808. 

ZHANG X., HUNG T.M., PHUONG P.T., NGOC T.M., MIN B.S., SONG K.S., SEONG 

Y.H., BAE K. 2006 Anti-inflammatory activity of flavonoids from populus davidiana. Arch. 

Pharm.  

LEE J.K. 2011 Anti-inflammatory effects of eriodictyol in lipopolysaccharide-stimulated raw 

264.7 murine macrophages. Arch. Pharm. Res. 34:671–679. 


