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RESUMO 

Atualmente, há um crescente interesse no uso de recursos naturais como fonte de compostos 

bioativos, com potenciais benefícios para a saúde. Desde a antiguidade que é recorrente o uso plantas 

ao nível da medicina tradicional, nomeadamente a flor de sabugueiro (Sambucus nigra L.). 

Recentemente, esta planta tem sido a base de vários produtos nutracêuticos, contudo, ainda não existem 

evidências científicas claras que fundamentem a sua bioatividade, bem como os mecanismos celulares 

associados. De acordo com a literatura, os extratos de sabugueiro são constituídos sobretudo por 

compostos terpénicos voláteis, triterpénicos, esteróis, e compostos fenólicos. É, contudo, importante 

salientar que a composição de cada uma destas famílias é dependente do método de extração (solvente, 

temperatura e tempo).  

O principal objetivo deste estudo foi a caracterização química de um extrato aquoso de flor de 

sabugueiro e a sua validação como agente anticancerígeno. 

A extração aquosa da flor de Sabugueiro foi realizada a diferentes temperaturas (50, 70 e 90 ºC). 

O extrato aquoso obtido a 90 ºC apresentou a atividade anti-radicalar mais elevada (0.157 ± 0.001 mmol 

TE g-1) e uma concentração de compostos fenólicos mais elevada (45.32 ± 2.20 mg CAE g-1). 

As análises qualitativas e quantitativas de GC-MS e HPLC-MS do extrato aquoso de flor de 

sabugueiro permitiram identificar 46 compostos, sendo a quercetina e o ácido clorogénico 

representativos de 86 % da totalidade dos compostos fenólicos identificados na fração hidrofílica, e a 

naringenina (27.16 %) o composto maioritário na fração lipofílica. 

A atividade epigenética do extrato da flor de sabugueiro na desmetilação do MLH1 foi testada em 

combinação com o 5-fluorouracil em células do cancro colorretal (RKO), usando a 5-azacitidina como 

controlo positivo. Os resultados sugerem que a combinação do extrato de sabugueiro com o 5-FU não 

resulta num efeito sinergético, o que indica que o extrato não tem influência na desmetilação do MLH1. 

Apesar do extrato da flor sabugueiro ter diversas moléculas com capacidade antioxidante, o extrato 

não demonstrou proteção ou indução de reparação de danos do DNA após um insulto oxidativo (H2O2). 

Ao nível da atividade antimicrobiana, verificou-se que bactérias gram-positivas são mais suscetíveis 

à presença deste extrato, nomeadamente, Staphylococcus aureus clinicamente isolado e Staphylococcus 

epidermidis.  

Em conclusão, verificou-se que o extrato de flor de sabugueiro não possui capacidade de modular 

atividade epigénica e estimular a proteção/reparação de danos oxidativos. Ao invés, verificou-se que o 

extrato possui atividade microbiana, nomeadamente contra bactérias gram-positivas.
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ABSTRACT 

Nowadays, there is a growing interest on the use of natural resources as sources of bioactive 

compounds with potential health benefits. Since the antiquity, that is recurrent the use of plants in folk 

medicine, such as the elderflower (Sambucus nigra L.). Recently, this plant has been the basis of several 

nutraceutical products. Thus, there is not a clear scientific explanation for its bioactivity, as well as the 

responsible cellular mechanisms. According to the literature, elderflower extracts are mainly composed 

by volatile terpenic, triterpenic, sterols and phenolic compounds. However, the composition of each one 

of this families will be dependent of extraction method (solvent, temperature, time). 

The main gold of this study was the chemical characterization of an aqueous elderflower extract 

and its validation as an anticarcinogenic agent. 

The aqueous extraction of elderflower was performed at different temperatures (50,70 and 90 ºC). 

The aqueous extract obtained at 90 ºC exhibited the highest antiradical activity (0.157 ± 0.001 mmol TE 

g-1) and the highest concentration of phenolic compounds (45.32 ± 2.20 mg CAE g-1). 

The qualitative and quantitative analysis of GC-MS and HPLC-MS of elderflower aqueous extract 

allowed the identification of 46 compounds, being quercetin and chlorogenic acid representative of 86 % 

of the total of phenolic compounds identified in hydrophilic fraction, and naringenin (27.16 %), the major 

compound in lipophilic fraction. 

The epigenetic activity of elderflower aqueous extract on demethylation of MLH1 was tested in 

combination with 5-fluorouracil (5-FU) in colorectal cancer cells (RKO), using 5-azacytidine (5-azaC) as a 

positive control. The results suggest that the combination of elderflower extract with 5-FU did not result 

in a synergetic effect, which indicates that elderflower extract did not have an influence on MLH1 

demethylation. 

Even though, the elderflower extract has several molecules with antioxidant potential, the extract 

did not exhibit protection or induction of repair of DNA damage after exposure to oxidative stress (H2O2). 

The antimicrobial activity of elderflower extract was evaluated, and it was verified that gram-positive 

bacteria were the most susceptible to the presence of this extract, namely, Staphylococcus aureus 

clinically isolated and Staphylococcus epidermidis. 

In conclusion, it was verified that S. nigra extract does not have the ability to modulate epigenetic 

activity and stimulate DNA protection/repair against oxidative stress. Although, this extract exhibits 

antimicrobial activity, particularly on gram-positive bacteria.
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1. Introduction 

Historically, natural products have provided an endless source of medicine. Plant products – as 

parts of foods or botanical portions and powders – have been used with variable success to cure and 

prevent diseases. Recently, there is a growing interest in so-called functional foods. In this context, 

phytochemical compounds stand out due to their health-promoting and/or medical properties (Wildman, 

2016).  

There is abundant evidence that a diet rich in plant derivatives is associated with lower risk of 

disease development, such as cardiovascular and inflammatory diseases (Guimarães et al., 2013; Sá et 

al., 2013). This may be attributed to the numerous bioactive substances present in plants, both of low 

molecular weight, like phenolic compounds, and high molecular weight, as is the case of polysaccharides. 

From a vast array of medicinal plants, Sambucus nigra L. (S. nigra) has been the subject of considerable 

interest due to their heterogenous mixture of phytochemicals, specially from the family of polyphenols. 

The study of its properties is of extreme importance to society since they can be integrated in many fields, 

including cosmetics and pharmaceutical industries. 

1.1. Phytochemicals 

Phytochemicals are bioactive compounds present in plants, generally produced as secondary 

metabolites. These molecules play a crucial function in protecting plants against some environmental 

stresses (hordes of bacteria, fungi, insects, and other predators) (Dixon, 2001). The most bioactive 

phytochemicals on humans are phenolics, carotenoids, alkaloids, saponins, glucosinolates, cyanogenic 

glycosides and terpenes (Figure 1) (Mann & Truswell, 2017). Many of these natural products are 

assumed to have health promoting properties (Pandey & Rizvi, 2009). 
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Figure 1. Phytochemicals classes and some examples of most common compounds of each class. Adapted from 

Pandey and Rizvi (2009).  

1.1.1. Dietary polyphenols 

Dietary polyphenols, found in fruits, vegetables, grains, tea and essential oils, are one of the most 

important class of natural antioxidants and chemopreventive agents found in human diet. There is 

currently evidence that dietary phenolic compounds can improve human health by lowering risk an 

preventing the onset of degenerative diseases including cancers, cardiovascular diseases and metabolic 

disorders (Scalbert et al., 2005). Phenolic compounds can be categorized into several sub-groups 

according their chemical structure, although, those usually found in plant derivatives can be separated 

into three main sub-groups: phenolic acids, flavonoids and non-flavonoids (Tsao, 2010). Phenolic acids 

are hydroxyl derivates of aromatic carboxylic acids which have a single phenolic ring (Figure 2). 
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Figure 2. Chemical structure of some common phenolic acids: gallic acid (A) and ferulic acid (B). 

Flavonoids contain two phenolic rings (Ring A and B) linked by three carbon bridges to an 

oxygenated heterocycle (Ring C) as shown in Figure 3. 

 

Figure 3. Chemical structure of some common flavonoids: kaempferol (A) and naringenin (B). 

The antioxidant and anti-inflammatory properties and also other biological functions of polyphenols 

have been principally attributed to their particular chemical structure. The aromatic ring feature and the 

highly conjugated system with several hydroxyl groups make them good electron or hydrogen atom 

donors, capable of neutralize free radicals and other reactive oxygen species (ROS) (Zhang & Tsao, 2016). 

1.1.2. The concept of oxidative stress 

Oxidative stress is described as the loss of balance between the production/exposure to reactive 

oxygen/nitrogen species (ROS/RNS) and the organisms ability to counteract their action by the 

antioxidative protection systems (Koopman et al., 2010). It occurs due to an enhanced ROS/RNS 

formation or due to decay on the antioxidant protective capacity of an organism.  



Introduction 

 

       6 

 

 

ROS can have opposite effects in the human body, operating as signaling molecules or harmful 

agents.  They are generated as a result of aerobic metabolism (e.g. oxidative metabolism, β-oxidation of 

fatty acids me, induction of cytochrome P450 and respiratory burst of neutrophils during inflammatory 

response) or due to exposure to environmental elements (e.g. UV light, ionization radiation, chemical 

compounds, heavy metals) (Ames et al., 1993; Cooke et al., 2003; Halliwell, 1996). In homeostatic 

conditions, ROS are originated endogenously in controlled levels, being crucial for cell survival, 

differentiation and apoptosis (Bartosz, 2009). In contrast, an disproportion between ROS production and 

the activity of antioxidant mechanisms, in favor of the former, can lead to oxidative damage of lipids, 

proteins and DNA (Balaban et al., 2005). Free radical-induced damage induced oxidative stress has been 

confirmed as a contributor to the pathogenesis and pathophysiology of many chronic conditions such as 

neurodegenerative diseases (Parkinson, Alzheimer, Huntington’s disease and amyotrophic lateral 

sclerosis), emphysema, cardiovascular and inflammatory diseases, cataracts and cancer (López-Alarcón 

& Denicola, 2013; Maulik et al., 2013; Sies, 1985).  

The most important ROS include superoxide anion (O2⁻) and hydroxyl radicals (HO•), and non-

radical molecules such hydrogen peroxide (H2O2) generated by endogenous and exogenous sources 

(Slupphaug et al., 2003).  The radical HO• is defined as the main ROS responsible for damaging DNA 

once it is highly reactive and can directly damage DNA (Kryston et al., 2011).  O2⁻ and H2O2 do not have 

the ability to damage DNA directly, but the former can be transformed by the action superoxide dismutase 

(SOD) into H2O2, that, in the presence of divalent ions (e.g. Fe2+ and Cu2+), can originate HO• via Fenton 

reaction (Equation 1) (Cabiscol et al., 2000).  

 

𝐹𝑒2+ + 𝐻2𝑂2  →  𝐹𝑒3+ + • 𝑂𝐻 + 𝑂𝐻− (Equation 1) 

 

Therefore, the DNA-damaging outcome of non-reactive ROS, like H2O2, is mediated by HO• which 

can lead to base oxidation and strand breaks (Iyama & Wilson, 2013). The most frequent DNA damage 

product of oxidative stress responsible for induction of carcinogenesis mutations is the modified guanine 

base 8-oxoG, being result of the addition of  HO• to the C8 position of the guanine ring, which is after 

incorporated by the action of DNA polymerase during DNA synthesis (Barzilai & Yamamoto, 2004).  

During evolutionary course, organisms have developed several antioxidant defense systems that 

are utilized to counterbalance the deleterious effects produced by oxidative stress. Presently, it is well-

known that cells exposed to oxidants express stress-induced genes or genes encoding antioxidant 

defenses (Evans et al., 2004). The counteracting mechanisms can be categorized into enzymatic and 



Introduction 

 

 7 

non-enzymatic antioxidants. The antioxidant enzymes are located in the cell and include catalase, SOD, 

glutathione transferase, glutathione peroxidase, among others (Birben et al., 2012). The enzymatic 

reactions are capable to eliminate oxygen radicals and their products, lowering the damage caused by 

oxidative stress. The non-enzymatic antioxidants are mainly of dietary source, involving tocopherol 

(vitamin E), ascorbic acid (vitamin C), carotenoids and polyphenols (Brieger et al., 2012). Consequently, 

diets rich in antioxidant compounds provide an increased antioxidant defense/response, defending 

cellular machineries from damaging effect of excessive levels of ROS, and are linked with an inferior risk 

to develop degenerative diseases (Ames et al., 1993). 

1.1.3. Antioxidant Activity of Polyphenols 

A progressive and irreversible escalation of oxidative damage by ROS exerts severe influence on 

critical aspects of the biology (Maulik et al., 2013). Dietary phenolics possesses a good scavenging 

activity, having the ability to neutralize free radicals by donating an electron or a hydrogen atom. Namely, 

phenolic acids and flavonoids have an effective radical scavenging activity, although, the metal chelating 

ability and reducing power can differ depending on their structural properties (Perron & Brumaghim, 

2009). However, when a phenolic molecule loses an electron or when it acts as a reducing agent, the 

molecule itself becomes a radical, but a relatively stable one, becoming a prooxidant (Bouayed & Bohn, 

2010) (Figure 4). Consequently, polyphenols can be a double-edge sword: on one hand, when 

consumed correctly in the form of food or functional food, they are strong antioxidants, counteracting the 

excessive oxidative stress; on the other hand, they can exhibit prooxidant activity when used in high doses 

such as by administration of supplements (Bouayed & Bohn, 2010). The polyphenols ingested are 

digested by colonic microflora producing bioactive molecules that may interfere in the regulation of gut 

microbiota or be uptake by colonic epithelia leading to systemic antioxidant and anti-inflammatory effects 

(Nicholson et al., 2012). 

 

Figure 4. Flavonoid scavenging a radical, leading to the formation of a flavonoid radical or a prooxidant. 
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The ability of dietary polyphenols to restore redox homeostasis and prevent systemic or localized 

inflammation by enhancing the activity of SOD, catalase (CAT) and glutathione peroxidase (GPx). It has 

been demonstrated that the expression of these antioxidant enzymes is controlled by a key transcription 

factor nuclear factor erythroid-related factor (Nrf2). Nfr2 is triggered by the presence of ROS at cellular 

level, being translocated into the nucleus. There, it regulates the expression of antioxidant-responsive 

elements (ARE)-mediated of numerous genes encoding the above cited antioxidant enzymes (Figure 5) 

(Kansanen et al., 2013). 

 

Figure 5. Molecular signaling transductions controlled by ROS molecules. ROS diffused into the cell 

mitochondria stimulate activations of NF-κB pathway and Nrf2 related pathways. Initiation of NF-κB provokes 

stimulation of inflammatory transcription factors to upregulate pro-inflammatory molecules (e.g. TNF-a, IL-6, IL-8 

and IL-1β). Activation of Nrf2 results in the transcription of antioxidant enzymes (GPx, SOD, CAT, etc). Both 

endogenous and exogenous antioxidants can scavenge ROS or suppress NF-kB activated pro-inflammatory signal 

transduction, thus attenuating oxidative stress. Arrows indicate activation (→), whereas perpendicular lines show 

inhibition (Ⱶ). ARE, antioxidant response element; BAX, Bcl-2-associated X protein; Maf, transcription factor Maf; 

NF-κB, nuclear factor kappa-light-chain-enhancer of activated B cell; Nfr2, nuclear factor (erythroid-derived 2)-like 

2; O2
•–, superoxide anion; P53, tumor protein p53; TNFα, tumor necrosis factor α; TNFR, tumor necrosis factor 

receptor. Adapted from Zhang and Tsao (2016). 
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1.1.4. Anti-inflammatory Activity of Polyphenols 

In the course of inflammation, macrophages can be activated through the detection of a pathogen 

endotoxin, such as lipopolysaccharide (LPS), via macrophages toll-like receptor (TLR). This action 

activates a signaling pathway that promotes the release of NF-κB (Nuclear factor kappa-light-chain-

enhancer of activated B cells), a transcription factor responsible for the activation of transcription of 

inflammatory mediator genes, such as interleukins, TNF-α and prostaglandins (PGs); inflammatory 

enzymes such as inducible nitric oxide synthase (iNOS) responsible for the synthesis of NO; and 

cyclooxygenases (COXs). TLR signaling also triggers the generation of reactive oxygen species (ROS) 

(Friedman & Hughes, 2002; Kumar et al., 2017). Overexpression of these mediators, as happens in 

chronic inflammation, might lead to the occurrence of several chronic diseases. 

Polyphenols might exert anti-inflammatory properties especially through radical scavenging 

activities, regulation of cellular events, and modulation of enzyme action of arachidonic acid metabolism 

(phospholipase A2, COX) and arginine metabolism (NOS), as well as modulation of proinflammatory 

molecules production (Figure 6) (Ambriz-Pérez et al., 2016). 

Molecular mechanisms of polyphenol anti-inflammatory activities comprise inhibition of enzymes 

related with proinflammatory properties such as COX2, LOX, and iNOS, inhibition of NF-κB and the 

activating protein-1 (AP-1), activation of phase-II antioxidant detoxifying enzymes, and activation of 

mitogen activated protein kinase (MAPK), protein kinase-C, and nuclear fact erythroid 2-related factor 

(Santangelo et al., 2007). 
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Figure 6. Schematic representation of action of polyphenols as anti-inflammatory agents. COX1, 

cyclooxygenase-1; COX2, cyclooxygenase-2; iNOS, inducible nitric oxide synthase; LPS, lipopolysaccharide; 

NADPHox, NADPH oxidase; NF-κB, nuclear factor kappa-light-chain-enhancer of activated B cells; pNF-κB, nuclear 

factor kappa-light-chain-enhancer of activated B cells promoter; ROS, reactive oxygen species; TLR, toll-like 

receptor. Adapted from Ambriz-Pérez et al. (2016). 

1.2. Oxidative DNA damage and Mismatch Repair Pathway 

A significant consequence of oxidative stress is DNA damage, leading to genomic instability. DNA 

damage induced by ROS involves structural changes due to single- or double- stranded DNA breaks (SBs), 

alteration of purine, pyrimidine or deoxyribose; and development of DNA crosslinks through oxidation, 

depurination, methylation and deamination reactions.  

To respond to these lesions, cells have DNA repair mechanisms such as the mismatch repair 

pathway (MMR) (Figure 7). MMR pathway starts when MutSα including Msh2 and Msh6 binds to a 

mismatch, followed by binding of MutLα [Mlh1 and Pms2]. Later, a proliferating cell nuclear antigen 

(PCNA) along with an accessory protein (RFC), triggers DNA endonuclease (EXO1), which guided by the 

MutS/MutL travels to the clamp.  The elimination of daughter-strand DNA starts in the direction of the 

mismatch and then beyond it. Once the incongruity is removed, the activity of EXO1 is blocked by MutL, 

stopping DNA excision. After this procedure, repair is completed by correct DNA synthesis and ligation by 

the action of DNA polymerase and a DNA ligase, respectively. 
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Figure 7. Schematic illustration of the mammalian MMR pathway, indicating protein complexes and processes 

involved in recognition of the mismatch to DNA resynthesis and DNA ligation (Jiricny, 2006).  EXO1, exonuclease-

1; MutSα, MutSα complex; MutLα, MutLα complex; Pol δ, DNA polymerase δ; PCNA, proliferating cell nuclear 

antigen; RFC, replication factor C; RPA, replication protein A. Adapted from Jiricny (2006). 

1.2.1. 5-Azacytidine/5-Azacitidine (5-azaC) on Cancer Therapy 

DNA methylation is a heritable epigenetic mark which involves the covalent transfer of a methyl 

group to the C-5 position of the cytosine ring of DNA by the action of DNA methyltransferases (DNMTs). 

Most DNA methylation is essential for normal development, and it plays an important role in a number of 

key processes including genomic imprinting, X-chromosome inactivation, and suppression of repetitive 
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element transcription and transposition. When dysregulated, this process contributes to diseases like 

cancer by the inactivation tumor suppressor genes such as MLH1 (Jones & Laird, 1999). The molecular 

mechanism of silencing gene expression appears to be due to the binding of 5-methylcytosine proteins 

to the methylated promoter, which blocks the action of transcription factors (Jones et al., 1998). 

5-azaC (also known as Dacogen or Vidaza) is an analogue of cytidine ribose nucleoside. It is 

considered a prodrug and it has two main mechanisms of antineoplastic action. First, its ability to 

incorporate 5-azacetidine triphosphate into RNA which causes a disruption of nuclear and cytoplasmatic 

RNA metabolism with subsequent inhibition of protein synthesis (Li et al., 1970). Second, its ability to 

inhibit DNA methylation, by trapping DNA methyltransferases (DNMTs), leading to global demethylation 

as cells divide. DNA methylation refers to the addition of a methyl group to the cytosine residue with a 

high frequency of CG dinucleotides that are typically located in proximity of gene promoters. The degree 

of methylation of CpG islands plays a role in the control of gene transcription. Usually, fully methylated 

sites are associated with suppression of gene expression, while hypomethylated or unmethylated CpG 

islands are linked to active transcription. Forming a tight-binding complex 5-azaC irreversibly binds to 

DNA methyltransferases, which inhibits its progression along the DNA duplex, resulting in intracellular 

depletion of the enzyme. Consequently, unmethylated DNA can lead to the transcription of previously 

quiescent genes (Jones & Taylor, 1981; Taylor & Jones, 1982). 5-azaC demethylation mechanism is 

shown in Figure 8. 

 

 

Figure 8. Schematic representation of reactivation of a silent tumor suppressor gene using 5-azaC. ↑ - 

overexpression. Adapted from Momparler (2005). 
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1.2.2. 5-Fluorouracil (5-FU) on Cancer Therapy 

The action of anticancer agent classified as antimetabolite drugs, happens through the inhibition 

of essential biosynthetic processes and/or by being incorporated into macromolecules, such as DNA and 

RNA, inhibiting the cells normal function. The fluoropyrimidine 5-FU does both (Grem, 2000). 

 For the last 70 years, the fluoropyrimidine 5-fluorouracil (5-FU) has been positioned in the first 

line as chemotherapy agent of various cancers, including colorectal, head, neck and breast cancer (Grem, 

2000; Toloudi et al., 2015). 5-FU is an analogue of uracil with a fluorine atom at the C-5 position in place 

of hydrogen. It rapidly enters the cell using the same facilitated transport mechanism as uracil 

(Wohlhueter et al., 1980). 5-FU is converted intracellularly to several active metabolites: 

fluorodeoxyuridine monophosphate (FdUMP), fluorodeoxyuridine triphosphate (FdUTP) and fluorouridine 

triphosphate (FUTP) — these active metabolites disrupt RNA synthesis and increase DNA damage. It 

results in cell growth arrest and apoptosis (Figure 9) (Longley et al., 2003).  

 

Figure 9. 5-Fluorouracil (5-FU) metabolism. FUTP metabolite is extensively incorporated into RNA, disrupting 

normal RNA processing and function. FdUTP can be misincorporated into DNA lead to strand breaks and 

consequently cell death. Adapted from Longley et al. (2003). DHFU, dihydrofluorouracil; DPD, dihydropyrimidine 

dehydrogenase; FdUDP, 5-fluorodeoxyuridine diphosphate; FdUMP, fluorodeoxyuridine monophosphate; FdUTP, 
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fluorodeoxyuridine triphosphate; FUMP, fluorouridine monophosphate; FUDP, fluorouridine diphosphate; FUTP, 

fluorouridine triphosphate.  

However, the response rates of 5-FU for advanced colorectal cancers is less about 10%, when given 

as a single agent, and its bioavailability is also limited (rapid degradation to DHFU by DPD) (Diasio & 

Harris, 1989; Giacchetti et al., 2000). Furthermore, 5-FU induces severe adverse reactions at different 

levels, namely, hematological, neural, cardiac and dermatological reactions, and at gastrointestinal tract.  

1.3. Sambucus nigra L.  

1.3.1. General Considerations 

S. nigra or black elder (Figure 10) is widespread native plant from the British Isles and continental 

Europe. In Portugal, it can be found in the Northern Region (Tarouca, Lamego, Moimenta da Beira) 

(Cunha et al., 2016).  

Sambucus belongs to the Adoxaceae family, a major group of Angiosperms (flowering plants), 

however some studies refer to Sambucus as a Caprifoliceae family member (Charlebois et al., 2010; 

Donoghue et al., 2003). S. nigra is a deciduous shrub or small tree that can grow up to 10 meters. There 

are two important subspecies of S. nigra: the black elder, a common plant in Europe, and American elder, 

also known as elder or elderberry (Charlebois, 2007). 

 

Figure 10. Sambucus nigra L. tree (A), flower (B) and berries (C). 
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S. nigra berries and flowers have a long history of usage in traditional European medicine, being 

used on diverse formulations that range from food products to medical formulations. Recently,  S. nigra 

has been used on the development of supplements and nutraceuticals (Wildman, 2016). It has been 

extensively used in phytotherapy for the treatment of disorders associated with the respiratory and 

gastrointestinal tract, rheumatism, inflammation, diabetes, as well as viral infections and fevers and is 

currently one of the most-used medicinal plants worldwide (Jarić et al., 2007; Sidor & Gramza-

Michalowska, 2015). 

The agroindustrial market pursues the consumer desire for added value-added products which are 

effective in disease prevention, as well as, in promoting a healthy aging (Silva, 2009). In the last decades, 

S. nigra flowers and berries secondary metabolites attracted attention due to their pharmacological 

activities, mainly the monoterpenic, sesquiterpenic and triterpenic compounds, sterols and phenolic 

compounds. The chemical composition of the berries and flowers depends on a series of factors, such 

as habitat/location, fertilization, maturation and harvest period.  

 

1.3.2. Chemical composition and nutritional value 

Elderflowers are a rich source of bioactive flavonoids and phenolic acids (Christensen et al., 2008). 

Among flavonoids, flavonol glycosides, quercetin-3-rutinoside (rutin), kaempferol-3-rutinoside and 

isoharmnetin-3-rutinoside are the major flavonoids in elderflowers contributing as much as 90% of the 

total flavonoids content. The concentration of flavonoids is higher in elderberry flowers in comparison with 

berries and leaves (Dawidowicz et al., 2006). The 5-caffeoylquinnic acid and 1,5-di-caffeoylquinic acid 

(chlorogenic acids) comprise over of 70% of the total phenolic acid content present in the S. nigra flowers. 

Opposed to the chemical composition of the elderberry fruit, which is especially rich in anthocyanins, 

flowers do not contain any pigments from this group.  

1.3.3. Harmful compounds 

Not all constituents of the S. nigra plant are safe for consumption. In fact, only S. canadensis and 

S. nigra flowers have been approved by the United States Food and Drug Administration (FDA) as 

Generally Recognized as Safe (GRAS) for use as a flavoring ingredient (Food). All elderberry parts contain 

cyanogenic glycosides, being the most abundant sambunigrin and prunasin. Furthermore, elderberry 

contains m-hydroxysubstituted glycosides, such as zierin and holocalin (Dellagreca et al., 2000). These 

compounds are potentially toxic and life-threatening, because they can hydrolyzed resulting in the release 
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of cyanide (Bromley et al., 2005). However, they occur primarily in unripe berries and are degraded 

during heat treatment (Boon, 2010). For this reason, processed products are preferred for consumption 

over fresh fruit (Cejpek et al., 2009).  

1.3.4. Overview of the S. nigra potential health benefits 

Several published evidences indicate potential benefits of S. nigra berries and flowers in disease 

prevention/management if included in diet. 

1.3.4.1. Antioxidant Activity 

There is a high interest in plant-derived antioxidants to prevent the harmful effects of oxygen 

radicals and/or other reactive oxygen species (ROS) (Gülçin, 2012; Halliwell, 2013). Antioxidant activity 

is one of the most exploited features of S. nigra. These properties are often related to phenolic 

compounds, and especially anthocyanins and flavonols. However, it is relevant to point out possible 

interactions between extract components, which include non-phenolic compounds. The extraction 

conditions, and pre- and post-harvest conditions, might play a critical role on the result of the antioxidant 

capacity. Table 1 summarizes the main findings regarding the antioxidant activity of elderflowers and 

elderberries. 

Dietary containing phenolic molecules may help to maintain the oxidative stress homeostasis of 

oxidative stress once consumed. However, during digestion (ingestion, absorption, assimilation) their 

stability and bioavailability might be affected (Zhou et al., 2016). It is described that there is a loss of 

elderberry bioactive composites occurs due to the digestion process (in vitro assay), that in the case of 

anthocyanins it can reach a 44% loss. Even so, the colon-digested aqueous extract decreases the 

excessive intracellular ROS production (22%) and oxidative damage (46%) in human colon cells (Olejnik 

et al., 2016).  
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Table 1. Relevant finding using in vitro and in vivo assays regarding to antioxidant activity using elderflower and 

elderberries extracts. 

Elderflower (in vitro assays) 

Extract Main result 
Bioactive 

compound 
Reference 

Aqueous extract 

Inhibition of the pro-inflammatory activity of 

periodontal pathogens (inhibition of oxidative 

burst in neutrophils) 

Flavonols 
(Dawidowicz 

et al., 2006) 

Aqueous extract 
Prolonged extraction in water results in higher 

antioxidant activity 
Phenolic compounds 

(Mikulic-

Petkovsek et 

al., 2015) 

Extracts (water and 

ethanol) 

Hot water guarantees higher antioxidant activity 

when compared to ethanol 
_ 

(Buřičová & 

Reblova, 

2008) 

Extract (solvent not 

designated) 

Greater antioxidant activity when compared to 

standards (rutin, quercetin, etc.) 

Rutin and other 

phenolic compounds 

(Stoilova et 

al., 2007) 

Elderberry (in vitro assays) 

Extract Main result 
Bioactive 

compound 
Reference 

Extract (solvent not 

designated) 

Anthocyanins ensure significant protective 

effects in endothelial cells 
Anthocyanins 

(Youdim et 

al., 2000) 

Concentrated and 

isolated 

anthocyanins 

Extracellular antioxidant activity  Anthocyanins 
(Pool-Zobel et 

al., 1999) 

In vivo assays 

Extract Main result 
Bioactive 

compound 
Reference 

Ethanolic extract 

(component not 

designated) 

Inferior response to oxidative stress and lower 

levels of primary metabolites of lipoperoxidation  
Flavonoids 

(Bobek et al., 

2001) 

Elderberry 

concentrates 

Anthocyanins act synergistically with vitamin C 

and the antioxidant defense system in sparing 

vitamin E 

Anthocyanins 
(Frank et al., 

2002) 

Ethanol extract 

of elderberries 

Antioxidant activity of polyphenolic extract from 

S. nigra. Systolic and diastolic arterial pressure 

in rats with drug-induced hypertension were 

reduced  

Phenolic Compounds 
(Ciocoiu et 

al., 2016) 



Introduction 

 

       18 

 

 

1.3.4.2. Anti-inflammatory Activity 

Inflammation is associated to several human diseases, including, asthma, diabetes, allergy, 

multiple sclerosis, cardiovascular diseases, neurodegenerative disorders, and some types of cancer 

(Debnath et al., 2013; Mena et al., 2014). An important mechanism of organism self-protection involves 

inflammation, aiming to eliminate harmful stimuli such as damaged cells, irritants or pathogens (Ho et 

al., 2017). Usually, the inflammation process starts with the activation of monocytes and/or 

macrophages, which participate in the regulation of the inflammation by the release of several cytokines, 

such as tumor necrosis factor (TNF-α), interleukins (IL), and inflammatory mediators which include 

reactive oxygen species (ROS), nitric oxide (NO), and prostaglandin E2, which are produced by inducible 

nitric oxide synthase and cyclogenease-2 (COX2) (Ho et al., 2017).  

Cytokines as TNF-α and IL(s) act as multipotential mediators on the cellular system, having an 

extensive diversity of biological activities. They can promote favorable or unfavorable effects on the host 

during immune response, depending on their local concentration, where the equilibrium between the 

inflammatory and anti-inflammatory cytokines will manage the outcome and the duration of the immune 

response (Barak et al., 2002).  

It is described that elderberry aqueous extract downregulated the expression of mediators such as 

IL-1, IL-1β, IL-6 and TNF-α (Gorchakova et al., 2007; Olejnik et al., 2015). The elderflowers aqueous 

extract inhibits the macrophage production of pro-inflammatory cytokines and block the neutrophils 

activation. This may be due to the inhibition of activation of NF-κB and phosphatidylinositol-3-kinase 

(PI3K), an enzyme essential in the regulation of immunity and inflammation process. The bioactive 

composites responsible for the anti-inflammatory effects of elderflower aqueous extract are unidentified. 

However, the ability of the aqueous extract to inhibit PI3K seems to be mediated through quercetin 

(Yeşilada et al., 1997). 

Modulation of NO production by macrophages and dendritic cells also have significative importance 

in inflammatory diseases. Ethanolic elderflowers extracts displayed an inhibitory activity on NO production 

in RAW cells and dendritic cells (Ho et al., 2017). In vivo experiments also validated the potential of 

elderflower anti-inflammatory activity, when an 80% ethanol extract showed to have moderate anti-

inflammatory activity in rats (Mascolo et al., 1987). Studies involving elderflower and elderberries extract 

and their role in the inflammation process are described in Table 2. 
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Table 2. Inflammation process involving the activation of monocytes and/or macrophages caused by pathogens 

or harmful stimulus when exposed to elderflower or elderberries formulations. ↓ - downregulation; ↑ - 

activation/stimulation (Harokopakis et al., 2006; Ho et al., 2017; Olejnik et al., 2015).  

 Elderflower formulation Elderberries formulation 

TNF-α ↓ ↓ 

IL-1α ↓ – 

IL-1β ↓ ↓ 

IL-6 – ↓ 

IL-10 – ↑ 

NO ↓ – 

H2O2 ↓ – 

O2
⁻ ↓ – 

NF-κB ↓ – 

The evidence of S. nigra berries and flowers influence on the anti-inflammatory and immunological 

pathways on humans is still scarce.  

1.3.4.3. Anti-infective activity 

Aqueous elderberry extracts (phenolic-type extracts) demonstrated antimicrobial activity, (fungi, 

bacteria) against human pathogenic microorganisms. The antimicrobial studies demonstrated that these 

extracts had antimicrobial activity against Staphylococcus aureus (methicillin-resistant and methicillin-

sensitive), Streptococcus mutans, Streptococcus pyogenes, Haemophilus influenza, Haemophilus 

parainfluenzae, Branhamella catarrhalis, and Helicobacter pylori in the conditions tested (Chatterjee et 

al., 2004; Izzo et al., 1995; Krawitz et al., 2011). 

These experiments showed the ability of S. nigra to inhibit pathogens in vitro. However, it is 

essential to perform more studies, in order to understand which bacterial and fungal pathogens are 

vulnerable to S. nigra, and also their mechanisms of action. 

One of the most interesting applications of S. nigra berries is associated with their ability to inhibit 

the influenza virus. Influenza virus A or B are responsible for an acute, febrile illness that happens in 

outbreaks varying severity every winter. Standardized elderberry extracts decreased hemagglutination and 

inhibited replication of numerous human and animal influenza viruses A and B in vitro (Zakay-Rones et 

al., 2004; Zakay-Rones et al., 1995). 
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Antiviral properties were also described against human immunodeficiency virus (HIV-1) on HIV-

infected peripheral lymphocytes and herpes simplex virus (Vlachojannis et al., 2010). Flavonoids, 

including quercetin, cyanidin and petunidin, and proanthocyanins, present in european elderberry extract, 

bind to HIV-1 virions, blocking their mechanisms, preventing to host cells infection (Fink et al., 2009). 

In vivo experiments performed on chimpanzees reinforced the in vitro conclusions regarding  

elderberry aqueous extract and its activity against influenza virus (Burge et al., 1999). The suggested 

action mechanism stimulates the immune system; inhibit hemagglutination of the influenza virus avoiding 

the adhesion of the virus to cell receptor; and present anti-inflammatory effect. Furthermore, the absence 

of side effects of this S. nigra formulations offers an alternative way for a safe treatment for influenza 

(Zakay-Rones et al., 2004). 

1.3.4.4. Activity on colorectal cancer modulation 

According to the literature, an aqueous elderberry polar extract can block the growth of a human 

colorectal adenocarcinoma cell line (HT29), presenting a IC50 of 130.3 µg of cyanidin-3-glucoside eq mL-

1 (Jing et al., 2008). An aqueous acetone extracts, also with similar properties, was reported on Hepa 

1c1c7 cells. This extract potentiates the induction of quinone reductase (QR) and inhibition COX2, which 

is indicative of anti-initiation and antipromotion properties, respectively (Thole et al., 2006). 

The in vitro experiments reported the importance of including S. nigra preparations in diet to 

positively modulate colorectal cancer. It regulates inflammatory factors, anti-initiating and anti-promoting 

of tumoral factors, and oxidation processes.  For this reason, tests to unveil the underlying anticancer 

mechanisms are needed (Thole et al., 2006). 

1.3.4.5. Diabetes mellitus 

Diabetes is mainly caused by a combination of insulin resistance and β-cell failure (pancreatic 

cells). It can be treated with insulin-sensitizing drugs that target the nuclear receptor peroxisome 

proliferator-activated receptor (PPARγ) (Christensen et al., 2010). 

Several elderflower extracts (hexane, dichloromethane, methanol, ethyl acetate and water) 

demonstrated in vitro, an activation effect of PPAR (α, δ or γ), between 2.5 and 250 µg mL-1, without 

stimulate adipocyte differentiation (Christensen et al., 2009; Christensen et al., 2010). The extracts had 

a positive effect on insulin-stimulated glucose uptake indicating that elderflowers have molecules with 

bioactivities comparable to those of partial PPARγ agonists (Christensen et al., 2009). 
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The exposure to elderflower lipophilic extract (dichloromethane extract 20 mg L-1) led to an increase 

on glucose uptake by primary porcine myotubes and by mouse abdominal muscle in the absence of 

insulin. It was also observed a decrease on fat accumulation in Caenorhabditis elegans model 

(Bhattacharya et al., 2013), and a decrease on insulin secretion by clonal pancreatic β-cells (Gray et al., 

2000).  

Antidiabetic properties of elderberry extracts were also assessed in vivo. STZ-induced diabetic rats 

were supplemented with acidified 0.5% HCl-methanol polar extracts (phenolic-type extract), with doses 

ranging from 28 to 350 mg kg-1 body weight, and dichloromethane extracts (lipophilic type extracts) with 

doses of 190 mg kg-1 body weight, for 4 to 16 weeks (Badescu et al., 2012; Badescu et al., 2015; Ciocoiu 

et al., 2009; Ciocoiu et al., 2003; Groza et al., 2010; Groza et al., 2011; Salvador et al., 2016). The 

addition of these extracts to the rats dietary induced a decrease of glycemic serum levels and pro-

inflammatory interleukins levels (namely, IL-6 and IL-1β) (Badescu et al., 2012; Ciocoiu et al., 2012; 

Ciocoiu et al., 2003; Groza et al., 2010; Salvador et al., 2016). 

1.4. Solid-liquid extraction  

Solid-liquid extraction is one of the oldest extraction techniques. Its principle results on the 

combination of a solid sample with a solvent in which the solute is soluble (Gertenbach, 2002). To perform 

a specific solid-liquid extraction several parameters must be taken into account, namely solvent nature, 

temperature, sample granulometry, partition coefficient and liquid-to-solid ratio (Gertenbach, 2002; 

Petronilho et al., 2014).  

The use of solid-liquid extraction, also named maceration, involves the contact of the plant material 

(often powdered) with the solvent for a specific time that could range from few minutes to several days. 

This technique can be performed at room temperature or at higher temperatures to enhance extraction 

efficiency. This process is one of the most used on phenolic compounds extraction, including for the 

extraction of these compounds from S. nigra in which solvents like acidified methanol (with hydrochloric 

acid, acetic acid or formic acid) are used at room temperature (Lee & Finn, 2007; Veberic et al., 2007). 

1.5. Chromatographic-based technologies 

The wide spectrum of metabolites present on a given plant implies chemical characterization 

studies combining multiple chromatographic based platforms to increase metabolites coverage (Jorge et 
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al., 2016). Furthermore, the association between chromatographic devices and mass spectrometry (MS) 

brings together the high separation efficiency, selectivity and sensitivity (chromatography) with a high 

identification power of the spectrometric data (mass spectrometry) (Roessner-Tunali, 2007). Most 

representative techniques of this type include (ultra-)high pressure liquid chromatography-mass 

spectrometry ((U)HPLC-MS) (Grata et al., 2008; Toffali et al., 2011), gas chromatography-mass 

spectrometry (GC-MS) (Lisec et al., 2006) and comprehensive two-dimensional gas chromatography 

coupled with time-of-flight mass spectrometry (GC×MS-ToF) (Almstetter et al., 2012). Other techniques 

such as nuclear magnetic resonance, are also very powerful tools in metabolites structural elucidation 

(Kim et al., 2010). 

1.5.1. One dimensional gas chromatography 

GC-MS technology has long been used and improved for analysis of metabolites in plant species 

(Roessner-Tunali, 2007). The coupling of GC with electron impact ionization (EI) MS is perhaps the oldest 

hyphenated technique, being frequently denoted as the “gold standard”, as it is one of the most 

advanced, robust, and very sensitive technique for metabolite studies (Dettmer et al., 2007; Lisec et al., 

2006). 

The high reproducibility attained with GC-MS analysis is in part the result of the electron impact 

ionization (EI) method typically employed in GC-MS, where molecules interact with kinetically activated 

electrons with an acknowledged average standard energy of 70 eV (Jorge et al., 2016). 

The operative principle of GC-MS system comprises the volatilization of the sample in a heated 

inlet port (injector), a chromatographic column responsible for the separation of the components in the 

sample, and detection of each constituent by the MS detector, being thus restricted to volatile and 

thermally stable composites (Kitson et al., 1996). 

This method has already been used on the characterization of S. nigra  plant, namely elderflowers 

(Kaack et al., 2006; Toulemonde & Richard, 1983) and elderberries (Kaack et al., 2005). 

A schematic illustration of gas chromatograph coupled with a mass spectrometer utilized along 

this project is present in Figure 11.  

Depending on the target compounds, derivatization reactions are occasionally necessary to convert 

analytes into volatile derivatives appropriate to be eluted from GC column without thermal decomposition 

(Orata, 2012). Derivatization procedure can as well improve detector response, peak resolution and peak 

symmetry (Orata, 2012). 
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Figure 11. One-dimensional gas chromatographic system. 

 

Although one-dimensional chromatography (1D-GC) is extensively used in the qualitative and 

quantitative analysis of an extensive range of samples, providing high quality analytical data, occasionally 

the complexity of the samples surpasses the separation capacity of a single chromatographic column 

(Dettmer et al., 2013). When it occurs, peaks co-elution may happen, which complicate the identification 

and quantification of compounds. To overcome this problem, comprehensive two-dimensional gas 

chromatography (GC×GC) arises as a powerful solution, which guarantees an increase power resolution  

(Peter, 2016). 

GC-based techniques also have some limitations. GC can only be utilized for low molecular weight 

(<1000 Da) molecules, which are either volatile at relative low temperatures, or that can be transformed 

into volatile derivatives (Roessner-Tunali, 2007). 

 

1.5.2. High-performance liquid chromatography (HPLC) 

High-performance liquid chromatography-mass spectrometry displays a major advantage over GC-

MS techniques the potential to study thermolabile, polar metabolites (non-volatile), and high-molecular 

weight composites without previous derivatization (Jorge et al., 2016). The sample is initially dissolved in 

an appropriate solvent, and after being injected on HPLC system, the sample is then carried along a 
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chromatographic column by a liquid mobile phase. The choice of column, stationary phase and mobile 

phase are the key variables for the analytical results. Separation occurs as consequence of different 

interactions as liquid-solid adsorption, liquid-liquid partioning, ion exchange and size exclusion, and by 

solute/mobile-phase interactions (Harvey, 2000). In reverse phase chromatography, the more usually 

encountered system of HPLC, the stationary phase is non-polar and the mobile phase is polar. The 

separation of phenolic compounds by HPLC, a target chemical family in this project, is normally 

performed in an octadecyl bounded silica column (C18). The mobile phase employed for phenolic 

compounds analysis, through reverse-phase HPLC, is normally composed by water and polar organic 

solvents (e.g. acetonitrile or methanol), and acetic, formic or phosphoric acids which are frequently 

added. Consequently, less polar composites develop a strong interaction with the stationary phase, and 

are more retained on the column when compared to the polar analytes (Jorge et al., 2016). A schematic 

illustration of a possible configuration of an HPLC instrument is shown in Figure 12. 

One detector or more are located at the end of the column, being single-wavelength ultra-violet-

visible spectrophotometers (UV-Vis) and multi-wavelength diode array sensors (DAD) the most common, 

as well as mass spectrometers Figure 12.  

 Electrospray ionization (ESI) is the most common ionization technique used on HPLC-MS 

systems, as it allows an effective transfer and ionization of analytes to the gas phase. Although, ESI is a 

soft-ionization method which, directly offers little structural data. This information can be attained by 

tandem mass spectrometry techniques (tandem-MSn) in which analytes ions are posteriorly fragmented. 

The most common tandem-in-time instruments are ion-trap mass spectrometers (Jorge et al., 2016). 

HPLC systems have been widely applied on the analysis of phenolic compounds from different 

plant extracts (Dai & Mumper, 2010), including elderflowers (Mikulic-Petkovsek et al., 2015) and 

elderberries (Christensen et al., 2008). 
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Figure 12. High-performance liquid chromatography system. 

1.5.3. Data processing and interpretation 

Data processing and analysis is applied in order to capture relevant information required to 

formulate a scientific hypothesis. The chemical complexity of natural formulation, the absence of 

reference mass spectra for all the compounds and the intrinsic variability in each sample associated to 

the uniqueness of each organism, reinforces the data analysis importance. Data analysis comprises 

different strategies, which include: data pre-processing, pre-treatment, identification, quantification and 

processing to data post-processing, validation and interpretation of the data (Goodacre et al., 2007) 

(Table 3). 

Data pre-processing and pre-treatment goal is to identify and delete extraneous variability features 

(human error, artifacts, instrument variation, etc.) from the inherent variations of the samples, displaying 

an essential role in data analysis (Goodacre et al., 2007). These include, data deconvolution, alignment, 

base-line correction, normalization, transformation and scaling (Goodacre et al., 2007). 
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Table 3. Data pre-processing, pre-treatment, identification and quantification, processing, post-processing, 

validation and interpretation (Goodacre et al., 2007). 

Term Objective Examples 

Pre-processing Raw instrumental data to clean data 
Base-line correction, 

deconvolution, alignment 

Pre-treatment 
Converting the clean data to make them ready for data 

processing (scaling, centering, etc.) 

Normalization, transforming, 

scaling 

Identification 

and 

quantification 

Transforming of raw data into biological context 

Instrument response, 

internal standard, MS 

fragmentation, standards 

Processing The actual data analysis – 

Post-processing 
Transforming the outcomes from the processing for 

interpretation and visualization 
– 

Validation 
Assure the quality of the conclusions collected by data 

analysis 
Cross validation 

Interpretation 
Hypothesis generated, pathways affected, or visualization 

of the data 
– 

 

The identification method of a chemical compound is an important function that transforms raw 

data into biological context. Although, the basis for what establish a valid compound identification is still 

now discussed, and four levels of identification can be distinguished based on Summer et al. (Sumner et 

al., 2007): 

1. Identified compounds (using chemical reference standards);  

2. Putatively identified compounds (without chemical reference standards, based on 

physicochemical and/or spectral data); 

3. Putative characterized compound classes (based on characteristics physicochemical 

properties of a chemical class of molecules, or by spectral similarity to recognized 

compounds of a chemical class); 

4. Unknown compounds (beside unidentified or unclassified these metabolites can still be 

distinguished and measured based upon spectral data); 

The identification process of a compound must be done based on more than one information 

source to increase confidence. Generally, this method is based on MS and retention results in 
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combination with databases and standards. Although, the use of reference standards in co-injection is 

sometimes restricted, once they are often commercially unavailable or economically unaffordable. 

Moreover, sample process flow (extraction, derivatization, injection mode, chromatographic column, etc.) 

can offer valuable data to complement identification. 

Depending on the scope of the study, semi- and absolute-quantification approaches may be utilized 

(Sumner et al., 2007). Semi-quantification reports the instrument response from analytes abundances, 

which could be relative to an internal standard or other metabolites. The use of an internal standard relies 

on the addition of a known amount of a substance to the standards and to the sample to serve as a 

reference for the peak area, so that small variations (ex. in injection technique and volume) are 

compensated by the fact that the internal standard peak and the analytes peaks are similarly affected by 

these variations (Kenkel, 2010; Oliveira et al., 2010). Concerning absolute quantification, the analytes 

absolute concentrations are measured by the correlation among the response of the used instrument and 

known concentrations series of the same analytes, using single or several calibration curves which can 

be attained by an internal or external calibration (Harvey, 2000; Oliveira et al., 2010).
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1.6. Context and objectives of the thesis 

Currently there is crescent interest on the exploitation of natural products as sources of bioactive 

compounds with potential health benefits for humans, and especially in the consumption of herbal 

products that are able to prevent or ameliorate chronic diseases, and specifically of those with growing 

incidence in the 21st century, such as cardiovascular diseases, cancer, diabetes and mental disorders 

(WHO, 2013). 

Sambucus nigra flowers and berries have been extensively used on folk medicine for several 

applications that include antimicrobial, anti-viral, antioxidant, anti-inflammatory, anti-cancer, antidiabetic, 

among others (Sidor & Gramza-Michalowska, 2015). The detailed information of the chemical 

composition of S. nigra is tremendously important to comprehend its biological effects but also to improve 

its value and applicability. S. nigra flowers received increased attention due to the presence of 

phytochemicals with many reported health benefits, comprising phenolic compounds, monoterpenic, 

sesquiterpenic and sterols, although more studies are needed to in-depth establish their profiles. 

The main objective of this MSc thesis was to chemical characterize an aqueous extract of S. nigra 

flowers, and evaluate its biological potential in view of their valorization. In this context, different specific 

objectives were drawn: 

 

❖ Production of S. nigra aqueous extract  

Evaluate how the temperature of extraction affects the antiradical scavenging activity and phenolic 

content of S. nigra aqueous extract. 

❖ Chemical characterization of S. nigra aqueous extract 

To establish the lipophilic metabolites (dichloromethane extractives) profile by employing one- 

dimensional gas chromatograph-mass spectrometry and to establish the hydrophilic metabolites 

(water extractives) profile by employing high pressure liquid chromatography-mass spectrometry. 

❖ In vitro studies of bioactive properties of S. nigra aqueous extract 

Evaluation of the antiproliferative activity, epigenetic activity of elderflower extract on demethylation 

of MLH1, antigenotoxicity activity and antimicrobial activity of S. nigra aqueous extract.
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2. Material and Methods  

2.1. Extract isolation and characterization 

2.1.1. Plant material and extraction 

S. nigra flower was purchased dry in a local supermarket. The aqueous extraction was performed 

using 5 g of dry flower mixed in 150 mL distilled water (33.33 g L-1) (Supplementary Data VII) on 

erlenmeyer flasks. The erlenmeyer was placed in a thermostatic bath with controlled temperature and 

130 rpm agitation for 30 min. Extraction temperatures of 50 ºC, 70 ºC and 90 ºC were tested. After 

extraction, the solid was separated from the liquid extracts by centrifugation at 9,000 rpm, for 10 min at 

5ºC. The supernatant was and filtered with 0.22 µm filter paper. Samples were freeze-drying and stored 

at 4ºC in the dark. This experiment was performed in triplicate. 

2.1.2. DPPH scavenging activity and trolox equivalent antioxidant capacity (TEAC) 

Antioxidant activity of elderflower aqueous extract was determined by 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) radical scavenging assay. The DPPH scavenging assay is frequently used to assess the free 

radical scavenging activity of antioxidant compounds, being acknowledge as one of the easiest 

colorimetric assays to evaluate the antioxidant potential (Mishra et al., 2012). Trolox prepared in 100% 

methanol was used as standard. Mixture composed by 200 µL of sample and 100 µL DPPH solution was 

incubated in the dark at room temperature for 30 min. The absorbance of the mixture was measured at 

515 nm. Antioxidant activity or the ability of the sample to scavenge DPPH free radical was expressed as 

inhibition percentage (% of reduction of DPPH) and trolox equivalent antioxidant capacity (TEAC) as 

millimole of trolox equivalents per gram of dry S. nigra flower (mmol TE g-1). Analyses were performed in 

triplicate. 

2.1.3. Phenolic content of elderflower aqueous extract 

Total phenolic content was determined according to the Folin-Ciocalteu method using caffeic acid 

as standard. The reaction mixture was composed by 5 µL of sample, 60 µL of sodium carbonate 15% 

(w/v) and 20 µL Folin-Ciocalteu reagent. Finally, 200 µL distilled water was added to the mixture. 

Microtiter plate was incubated at 60 ºC for 10 min. The absorbance was measured at 700 nm after 
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cooling at room temperature. Total phenolic content was expressed as milligrams of caffeic acid 

equivalents per gram of dry S. nigra flower (mg CAE g-1). Analyses were performed in triplicate. 

2.1.4. GC-MS spectrometry analysis 

The lipophilic fraction of S. nigra was obtained by mixing 30 mL liquid extract (from extraction at 

90 ºC) with 90 mL dichloromethane for 30 min. The solvent was evaporated in a rotatory evaporator and 

the solid extracts weighted (Salvador et al., 2015). The lipophilic fraction obtained was used and converted 

into trimethylsilyl (TMS) derivatives according to methodology of Domingues et al. (2011). GC–MS 

analyses were performed using a GC-MS QP2010 Ultra equipped with a Thermo Scientific DSQII mass 

spectrometer using helium as carrier gas (35 cm s-1) equipped with a DB-1 MS capillary column (30m × 

0.32mm × 0.25 µm film thickness). The chromatographic conditions were as follows: initial temperature 

80 ºC for 5 min, temperature rate of 4 ºC min-1 up to 260 ºC, and 2 ºC min-1 until the final temperature 

285 ºC, then maintained at 285 ºC for 13 min, injector temperature of 250 ºC; transfer-line temperature 

290 ºC, split ratio: 1:50. The MS was operated in the electron impact mode with electron impact energy 

of 70 eV and data collected at a rate of 1 scan s-1 over a range of m/z 33–700. The ion source was 

maintained at 250 ºC. Compounds were identified as TMS derivatives by comparing their mass spectra 

with the GC–MS spectral library (Wiley-NIST Mass Spectral Library 1999) and with literature MS 

fragmentation (Domingues et al., 2014; Freire et al., 2002; Razboršek et al., 2008; Vilela et al., 2013). 

For quantitative analysis, a calibration with ferulic acid was performed to evaluate the phenolic acids 

compounds and palmitic acid for fatty acids. Tetracosane (C24H50) was used as internal standard as 

described in detail in previous studies (Vilela et al., 2013).  

The response factors needed to obtain a correct quantification of the peak areas were calculated 

based on three standards concentrations as an average of three GC–MS runs of each concentration using 

GCMSsolution Sotware. Three independent aliquots were derivatized and submitted to GC–MS analysis. 

Each aliquot was injected in duplicate. The presented results are the average of the concordant values 

obtained for each sample (n=3). Compound content was expressed as micrograms of respective 

compound per gram of dry S. nigra flower (µg g-1). 

2.1.5. Characterization of HPLC-MS 

To carried out the qualitative analysis of S. nigra extract a solution of 10 mg mL-1 was prepared, 

using water as solvent, being subsequently filtered with a 0.45 μm PTFE syringe filter. Polyphenols were 
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analyzed on a Thermo Finnigan Surveyor HPLC system with a diode array detector at 320 nm (flavanols, 

hydroxycinnamic acid derivatives, flavanone) and 360 nm (flavonols). Spectra of the compounds were 

recorded between 200 and 600 nm. The column was a Gemini C18 (150 mm ×4.6 mm×3 μm) operated 

at 25 °C. The elution solvents were 0.1% formic acid in acetonitrile (ACN) (A), 1% ACN and 0.1% of formic 

acid in 99% of distillated water (B), and ACN (C). Samples were eluted according to a linear gradient from 

5% to 20% B in the first 15 min, followed by a linear gradient from 20% to 30% B for 5 min, then an 

isocratic mixture for 5 min, followed by a linear gradient from 30% to 90% B for 5 min, and then an 

isocratic mixture for 15 min before returning to the initial conditions. The injection amount was 20 μL 

and flow rate 0.6 mL min-1. All phenolic compounds were identified using a mass spectrometer with 

electrospray ionization (ESI) operating in negative ion mode. The analyses were carried out using full scan 

data-dependent MSn scanning from m/z 115 to 1500. The injection volume was 1 μL and the flow rate 

maintained at 0.6 mL min-1. The capillary temperature was 250 °C, the sheath gas and auxiliary gas were 

60 and 15 units, respectively; the source voltage was 3 kV and normalized collision energy was between 

20−35%. Spectral data were elaborated using the Excalibur software. 

Contents of phenolic compounds and flavonols were calculated from peak areas of the sample 

and using similar compounds as standards (chlorogenic acid and rutin, respectively), expressed in µg g-1 

of S. nigra flower. 

Limits of detection (LOD) and quantification (LOQ) were also estimated using the S/N approach 

(n = 3). Individual compound quantification was accomplished with calibration data for the most similar 

standards in terms of maximum wavelength absorption, when no pure reference compounds were 

available. The concentration of each compound was expressed as the mean value (n=3). 

2.2. In vitro studies with cell lines 

2.2.1. Cell lines and culture conditions 

For the present study 5 cell lines were used: three cell lines derived from human colon carcinoma: 

RKO, HCT116 and Caco-2 cells; a keratinocyte cell line, NCTC 2544; and a murine macrophage-like cell 

line RAW 264.7. 

Firstly, a vial of frozen cells from each cell line, stored in liquid nitrogen, was thawed and the 

content, cells mixed with freezing mixture (DMSO and fetal bovine serum (FBS), 1:4 (v/v), respectively), 

was carefully resuspended in 9 mL of complete medium in a 15 mL falcon tube. The cell suspension was 
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then centrifuged at 1,200 rpm for 5 min and the pellet resuspended in 5 mL of fresh medium, which was 

transferred into a sterile culture flask. 

 The RKO cell line was cultured in ATCCformulated Eagle's Minimum Essential Medium (MEM) in 

the presence of 10% (v/v) fetal bovine serum (FBS) and 1% (v/v) penicillin/streptomycin solution at 37 

ºC in 5% CO2 (RKO complete medium). HCT116 cells were cultured in RPMI-1640 medium supplemented 

with 10% (v/v) FBS and 1% (v/v) penicillin/streptomycin solution at 37 ºC in 5% CO2. Caco-2 cells (ATCC) 

were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% (v/v) FBS, 1% 

(v/v) Non-essential Amino Acids (NEAA) and 1% (v/v) penicillin/streptomycin, under an atmosphere of 

5% CO2 at 37 ºC. RAW 264.7 cells were cultured in Dulbecco's modified Eagle's medium (DMEM), with 

10% (v/v) FBS at 37 °C under a humidified atmosphere containing 5% CO2. 

2.2.2. Antiproliferative assay in human cells 

For the assay, cells were plated in 48-well plate (300 µl/well) at a density of 120,000 cells mL-1 

for NCTC and RAW 264.7 cell lines, 50,000 cells mL-1 for RKO and HCT116 cell lines, and 30,000 cells 

mL-1 for Caco-2 cell line. Lyophilized S. nigra flower was dissolved in ultra-pure water and filtered with 

0.22 µm filter. The filtrated extract was dissolved in culture medium in order to obtain concentrations 

ranging from 0–2,500 µg mL-1. After 24h of cell seeding, the elderflower aqueous extract was added to 

the cells and incubated 48 h in a humidified medium containing 5% CO2 at 37 ºC. Control cells grown 

with complete medium were considered as 100% viability controls. At the end of the incubation, the MTT 

reduction assay was performed to a final concentration of MTT of 0.5 mg mL-1 (Kupcsik, 2011). Each 

experiment was performed in triplicate. The results were transformed to percentage of controls, and the 

IC50 values were obtained using Graphpad Prism 7 model [Inhibitor] vs. normalized response -- Variable 

slope. 

2.2.3. Epigenetic activity of elderflower extract on MLH1 demethylation  

On this study, RKO cells were seeded in 48-multiwell culture plate at density of 50,000 cells mL-1 

and incubated overnight at 37ºC with 5% CO2. On plate one RKO complete medium supplemented with 

5-azaC (2 µM) was added (Pedro, 2015) to the cells and incubated for 48 hours at 37ºC with 5% CO2. 

On a second plate, RKO complete medium supplemented with elderflower extract (10 and 20 µg mL-1) 

was added for 48 hours at 37ºC with 5% CO2. At this point, the medium was removed, and RKO complete 
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medium supplemented with 10 µM of 5-FU was added to all the plates. Cell viability was assessed by 

MTT as described in 2.2.2. 

2.2.4. Effect of S. nigra extract on prevention of oxidative DNA damage 

To evaluate protection against oxidative damage, RKO cells were pre-incubated for 24h and 48h 

hours at 37 ºC and 5% CO2, with lyophilized extract of S. nigra flower (extraction performed at 90º C) 

dissolved in ultra-pure water, added to culture medium. The final concentration of S. nigra extract was 

200 µg mL-1 and 400 µg mL-1 in each assay. Luteolin-7-glucoside (L-7-G) was used as positive control 

at 20 µM (Ramos et al., 2010). Cells were washed with PBS 1× and treated with H2O2 (75 µM) during 

5 min on ice to induce strand breaks (SBs). DNA damage was evaluated by the comet assay (described 

in 2.2.5). 

2.2.5. Comet Assay 

The alkaline version of the single cells gel electrophoresis was used to assess DNA damage using 

RKO cells. Briefly, adhered RKO cells at ≈ 80% confluence were washed with PBS 1× and trypsinized. 

Trypsin activity was inhibited by the addition of fresh medium MEM. Cells were resuspended, and 10 

μL of cell suspension was mixed with 40 μL low melting point agarose. About 5,000 cells mL-1 were 

place on a microscope slide pre-coated with normal melting point agarose. Slides were then placed on 

ice for 10 min followed by exposure to a lysis solution (2.5M NaCl, 100 mM Na2EDTA, 10 mM Tris, pH 

10) plus 1% Triton X-100 for 1h at 4ºC. After lysis, slides were placed in an electrophoresis chamber 

with electrophoresis solution (300mM NaOH, 1mM Na2EDTA, pH 13) for 40 min at 4ºC for the DNA to 

unwind before electrophoresis was run for 20 min at 25V and 300mA. Later, for neutralization, washing 

and fixation, slides were removed from electrophoresis chamber and washed with a neutralizing buffer 

(PBS) 5min 1× and washed in distillated water 2×. Finally, fixation was performed placing slides 10 min 

in 70% ethanol plus 10 min in absolute ethanol, and slides were left to dry at room temperature.  

For the analysis of comet images, slides were stained with SYBR Gold solution for 30 min at 4 

ºC, followed by analysis in a fluorescence microscope. Visual score analysis was used to calculate de 

parameter % tail intensity. 

2.2.6. Cellular Repair Assay 
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In order to evaluate S. nigra ability to repair DNA from oxidative stress, RKO cells were incubated 

with RKO complete medium supplemented with 200 and 400 µg mL-1 of lyophilized elderflower extract 

for 24 and 48 hours at 37 ºC and 5% CO2. L-7-G was used as positive control. After the period of incubation 

cells were washed with PBS and exposed to H2O2 (75 μM) for 5 min on ice to induce SBs. H2O2 was 

removed and cells were washed with PBS and then incubated with fresh culture medium for 5 and 10 

min at 37 ºC. DNA damage was evaluated by the comet assay (described on 2.2.5). Percentage of DNA 

repair was calculated by the following equation: 

% of repair DNA damage =
𝑻𝟎−𝑻𝑹

𝑻𝟎
× 𝟏𝟎𝟎 (Equation 2) 

T0 – represents the DNA damage before recovery period 

TR – Represent DNA damage after 5/10 min of recovery time 

2.2.7. Susceptibility Testing  

The antimicrobial activity of the elderflower extract was established determining the minimum 

bactericidal concentration (MBC) and the minimum fungicidal concentration (MFC) by microdilution 

method following the recommendations of the Clinical and Laboratory Standards Institute (CLSI, 2010). 

MBC was tested against Pseudomonas aeruginosa PAO1, Staphylococcus aureus ATCC 25293, 

Staphylococcus epidermidis ATCC 12228, Klebsiella oxytoca ATCC 13182 and Klebsiella pneumoniae 

ATCC 11296 and MFC was carried out against Candida albicans SC 5314. All microorganisms were 

preserved in cryovials at - 80 (± 2) ºC to minimize putative adaptation to the laboratory environment. Prior 

to each experiment, bacterial and fungi cells were grown on Trypic Soy Agar (TSA) and on Sabouraud 

Dextrose Agar (SDA) plates, respectively, overnight at 37 ºC. 

Before MBC and MFC determination, bacteria and fungi were grown overnight in Trypic Soy Broth 

(TSB) or Sabouraud Dextrose Broth (SDB) at 37 ºC, 120 rpm, respectively. Then, these bacterial and 

fungi suspensions were centrifuged at 9000 g during 5 min and washed twice with PBS 1×. MBC and 

MFC were assayed using a 96-well plate with rounded bottom with different concentrations of plant extract 

ranging from 0.064 to 33 mg L-1 prepared in Mueller Hinton Broth (MHB) or RPMI, if bacteria or fungi 

were tested, respectively. At the end, bacteria and fungi were added to the wells to obtain a final 

concentration of 500,000 CFU mL-1 and 150,000 cell mL-1 for bacterial and fungi cells, respectively. 

Microbial suspensions were incubated at 37 ºC, 120 rpm for 18-21 h in air conditions. After exposure to 

the elderflower extract, cultures were plated onto Mueller Hinton Agar (MHA) (for bacterial species) and 

SDB (for fungi species). MBC and MFC were determined by the minimal concentration of extract required 
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to eradicate the bacteria and fungi, respectively. All tests were at least 3 times (independent biological 

assays) with 3 technical replicates. 

2.3. Statistical Analysis  

The analysis of data was performed using GraphPad Prism 7 software (GraphPad Software Inc., 

USA). Results are represented as mean ± standard deviation (SD), and statistical comparisons were 

calculated with a 95 % confidence interval. Parametric tests were applied since al data sets present 

Gaussian distributions.  One-way analysis of variance (ANOVA) was used for comparison of more than 

two means. Two-way ANOVA was used to examine the influence of two independent variables on one 

continuous variable. Of each test results a p-value indicates the significance value of each tested sample. 

This significance is indicated in the figures with p < 0.05 (*), p < 0.01 (**) or p < 0.001(***).
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3. Results  

3.1. Antioxidant activity and Phenolic Content 

The antioxidant potential is a crucial parameter for establishing the health benefits of a product.  

As mentioned previously, the aqueous extraction S. nigra flower natural compounds was performed 

at different temperatures 50 ºC, 70 ºC and 90 ºC, respectively.  As shown in Figure 13, the extraction 

temperature clearly affects the antioxidant capacity of the extract. At the highest temperature (90 ºC), the 

DPPH reduction was 72.9 ± 0.8 %, while for the extraction performed at 50 ºC was only 62.5 ± 3.6 %.  

(Figure 13 (A)).  Similarly, to the DPPH assay, TEAC demonstrated that at the highest temperature 

trolox equivalents of 0.157 ± 0.001 mmol TE g-1, and for 50 ºC extraction of Trolox equivalents of 0.135 

± 0.009 mmol TE g-1 (Figure 13 (B)).  

 

Figure 13. Radical scavenging activity of S. nigra flower extracts at different isolation 

temperatures. (A) Radical scavenging activity determined by DPPH assay. (B)  Trolox equivalent antioxidant 

capacity (TEAC) in millimole of trolox equivalents per gram of flower (mmol TE g-1). Values are the mean of three 

independent extraction flasks ± SD. Asterisks denote significant differences (*p < 0.05). 

Phenolic content of the extract performed at different temperatures was also evaluated. This 

analysis revealed that 90ºC extraction was responsible for ensure the highest phenolic content (45.32 ± 

2.20 mg CAE g-1), when compared to 50 and 70 ºC extractions (Figure 14). 
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Figure 14. Phenolic content of S. nigra flower extract at different isolation temperatures expressed 

in caffeic acid equivalents (CAE). Values are the mean of three independent extraction flasks ± SD. Asterisks 

denote significant (**p < 0.01). 

Based on these three parameters (DPPH antiradical activity, TEAC and phenolic content), it is 

possible to conclude that higher the extraction temperature the higher is the antioxidant activity and 

phenolic content. Therefore, for the following experiments, the extract with higher antioxidant properties 

was chemical and biological characterized.  

3.2. Identification and characterization of the compounds on the 

elderflower extract 

Due to the fact that plant extracts usually occur as a combination of various types of bioactive 

compounds or phytochemicals with different polarities, their separation is a big challenge, as well as its 

identification and characterization.  

The aqueous extract performed at 90 ºC was fully characterized using GC-MS and HPLC-MS. The 

use of GC-MS and HPLC-MS allows a qualitative and quantitative analysis of the sample. In this case, it 

is possible to characterize the tested object in terms of volatile, medium-volatile, low-volatile and non-

volatile substances present in it.  
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3.2.1. GC-MS Analysis 

The current gold standard in the determination and monitorization of volatile organic compounds 

is GC-MS. It has been the method of choice for characterizing individual organic compounds, due to its 

high sensitivity and resolving power. To characterize the metabolite profiling of lipophilic solvent present 

in S. nigra extract an extraction with dichloromethane-water was performed. The solvent was completely 

evaporated and transformed into TMS derivates. The TMS derivates are more volatile than the initial 

molecules so their GC analysis is possible. 

From this analysis it was possible to conclude that the S. nigra lipophilic extract yield was 0.42% 

(g g-1 of flower) dry weight. The lipophilic composition of the aqueous S. nigra extract was studied in detail 

in GC-MS. The identification and quantification data (expressed as mg of compound per kg of dry 

elderflower weight) is summarized in Table 4 and Table 5, respectively. 

The GC-MS analysis revealed the presence of up to 27 compounds distributed over seven chemical 

families. Flavonoids, accounted for 27.45% of all identified compounds, followed by miscellaneous, which 

account for 22.16% of the identified compounds, phenolic acids (16.39%), fatty acid derivatives (15.45%) 

(C6 – C24), sugars (9.38%), monoterpenes (6.33%) and amino acids derivatives (2.84%). Regarding the 

fatty acids category, medium chain fatty acids (MCFAs) and long chain fatty acids (LCFAs) were detected. 

The only flavonoid identified was naringenin and it corresponds to the compound in highest 

concentration of lipophilic fraction (27.16%), accounting of a total of 122.19 µg g-1 of flower. The fatty 

acids were the second most abundant family, accounting for 45.68 µg g-1 of the lipophilic extract, where 

palmitic acid was the most abundant component, representing 40.62% of the identified fatty acids.  

Miscellaneous compounds accounted for 98.62 µg g-1 of flower lipophilic extract, being vinclozolin 

the most significant compound detected, accounting for 67.47 µg g-1. Sugar, monoterpenes and amino 

acid derivates are present, but in lower amount, 41.73, 28.17 and 12.65 µg g-1, respectively.  
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Table 4. The compounds identified in elderflower dichloromethane extract by GC/MS analysis, and their identified biological activities in literature. 

Peak 

Number 
RTA Compound Formula 

Molecular mass 

(g mol-1) 
[M-H]- (m/z) Bioactivity Reference 

1 5.58 2-3-Butanediol C4H10O2 90.12 45, 73, 117, 147 _ _ 

2 6.12 Hexanoic Acid C6H12O2 116.16 45, 75, 117, 173 Antitumor activity (Wang et al., 2008) 

3 10.12 Methyl leucinate C7H15NO2 145.20 45, 73, 100, 160 _ _ 

4 11.77 Benzoic Acid C7H6O2 122.12 51, 77, 105, 135, 179 
Antifungal agent and food 

preservative 

(Berk, 2013; Krebs 

et al., 1983) 

5 14.21 Glycerol C3H8O3 92.09 73, 117, 147, 186, 205 _ _ 

6 16.27 Nonanoic acid C9H18O2 158.24 215, 117 Antifungal agent (Jang et al., 2012) 

7 19.58 
Vinclozolin M2, 

trimethylsilyl ether 
C14H19Cl2NO2Si 332.30 73, 143, 217 Fungicide 

(Müller et al., 

2011) 

8 20.01 Rhamnose C6H12O5 164.16 73, 133, 147, 189, 204 _ _ 

9 20.73 ρ-Anisic Acid C8H8O3 152.15 64, 77, 107, 135, 209 _ _ 

10 21.52 Cinnamic acid C9H8O2 148.16 205, 131, 161 Flavoring agent 
(Pramote et al., 

2012) 

11 21.74 
Linolool Oxide 

isomer 
C10H18O2 170.25 73, 131, 157, 199, 227 _ _ 

12 21.93 
Vinclozolin M2, 

trimethylsilyl ether 
C14H19Cl2NO2Si 332.30 73, 103, 143 Fungicide 

(Müller et al., 

2011) 

13 23.04 Tyrosol C8H10O2 138.16 73, 103, 147, 267 
Antioxidant; anti-arrhythmia 

agent 

(Covas et al., 

2003; 

(Continued on the next page) 

https://www.ncbi.nlm.nih.gov/sites/entrez?Db=pccompound&DbFrom=mesh&Cmd=Link&LinkName=mesh_pccompound&IdsFromResult=68000975
https://www.ncbi.nlm.nih.gov/sites/entrez?Db=pccompound&DbFrom=mesh&Cmd=Link&LinkName=mesh_pccompound&IdsFromResult=68000975
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Maĭmeskulova & 

Maslov, 1998) 

14 26.45 
Linolool Oxide 

isomer 
C10H18O2 170.25 73, 131, 143, 183 

Anti-inflammatory; anticancer; 

antimicrobial; among others. 

(Pereira et al., 

2018) 

15 27.35 
Vinclozolin M2, 

trimethylsilyl ether 
C14H19Cl2NO2Si 332.30 73, 103, 143, 170 Fungicide 

(Müller et al., 

2011) 

16 32.88 4-Coumaric Acid C9H8O3 164.15 
73, 117, 147, 179, 

219, 249, 293, 308 
Antioxidant (Zang et al., 2000) 

17 35.8 Palmitic Acid C16H32O2 256.40 73, 117, 145, 313 _ _ 

18 36.29 

Methyl 4-O-benzyl-

2,5-

dideoxypentonate, 

(3R,4S) 

C7H14O2 130.18 91, 115, 147 _ _ 

19 36.53 Ferulic Acid C10H10O4 194.19 

73, 117, 147, 191, 

219, 249, 293, 323, 

338 

, Anti-inflammatory agent, 

anti-diabetic, antioxidant 

(Srinivasan et al., 

2007) 

20 39.62 Oleic Acid C18H34O2 282.47 339, 117, 129, 145 _ _ 

21 40.32 Stearic Acid CH3(CH2)16COOH 284.48 73, 117, 145, 201 _ _ 

22B 43.72 
Tetracosane 

(Internal Standard) 
C24H50 338.65 57, 71, 113, 141, 169 _ _ 

23 46.93 n-(+)-cellobiose C12H22O11 342.30 73, 129, 147, 189, 204 _ _ 

(Continued on the next page) 
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24 48.33 Behenic Acid C22H44O2 340.58 73, 117, 145, 201 _ _ 

25 50.81 (+/-)-Naringenin C15H12O5 272.26 73, 117, 151, 179, 224 
Antioxidant; anti-

inflammatory; anticancer 
(Patel et al., 2018) 

26 51. 28 
glycerol 

monostearate 
C21H42O4 358.57 73, 129, 147, 203, 267 _ _ 

27 52.04 Lignoceric Acid C24H48O2 368.63 73, 117, 145, 201 _ _ 

28 52.28 Naringenin C15H12O5 272.26 
73, 133, 147, 179, 

229, 268 

Antioxidant; anti-

inflammatory; anticancer 
(Patel et al., 2018) 

(A)Rt: retention time (as min); (B)Internal standard
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Table 5. Composition of elderflower dichloromethane extract (µg g-1 of flower) with the respective relative standard 

deviation (RSD). 

RTA Compound µg g-1 flowerB RSD (%) 

 Miscellaneous   

5.58 2-3-Butanediol(E) 1.98 15.25 

19.58 Vinclozolin M2 Isomer(E) 55.21 8.77 

21.93 Vinclozolin M2 Isomer(E) 5.81 8.79 

27.35 Vinclozolin M2 Isomer(E) 6.45 6.85 

36.29 Methyl 4-O-benzyl-2,5-dideoxypentonate(E) 29.17 6.53 

 Fatty acid derivatives and Glycerol   

6.12 Hexanoic AcidC 3.12 12.57 

16.27 Nonanoic AcidC 4.86 34.67 

35.8 Palmitic AcidC 18.55 12.32 

39.62 Oleic AcidC 5.95 11.51 

40.32 Stearic AcidC 12.01 15.78 

48.33 Behenic AcidC 5.53 3.64 

52.04 Lignoceric AcidC 0.52 21.44 

51.28 Glycerol monostearate 20.07 13.45 

14.21 Glycerol 3.02 10.61 

 Aminoacid derivatives   

10.12 Methyl leucinate(E) 12.65 9.66 

 Phenolic Acids and Tyrosol   

11.77 Benzoic AcidD 8.83 8.22 

20.73 ρ-Anisic AcidD 23.91 8.96 

21.52 Cinnamic acidD 4.97 8.25 

32.88 4-Coumaric AcidD 8.17 5.28 

36.53 Ferulic AcidD 22.79 8.10 

23.04 Tyrosol(E) 4.30 7.26 

 Flavonoid   

50.81 Naringenin Isomer(E) 30.37 10.63 

52.28 Naringenin Isomer(E) 91.82 12.19 

 Monoterpene   

21.74 Linolool Oxide Isomer(E) 15.83 8.52 

26.45 Linolool Oxide Isomer(E) 12.34 8.67 

 Sugar   

20.01 Rhamnose(E) 10.09 8.57 

46.93 n-(+)-cellobiose(E) 31.63 7.36 

(A)Retention time (as minutes); (B)Content values are expressed as mean ± RSD, n=3; Calibration was performed using 

(C)palmintic acid, (D)ferulic acid (Supplementary Data I), or (E)tetraconase. 
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3.2.2. HPLC-MS Analysis 

The HPLC method allows the separation and quantitative analysis of phytochemicals present in 

different extracts. HPLC along with electrospray ionization tandem mass spectrometry is the best 

advanced analytical platform for identification of compounds present in very low concentrations. 

The hydrophilic composition of the elderflower extract was studied by high-pressure liquid 

chromatography -tandem mass spectrometry (HPLC-MSn). For the chromatographic analysis of the 

polyphenolic compounds presented in S. nigra infusion, it was used a reverse-phase column of silica C18. 

The separation of the elderflower infusion under optimized gradient conditions is presented on Figure 

15.  

Phenolic compounds were identified by comparing retention times with standards and by using 

tandem mass spectrometric detection. The phenolic compounds identified, as well as their retention time, 

the maximum UV wavelengths absorption, the corresponding [M-H]- ions and the key MSn fragmentation 

production ions relevant for their identification are summarized in Table 6. The quantification was 

performed by HPLC-UV using calibration curves of reference compounds representative of each chemical 

family (Table 7). 

 

Figure 15. HPLC-PDA profile chromatogram of aqueous extract of S. nigra flowers. Time of retention is expressed 

in minutes. Compounds are signed by numbers as stated in Table 6 and Table 7. 

Nineteen phenolic compounds, were identified, representing a total of 16,32 mg g-1 (1.63 % g g-1 of 

flower) of elderflower extract. Compounds were identified by comparison of their characteristic, retention 

time and fragmentation patterns obtained under the same experimental conditions, by co-injection of 

standards or by comparing their MS fragmentation patterns with the publish data (Table 6 and Table 

7). 
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Table 6. Phenolic compounds identified in S. nigra flower hydrophilic extract and corresponding MSn fragmentation profiles, and their identified biological activities in literature. 

Peak RTA λmáxB (nm) Compound 
[M-H]- 

(m/z)C 
MS2 (m/z)C MS3 (m/z)C Biological activity Reference 

1 0.60 238, 255 Quinic Acid 191 

[191]D: 85 (37), 87 (22), 109 (23), 

111 (100), 127 (57), 171 (29), 

173 (41) 

_ _ _ 

2 0.71 249, 259 
p-Coumaroyl-

caffeoylquinic Acid 
499 

[499]: 191 (100), 173 (57), 481 

(18) 
[191]: 85 (91), 171 (100) Antioxidant (Sato et al., 2011) 

3 4.34 246, 292, 322 Caffeoylquinic Acid 353 
[353]D: 179 (34), 191 (100), [179]: 

135 (100) 
_ 

Antioxidant; 

Metalloproteinase-9 

inhibitor 

(Sato et al., 2011) 

4 5.48 234, 288 Dicaffeoylquinic Acid 515 
[515]: 191 (100), 352 (52), 379 

(28) 
[353]: 191 (100) 

Antioxidant;  

HIV integrase inhibitor 

(Kim & Lee, 2005; 

Robinson et al., 1996) 

5 6.04 253, 308, 358 Caffeoylquinic Acid 353 [353]: 191 (100) 

[191]: 85, 93 (54), 111 (40), 

127 (72), 171 (49), 173 (100); 

[173]: 87 (23), 93 (100), 111 

(100), 155 (59) 

Antioxidant (Sato et al., 2011) 

6 6.48 241, 293, 324 Caffeoylquinic Acid 353 

[353]: 173 (100), 179 (49), 191 

(20), [173]: 93 (100), 109 (36), 

137 (76), 155 (73) 

_ Antioxidant (Sato et al., 2011) 

7 7.08 233, 286, 321 Quercetin dihexoside 625 
[625]: 301 (51), 462 (24), 463 

(100) 

[301]: 151 (100), 179 (73), 231 

(41) 
_ _ 

(Continued on the next page) 
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8 7.54 236, 288, 308 
Coumaroylquinic 

Acid 
337 [337]: 191 (100), 173 (22) 

[191]: 127 (100), 173 (85); 

[173]: 129 (21), 137 (29), 155 

(100) 

_ _ 

9 8.03 233, 264 
Coumaroylquinic 

Acid derivative 
401 [401]: 269 (100), 191 (37) 

[269]: 113 (21), 159 (23), 161 

(100) 
_ _ 

10 8.38 237, 312, 321 Feruloylquinic Acid 367 [367]: 173 (45), 191 (100) _ _ _ 

11 8.62 233, 254, 334 Quercetin dihexoside 625 
[625]: 255 (21), 271(24), 300 

(100), 301 (61), 445 (53) 
[301]: 151 (58), 179 (100) _ _ 

12 9.05 234, 254, 334 
Quercetin 

trisaccharide 
755 

[755]: 271 (25), 300 (100), 301 

(33), 343 (39), 505 (31), 591 

(79), 609 (45) 

[301]: 151 (26), 179 (100); 

[609]: 283 (69), 300 (32), 343 

(100) 

_ _ 

13 9.97 233, 254, 343 
Isorhamnetin 

derivative 
639 

[639]: 299 (27), 315 (100), 459 

(29) 
[315]: 300 (100) 

Antioxidant; 

Antitumoral 

(Hu et al., 2015; 

Yokozawa et al., 2002) 

14 10.12 254, 318, 374 
Quercetin-3-

rutinoside 
609 [609]: 301 (100), 300 (42) [301]: 179 (100), 151 (69) 

Antiallergic; anti-

inflammatory; 

antiproliferative, 

anticarcinogenic  

(Chen et al., 2013; 

Guardia et al., 2001; 

Yang et al., 2008) 

15 11.85 232, 255, 350 
Quercetin-acetyl 

glucoside 
505 

[505]: 300 (62), 301 (100), 463 

(23) 

[301]: 151 (100), 179 73), 193 

(24), 273 (46), 283 (23) 
Antioxidant (Lee et al., 2002) 

16 12.73 232, 264, 343 
Kaempferol 

rutinoside 
593 [593]: 285 (100) 

[285]: 197 (24), 213 (25), 229 

(45), 241 (21), 257 (100), 267 

(54) 

Antioxidant 
(Verhoeyen et al., 

2002) 

17 13.68 234, 254, 343 
Isorhamnetin-

rutinoside 
623 [623]: 300 (23), 315 (100) 

[300]: 255 (67), 271 (100), 272 

(25) 
_ _ 

(Continued on the next page) 
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18 14.64 233, 301, 385 Kaempferol residue 449 285 (100), 303 (23) [285]: 141 (100), 123 (23) 

Anti-inflammatory; 

anticancer; antioxidant; 

antimicrobial 

(Chang et al., 2006; 

Kampkötter et al., 

2007; Kataoka et al., 

2001; Park et al., 

2009) 

19 15.94 232, 254, 348 
Isorhamnetin 

acetylhexoside 
519 

271 (30), 314 (100), 315 (72), 

357 (36) 
[315]: 300 (100) Antioxidant (Zielinska et al., 2001) 

(A) Rt. – retention time;  

(B) λmáx – maximum wavelength 

(C) MS2, MS3 – second and third stage of mass spectrometry;  

(D) […] – product ions were subjected to further MS3 fragmentation. 

 

 

 



 

 

Table 7. Concentration of the polyphenolic compounds in elderflower aqueous extract (µg g-1 of flower) determined 

by HPLC.  

Peak RT(A) Compound µg g-1 of flower(D) 

1 0.60 Quinic AcidB 545.0 ± 227.7 

2 0.71 p-Coumaroyl-caffeoylquinic AcidB 747.7 ± 105.7 

3 4.34 Caffeoylquinic Acid IsomerB 879.3 ± 29.6 

4 5.48 Dicaffeoylquinic AcidB 145.7 ± 41.8(<LOD) 

5 6.04 Caffeoylquinic Acid IsomerB 7,394.10 ± 253.6 

6 6.48 Caffeoylquinic Acid IsomerB 873.1 ± 79.4 

7 7.08 Quercetin dihexoside IsomerC 181.2 ± 38.3(<LOD) 

8 7.54 Coumaroylquinic AcidB 435.6 ± 37.9 

9 8.03 Coumaroylquinic Acid derivativeB 93.6 ± 15.0(<LOD) 

10 8.38 Feruloylquinic AcidB 367.5 ± 2.7 

11 8.62 Quercetin dihexoside IsomerC 293.1 ± 243.4 

12 9.05 Quercetin trisaccharideC 327.8 ± 233.5 

13 9.97 Isorhamnetin derivativeC 273.4 ± 231.5 

14 10.10 Quercetin-3-rutinosideC 1,887.7 ±269.1 

15 11.76 Quercetin-acetyl glucosideC 413.9 ± 230.4 

16 12.73 Kaempferol rutinosideC 286.1 ±230.1 

17 13.68 Isorhamnetin-rutinosideC 601.2 ± 227.7 

18 14.64 Kaempferol residueC 288.8 ± 223.7 

19 15.94 Isorhamnetin acetylhexosideC 281.4 ± 227.7 

(A)Retention time values are expressed in minutes; Calibration curves used: (B)rutin (LOD > 197,75 µg g-

1) and (C)chlorogenic acid (LOD > 223.19 µg g-1), are represented in Supplementary Data II and 

Supplementary Data III, respectively. (D)Content values expressed as mean ± SD, n = 3. 

Among all the phenolic compounds reported, caffeoylquinic acid was the major phenolic acid and 

quercetin the major flavonol found in S. nigra hydrophilic extract, accounting for 9,146.5 (± 362.6) µg g-

1 and 3,103.7 (± 771.7) µg g-1, respectively. 
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3.3. In vitro analysis 

After a full identification and quantification of elderflower extract metabolites by GC-MS and HPLC-

MS, in vitro assays were performed to evaluate antiproliferative (cell viability) activity, epigenetic activity 

of demethylation of MLH1, antigenotoxic activity and antimicrobial activities. 

3.3.1. In vitro proliferative activity  

The proliferative activity of elderflower extract was determined by the MTT assay. The in vitro activity 

of elderflower extract was tested on five different cell lines (NCTC 2544, RAW 264.7, Caco-2, RKO and 

HCT-116). The results are expressed as IC50 (mg mL-1), defined as the concentration that inhibits the cell 

growth by 50% (Table 8). 

Table 8.  IC50 values for elderflower extract on different cell lines expressed in mg mL-1. 

Cell lines 

NCTC 2544 RAW 264.7 Caco-2 RKO HCT-116 

1.94 (± 0.06) 0.51 (± 0.03) 2.52 (± 0.31) 1.25 (± 0.06) 3.44 (± 0.23) 

NCTC 2544: human keratinocyte cell line; RAW 264.7: murine macrophage cell line; Caco-2: 

human colon adenocarcinoma cell line; RKO: human colon carcinoma cell line; HCT-116: 

human colon cancer cell line. 

Elderflower extract exhibited a dose-response relationship in all cell lines tested (Supplementary 

Data IV). The most pronounced antiproliferative effect of elderflower extract was observed in murine 

macrophage cell line (RAW 264.7), which had the lowest IC50 value (0.51 ± 0.03 mg mL-1), while the less 

susceptible cell line to S. nigra extract cytotoxicity was HCT-116 (3.44 ± 0.23 mg mL-1). 

3.3.2. Epigenetic activity of elderflower extract on MLH1 demethylation  

Acquired defects in the MMR pathway are seen in 15%–25% of sporadic cancers of the colon. In 

most cases, the MMR defects are a result of MLH1 silencing, an essential factor in the MMR pathway 

(Herman et al., 1998). In RKO cells, MLH1 can be reactivated by 5-azaC treatment, but becomes silenced 

again once the agent is removed (McGarvey et al., 2006). The combination of 5-FU with other drugs 

seems to be a new promising therapeutic approach. Thus, the study of bioactive compounds with 

potential antitumor activity that act alone or in combination with other chemotherapeutic agents has been 
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exploited as an approach to enhance therapeutic efficacy and reduce side effects due to traditional cancer 

therapy, like the monotherapy of 5-FU. Some phytochemicals, such as quercetin, present in the aqueous 

elderflower extract, are important demethylating agents, namely on RKO cells as described by Tan and 

his colleagues (Tan et al., 2009). 

To evaluate if aqueous elderflower extract can act synergistically with 5-FU by decreasing RKO cell 

viability, a 2 µM of 5-azaC concentration was used, because this concentration is not cytotoxic for the 

RKO cells, and 10 µM of 5-FU (IC50 concentration) (Figure 16).  

 

Figure 16. Effect on cellular viability of elderflower extract, 5-azaC and 5-FU.  The cells were pre-

incubated during 48h with 5-azaC (2 µM) or with aqueous elderflower extract (10 µg mL-1 and 20 µg mL-1) before 

5-FU (10 µM) treatment for 48h. The percentage of cell viability was calculated by the absorbance relative to the 

value detected for the control cells (untreated cells), that was defined as 100% of cell viability. For each condition 

were performed three independent experiments and data are expressed as mean ± SD. Asterisks represent 

significant difference (**p < 0.01; ***p < 0.001). 

When incubated for 48 hours with the demethylating agent, 5-azaC, followed by 48 h exposure to 

5-FU, a significant decrease on viable cells (63.77 ± 4.55 %) was observed when compared to the controls 

(only 5-FU (78.85 ± 6.74%) or only 5-azaC (80.56 ± 1.09 %)). This might indicate a synergistic effect 

between these two drugs.  The cells incubated with elderflower extract, followed by the exposure to 5-FU, 

did not present significant differences on cell viability, which indicates that the decrease on cell viability 

is due to 5-FU action. 
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3.3.3. Effects of elderflower extract on oxidatively induced-DNA damage 

Cells must maintain the balance between the levels of free radicals and antioxidant. When the 

levels of free radical exceed that of antioxidants during oxidative stress, biomolecules such as lipids, 

proteins and DNA in particular can be damage. This damage could cause numerous chronic disorders 

including cancer (Halliwell, 1994). Flavonoids and their derivatives have attracted a great attention as 

antigenotoxic and chemopreventive agents. In this group, it is included naringenin, a flavanone detected 

on the GC-MS analysis, which has been associated to several genotoxic studies (Kocyigit et al., 2016; 

Razo-Aguilera et al., 2011). 

To study the antigenotoxic activity of elderflower aqueous extract, RKO cells were exposed to 

different concentrations of H2O2 (50, 100, 150, 200, 250 µM, in order to determine the concentration 

that will result in a  50% of tail DNA on the Comet assay (Collins, 2004). A concentration of 75 µM H2O2 

was chosen to induce a consistent level of DNA damage in RKO cells (Supplementary Data V).  

As described in section 2.2.4, to study elderflower aqueous extract ability to protect against H2O2-

induced DNA damage, two different concentrations of elderflower extract were evaluated (200 and 400 

µg mL-1). L-7-G with a concentration of 20 µM was used as positive control. The extracts were 

administrated to RKO cells for 24 and 48 hours. Subsequently, cells were exposed to oxidative stress, 

and for that a 75 µM H2O2 solution was added for 5 min on ice, aiming to induce DNA SBs.  

As shown in Figure 17, elderflower aqueous extract at a concentration of 200 and 400 µg mL-1 

did not show any significant (*p > 0.05) protection after 24 and 48 hours of incubation. This effect is not 

altered in a dose-dependent manner. On the other hand, incubation with 20 µM L-7-G, significantly (*p < 

0.01) decreased DNA SBs induction by H2O2 when incubated for 24h (43%) and 48h (33%). 
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Figure 17. Effects of 24 and 48h of pre-treatment with luteolin (20 µM) and elderflower extract (200 and 400 µg 

mL-1) on oxidative DNA damage induced by 75 µM H2O2 (5 min, on ice) in RKO cells. [+] - compound present; [-] - 

compound absent; () – percentage of protection regarding to the respective control. Results are expressed as mean 

± SD, of at least three independent experiments. Asterisks represent significant difference (**p < 0.01). 

3.3.4. Effects of elderflower extract on repair ability 

DNA protection from oxidative damage can contribute to protection to reduce mutations and to 

maintain genomic stability. On this experiment, the repair-enhancing effects of elderflower aqueous 

extract and L-7-G in human colon carcinoma RKO cells when exposed to oxidative agents (H2O2) was 

evaluated. 

Thus, to analyze the potential of elderflower aqueous extract and L-7-G on the ability of RKO cells 

to rejoin DNA SBs, cells were pre-treated with elderflower aqueous extract at a concentration of 200 and 

400 µg mL-1 and 20 µM L-7-G for 24 and 48 hours before H2O2 exposure. Cells were then left to recover 

in fresh medium for 5 or 10 min at 37 ºC. Result of these experiment are shown in Figure 18. 
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Figure 18. Extent of repair of 75 µM H2O2-induced damage in RKO cells after pre-incubation during 24 and 48 

hours with elderflower aqueous extract (200 and 400 µg mL-1) and 20 µM L-7-G followed by 5 minutes (A) and 10 

minutes (B) of recovering time. [+] - compound present; [-] - compound absent. Results are expressed as mean ± 

SD, of at least three independent experiments. Asterisks represent significant difference (***p < 0.001). 
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For recovery time, 5 and 10 minutes were selected considering the linear phase of SB repair 

(Supplementary Data VI). As shown in Figure 18 (A), 24 and 48 hours of incubation with elderflower 

aqueous extract, did not induce any significant repair of DNA in comparison to control, after 5 minutes 

recovery time. However, after 24 and 48 hours of incubation with L-7-G there was higher % of repair of 

DNA when compared to the control when incubated for 24 (***p < 0.001) and 48 (***p < 0.001) hours. 

When 10 minutes of recovery were allowed, no significant differences were observed for all the conditions 

tested with elderflower extract, but once again, the positive control L-7-G, was the condition responsible 

for ensuring higher levels of DNA repair (Figure 18 (B)). 

3.3.5. Antimicrobial activity of elderflower aqueous extract 

Since the earliest times, many plants have been known to exert healing properties against human 

pathogens due to their secondary metabolite content. Over the past decade, much attention has been 

placed on the study of phytochemicals for their antibacterial/antifungal activity (Borges et al., 2015). 

However, phytochemicals cannot be used in monotherapy, due to their high minimum inhibitory 

concentration (MIC) (100–5,000 µg mL-1) compared with antibiotics (0.031–512 µg mL-1) (Barbieri et al., 

2017). Some investigation showed that phytochemicals modulate or modify resistance mechanisms in 

bacteria, suggesting that phytochemicals can be used in combination with antibiotics to increase the 

activity and decrease the doses of antibiotic (Santiago et al., 2015). 

 Determination of minimal bactericidal concentration (MBC) and minimal fungicidal concentration 

(MFC) is the most common estimation of bactericidal and fungicidal activity. MBC/MFC is defined as the 

lowest concentration of antimicrobial agent required to kill 99.9% of a population during 24h, under an 

established set of conditions (CLSI, 2010). Then, MBC can be estimated after a broth macrodilutions, by 

sub-culturing in non-selective agar plates to determine the number of surviving (CFU mL -1) cells after 24 

hours of incubation.  

The antimicrobial activity of elderflower aqueous extract was evaluated based on MBC and MFC 

against several pathogen organisms and the results of this experiment are shown in Table 9. 
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Table 9. MBC and MFC performance of elderflower aqueous extract against pathogenic organisms. MBC and 

MFC values are presented in mg mL-1. Results are expressed as mean of at least three independent experiments. 

Microbial species Strain MBC/MFC (mg mL-1) 

Bacteria   

Pseudomonas aeruginosa PA01 > 33 

Klebsiella pneumoniae ATCC 11296 > 33 

Klebsiella oxytoca ATCC 13182 > 33 

Staphylococcus aureus 
ATCC 25923 33-8.3 

Clinical isolate 4.1 

Staphylococcus epidermidis ATCC 12228 4.1 

Fungi   

Candida albicans SC 5314 > 33 

 

As presented in Table 9, bacterial strains tested Pseudomonas aeruginosa, Klebsiella 

pneumoniae, Klebsiella oxytoca and Staphylococcus aureus ATCC 25923 (gram-negative bacteria) 

exhibited values of MBC higher than 33 mg mL-1 (Supplementary Data VII). Staphylococcus aureus 

clinically isolated and Staphylococcus epidermidis (gram-positive bacteria), demonstrate higher 

susceptibility compared to the bacterial species previously described, both displaying MBC values of 4.1 

mg mL-1. The evaluation of MFC in fungi strain Candida albicans SC 5314, as the majority of bacterial 

strains tested, exhibited a susceptibility value higher than 33 mg mL-1.  
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4. Discussion 

Natural products such as plant-derived extracts provide numerous opportunities for new drug 

discoveries because of an unmatched availability of chemical diversity. In this sense, S. nigra has been 

subjected of enormous interested, and several studies involving this plant showed huge benefits of leaves, 

flower and fruit to human health (Sidor & Gramza-Michalowska, 2015).  

 

4.1. Antioxidant activity and Phenolic Content 

Based on that, the aim of this project was to obtain a natural extract from S. nigra flowers. Water 

was considered the most suitable solvent, not only for being non-toxic, but also because it is described 

as one of the best solvents to produce S. nigra extracts with high free radical scavenging activity against 

DPPH (Duymuş et al., 2014). However, there are several factors that might affect extraction process, 

such as, plant matrix properties, temperature, pressure and extraction time (Hernández et al., 2009). On 

this work, the only variable tested was the temperature of extraction, as shown in Figure 13 and Figure 

14. The criteria used to choose this parameter was based on the evaluation of antioxidant potential 

(Figure 13) and phenolic content (Figure 14) that resulted from the extraction at three different 

temperatures (50, 70, 90 ºC). Based on the results, it was determined that the highest temperature, 

especially 90 ºC, is responsible for the highest antiradical activity (*p < 0.05) and the highest phenolic 

content (**p < 0.01). These two parameters might be correlated, once polyphenols are molecules with 

good scavenging activity  and metal chelators due to the hydroxyl groups in their structure, as represented 

in Figure 4 (Nicholson et al., 2012). Still, it is important to point out that the phenolic content assessed 

through this method does not correspond to an absolute measurement of the quantity of phenolics 

present, but is instead their reducing ability relatively to an equivalent reducing capacity of caffeic acid. 

These results are in accordance with some studies already reported, indicating that high temperatures 

tended to increase the polyphenol content (Dawidowicz et al., 2006). This may be due to the thermal 

destruction of cell walls and subcellular compartments during cooking, favoring the release of these 

compounds (Juániz et al., 2016). The analysis of DPPH assay revealed identical values with the study 

performed by Buricová et al., demonstrating a radical scavenging activity of DPPH of elderflower aqueous 

extract of 60.8 %. Some studies, however, refer that phenolic antioxidants react slowly with DPPH, 

reaching a steady state of 1-6 hours longer than the usual, suggesting that evaluation of antioxidant 

activity using DPPH should be performed over time (Bondet et al., 1997). For this reason, antiradical 

activity measure might be underestimated.   
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4.2. Identification and characterization of elderflower extract 

The extraction process was followed by identification and characterization of the aqueous extract 

of elderflower using two instrumental analytical techniques (GC-MS and HPLC-MS) as it is described in 

3.2. 

The study of metabolite profiling of the lipophilic fraction of S. nigra extract was achieved by GC-

MS as shown in Table 4 and Table 5. The low yield of extraction of 0.42% (g g-1 of flower) is explained 

by the extraction methodology, in particularly by the use of water as solvent. A solute will dissolve in a 

solvent of identical polar property, but two substances of opposing polar properties will not interact, which 

means that nonpolar molecules, such as fatty acids, will not dissolve in polar substance like water 

(Stillwell, 2013). By definition, lipid is a molecule that is soluble in solvents with low polarity and insoluble 

in solvents with high polarity.  

The major compound detected on the GC-MS analysis was naringenin, a flavanone, which has 

received considerable attention regarding its pharmacodynamic activities (Patel et al., 2018). These 

include, antioxidant activity, through the inhibition of prooxidant enzymes (Wang et al., 2010); anti-

inflammatory activity by the activation of transcription factor Nfr2, decreased the formation of reactive 

species of oxygen and inflammatory mediators (Pinho-Ribeiro et al., 2016). It also has anticancer activity, 

namely by suppressing TGF-β signaling pathway, inducing a cytotoxic effect in many cell lines, such as 

colon, pancreas, leukemia, stomach, liver and breast (Kanno et al., 2005; Yang et al., 2011). Additionally, 

it has been reported anti-diabetic activity, and effects on central nervous and cardiovascular system 

(Capasso et al., 2006; Li et al., 2006; Yi et al., 2010). Naringenin is freely soluble in organic solvents like 

ethanol, dimethylformamide and dimethyl sulfoxide, however, in aqueous buffers naringenin is sparingly 

soluble. It is described in literature that aqueous solubility of naringenin was found to be 475 mg L -1 and 

the log P value observed to be 2.42. It explains the lower amounts of naringenin in our extract regarding 

to some studies already published, where naringenin is present at concentration of 734.15 mg kg-1 

(methanolic extract) (Mikulic-Petkovsek et al., 2015).  

The second family of molecules most represent in GC-MS data was a miscellaneous compounds. 

This family is mainly constituted by vinclozolin isomers, a dicarboximide fungicide commonly used in 

agricultural applications. Due to their structure, it is possible that this compound might be added during 

cultivation process of S. nigra (Sato et al., 2016). It is also recognized as an androgen antagonist 

(antagonize the action the biosynthesis or actions of androgens) (Crews et al., 2014). It has been 

associated to the induction of epigenetic transgenerational inheritance of increase susceptibility of disease 

and to induce transgenerational changes to the epigenome (Anway et al., 2005).  
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Regarding to the fatty acids, contrary to the expected, only MCFAs and LCFAs were detected 

upon GC-MS analysis, instead of short chain fatty acids (SCFAs). FAs are molecules with a carboxylic 

group (-COOH) and a long aliphatic chain. The carboxylic group has the capability to form strong hydrogen 

bonds, particularly the short members of the family (C1-C6). As the hydrocarbon chain increases there is 

a loss of solubility (Stillwell, 2013), therefore it would be expected to find higher concentration SCFAs, 

instead of MCFAs and LCFAs. However, none of the SCFAs were detected in the GC-MS analysis. Unlike 

MCFAs and LCFAs, the SCFAs are molecules which exhibit a certain solubility in water, since they present 

a short aliphatic chain, which confers a certain polarity to these molecules (Stillwell, 2013). We suggest 

that during dichloromethane extraction, SCFAs were maintained in the water layer and did not got 

transferred to the dichloromethane layer, due to their solubility in water. For this reason, SCFAs do not 

appear in GC-MS analysis.  

However, still remains to explain why MFCAs and LCFAs were detected in aqueous extract by 

GC-MS analysis, since they are insoluble in water. Amphipathic molecules must satisfy two conflicting 

natures simultaneously: water solubility and lipid solubility. This is achieved by forming aggregates, more 

precisely micelles in the case of fatty acids. As fatty acids are added to a water solution, their 

concentration increases up to a point that represent the limit of solubility in water, called the critical 

micelle concentration (CMC). As more fatty acids are added beyond this point, they form new micelles, 

but the concentration of free fatty acids in the water solution remains constant. CMC value will depend of 

the size aliphatic chain. Heavy fatty acids will have tendency to form micellar structures at lower 

concentrations. For example, octanoate (9:0) (CMC = 400 mM) is very soluble in water compared to 

palmitate (16:0) (CMC = 0.002 mM). The size of micelles will depend on the composition and 

concentration, but typically ranges from 2 nm to 20 nm. The size of these micelles is way lower than the 

pore of the filter (0.22 µm) used to separate the solid from liquid fraction. For this reason, these 

aggregates could easily escape to the filtration process, which might explain why they were detected upon 

GC-MS analysis. 

The polyphenolic profile of S. nigra infusion (Table 6 and Table 7) assessed by HPLC-MS is 

consistent with literature, in particular the highest content of chlorogenic acid and rutin were observed 

followed by the other polyphenolic compounds. The exact concentration of these compounds is, however, 

strongly dependent of extraneous influences (e.g. culture, place of origin, treatment of the sample). For 

example, the concentrations of flavonoids and their glycosides determined in the inflorescence samples 

of S. nigra present by Barros et al. are in agreement with our present results, however, the concentration 

levels of phenolic acids (especially isomers of chlorogenic acid) determined in our work are higher, while 
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the concentration levels of flavonoid rutin are lower (Barros et al., 2012; Dadáková et al., 2010). The 

composition of S. nigra aqueous extract demonstrates that it might be a source of valuable bioactive 

compounds, and particularly of phenolic acids and flavonols. Indeed, chlorogenic acid and quercetin-3-

rutinoside, are both deeply studied on diverse biological activities (Ganeshpurkar & Saluja, 2017; Naveed 

et al., 2018). 

4.3. In vitro analysis 

S. nigra extract was tested on five different cell lines as shown in Table 8. Several compounds 

detected in S. nigra extract by GC-MS and HPLC-MS have implication in cancer therapy as 

chemopreventive agents, namely quercetin, caffeoylquinic acid and kaempferol (Table 7). These 

compounds and its derivates are known to exert growth inhibitory effects in colon cancer cells by 

decreasing tumor growth and suppressing cell survival or proliferation rate through induction of apoptosis 

or autophagy (Chiang et al., 2014; Kee et al., 2016; Lee et al., 2014). Although, analysis of the 

proliferation activity, revealed that S. nigra extract exhibited low levels of antiproliferative activity, either 

for non-tumoral cell lines (NCTC 2544 and RAW 264.7), or for tumoral colon cell lines (RKO, HCT-116, 

Caco-2), compared to other extracts (Benarba & Pandiella, 2018). These results are in accordance with 

some studies regarding to the anticancer properties of S. nigra (Thole et al., 2006). However, some 

studies reported that elderberry leaves and fruits extracts moderately inhibited tumor growth in colorectal 

cancer cells (HT29) and leukemia, being these antitumor properties associated with the polyphenol 

content (Goun et al., 2002; Jing et al., 2008).  

 The analysis of antiproliferative activity was followed by the study of epigenetic activity of S. nigra 

extract on MLH1 demethylation as an alternative to 5-azaC. The results presented in Figure 16 showed 

a significant synergistic effect between 5-FU (chemotherapy drug) and 5-azaC (demethylating agent), 

known by its ability of revert epigenetic silencing of MLH1 (Hinoi et al., 2003). This effect could be more 

pronounced by adjusting times of incubation of 5-azaC to ensure that MLH1 is demethylated when co-

incubate with 5-FU. As soon as 5-azaC is metabolized, MLH1 returns to the initially quiescent state. 

Furthermore, 5-azaC is unstable in aqueous solution because of the instability of 5-azacytosine 

nucleobase (Stresemann & Lyko, 2008). When we substituted 5-azaC by elderflower extract, no significant 

difference was observed, being the decrease of cell viability, mainly due to 5-FU cytotoxicity, since no 

significant difference was noticed between 5-FU and the group treated with 5-FU and elderflower extract. 

It is also observed that this effect is not altered in dose-dependent manner of S. nigra extract. These 
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results may point that elderflower extract does not possess epigenetic activity on demethylation of MLH1 

in spite of the high content of quercetins. However, some studies refered that prior to absorption, 

quercetin glycosides (i.e quercetin glucosides, quercetin galatactoside, quercetin arabinoside) are 

deglycosylated to quercetin aglycone by the lactase phlorizin hydrolase (LPH), a β-glucosidase residing 

in the brush border (Arts et al., 2004; Németh et al., 2003). Regarding to quercetin-3-rutinoside, the main 

source of quercetin in S. nigra extract, is absorbed in the colon following deglycosylation which seem to 

be mediated by gut microbiota-derived β-glucosidase that generates quercetin aglycone facilitating its 

colonic absorption (Jaganath et al., 2006; Kim et al., 1998) (Supplementary Data IX). The absence of 

this metabolization process in our assay, suggest that rutin may not have the ability to diffuse passively 

through the membrane, which impossibilities its action as a demethylating agent of MLH1. 

 Oxidant agents can induce severe genotoxicity and cytotoxicity as well. Regarding to hydrogen 

peroxide, although the chemical by itself does not have properties of a radical, it is a potential source of 

dangerous radical HO•, which can attack DNA at sugar residue leading to fragmentation, base loss and 

strand breaks with a terminal sugar residue fragment (Halliwell & Aruoma, 1991). The antioxidative 

potential of S. nigra has been demonstrated before by several studies (Dawidowicz et al., 2006; Stoilova 

et al., 2007). This property has also been suggested to be involved in DNA-damage inhibitory effect on 

the mutagenicity produced by agents with oxidative potential, such as naringin (or naringenin - when 

naringin is administrated orally, it is hydrolyzed to naringenin which is the major absorbable metabolite 

(Kim et al., 1998)) (Jagetia et al., 2007). In this sense, another bioactive property tested using S. nigra 

extract was the antigenotoxicity. With the comet assay we observed a strong DNA damaging effect of S. 

nigra extract, similar to the control, suggesting that extract (200 and 400 µg mL-1) tested did not protect 

RKO cells from the radical activity of H2O2 (Figure 17), contrary to the results described by Olejnik et al. 

(Olejnik et al., 2016), while L-7-G (positive control) exhibited a significant protection of DNA (**p < 0.01) 

for times of incubation of 24 and 48 hours. There are several variables that might had influence in this 

data. First, the action of chlorogenic acid, the abundant present metabolite in elderflower extract. Besides 

this compound being known by its antioxidant properties (Kono et al., 1997), some studies refer  

chlorogenic acid induces genotoxic effects (Burgos-Morón et al., 2012; Li & Trush, 1994). However, 

currently, it is unclear if chlorogenic acid can prevent or induce DNA damage. Second, it is also important 

to consider that the physicochemical properties of flavonoids determine their characteristics of 

absorption. In the absence of active transport systems, bioactive compounds must diffuse passively 

across biological membranes. Only molecules with appropriate lipophilicity can diffuse across membrane 

phospholipidic membrane. Those too hydrophilic are unavailable to the cell interior, and those to 
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hydrophobic unable to react in aqueous conditions. Several studies describe that rutin (logP = - 0.87) 

gets absorbed from the colon after removal of the carbohydrate moiety through bacterial enzyme action 

over it,  as it was described before (Gupta et al., 2016; Pool-Zobel et al., 1999). In the case of chlorogenic 

acid (logP = -0.27), they are hydrolyzed by gastric esterease(s) most likely located in the apical membrane 

releasing hydroxycinnamic acids, which passively diffuses across membrane (Farrell et al., 2011). L-7-G, 

is highly lipophilic (logP = 0.58), instead of glycoside and rutinoside conjugates, which had lower partition 

coefficient (log P) values. The addition of a sugar moiety give rise to hydrophilicity (Rothwell et al., 2005). 

In this context, the protection of cells may occur through extracellular reduction of exposure to oxidative 

and carcinogenic factors, which indirectly, might also protect intracellular state, however, it is not 

observed by this assay (Olejnik et al., 2016; Pool-Zobel et al., 1999). 

 DNA damage combined with defects in repairing oxidative damage to DNA has been associated 

to several diseases including cancer (Loft & Møller, 2006; Mena et al., 2009). Cells have multiple DNA 

repair pathways for specific class of lesions that mitigate the deleterious consequences of damage 

accumulation. Effects of natural compounds on DNA repair are still poorly understood; some reports show 

that polyphenols such as quercetin, present in elderflower extract, increase DNA repair activity (Ramos 

et al., 2008). In our present study, 24 and 48 hours of pre-treatment with S. nigra extract did not showed 

increased rate of rejoining of strand breaks considering the 5 and 10 minutes of recovering time in RKO 

cells treated with H2O2 during 5 min (Figure 18). These results can be explained based on the 

antigenotoxicity data shown in Figure 17. Once again L-7-G, due to its lipophilicity, can easily diffuse 

through cytoplasmatic membrane, promoting an efficient repair. S. nigra compounds due to their 

hydrophilicity, cannot permeate cellular membrane, which impossibilities the enhancement of rejoining 

strand breaks. 

 The flavonoids are known for their antioxidant, anti-inflammatory, antiallergic, anticancer and 

antifungal properties. However, since plants synthetize flavonoids in response to microbial infection, there 

is a growing interest about the antibacterial properties of flavonoids and their application in the therapy 

for human diseases (Perumal Samy & Gopalakrishnakone, 2010). Among flavonoids, some flavonols 

compounds, such as quercetin (Hossion & Sasaki, 2013; Liu et al., 2010) and kaempferol have shown 

antimicrobial activity against gram-negative and gram-positive bacteria, and so the flavanone naringenin 

(Górniak et al.). Furthermore, so phenolic acids have recently gained substantial attention due to their 

various practical, biological and pharmacological effect. In this group, chlorogenic acid, a majority 

compound of S. nigra infusion, has various antimicrobial effects described. Several studies indicate that 

chlorogenic acid has bacterial effects against Klebsiella pneumoniae (Bajko et al., 2016), Staphylococcus 
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epidermidis (Fu et al., 2016) and Staphylococcus aureus (Sousa et al., 2014). On the other hand, 

phenolic compounds such as chlorogenic acid are not sensitive against probiotic bacteria, which makes 

them even more appropriate to use in food industry (Puupponen‐Pimiä et al., 2001). Chlorogenic acid 

can also exert antifungal effect against Candida albicans by having an impact on fungi’s cell membrane 

(Sung & Lee, 2010). For this reason, we went to study antimicrobial properties of S. nigra infusion. MBC 

was determined to Staphylococcus aureus e Staphylococcus epidermidis (Table 9). These results might 

be justified by the action of kaempferol and quercetin, described in literature as polyphenols active against 

this bacterial strain (Huang et al., 2015), and so by the action of chlorogenic acid. Another strains which 

was expected to determined MBC was Klebsiella pneumoniae and Pseudomonas aeruginosa, described 

by some studies as sensitive to the action of quercetin and chlorogenic acid, and naringenin, respectively 

(Barbieri et al., 2017). The mechanism by which S. nigra metabolites affect namely Staphylococcus 

aureus clinically isolated and epidermidis is not described, however, several studies demonstrated that 

naringenin, quercetin and kaempferol are associated with membrane disruption, inhibition of ability to 

form biofilms among other effects as described in Supplementary Data VIII (Górniak et al., 2018). 

Interestingly, would be expected a lower MFC of Candida albicans, since it is described that MIC of 

chlorogenic acid to this fungi strain is 80 µg mL-1 (Sung & Lee, 2010) and in our extract a concentration 

of 33 mg mL-1 presuppose concentration of 246 µg mL-1 of chlorogenic acid. 
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5. Conclusions and Future Perspectives 

Medicinal plant extracts are a natural source of phytochemicals with health benefits, being often 

acknowledged by their antioxidant, anticancer and antigenotoxic features. The objective carried out during 

this MSc thesis was to produce a natural extract using S. nigra flowers followed by chemical 

characterization and evaluation of its biological properties, in order to valorize a product that otherwise is 

considered a waste. The main conclusions of this work are as follow: 

• The first task of this work was to determine which temperature is responsible for ensure higher 

radical scavenging activity and higher phenolic content. Our result indicate that highest the 

extraction temperatures the highest is the radical scavenging activity and higher phenolic 

content as shown in Figure 13 and Figure 14.  

• The second task of this work was to chemically characterize S. nigra aqueous extract using GC-

MS and HPLC-MS. The lipophilic fraction (dichloromethane extractives) of S. nigra aqueous 

extract presented a lipophilic profile, mainly composed by flavonoids, followed by miscellaneous 

compounds. In this context, naringenin was the most represented metabolite of lipophilic 

extractives. The hydrophilic fraction (water extractives) of S. nigra aqueous extract presented a 

hydrophilic profile mainly composed by phenolic acids and flavonols families, where chlorogenic 

acids and quercetins were the most represented of each family, respectively. This study, allowed 

the identification of several relevant bioactive compounds in the elderflower extract, indicating 

that it is a valuable source of phenolic acid, flavonol and flavonoid compounds. 

• The third task of this work was to assess the bioactive properties of S. nigra in vitro. We observed 

that elderflower extract exhibited low antiproliferative activity, namely against tumoral cell lines. 

Regarding to epigenetic demethylation of MLH1 was observed that S. nigra infusion do not 

possess any demethylation activity. It possibly occurs once the majority of compounds with 

demethylation activity (quercetins) in the studied extract are lipophobic. The antigenotoxicity of 

S. nigra extract was investigated again oxidative stress in RKO cells, where the pre-treatment 

with elderflower extract did not showed to prevent the H2O2-induced oxidative DNA damage. The 

same way, it is possible that chlorogenic acid and rutin, the major compounds of S. nigra 

extract, cannot either permeate cellular membrane, and for this reason do not exert any 

antigenotoxic activity. Regarding to antimicrobial activity of elderflower infusion, the only 
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bacterial strains susceptible to the action of it was Staphylococcus aureus clinically isolated and 

Staphylococcus epidermidis 

Considering the future research of this project, there are considerations which may add value to 

this work. It is important to notice that S. nigra flowers are just a valuable product of Sambucus tree. In 

this particular case, S. nigra berries have also a rich composition in polyphenols compounds, namely 

anthocyanins (Vlachojannis et al., 2015), recognized by its antioxidant and anti-inflammatory properties 

(Miguel, 2011). For this reason, formulate an extract based on S. nigra berries, or the combination S. 

nigra flowers and berries can lead to higher radical scavenging activities due to the presence of a wider 

range of compounds. Additionally, the use of different solvents and methods of extraction, may allow the 

recovery of compounds with different polarities, could also cause a variation in the antioxidant properties 

of S. nigra extract.  

Considering the results obtained to aqueous extraction, higher temperatures (>90 ºC) may be 

considered, since it was observed a correlation between the temperature of infusion and antioxidant 

activity/phenolic content, and so the adjustment of the time of extraction. Furthermore, in order to obtain 

a more representative fraction of lipophilic content, an enzymatic-assisted extraction should be tested 

(Rosenthal et al., 2001).  

To evaluate if the digestive process could influence the protective properties of S. nigra and to infer 

if its components reach the colon, the human digestion of S. nigra should be replicated in vitro (gastric 

and small intestine digestion), to produce a digested extract of S. nigra (Olejnik et al., 2016). After 

ingestion, the phytochemicals are probable to suffer structural changes during digestive process, which 

might alter their function once the antioxidant properties depend largely on their structure and hydroxyl 

groups arrangements (Loganayaki et al., 2013). The absorption of flavonoids in their native form cannot 

occur until they are hydrolyzed by intestinal enzymes or bio-transformed by colonic microbiota 

(glucosidase, esterase, dihydroxylation, demethylation, and decarboxylation) (Manach et al., 2004). Thus, 

only aglycones and some glycosides can be absorbed. Moreover, S. nigra extract could be exposed to 

faecal fermentation in order to study the interactions between the polyphenolic molecules and the colonic 

microbiota, since the therapeutic effects of S. nigra extract are expected to be induced by metabolites 

bio-transformed by its ecological community (Tan et al., 2015). 

Since S. nigra extract digested is expected to activate and improve the response to oxidative stress 

and promote DNA repair, comet assay should be complemented with an evaluation of the levels of 

expression of genes implicated in antioxidant defenses and in oxidative damage repair pathways (e.g. 

catalase, glutathione peroxidase, APE1, Ligase I and III).  Thus, the mechanism of antigenotoxicity could 
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be studied through studies of gene expression (RT-PCR, DNA microarray) and through the measuring of 

the corresponding proteins by Western Blot analysis.  

Besides, the modulation of NF-κB by S. nigra extract in response to oxidative stress could be 

investigated by Western Blot analysis, studying the protein levels of NF-κB and its targets (po-inflammatory 

proteins), as well as of its inhibitory protein, preventing the activation of NF-κB.  

The acquired scientific knowledge demonstrates that elderflower aqueous extract can be potentially 

exploited as a source of bioactive compounds with potential health benefits, however, many questions 

remain unanswered whereby more research is needed. 

 

 





References 

 

     77 

6. References 

Almstetter, M. F., Oefner, P. J., & Dettmer, K. (2012). Comprehensive two-dimensional gas 

chromatography in metabolomics. Analytical and bioanalytical chemistry, 402(6), 1993-2013.  

Ambriz-Pérez, D. L., Leyva-López, N., Gutierrez-Grijalva, E. P., & Heredia, J. B. (2016). Phenolic 

compounds: Natural alternative in inflammation treatment. A Review. Cogent Food & Agriculture, 

2(1), 1131412.  

Ames, B. N., Shigenaga, M. K., & Hagen, T. M. (1993). Oxidants, antioxidants, and the degenerative 

diseases of aging. Proceedings of the National Academy of Sciences, 90(17), 7915-7922.  

Anway, M. D., Cupp, A. S., Uzumcu, M., & Skinner, M. K. (2005). Epigenetic transgenerational actions 

of endocrine disruptors and male fertility. Science, 308(5727), 1466-1469.  

Arts, I. C., Sesink, A. L., Faassen-Peters, M., & Hollman, P. C. (2004). The type of sugar moiety is a 

major determinant of the small intestinal uptake and subsequent biliary excretion of dietary 

quercetin glycosides. British Journal of Nutrition, 91(6), 841-847.  

Badescu, L., Badulescu, O., Badescu, M., & Ciocoiu, M. (2012). Mechanism by Sambucus nigra extract 

improves bone mineral density in experimental diabetes. Evidence-based complementary and 

alternative medicine, 2012.  

Badescu, M., Badulescu, O., Badescu, L., & Ciocoiu, M. (2015). Effects of Sambucus nigra and Aronia 

melanocarpa extracts on immune system disorders within diabetes mellitus. Pharmaceutical 

biology, 53(4), 533-539.  

Bajko, E., Kalinowska, M., Borowski, P., Siergiejczyk, L., & Lewandowski, W. (2016). 5-O-Caffeoylquinic 

acid: A spectroscopic study and biological screening for antimicrobial activity. LWT-Food Science 

and Technology, 65, 471-479.  

Balaban, R. S., Nemoto, S., & Finkel, T. (2005). Mitochondria, oxidants, and aging. cell, 120(4), 483-

495.  

Barak, V., Birkenfeld, S., Halperin, T., & Kalickman, I. (2002). The effect of herbal remedies on the 

production of human inflammatory and anti-inflammatory cytokines. The Israel Medical 

Association journal: IMAJ, 4(11 Suppl), 919-922.  

Barbieri, R., Coppo, E., Marchese, A., Daglia, M., Sobarzo-Sánchez, E., Nabavi, S. F., & Nabavi, S. M. 

(2017). Phytochemicals for human disease: An update on plant-derived compounds antibacterial 

activity. Microbiological research, 196, 44-68.  



References 

 

       78 

 

 

Barros, L., Dueñas, M., Carvalho, A. M., Ferreira, I., & Santos-Buelga, C. (2012). Characterization of 

phenolic compounds in flowers of wild medicinal plants from Northeastern Portugal. Food and 

chemical toxicology, 50(5), 1576-1582.  

Bartosz, G. (2009). Reactive oxygen species: destroyers or messengers? Biochemical pharmacology, 

77(8), 1303-1315.  

Barzilai, A., & Yamamoto, K.-I. (2004). DNA damage responses to oxidative stress. DNA repair, 3(8-9), 

1109-1115.  

Benarba, B., & Pandiella, A. (2018). Colorectal cancer and medicinal plants: Principle findings from 

recent studies. Biomedicine & Pharmacotherapy, 107, 408-423.  

Berk, Z. (2013). Chapter 25 - Chemical Preservation. In Z. Berk (Ed.), Food Process Engineering and 

Technology (Second Edition) (pp. 591-606). San Diego: Academic Press. 

Bhattacharya, S., Christensen, K. B., Olsen, L. C., Christensen, L. P., Grevsen, K., Færgeman, N. J., 

Kristiansen, K., Young, J. F., & Oksbjerg, N. (2013). Bioactive components from flowers of 

Sambucus nigra L. increase glucose uptake in primary porcine myotube cultures and reduce fat 

accumulation in Caenorhabditis elegans. Journal of agricultural and food chemistry, 61(46), 

11033-11040.  

Birben, E., Sahiner, U. M., Sackesen, C., Erzurum, S., & Kalayci, O. (2012). Oxidative stress and 

antioxidant defense. World Allergy Organization Journal, 5(1), 9.  

Bobek, P., Nosáľová, V., & Černá, S. (2001). Influence of diet containing extract of black elder 

(Sambucus nigra) on colitis in rats. BIOLOGIA-BRATISLAVA-, 57(6), 643-648.  

Bondet, V., Brand-Williams, W., & Berset, C. (1997). Kinetics and mechanisms of antioxidant activity 

using the DPPH. free radical method. LWT-Food Science and Technology, 30(6), 609-615.  

Boon, H. (2010). Stockley’s Herbal Medicines Interactions: A Guide to the Interactions of Herbal 

Medicines. The Canadian Journal of Hospital Pharmacy, 63(2), 153.  

Borges, A., Saavedra, M., & Simões, M. (2015). Insights on antimicrobial resistance, biofilms and the 

use of phytochemicals as new antimicrobial agents. Current medicinal chemistry, 22(21), 2590-

2614.  

Bouayed, J., & Bohn, T. (2010). Exogenous antioxidants—double-edged swords in cellular redox state: 

health beneficial effects at physiologic doses versus deleterious effects at high doses. Oxidative 

medicine and cellular longevity, 3(4), 228-237.  

Brieger, K., Schiavone, S., Miller Jr, F. J., & Krause, H. (2012). Reactive oxygen species: from health to 

disease. Swiss medical weekly, 142, w13659.  



References 

 

     79 

Bromley, J., Hughes, B. G., Leong, D. C., & Buckley, N. A. (2005). Life-threatening interaction between 

complementary medicines: cyanide toxicity following ingestion of amygdalin and vitamin C. 

Annals of pharmacotherapy, 39(9), 1566-1569.  

Burge, B., Mumcuoglu, M., & Simmons, T. (1999). The effect of Sambucol on flu-like symptoms in 

chimpanzees: prophylactic and symptom-dependent treatment. International Zoo News, 16-19.  

Burgos-Morón, E., Calderón-Montaño, J. M., Orta, M. L., Pastor, N., Pérez-Guerrero, C. n. N., Austin, 

C., Mateos, S., & López-La ́zaro, M. (2012). The coffee constituent chlorogenic acid induces 

cellular DNA damage and formation of topoisomerase I–and II–DNA complexes in cells. Journal 

of agricultural and food chemistry, 60(30), 7384-7391.  

Buřičová, L., & Reblova, Z. (2008). Czech medicinal plants as possible sources of antioxidants. Czech 

J Food Sci, 26(2), 132-138.  

Cabiscol, E., Tamarit, J., & Ros, J. (2000). Oxidative stress in bacteria and protein damage by reactive 

oxygen species. International Microbiology, 2000, vol. 3, núm. 1, p. 3-8.  

Capasso, R., Ascione, V., Borrelli, F., Fiorino, F., & Frecentese, F. (2006). Inhibition of rat vas deferens 

contractions by flavonoids in‐vitro. Journal of pharmacy and pharmacology, 58(3), 381-384.  

Cejpek, K., Maloušková, I., Konečný, M., & Velíšek, J. (2009). Antioxidant activity in variously prepared 

elderberry foods and supplements. Czech J. Food Sci, 27, 45-48.  

Chang, T. K., Chen, J., & Yeung, E. Y. (2006). Effect of Ginkgo biloba extract on procarcinogen-

bioactivating human CYP1 enzymes: identification of isorhamnetin, kaempferol, and quercetin as 

potent inhibitors of CYP1B1. Toxicology and applied pharmacology, 213(1), 18-26.  

Charlebois, D. (2007). Elderberry as a medicinal plant. Issues in New Crops and New Uses. ASHS 

Press, Alexandria, VA, 284-292.  

Charlebois, D., Byers, P. L., Finn, C. E., & Thomas, A. L. (2010). Elderberry: Botany, Horticulture, 

Potential. Horticultural reviews, 37, 213.  

Chatterjee, A., Yasmin, T., Bagchi, D., & Stohs, S. J. (2004). Inhibition of Helicobacter pylori in vitro by 

various berry extracts, with enhanced susceptibility to clarithromycin. Molecular and cellular 

biochemistry, 265(1-2), 19-26.  

Chen, H., Miao, Q., Geng, M., Liu, J., Hu, Y., Tian, L., Pan, J., & Yang, Y. (2013). Anti-tumor effect of 

rutin on human neuroblastoma cell lines through inducing G2/M cell cycle arrest and promoting 

apoptosis. The Scientific World Journal, 2013.  



References 

 

       80 

 

 

Chiang, E., Tsai, S., Kuo, Y., Pai, M., Chiu, H., Rodriguez, R., & Tang, F. (2014). Caffeic acid derivatives 

inhibit the growth of colon cancer: involvement of the PI3-K/Akt and AMPK signaling pathways. 

PloS one, 9(6), e99631.  

Christensen, K. B., Minet, A., Svenstrup, H., Grevsen, K., Zhang, H., Schrader, E., Rimbach, G., Wein, 

S., Wolffram, S., & Kristiansen, K. (2009). Identification of plant extracts with potential 

antidiabetic properties: effect on human peroxisome proliferator‐activated receptor (PPAR), 

adipocyte differentiation and insulin‐stimulated glucose uptake. Phytotherapy Research: An 

International Journal Devoted to Pharmacological and Toxicological Evaluation of Natural Product 

Derivatives, 23(9), 1316-1325.  

Christensen, K. B., Petersen, R. K., Kristiansen, K., & Christensen, L. P. (2010). Identification of 

bioactive compounds from flowers of black elder (Sambucus nigra L.) that activate the human 

peroxisome proliferator‐activated receptor (PPAR) γ. Phytotherapy research, 24(S2), S129-S132.  

Christensen, L. P., Kaack, K., & Fretté, X. C. (2008). Selection of elderberry (Sambucus nigra L.) 

genotypes best suited for the preparation of elderflower extracts rich in flavonoids and phenolic 

acids. European Food Research and Technology, 227(1), 293-305.  

Ciocoiu, M., Badescu, L., Badulescu, O., Tutunaru, D., & Badescu, M. (2012). Protective intervention of 

Sambucus nigra polyphenols in the diabetic heart. Ann. Romanian Soc. Cell Biol, 17, 312-317.  

Ciocoiu, M., Badescu, M., Badulescu, O., & Badescu, L. (2016). The beneficial effects on blood 

pressure, dyslipidemia and oxidative stress of Sambucus nigra extract associated with renin 

inhibitors. Pharmaceutical biology, 54(12), 3063-3067.  

Ciocoiu, M., Mirón, A., Mares, L., Tutunaru, D., Pohaci, C., Groza, M., & Badescu, M. (2009). The effects 

of Sambucus nigra polyphenols on oxidative stress and metabolic disorders in experimental 

diabetes mellitus. Journal of physiology and biochemistry, 65(3), 297-304.  

Ciocoiu, M., Tutunaru, D., Badescu, L., Furnica, R., & Badescu, M. (2003). Beneficial effects of various 

plant polyphenols on diabetic angiopathy. Ann. Romanian Soc. Cell Biol, 14, 193-198.  

CLSI. (2010). Performance standards for antimicrobial susceptibility testing. Approved Standards CLSI, 

M100-S120.  

Collins, A. (2004). The comet assay for DNA damage and repair. Molecular biotechnology, 26(3), 249.  

Cooke, M. S., Evans, M. D., Dizdaroglu, M., & Lunec, J. (2003). Oxidative DNA damage: mechanisms, 

mutation, and disease. The FASEB Journal, 17(10), 1195-1214.  



References 

 

     81 

Covas, M., Miro-Casas, E., Fito, M., Farre-Albadalejo, M., Gimeno, E., Marrugat, J., & De, R. L. T. (2003). 

Bioavailability of tyrosol, an antioxidant phenolic compound present in wine and olive oil, in 

humans. Drugs under experimental and clinical research, 29(5-6), 203-206.  

Crews, D., Gillette, R., Miller-Crews, I., Gore, A. C., & Skinner, M. K. (2014). Nature, nurture and 

epigenetics. Molecular and cellular endocrinology, 398(1-2), 42-52.  

Cunha, S., Meireles, D., & Machado, J. (2016). Sambucus nigra – a promising natural source for human 

health. Exp Pathol Health Sci, 8, 59-66.  

Dadáková, E., Vrchotová, N., Chmelová, Š., & Šerá, B. (2010). The stability of rutin and chlorogenic 

acid during the processing of black elder (Sambucus nigra) inflorescence. Acta alimentaria, 

40(3), 327-334.  

Dai, J., & Mumper, R. J. (2010). Plant phenolics: extraction, analysis and their antioxidant and anticancer 

properties. Molecules, 15(10), 7313-7352.  

Dawidowicz, A. L., Wianowska, D., & Baraniak, B. (2006). The antioxidant properties of alcoholic 

extracts from Sambucus nigra L. (antioxidant properties of extracts). LWT-Food Science and 

Technology, 39(3), 308-315.  

Debnath, T., Kim, D. H., & Lim, B. O. (2013). Natural products as a source of anti-inflammatory agents 

associated with inflammatory bowel disease. Molecules, 18(6), 7253-7270.  

Dellagreca, M., Fiorentino, A., Monaco, P., Previtera, L., & Simonet, A. M. (2000). Cyanogenic 

glycosides from Sambucus nigra. Natural Product Letters, 14(3), 175-182.  

Dettmer, K., Almstetter, M. F., Wachsmuth, C. J., & Oefner, P. J. (2013). Comprehensive Two‐

Dimensional Gas Chromatography for Metabolomics. The handbook of plant metabolomics, 77-

91.  

Dettmer, K., Aronov, P. A., & Hammock, B. D. (2007). Mass spectrometry‐based metabolomics. Mass 

spectrometry reviews, 26(1), 51-78.  

Diasio, R. B., & Harris, B. E. (1989). Clinical pharmacology of 5-fluorouracil. Clinical pharmacokinetics, 

16(4), 215-237.  

Dixon, R. A. (2001). Natural products and plant disease resistance. Nature, 411(6839), 843.  

Domingues, R. M., Gomes, M. E., & Reis, R. L. (2014). The potential of cellulose nanocrystals in tissue 

engineering strategies. Biomacromolecules, 15(7), 2327-2346.  

Domingues, R. M. A., Sousa, G. D. A., Silva, C. M., Freire, C. S. R., Silvestre, A. J. D., & Neto, C. P. 

(2011). High value triterpenic compounds from the outer barks of several Eucalyptus species 

cultivated in Brazil and in Portugal. Industrial Crops and Products, 33(1), 158-164.  



References 

 

       82 

 

 

Donoghue, M. J., Bell, C. D., & Winkworth, R. C. (2003). The evolution of reproductive characters in 

Dipsacales. International Journal of Plant Sciences, 164(S5), S453-S464.  

Duymuş, H. G., Göger, F., & Başer, K. H. C. (2014). In vitro antioxidant properties and anthocyanin 

compositions of elderberry extracts. Food Chemistry, 155, 112-119.  

Evans, M. D., Dizdaroglu, M., & Cooke, M. S. (2004). Oxidative DNA damage and disease: induction, 

repair and significance. Mutation Research/Reviews in Mutation Research, 567(1), 1-61.  

Farrell, T. L., Dew, T. P., Poquet, L., Hanson, P., & Williamson, G. (2011). Absorption and metabolism 

of chlorogenic acids in cultured gastric epithelial monolayers. Drug Metabolism and Disposition, 

dmd. 111.040147.  

Fink, R. C., Roschek Jr, B., & Alberte, R. S. (2009). HIV type-1 entry inhibitors with a new mode of action. 

Antiviral Chemistry and Chemotherapy, 19(6), 243-255.  

Frank, J., Kamal-Eldin, A., Lundh, T., Määttä, K., Törrönen, R., & Vessby, B. (2002). Effects of dietary 

anthocyanins on tocopherols and lipids in rats. Journal of agricultural and food chemistry, 50(25), 

7226-7230.  

Freire, C., Silvestre, A., Neto, C. P., & Cavaleiro, J. (2002). Lipophilic extractives of the inner and outer 

barks of Eucalyptus globulus. Holzforschung, 56(4), 372-379.  

Friedman, R., & Hughes, A. L. (2002). Molecular evolution of the NF-κB signaling system. 

Immunogenetics, 53(10-11), 964-974.  

Fu, L., Lu, W., & Zhou, X. (2016). Phenolic compounds and in vitro antibacterial and antioxidant activities 

of three tropic fruits: persimmon, guava, and sweetsop. BioMed Research International, 2016.  

Ganeshpurkar, A., & Saluja, A. K. (2017). The pharmacological potential of rutin. Saudi pharmaceutical 

journal, 25(2), 149-164.  

Gertenbach, D. (2002). Solid-liquid extraction technologies for manufacturing nutraceuticals. Functional 

foods: biochemical and processing aspects, 2, 331-366.  

Giacchetti, S., Perpoint, B., Zidani, R., Le Bail, N., Faggiuolo, R., Focan, C., Chollet, P., Llory, J., 

Letourneau, Y., & Coudert, B. (2000). Phase III multicenter randomized trial of oxaliplatin added 

to chronomodulated fluorouracil–leucovorin as first-line treatment of metastatic colorectal cancer. 

Journal of clinical oncology, 18(1), 136-136.  

González, R., Ballester, I., López-Posadas, R., Suárez, M., Zarzuelo, A., Martinez-Augustin, O., & Medina, 

F. S. D. (2011). Effects of flavonoids and other polyphenols on inflammation. Critical reviews in 

food science and nutrition, 51(4), 331-362.  



References 

 

     83 

Goodacre, R., Broadhurst, D., Smilde, A. K., Kristal, B. S., Baker, J. D., Beger, R., Bessant, C., Connor, 

S., Capuani, G., & Craig, A. (2007). Proposed minimum reporting standards for data analysis in 

metabolomics. Metabolomics, 3(3), 231-241.  

Gorchakova, T., Suprun, I., Sobenin, I., & Orekhov, A. (2007). Use of natural products in anticytokine 

therapy. Bulletin of experimental biology and medicine, 143(3), 316-319.  

Górniak, I., Bartoszewski, R., & Króliczewski, J. Comprehensive review of antimicrobial activities of plant 

flavonoids. Phytochemistry Reviews, 1-32.  

Górniak, I., Bartoszewski, R., & Króliczewski, J. (2018). Comprehensive review of antimicrobial activities 

of plant flavonoids. Phytochemistry Reviews, 1-32.  

Goun, E. A., Petrichenko, V., Solodnikov, S., Suhinina, T., Kline, M. A., Cunningham, G., Nguyen, C., & 

Miles, H. (2002). Anticancer and antithrombin activity of Russian plants. Journal of 

Ethnopharmacology, 81(3), 337-342.  

Grata, E., Boccard, J., Guillarme, D., Glauser, G., Carrupt, P.-A., Farmer, E. E., Wolfender, J.-L., & Rudaz, 

S. (2008). UPLC–TOF-MS for plant metabolomics: a sequential approach for wound marker 

analysis in Arabidopsis thaliana. Journal of Chromatography B, 871(2), 261-270.  

Gray, A. M., Abdel-Wahab, Y. H., & Flatt, P. R. (2000). The traditional plant treatment, Sambucus nigra 

(elder), exhibits insulin-like and insulin-releasing actions in vitro. The Journal of nutrition, 130(1), 

15-20.  

Grem, J. L. (2000). 5-Fluorouracil: forty-plus and still ticking. A review of its preclinical and clinical 

development. Investigational new drugs, 18(4), 299-313.  

Groza, M., Ciocoiu, M., Bădescu, L., Bădulescu, O., & Bădescu, M. (2010). The effects of the Sambucus 

nigra vegetal extracts on the immune system dysfunction in the diabetes mellitus. Ann. Romanian 

Soc. Cell Biol, 15, 241-246.  

Groza, M., Jitaru, D., Badescu, L., Ciocoiu, M., Badescu, M., & Descu, M. (2011). Evaluation of the 

immune defense in diabetes mellitus using an experimental model. Romanian Biotechnological 

Letters, 16(1), 5971-5979.  

Guardia, T., Rotelli, A. E., Juarez, A. O., & Pelzer, L. E. (2001). Anti-inflammatory properties of plant 

flavonoids. Effects of rutin, quercetin and hesperidin on adjuvant arthritis in rat. Il farmaco, 56(9), 

683-687.  

Guimarães, A. G., Quintans, J. S., & Quintans‐Júnior, L. J. (2013). Monoterpenes with analgesic 

activity—a systematic review. Phytotherapy research, 27(1), 1-15.  



References 

 

       84 

 

 

Gülçin, I. (2012). Antioxidant activity of food constituents: an overview. Archives of toxicology, 86(3), 

345-391.  

Gupta, A., Birhman, K., Raheja, I., Sharma, S. K., & Kar, H. K. (2016). Quercetin: A wonder bioflavonoid 

with therapeutic potential in disease management. Asian Pacific Journal of Tropical Disease, 

6(3), 248-252.  

Halliwell, B. (1994). Free radicals and antioxidants: a personal view. Nutrition reviews, 52(8), 253-265.  

Halliwell, B. (1996). Antioxidants in human health and disease. Annual review of nutrition, 16(1), 33-

50.  

Halliwell, B. (2013). The antioxidant paradox: less paradoxical now? British Journal of Clinical 

Pharmacology, 75(3), 637-644.  

Halliwell, B., & Aruoma, O. I. (1991). DNA damage by oxygen‐derived species Its mechanism and 

measurement in mammalian systems. FEBS letters, 281(1-2), 9-19.  

Harokopakis, E., Albzreh, M. H., Haase, E. M., Scannapieco, F. A., & Hajishengallis, G. (2006). 

Inhibition of proinflammatory activities of major periodontal pathogens by aqueous extracts from 

elder flower (Sambucus nigra). Journal of periodontology, 77(2), 271-279.  

Harvey, D. (2000). Modern analytical chemistry (Vol. 381): McGraw-Hill New York. 

Herman, J. G., Umar, A., Polyak, K., Graff, J. R., Ahuja, N., Issa, J.-P. J., Markowitz, S., Willson, J. K., 

Hamilton, S. R., & Kinzler, K. W. (1998). Incidence and functional consequences of hMLH1 

promoter hypermethylation in colorectal carcinoma. Proceedings of the National Academy of 

Sciences, 95(12), 6870-6875.  

Hernández, Y., Lobo, M. G., & González, M. (2009). Factors affecting sample extraction in the liquid 

chromatographic determination of organic acids in papaya and pineapple. Food Chemistry, 

114(2), 734-741.  

Hinoi, T., Loda, M., & Fearon, E. R. (2003). Silencing of CDX2 expression in colon cancer via a dominant 

repression pathway. Journal of Biological Chemistry, 278(45), 44608-44616.  

Ho, G. T. T., Wangensteen, H., & Barsett, H. (2017). Elderberry and Elderflower Extracts, Phenolic 

Compounds, and Metabolites and Their Effect on Complement, RAW 264.7 Macrophages and 

Dendritic Cells. International journal of molecular sciences, 18(3), 584.  

Hossion, A. M. L., & Sasaki, K. (2013). Novel quercetin glycosides as potent anti-MRSA and anti-VRE 

agents. Recent patents on anti-infective drug discovery, 8(3), 198-205.  



References 

 

     85 

Hu, S., Huang, L., Meng, L., Sun, H., Zhang, W., & Xu, Y. (2015). Isorhamnetin inhibits cell proliferation 

and induces apoptosis in breast cancer via Akt and mitogen‑activated protein kinase kinase 

signaling pathways. Molecular medicine reports, 12(5), 6745-6751.  

Huang, Y.-H., Huang, C.-C., Chen, C.-C., Yang, K.-J., & Huang, C.-Y. (2015). Inhibition of Staphylococcus 

aureus PriA helicase by flavonol kaempferol. The protein journal, 34(3), 169-172.  

Iyama, T., & Wilson, D. M. (2013). DNA repair mechanisms in dividing and non-dividing cells. DNA repair, 

12(8), 620-636.  

Izzo, A., Di Carlo, G., Biscardi, D., De Fusco, R., Mascolo, N., Borrelli, F., Capasso, F., Fasulo, M., & 

Autore, G. (1995). Biological screening of Italian medicinal plants for antibacterial activity. 

Phytotherapy research, 9(4), 281-286.  

Jaganath, I. B., Jaganath, I. B., Mullen, W., Edwards, C. A., & Crozier, A. (2006). The relative 

contribution of the small and large intestine to the absorption and metabolism of rutin in man. 

Free radical research, 40(10), 1035-1046.  

Jagetia, A., Jagetia, G. C., & Jha, S. (2007). Naringin, a grapefruit flavanone, protects V79 cells against 

the bleomycin‐induced genotoxicity and decline in survival. Journal of Applied Toxicology: An 

International Journal, 27(2), 122-132.  

Jang, Y.-W., Jung, J.-Y., Lee, I.-K., Kang, S.-Y., & Yun, B.-S. (2012). Nonanoic Acid, an Antifungal 

Compound from Hibiscus syriacus Ggoma. Mycobiology, 40(2), 145-146.  

Jarić, S., Popović, Z., Mačukanović-Jocić, M., Djurdjević, L., Mijatović, M., Karadžić, B., Mitrović, M., & 

Pavlović, P. (2007). An ethnobotanical study on the usage of wild medicinal herbs from Kopaonik 

Mountain (Central Serbia). Journal of Ethnopharmacology, 111(1), 160-175.  

Jing, P., Bomser, J. A., Schwartz, S. J., He, J., Magnuson, B. A., & Giusti, M. M. n. (2008). Structure− 

function relationships of anthocyanins from various anthocyanin-rich extracts on the inhibition of 

colon cancer cell growth. Journal of agricultural and food chemistry, 56(20), 9391-9398.  

Jiricny, J. (2006). The multifaceted mismatch-repair system. Nature reviews Molecular cell biology, 7(5), 

335.  

Jones, P., Veenstra, G., Wade, P., Vermaak, D., Kass, S., Landsberger, N., Strouboulis, J., & Wolffe, A. 

(1998). Methylated DNA and MeCP2 recruit histone deacetylase to repress transcription. Nature 

genetics, 19(2), 187.  

Jones, P. A., & Laird, P. W. (1999). Cancer-epigenetics comes of age. Nature genetics, 21(2), 163.  

Jones, P. A., & Taylor, S. M. (1981). Hemimethylated duplex DNAs prepared from 5-azacytidine-treated 

cells. Nucleic acids research, 9(12), 2933-2947.  



References 

 

       86 

 

 

Jorge, T. F., Rodrigues, J. A., Caldana, C., Schmidt, R., van Dongen, J. T., Thomas‐Oates, J., & António, 

C. (2016). Mass spectrometry‐based plant metabolomics: metabolite responses to abiotic stress. 

Mass spectrometry reviews, 35(5), 620-649.  

Juániz, I., Ludwig, I. A., Huarte, E., Pereira-Caro, G., Moreno-Rojas, J. M., Cid, C., & De Peña, M.-P. 

(2016). Influence of heat treatment on antioxidant capacity and (poly) phenolic compounds of 

selected vegetables. Food Chemistry, 197, 466-473.  

Kaack, K., Christensen, L. P., Hughes, M., & Eder, R. (2005). The relationship between sensory quality 

and volatile compounds in raw juice processed from elderberries (Sambucus nigra L.). European 

Food Research and Technology, 221(3-4), 244-254.  

Kaack, K., Christensen, L. P., Hughes, M., & Eder, R. (2006). Relationship between sensory quality and 

volatile compounds of elderflower (Sambucus nigra L.) extracts. European Food Research and 

Technology, 223(1), 57-70.  

Kampkötter, A., Nkwonkam, C. G., Zurawski, R. F., Timpel, C., Chovolou, Y., Wätjen, W., & Kahl, R. 

(2007). Effects of the flavonoids kaempferol and fisetin on thermotolerance, oxidative stress and 

FoxO transcription factor DAF-16 in the model organism Caenorhabditis elegans. Archives of 

toxicology, 81(12), 849-858.  

Kanno, S.-i., Tomizawa, A., Hiura, T., Osanai, Y., Shouji, A., Ujibe, M., Ohtake, T., Kimura, K., & Ishikawa, 

M. (2005). Inhibitory effects of naringenin on tumor growth in human cancer cell lines and 

sarcoma S-180-implanted mice. Biological and Pharmaceutical Bulletin, 28(3), 527-530.  

Kansanen, E., Kuosmanen, S. M., Leinonen, H., & Levonen, A.-L. (2013). The Keap1-Nrf2 pathway: 

mechanisms of activation and dysregulation in cancer. Redox biology, 1(1), 45-49.  

Kataoka, M., Hirata, K., Kunikata, T., Ushio, S., Iwaki, K., Ohashi, K., Ikeda, M., & Kurimoto, M. (2001). 

Antibacterial action of tryptanthrin and kaempferol, isolated from the indigo plant (Polygonum 

tinctorium Lour.), against Helicobacter pylori-infected Mongolian gerbils. Journal of 

gastroenterology, 36(1), 5-9.  

Kee, J.-Y., Han, Y.-H., Kim, D.-S., Mun, J.-G., Park, J., Jeong, M.-Y., Um, J.-Y., & Hong, S.-H. (2016). 

Inhibitory effect of quercetin on colorectal lung metastasis through inducing apoptosis, and 

suppression of metastatic ability. Phytomedicine, 23(13), 1680-1690.  

Kenkel, J. (2010). Analytical chemistry for technicians: CRC Press. 

Kim, D.-H., Jung, E.-A., Sohng, I.-S., Han, J.-A., Kim, T.-H., & Han, M. J. (1998). Intestinal bacterial 

metabolism of flavonoids and its relation to some biological activities. Archives of pharmacal 

research, 21(1), 17-23.  



References 

 

     87 

Kim, H. J., & Lee, Y. S. (2005). Identification of new dicaffeoylquinic acids from Chrysanthemum 

morifolium and their antioxidant activities. Planta medica, 71(09), 871-876.  

Kim, H. K., Choi, Y. H., & Verpoorte, R. (2010). NMR-based metabolomic analysis of plants. Nature 

protocols, 5(3), 536.  

Kitson, F. G., Larsen, B. S., & McEwen, C. N. (1996). Gas chromatography and mass spectrometry: a 

practical guide: Academic Press. 

Kocyigit, A., Koyuncu, I., Taskin, A., Dikilitas, M., Bahadori, F., & Turkkan, B. (2016). Antigenotoxic and 

antioxidant potentials of newly derivatized compound naringenin-oxime relative to naringenin on 

human mononuclear cells. Drug and chemical toxicology, 39(1), 66-73.  

Kono, Y., Kobayashi, K., Tagawa, S., Adachi, K., Ueda, A., Sawa, Y., & Shibata, H. (1997). Antioxidant 

activity of polyphenolics in diets: rate constants of reactions of chlorogenic acid and caffeic acid 

with reactive species of oxygen and nitrogen. Biochimica et Biophysica Acta (BBA)-General 

Subjects, 1335(3), 335-342.  

Koopman, W. J., Nijtmans, L. G., Dieteren, C. E., Roestenberg, P., Valsecchi, F., Smeitink, J. A., & 

Willems, P. H. (2010). Mammalian mitochondrial complex I: biogenesis, regulation, and reactive 

oxygen species generation. Antioxidants & redox signaling, 12(12), 1431-1470.  

Krawitz, C., Mraheil, M. A., Stein, M., Imirzalioglu, C., Domann, E., Pleschka, S., & Hain, T. (2011). 

Inhibitory activity of a standardized elderberry liquid extract against clinically-relevant human 

respiratory bacterial pathogens and influenza A and B viruses. BMC complementary and 

alternative medicine, 11(1), 16.  

Krebs, H. A., Wiggins, D., Stubbs, M., Sols, A., & Bedoya, F. (1983). Studies on the mechanism of the 

antifungal action of benzoate. Biochemical Journal, 214(3), 657-663.  

Kryston, T. B., Georgiev, A. B., Pissis, P., & Georgakilas, A. G. (2011). Role of oxidative stress and DNA 

damage in human carcinogenesis. Mutation Research/Fundamental and Molecular Mechanisms 

of Mutagenesis, 711(1-2), 193-201.  

Kumar, V., Abbas, A. K., & Aster, J. C. (2017). Robbins basic pathology e-book: Elsevier Health Sciences. 

Kupcsik, L. (2011). Estimation of cell number based on metabolic activity: the MTT reduction assay 

Mammalian cell viability (pp. 13-19): Springer. 

Lee, H. S., Cho, H. J., Kwon, G. T., & Park, J. H. Y. (2014). Kaempferol downregulates insulin-like growth 

factor-I receptor and ErbB3 signaling in HT-29 human colon cancer cells. Journal of cancer 

prevention, 19(3), 161.  



References 

 

       88 

 

 

Lee, J., & Finn, C. E. (2007). Anthocyanins and other polyphenolics in American elderberry (Sambucus 

canadensis) and European elderberry (S. nigra) cultivars. Journal of the Science of Food and 

Agriculture, 87(14), 2665-2675.  

Lee, J. Y., Chang, E. J., Kim, H. J., Park, J. H., & Choi, S. W. (2002). Antioxidative flavonoids from leaves 

of Carthamus tinctorius. Archives of pharmacal research, 25(3), 313.  

Li, J. M., Che, C. T., Lau, C. B., Leung, P. S., & Cheng, C. H. (2006). Inhibition of intestinal and renal 

Na+-glucose cotransporter by naringenin. The international journal of biochemistry & cell biology, 

38(5-6), 985-995.  

Li, L., Olin, E., Fraser, T., & Bhuyan, B. (1970). Phase specificity of 5-azacytidine against mammalian 

cells in tissue culture. Cancer research, 30(11), 2770-2775.  

Li, Y., & Trush, M. A. (1994). Reactive oxygen-dependent DNA damage resulting from the oxidation of 

phenolic compounds by a copper-redox cycle mechanism. Cancer research, 54(7 Supplement), 

1895s-1898s.  

Lisec, J., Schauer, N., Kopka, J., Willmitzer, L., & Fernie, A. R. (2006). Gas chromatography mass 

spectrometry–based metabolite profiling in plants. Nature protocols, 1(1), 387.  

Liu, H., Mou, Y., Zhao, J., Wang, J., Zhou, L., Wang, M., Wang, D., Han, J., Yu, Z., & Yang, F. (2010). 

Flavonoids from Halostachys caspica and their antimicrobial and antioxidant activities. Molecules, 

15(11), 7933-7945.  

Loft, S., & Møller, P. (2006). Oxidative DNA damage and human cancer: need for cohort studies. 

Antioxidants & redox signaling, 8(5-6), 1021-1031.  

Loganayaki, N., Siddhuraju, P., & Manian, S. (2013). Antioxidant activity and free radical scavenging 

capacity of phenolic extracts from Helicteres isora L. and Ceiba pentandra L. Journal of food 

science and technology, 50(4), 687-695.  

Longley, D. B., Harkin, D. P., & Johnston, P. G. (2003). 5-fluorouracil: mechanisms of action and clinical 

strategies. Nature reviews cancer, 3(5), 330.  

López-Alarcón, C., & Denicola, A. (2013). Evaluating the antioxidant capacity of natural products: A 

review on chemical and cellular-based assays. Analytica chimica acta, 763, 1-10.  

Maĭmeskulova, L., & Maslov, L. (1998). The anti-arrhythmia action of an extract of Rhodiola rosea and 

of n-tyrosol in models of experimental arrhythmias. Eksperimental'naia i klinicheskaia 

farmakologiia, 61(2), 37-40.  

Manach, C., Scalbert, A., Morand, C., Rémésy, C., & Jiménez, L. (2004). Polyphenols: food sources and 

bioavailability. The American journal of clinical nutrition, 79(5), 727-747.  



References 

 

     89 

Mann, J., & Truswell, S. (2017). Essentials of human nutrition: Oxford University Press. 

Mascolo, N., Autore, G., Capasso, F., Menghini, A., & Fasulo, M. P. (1987). Biological screening of 

Italian medicinal plants for anti‐inflammatory activity. Phytotherapy research, 1(1), 28-31.  

Maulik, N., McFadden, D., Otani, H., Thirunavukkarasu, M., & Parinandi, N. L. (2013). Antioxidants in 

longevity and medicine. Oxidative medicine and cellular longevity, 2013.  

McGarvey, K. M., Fahrner, J. A., Greene, E., Martens, J., Jenuwein, T., & Baylin, S. B. (2006). Silenced 

tumor suppressor genes reactivated by DNA demethylation do not return to a fully euchromatic 

chromatin state. Cancer research, 66(7), 3541-3549.  

Mena, P., Domínguez‐Perles, R., Gironés‐Vilaplana, A., Baenas, N., García‐Viguera, C., & Villaño, D. 

(2014). Flavan‐3‐ols, anthocyanins, and inflammation. IUBMB life, 66(11), 745-758.  

Mena, S., Ortega, A., & Estrela, J. M. (2009). Oxidative stress in environmental-induced carcinogenesis. 

Mutation Research/Genetic Toxicology and Environmental Mutagenesis, 674(1-2), 36-44.  

Miguel, M. G. (2011). Anthocyanins: antioxidant and/or anti-inflammatory activities. Journal of Applied 

Pharmaceutical Science, 1(6), 7-15.  

Mikulic-Petkovsek, M., Samoticha, J., Eler, K., Stampar, F., & Veberic, R. (2015). Traditional 

elderflower beverages: A rich source of phenolic compounds with high antioxidant activity. Journal 

of agricultural and food chemistry, 63(5), 1477-1487.  

Mishra, K., Ojha, H., & Chaudhury, N. K. (2012). Estimation of antiradical properties of antioxidants 

using DPPH assay: A critical review and results. Food Chemistry, 130(4), 1036-1043.  

Momparler, R. L. (2005). Epigenetic therapy of cancer with 5-aza-2′-deoxycytidine (decitabine). Paper 

presented at the Seminars in oncology. 

Müller, F., Ackermann, P., & Margot, P. (2011). Fungicides, Agricultural, 2. Individual Fungicides. 

Ullmann's Encyclopedia of Industrial Chemistry.  

Naveed, M., Hejazi, V., Abbas, M., Kamboh, A. A., Khan, G. J., Shumzaid, M., Ahmad, F., Babazadeh, 

D., FangFang, X., & Modarresi-Ghazani, F. (2018). Chlorogenic acid (CGA): A pharmacological 

review and call for further research. Biomedicine & Pharmacotherapy, 97, 67-74.  

Németh, K., Plumb, G. W., Berrin, J.-G., Juge, N., Jacob, R., Naim, H. Y., Williamson, G., Swallow, D. 

M., & Kroon, P. A. (2003). Deglycosylation by small intestinal epithelial cell β-glucosidases is a 

critical step in the absorption and metabolism of dietary flavonoid glycosides in humans. 

European Journal of Nutrition, 42(1), 29-42.  

Nicholson, J. K., Holmes, E., Kinross, J., Burcelin, R., Gibson, G., Jia, W., & Pettersson, S. (2012). Host-

gut microbiota metabolic interactions. Science, 1223813.  



References 

 

       90 

 

 

Olejnik, A., Kowalska, K., Olkowicz, M., Rychlik, J., Juzwa, W., Myszka, K., Dembczyński, R., & Białas, 

W. (2015). Anti-inflammatory effects of gastrointestinal digested Sambucus nigra L. fruit extract 

analysed in co-cultured intestinal epithelial cells and lipopolysaccharide-stimulated macrophages. 

Journal of Functional Foods, 19, 649-660.  

Olejnik, A., Olkowicz, M., Kowalska, K., Rychlik, J., Dembczyński, R., Myszka, K., Juzwa, W., Białas, W., 

& Moyer, M. P. (2016). Gastrointestinal digested Sambucus nigra L. fruit extract protects in vitro 

cultured human colon cells against oxidative stress. Food Chemistry, 197, 648-657.  

Oliveira, E. C. d., Muller, E. I., Abad, F., Dallarosa, J., & Adriano, C. (2010). Internal standard versus 

external standard calibration: an uncertainty case study of a liquid chromatography analysis. 

Quimica Nova, 33(4), 984-987.  

Orata, F. (2012). Derivatization reactions and reagents for gas chromatography analysis Advanced Gas 

Chromatography-Progress in Agricultural, Biomedical and Industrial Applications: InTech. 

Pandey, K. B., & Rizvi, S. I. (2009). Plant polyphenols as dietary antioxidants in human health and 

disease. Oxidative medicine and cellular longevity, 2(5), 270-278.  

Park, M. J., Lee, E. K., Heo, H.-S., Kim, M.-S., Sung, B., Kim, M. K., Lee, J., Kim, N. D., Anton, S., & 

Choi, J. S. (2009). The anti-inflammatory effect of kaempferol in aged kidney tissues: the 

involvement of nuclear factor-κ B via nuclear factor-inducing kinase/I κ B kinase and mitogen-

activated protein kinase pathways. Journal of medicinal food, 12(2), 351-358.  

Patel, K., Singh, G. K., & Patel, D. K. (2018). A review on pharmacological and analytical aspects of 

naringenin. Chinese journal of integrative medicine, 24(7), 551-560.  

Pedro, D. F. N. (2015). Diet in the promotion or prevention of colorectal cancer.  

Pereira, I., Severino, P., Santos, A. C., Silva, A. M., & Souto, E. B. (2018). Linalool bioactive properties 

and potential applicability in drug delivery systems. Colloids and Surfaces B: Biointerfaces.  

Perron, N. R., & Brumaghim, J. L. (2009). A review of the antioxidant mechanisms of polyphenol 

compounds related to iron binding. Cell biochemistry and biophysics, 53(2), 75-100.  

Perumal Samy, R., & Gopalakrishnakone, P. (2010). Therapeutic potential of plants as anti-microbials 

for drug discovery. Evidence-based complementary and alternative medicine, 7(3), 283-294.  

Peter, J. (2016). Advances and Changes in the Techniques of Multi-Dimensional and Comprehensive 

Chromatography and When Coupled with Mass Spectrometry. J Anal Bioanal Tech, 7(323), 2.  

Petronilho, S., Coimbra, M. A., & Rocha, S. M. (2014). A critical review on extraction techniques and 

gas chromatography based determination of grapevine derived sesquiterpenes. Analytica chimica 

acta, 846, 8-35.  



References 

 

     91 

Pinho-Ribeiro, F. A., Zarpelon, A. C., Mizokami, S. S., Borghi, S. M., Bordignon, J., Silva, R. L., Cunha, 

T. M., Alves-Filho, J. C., Cunha, F. Q., & Casagrande, R. (2016). The citrus flavonone naringenin 

reduces lipopolysaccharide-induced inflammatory pain and leukocyte recruitment by inhibiting 

NF-κB activation. The Journal of nutritional biochemistry, 33, 8-14.  

Pool-Zobel, B., Bub, A., Schröder, N., & Rechkemmer, G. (1999). Anthocyanins are potent antioxidants 

in model systems but do not reduce endogenous oxidative DNA damage in human colon cells. 

European Journal of Nutrition, 38(5), 227-234.  

Pramote, K., Nucha, S., Suched, S., Parinda, P., Prasong, S., & Shuji, A. (2012). Subcritical water 

extraction of flavoring and phenolic compounds from cinnamon bark (Cinnamomum zeylanicum). 

Journal of oleo science, 61(6), 349-355.  

Puupponen‐Pimiä, R., Nohynek, L., Meier, C., Kähkönen, M., Heinonen, M., Hopia, A., & Oksman‐

Caldentey, K. M. (2001). Antimicrobial properties of phenolic compounds from berries. Journal 

of applied microbiology, 90(4), 494-507.  

Ramos, A. A., Azqueta, A., Pereira-Wilson, C., & Collins, A. R. (2010). Polyphenolic compounds from 

Salvia species protect cellular DNA from oxidation and stimulate DNA repair in cultured human 

cells. Journal of agricultural and food chemistry, 58(12), 7465-7471.  

Ramos, A. A., Lima, C. F., Pereira, M., Fernandes-Ferreira, M., & Pereira-Wilson, C. (2008). Antigenotoxic 

effects of quercetin, rutin and ursolic acid on HepG2 cells: evaluation by the comet assay. 

Toxicology Letters, 177(1), 66-73.  

Razboršek, M. I., Vončina, D. B., Doleček, V., & Vončina, E. (2008). Determination of oleanolic, betulinic 

and ursolic acid in Lamiaceae and mass spectral fragmentation of their trimethylsilylated 

derivatives. Chromatographia, 67(5-6), 433-440.  

Razo-Aguilera, G., Baez-Reyes, R., Álvarez-González, I., Paniagua-Pérez, R., & Madrigal-Bujaidar, E. 

(2011). Inhibitory effect of grapefruit juice on the genotoxicity induced by hydrogen peroxide in 

human lymphocytes. Food and chemical toxicology, 49(11), 2947-2953.  

Robinson, W., Cordeiro, M., Abdel-Malek, S., Jia, Q., Chow, S. A., Reinecke, M. G., & Mitchell, W. M. 

(1996). Dicaffeoylquinic acid inhibitors of human immunodeficiency virus integrase: inhibition of 

the core catalytic domain of human immunodeficiency virus integrase. Molecular pharmacology, 

50(4), 846-855.  

Roessner-Tunali, U. (2007). Uncovering the Plant Metabolome: Current and Future Challenges 

Concepts in Plant Metabolomics (pp. 71-85): Springer. 



References 

 

       92 

 

 

Rothwell, J. A., Day, A. J., & Morgan, M. R. (2005). Experimental determination of octanol− water 

partition coefficients of quercetin and related flavonoids. Journal of agricultural and food 

chemistry, 53(11), 4355-4360.  

Sá, R., Andrade, L., & Sousa, D. (2013). A review on anti-inflammatory activity of monoterpenes. 

Molecules, 18(1), 1227-1254.  

Salvador, Â. C., Król, E., Lemos, V. C., Santos, S. A., Bento, F. P., Costa, C. P., Almeida, A., 

Szczepankiewicz, D., Kulczyński, B., & Krejpcio, Z. (2016). Effect of Elderberry (Sambucus nigra 

L.) Extract Supplementation in STZ-Induced Diabetic Rats Fed with a High-Fat Diet. International 

journal of molecular sciences, 18(1), 13.  

Santangelo, C., Varì, R., Scazzocchio, B., Di Benedetto, R., Filesi, C., & Masella, R. (2007). Polyphenols, 

intracellular signalling and inflammation. Annali-istituto superiore di sanita, 43(4), 394.  

Santiago, C., Pang, E. L., Lim, K.-H., Loh, H.-S., & Ting, K. N. (2015). Inhibition of penicillin-binding 

protein 2a (PBP2a) in methicillin resistant Staphylococcus aureus (MRSA) by combination of 

ampicillin and a bioactive fraction from Duabanga grandiflora. BMC complementary and 

alternative medicine, 15(1), 178.  

Sato, T., Miyagawa, S., & Iguchi, T. (2016). Vinclozolin Handbook of Hormones (pp. 587-588): Elsevier. 

Sato, Y., Itagaki, S., Kurokawa, T., Ogura, J., Kobayashi, M., Hirano, T., Sugawara, M., & Iseki, K. (2011). 

In vitro and in vivo antioxidant properties of chlorogenic acid and caffeic acid. International journal 

of pharmaceutics, 403(1-2), 136-138.  

Scalbert, A., Johnson, I. T., & Saltmarsh, M. (2005). Polyphenols: antioxidants and beyond. The 

American journal of clinical nutrition, 81(1), 215S-217S.  

Sidor, A., & Gramza-Michalowska, A. (2015). Advanced research on the antioxidant and health benefit 

of elderberry (Sambucus nigra) in food–a review. Journal of Functional Foods, 18, 941-958.  

Sies, H. (1985). Oxidative stress: introductory remarks. Oxidative stress, 501, 1-8.  

Silva, C. A. (2009). Agro-industries for development: CABI. 

Slupphaug, G., Kavli, B., & Krokan, H. E. (2003). The interacting pathways for prevention and repair of 

oxidative DNA damage. Mutation Research/Fundamental and Molecular Mechanisms of 

Mutagenesis, 531(1), 231-251.  

Sousa, R., Muñoz-Mahamud, E., Quayle, J., Dias da Costa, L., Casals, C., Scott, P., Leite, P., Vilanova, 

P., Garcia, S., & Ramos, M. H. (2014). Is asymptomatic bacteriuria a risk factor for prosthetic 

joint infection? Clinical infectious diseases, 59(1), 41-47.  



References 

 

     93 

Srinivasan, M., Sudheer, A. R., & Menon, V. P. (2007). Ferulic acid: therapeutic potential through its 

antioxidant property. Journal of clinical biochemistry and nutrition, 40(2), 92-100.  

Stillwell, W. (2013). An introduction to biological membranes: from bilayers to rafts: Newnes. 

Stoilova, I., Wilker, M., Stoyanova, A., Krastanov, A., & Stanchev, V. (2007). Antioxidant activity of extract 

from elder flower (Sambucus nigra L.). Herba polonica, 53(1), 45-54.  

Stresemann, C., & Lyko, F. (2008). Modes of action of the DNA methyltransferase inhibitors azacytidine 

and decitabine. International journal of cancer, 123(1), 8-13.  

Sumner, L. W., Amberg, A., Barrett, D., Beale, M. H., Beger, R., Daykin, C. A., Fan, T. W.-M., Fiehn, O., 

Goodacre, R., & Griffin, J. L. (2007). Proposed minimum reporting standards for chemical 

analysis. Metabolomics, 3(3), 211-221.  

Sung, W. S., & Lee, D. G. (2010). Antifungal action of chlorogenic acid against pathogenic fungi, 

mediated by membrane disruption. Pure and applied chemistry, 82(1), 219-226.  

Tan, S., Calani, L., Bresciani, L., Dall’asta, M., Faccini, A., Augustin, M. A., Gras, S. L., & Del Rio, D. 

(2015). The degradation of curcuminoids in a human faecal fermentation model. International 

journal of food sciences and nutrition, 66(7), 790-796.  

Tan, S., Wang, C., Lu, C., Zhao, B., Cui, Y., Shi, X., & Ma, X. (2009). Quercetin is able to demethylate 

the p16INK4a gene promoter. Chemotherapy, 55(1), 6-10.  

Taylor, S. M., & Jones, P. A. (1982). Mechanism of action of eukaryotic DNA methyltransferase: use of 

5-azacytosine-containing DNA. Journal of molecular biology, 162(3), 679-692.  

Thole, J. M., Kraft, T. F. B., Sueiro, L. A., Kang, Y.-H., Gills, J. J., Cuendet, M., Pezzuto, J. M., Seigler, 

D. S., & Lila, M. A. (2006). A comparative evaluation of the anticancer properties of European 

and American elderberry fruits. Journal of medicinal food, 9(4), 498-504.  

Toffali, K., Zamboni, A., Anesi, A., Stocchero, M., Pezzotti, M., Levi, M., & Guzzo, F. (2011). Novel 

aspects of grape berry ripening and post-harvest withering revealed by untargeted LC-ESI-MS 

metabolomics analysis. Metabolomics, 7(3), 424-436.  

Toloudi, M., Apostolou, P., & Papasotiriou, I. (2015). Efficacy of 5-FU or oxaliplatin monotherapy over 

combination therapy in colorectal cancer. Journal of Cancer Therapy, 6(04), 345.  

Toulemonde, B., & Richard, H. M. (1983). Volatile constituents of dry elder (Sambucus nigra L.) flowers. 

Journal of agricultural and food chemistry, 31(2), 365-370.  

Tsao, R. (2010). Chemistry and biochemistry of dietary polyphenols. Nutrients, 2(12), 1231-1246.  



References 

 

       94 

 

 

Veberic, R., Jakopic, J., & Stampar, F. (2007). Flavonols and anthocyanins of elderberry fruits 

(Sambucus nigra L.). Paper presented at the II International Symposium on Human Health Effects 

of Fruits and Vegetables: FAVHEALTH 2007 841. 

Verhoeyen, M., Bovy, A., Collins, G., Muir, S., Robinson, S., De Vos, C., & Colliver, S. (2002). Increasing 

antioxidant levels in tomatoes through modification of the flavonoid biosynthetic pathway. Journal 

of Experimental Botany, 53(377), 2099-2106.  

Vilela, C., Santos, S. A., Oliveira, L., Camacho, J. F., Cordeiro, N., Freire, C. S., & Silvestre, A. J. (2013). 

The ripe pulp of Mangifera indica L.: A rich source of phytosterols and other lipophilic 

phytochemicals. Food Research International, 54(2), 1535-1540.  

Vlachojannis, C., Zimmermann, B. F., & Chrubasik‐Hausmann, S. (2015). Quantification of 

anthocyanins in elderberry and chokeberry dietary supplements. Phytotherapy research, 29(4), 

561-565.  

Vlachojannis, J., Cameron, M., & Chrubasik, S. (2010). A systematic review on the sambuci fructus 

effect and efficacy profiles. Phytotherapy Research: An International Journal Devoted to 

Pharmacological and Toxicological Evaluation of Natural Product Derivatives, 24(1), 1-8.  

Wang, N., Li, D., Lu, N.-H., Yi, L., Huang, X.-W., & Gao, Z.-H. (2010). Peroxynitrite and hemoglobin-

mediated nitrative/oxidative modification of human plasma protein: effects of some flavonoids. 

Journal of Asian natural products research, 12(4), 257-264.  

Wang, Y., Jiang, J., Jiang, X., Cai, S., Han, H., Li, L., Tian, Z., Jiang, W., Zhang, Z., & Xiao, Y. (2008). 

Synthesis and antitumor activity evaluations of albumin-binding prodrugs of CC-1065 analog. 

Bioorganic & medicinal chemistry, 16(13), 6552-6559.  

WHO, W. (2013). WHO traditional medicine strategy 2014–2023. World Health Organization.  

Wildman, R. E. (2016). Handbook of nutraceuticals and functional foods: CRC press. 

Wohlhueter, R. M., McIvor, R. S., & Plagemann, P. G. (1980). Facilitated transport of uracil and 5‐

fluorouracil, and permeation of orotic acid into cultured mammalian cells. Journal of cellular 

physiology, 104(3), 309-319.  

Yang, J., Guo, J., & Yuan, J. (2008). In vitro antioxidant properties of rutin. LWT-Food Science and 

Technology, 41(6), 1060-1066.  

Yang, Y., Xu, Y., Xia, T., Chen, F., Zhang, C., Liang, W., Lai, L., & Fang, X. (2011). A single-molecule 

study of the inhibition effect of Naringenin on transforming growth factor-β ligand–receptor 

binding. Chemical Communications, 47(19), 5440-5442.  



References 

 

     95 

Yeşilada, E., Üstün, O., Sezik, E., Takaishi, Y., Ono, Y., & Honda, G. (1997). Inhibitory effects of Turkish 

folk remedies on inflammatory cytokines: interleukin-1α, interleukin-1β and tumor necrosis factor 

α. Journal of Ethnopharmacology, 58(1), 59-73.  

Yi, L.-T., Li, C.-F., Zhan, X., Cui, C.-C., Xiao, F., Zhou, L.-P., & Xie, Y. (2010). Involvement of 

monoaminergic system in the antidepressant-like effect of the flavonoid naringenin in mice. 

Progress in Neuro-Psychopharmacology and Biological Psychiatry, 34(7), 1223-1228.  

Yokozawa, T., Kim, H. Y., Cho, E. J., Choi, J. S., & Chung, H. Y. (2002). Antioxidant effects of 

isorhamnetin 3, 7-di-O-β-D-glucopyranoside isolated from mustard leaf (Brassica juncea) in rats 

with streptozotocin-induced diabetes. Journal of agricultural and food chemistry, 50(19), 5490-

5495.  

Youdim, K. A., Martin, A., & Joseph, J. A. (2000). Incorporation of the elderberry anthocyanins by 

endothelial cells increases protection against oxidative stress1. Free Radical Biology and 

Medicine, 29(1), 51-60.  

Zakay-Rones, Z., Thom, E., Wollan, T., & Wadstein, J. (2004). Randomized study of the efficacy and 

safety of oral elderberry extract in the treatment of influenza A and B virus infections. Journal of 

International Medical Research, 32(2), 132-140.  

Zakay-Rones, Z., Varsano, N., Zlotnik, M., Manor, O., Regev, L., Schlesinger, M., & Mumcuoglu, M. 

(1995). Inhibition of several strains of influenza virus in vitro and reduction of symptoms by an 

elderberry extract (Sambucus nigra L.) during an outbreak of influenza B Panama. The Journal 

of Alternative and Complementary Medicine, 1(4), 361-369.  

Zang, L.-Y., Cosma, G., Gardner, H., Shi, X., Castranova, V., & Vallyathan, V. (2000). Effect of antioxidant 

protection by p-coumaric acid on low-density lipoprotein cholesterol oxidation. American Journal 

of Physiology-Cell Physiology, 279(4), C954-C960.  

Zhang, H., & Tsao, R. (2016). Dietary polyphenols, oxidative stress and antioxidant and anti-inflammatory 

effects. Current Opinion in Food Science, 8, 33-42.  

Zhou, N., Zhu, W., Yang, F., & Zhou, K. (2016). In vitro gastrointestinal digestion model to monitor the 

antioxidant properties and bioavailability of phenolic antioxidants from elderberry. Reactive 

Oxygen Species, 2(6), 421-431.  

Zielinska, M., Kostrzewa, A., Ignatowicz, E., & Budzianowski, J. (2001). The flavonoids, quercetin and 

isorhamnetin 3-O-acyl-glucosides diminish neutrophil oxidative metabolism and lipid peroxidation. 

ACTA BIOCHIMICA POLONICA-ENGLISH EDITION-, 48(1), 183-190.  

 





 

 

SUPPLEMENTARY DATA  
 





Supplementary Data 

 

     99 

Supplementary Data I – GC calibration curve 

𝑨𝑨

[𝑨]
= 𝑭

𝑨𝑺

[𝑺]
  (Equation 3) 

AA – Area of Analyte 

[A] – Concentration of Analyte 

AS – Area of Internal Standard 

[S] – Concentration of Internal Standard 

 

 
Figure I. A. GC-MS calibration curve of ferulic acid determined using tetracosane as an internal standard where, 

Peak Area Ratio = 0.9528•Concentration – 0.0104. The coefficient of determination R2 is ≈ 0.998. B. GC-MS 

calibration curve of palmitic acid determined using tetracosane as an internal standard, where Peak Area Ratio = 

1.1197•Concentration – 0.012. The coefficient of determination R2 is ≈ 0.998. 
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Supplementary Data II – HPLC calibration curve of rutin 

Rutin 50 µg.ml-1 

 

 Rutin (360 nm)   

Sample Vi (ml) Vf (ml) C (µg.ml-1) Peak Area   

G 0,48 0,5 48 314298   

F 0,4 0,5 40 247292   

E 0,3 0,5 30 198599 6867,73 STEYX 

D 0,2 0,5 20 126524 6284,00 SLOPE 

C 0,1 0,5 10 69241 3,28 LOD 

B 0,05 0,5 5 43379 10,93 LOQ 

A 0,01 0,5 1 8899   

 

 

Figure II. HPLC-MS calibration curve of rutin based on the concentrations represented in the table above, where 

Peak Area = 6284•Concentration –5,785.1. The coefficient of determination (R2) is ≈ 0.997. 
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Supplementary Data III – HPLC calibration curve of chlorogenic acid 

 

Chlorogenic Acid 500 µg mL-1 

 

 

  Chlorogenic acid (320 nm)    

Sample Vi (ml) Vf (ml) C (µg.ml-1) Peak Area   

G 0,02 0,5 20 573496   

F 0,05 0,5 50 1417089     

E 0,04 0,5 40 1087178 29716,6 STEYX 

D 0,03 0,5 30 832233 28139,5 SLOPE 

C 0,01 0,5 10 304730 3,2 LOD 

B 0,005 0,5 5 91348 10,6 LOQ 

A 0,001 0,5 1 30478    

 

 

Figure III. HPLC-MS calibration curve of chlorogenic acid based on the concentrations represented in the table 

above, where Peak Area = 28,139•Concentration –7,600.8. The coefficient of determination (R2) is ≈ 0.997. 
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Supplementary Data IV – Antiproliferative activity by MTT assay 

 

Figure IV. Antiproliferative activity estimated by MTT assay of aqueous elderflower extract against several cell 

lines. Cell lines: murine macrophage cell line RAW 264.7, human epithelial cell line Caco-2, human keratinocyte 

cell line NCTC 2544, human colon cancer cell line HCT116, human colon carcinoma cell line RKO. Data are 

expressed as mean ± S.D. (n=3).  

Supplementary Data V - Kinetics of attenuation of H2O2-induced DNA damage 

on RKO cells 



Supplementary Data 

 

     103 

 

Figure V. Evaluation of genotoxic effects with different concentrations of H2O2 on RKO cells, and determination of 

50% of tail DNA concentration by interpolation of standard curve. Value estimate of H2O2 was 75.15 µM. Results 

are expressed as a single value. 
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Supplementary Data VI - Kinetics of SBs rejoining using H2O2 

 
Figure VI. Kinects of rejoin strand breaks using H2O2 as genotoxic agent for 24 and 48 hours of incubation with 

fresh medium. Results are present as mean ± SD, of at least three independent experiments. 
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Supplementary Data VII – Yield of elderflower aqueous extract 

Extraction November of 2017 
 

 Sample 
Massa 

falcon (g) 
Massa 

final (g) massa mg mL-1 
Média 
(g L-1)    

Erlenmeyer 1 

1.1 10,61 10,88 0,27 10,67 

10,63 

 Extração flor (g L-1) 

1.2 10,63 –   –  –  5/150 

1.3 10,88 11,14 0,26 10,58  33,33 

1.4 10,64 10,91 0,27 10,64   

Erlenmeyer 2 

2.1 10,95 11,21 0,26 10,21 

10,39 

  

2.2 10,71 10,97 0,26 10,29   

2.3 10,87 11,13 0,26 10,41   

2.4 10,77 11,04 0,27 10,64   

Erlenmeyer 3 

3.1 10,77 11,02 0,25 9,87 

9,70 

  

3.2 10,55 10,81 0,25 10,15   

3.4 10,62 10,87 0,26 10,24  Média (g L-1) 

3.4 10,95 11,17 0,21 8,55  10,24 

 
 

Extraction February of 2018 
 

 Sample 
Massa 

falcon (g) 

Massa 
final 
(g) 

massa mg mL-1 
Média 
(g L-1) 

    

Erlenmeyer 1 

1.1 10,58 10,83 0,25 9,97 

9,99 

 Extração flor (g L-1)   

1.2 10,56 10,81 0,25 10,08  5/150   

1.3 10,68 10,93 0,25 10,01  33,33  

1.4 10,70 – – –     

Erlenmeyer 2 

2.1 10,62 10,86 0,24 9,40 

9,45 

 fev/18 (g 
L-1) 

nov/17 (g 
L-1) 

 

2.2 10,61 10,84 0,24 9,49  9,86 10,24 

2.3 10,69 10,93 0,24 9,45     

2.4 10,59 – – –  Média final (g L-1)   

Erlenmeyer 3 

3.1 11,00 11,25 0,25 10,09 

10,13 

 10,05  

3.2 10,56 10,81 0,25 10,20     

3.4 10,62 10,87 0,25 10,11  Rendimento extração 
(%) 

  

3.4 10,94 – – –  30,14   
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Supplementary data VIII – Antimicrobial activity of flavonoids 

 

Figure VII. Schematic representation of mechanism of action of flavonoids. (1) membrane disruption; 

(2) inhibition of nucleic synthesis; (3) inhibition of bacterial virulence; (4) inhibition of ability to form biofilms; (5) 

inhibition of fatty acid synthesis; (6) inhibition of efflux pumps leading to reversing antimicrobial resistance; (7) 

inhibition of peptidoglycan synthesis; (8) inhibition of bacterial respiratory chain by inhibition of NADH-cytochrome 

c reductase activity; (9) and inhibition of ATP-synthase. Adapted from Górniak et al. (2018).  
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Supplementary Data IX – Absorption of rutin and quercetin  

 

Figure VIII. Metabolization of rutin (glycoside hydrolysis) to quercetin to posterior absorption by gut lumen into 

the bloodstream. Adapted from González et al. (2011). 
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Supplementary Data X – List of material 

Table I. Materials, equipment and reagents used in this work. 

Product Company Reference 

Acetonitrile Sigma-Aldrich 270717 

Agarose (Electrophoresis Grade) NzyTech MB02702 

Agarose, LMP, Analytical Grade Promega V2111 

Caffeic Acid Sigma-Aldrich C0625 

Cell line (Caco-2) Sigma-Aldrich 86010202 

Cell line (HCT-116) Sigma-Aldrich 91091005 

Cell line (NCTC 2544) 
Institute Zooprofilattico di 

Brescia 
– 

Cell line (RAW 264.7) Sigma-Aldrich 91062702 

Cell line (RKO) IPATIMUP – 

Dichloromethane Sigma-Aldrich 270997 

Dimethyl sulfoxide (DMSO) Sigma-Aldrich D8418 

DMEM Sigma-Aldrich D5648 

DPPH Sigma-Aldrich D9132 

EDTA-Na2 Sigma-Aldrich E5134 

FBS Sigma-Aldrich F2442 

Ferulic Acid Sigma-Aldrich Y0001013 

Folin-Ciocalteu Reagent Sigma-Aldrich F9252 

GC column (DB-1) Agilent DB-1ms 

GC mass spectrometer Thermo Fisher Scientific DSQII 

GC software Shimadzu GCMSsolution Software 

GC-MS Shimadzu QP2010 

H2O2 Sigma-Aldrich H1009 

HEPES Sigma-Aldrich H4034 

HPLC Thermo Fisher Scientific Finnigan Surveyor HPLC 

HPLC column (Gemini C18) Phenomex 7, 563, 367 

HPLC mass spectrometer Thermo Fisher Scientific LCQ Deca XP MAX 

HPLC software Thermo Fisher Scientific Excalibur™ 
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Hypersil GOLD Thermo Fisher Scientific 25305-012101 

MEM Sigma-Aldrich M0643 

Microplate Reader Biotek Synergy HT 

Microscope Leica DM5000B 

Na2EDTA Sigma-Aldrich E5134 

NaHCO3 Sigma-Aldrich S5761 

Non-essential Amino Acid Solution Sigma-Aldrich M7145 

Palmitic Acid Sigma-Aldrich P0500 

Penicillin/Streptomycin Sigma-Aldrich P4333 

Penicillin/Streptomycin mix Sigma-Aldrich A5955 

Pyruvic Acid Sigma-Aldrich P2256 

RPMI Sigma-Aldrich R6504 

Sabouraud Dextrose Broth (SDB) Sigma-Aldrich S3306 

Sodium Hydroxide (NaOH) Sigma-Aldrich S5881 

SYBR® Gold Thermo Fisher Scientific S-11494 

Syringe BD Plastipak 

Tetracosane Sigma-Aldrich 87089 

Tetramethylsilane (TMS) Sigma-Aldrich 87921 

Thiazolyl Blue tetrazolium bromide 

(MTT) 
Alfa Aesar L11939 

Triton-X Sigma-Aldrich T8787 

Trolox Sigma-Aldrich 238813 

Trypsin Sigma-Aldrich T4049 

Tryptic Soy Broth (TSB) Liofilchem 620053 

 


