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There is a constant need for effective drugs, combinations of drugs and methods for the prevention 

of bacterial and viral infections, including coronavirus. It is known that the role of trace elements in 
strengthening the human immune system is significant. Vitamins, trace elements, including zinc, iron, se-
lenium, magnesium and copper, and omega-3 fatty acids, play essential physiological roles in promoting 
the immune system. Zinc is a necessary microelement for basic enzymatic physiological processes; it 
plays an important role in cell division and is involved in the development of cells responsible for non-
specific immunity. Zinc deficiency is known to predispose patients to viral infection due to reduced anti-
viral immunity. In addition, flavonoids as plant metabolites play an important role in oxidative stress pre-
vention. This manuscript aims to discuss the roles of zinc, flavonoids and their complexes in vitro, as well 
as their antioxidant and antimicrobial activities. The justification for the simultaneous use of zinc and fla-
vonoids is also considered. 
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АНТИОКСИДАТИВЕН КАПАЦИТЕТ И АНТИМИКРОБНИ ЕФЕКТИ НА КОМПЛЕКСИ  

НА ЦИНК СО ФЛАВОНОИДИ – ДАЛИ ПОСТОИ СИНЕРГИЗАМ? 

 

Постои постојана потреба од ефикасни лекови, комбинации на лекови и методи за 

спречување на бактериски и вирусни инфекции, вклучувајќи го и коронавирусот. Познато е дека 

улогата на елементи во траги во зајакнување на човековиот имун систем е значајна. Витамините, 

микроелементите, вклучувајќи цинк, железо, селен, магнезиум и бакар, масните киселини омега-3 

играат значајна физиолошка улога во унапредување на имуниот систем. Цинкот е неопходен 

микроелемент за основните ензимски физиолошки процеси. Тој игра важна улога во делбата на 

клетките и е вклучен во развојот на клетки одговорни за неспецифичен имунитет. Познато е дека 

недостигот на цинк ги предиспонира пациентите на вирусни инфекции поради намалениот 

антивирусен имунитет. Од друга страна, флавоноидите како метаболити на растенијата играат 

важна улога во спречување на оксидативен стрес. Овој труд има за цел да ја дискутира in vitro 

улогата на цинкот, флавонидите и нивните комплекси, како и нивните антиоксидативни и 

антимикорбни активности. Разгледана е и оправданоста за истовремена употреба на цинк и 

флавоноиди. 
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1. INTRODUCTION 

 

Flavonoids are considered to be an abundant 

class of secondary metabolites of plants, possessing a 

polyphenolic structure (Fig. 1), providing pollination 

and color [1, 2], and improving the self-protective 

ability of the plants, such as serving as UV filters, 

detoxifying agents, or antimicrobial compounds [3]. 

According to their structures, flavonoids are 

divided into several subclasses, namely flavones, 

flavonols, isoflavonoids, flavanones, anthocyanins, 

and chalcones [4]. The classification is based on 

which carbon of the C-ring is the B-ring attached 

(Fig. 1) and the degree of unsaturation and oxida-

tion of the C-ring. Positive pharmacological effects 

of flavonoids have been well known for decades. 

Flavonoids have the potential for use as drugs in 

the prevention of oxidative stress by removing 

reactive oxygen species [5–9]. The most frequent 

benefit of flavonoid intake is reflected in the 

cardiovascular status of tested individuals [9, 10]; 

and can also prevent the apoptotic signaling cas-

cade, which stimulates cell death, by performing a 

wide range of anticancer effects: they modulate 

ROS-scavenging enzyme activities, participate in 

arresting the cell cycle, induce apoptosis and 

autophagy, and suppress cancer cell proliferation 

and invasiveness [11]. 
 
 

 
Fig 1. Flavonoid structures and their natural sources 

 

 

It has been shown that quercetin increases 

the cytoplasmic membrane permeability of the 

Gram-positive pathogens Staphylococcus aureus, 

S. haemolyticus, and S. pyogenes, and also protects 

against the Gram-negative Escherichia coli and 

Klebsiella pneumoniae [12]. Flavonoids have been 

found to inhibit viruses through various 

mechanisms. Quercetin was found to exhibit its 

antiviral activity against vesicular stomatitis virus 

(VSV) and inhibit influenza A virus in vitro by 
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virus entry inhibition, and also to block viral 

binding and entry of herpes simplex virus (HSV)-1, 

HSV-2, and drug-resistant HSV-1. Rutin was shown 

to block the entry of human immunodeficiency 

virus (HIV)-1 without interactions with the host cell 

membrane [13]. Flavonoids have antiallergic activi-

ties [14] and positive effects on brain health [15]. In 

spite of the numerous positive effects of daily 

flavonoid intake [16], the consumption of this type 

of nutraceutical, or of the supplements originating 

from them, have to be reasonable [17]. 

Total flavonoid content (TFC) is one of the 

most important quality parameters for natural 

sources of flavonoids. HPLC is the method of 

choice for the separation of complex mixtures 

containing nonvolatile compounds such as flavo-

noids in plant material extracts [18–20]. Another 

often-applied method is GC, which is able to 

follow the concentration of certain components 

after fruit consumption, even in plasma [21]. A 

method with very low LOD and LOQ values is 

spectrofluorometry; thus, it is applicable for moni-

toring the level of flavonoids in bio-fluids [22, 23]. 

As stated previously, the particular bioactivities of 

flavonoids, such as anticancer and anti-inflamma-

tory properties, are strictly linked to their antioxi-

dant activities. For this reason, electroanalysis helps 

to understand better the conditioning between the 

structure of flavonoids and their antioxidant capaci-

ties [24]. In recent years, as a very useful tool, 

electrochemical sensors based on carbon nano-

materials for detecting flavonoids in food have been 

the subject of detailed studies [25]. Near-infrared 

(NIR) spectroscopy is another convenient method 

for quantitative analysis of TFC and total 

antioxidant activity in the quality control of plant 

material [26]. 

Zinc is a trace element but remains a vital 

micronutrient for maintaining cellular physiology, 

such as in cell reproduction, growth, and immun-

ity. Almost all cells in our body contain zinc. The 

body tightly regulates zinc levels, and stress and 

infections cause plasma zinc levels to fall. Zinc has 

a key role as a catalyst in a wide range of reactions 

and is a catalyst for numerous enzymes. It is 

important in the structure of cell transport proteins 

such as vitamins A and D. It is known that over 

300 regulatory enzymes require zinc for their 

inhibition-activation processes. Zinc regulates gene 

expression. It stabilizes cell membranes, helping to 

strengthen their defense against oxidative stress. 

Although zinc is an inactive redox metal, it 

possesses indirect antioxidant properties through 

its ability to interact with sulfur. Zinc–sulfur 

bonding is reversible and controls enzyme catalysis 

mechanisms within the cell; thereby, intercellular 

zinc binds strongly with redox-active enzymes and 

converts others to redox-inert forms [27]. It has 

been also reported that the changes in zinc 

homeostasis are substantial and correlate with the 

severity of sepsis, suggesting that zinc might also 

be useful as a diagnostic marker for evaluating the 

severity and predicting the outcome of sepsis [28]. 

It participates in the synthesis, storage and release 

of insulin, interacts with platelets in blood clotting, 

and influences thyroid hormone function. It is nec-

essary for visual pigments, normal taste perception, 

sperm production, fetal development, and behavior 

and learning performance [29]. Loss of zinc from 

biological membranes increases their susceptibility 

to oxidative damage and impairs their functions. It 

participates in maintaining the structure of the 

biomembrane, in DNA and RNA synthesis, and in 

essential fatty acid metabolism [30]. Zinc also 

plays a role in cell signaling. It is important in 

wound healing, as it is required for the functioning 

of the immune system and in the structure and 

function of the skin. As an antiviral agent and 

astringent, it is released into the saliva, relieving 

cough, nasal drainage, and congestion. It is found 

in the vesicles of the mossy fiber system of the 

hippocampus. 

Keeping in mind the beneficial effects on 

human health of flavonoids and zinc themselves, 

will their complexes lead to more efficient 

systems? The goal of this study was to evaluate the 

potential of their combination for enhanced 

antioxidant and antimicrobial activities and to 

provide a critical overview of the potential 

bioeffects of zinc complexes with frequently 

studied flavonoids (rutin, morin, hesperidin and 

quercetin); does in vitro synergism exist? 
 
 

2. EXPERIMENTAL SECTION 
 

2.1. Materials 
 

Quercetin, morin, rutin, hesperidin, and KCl 

(Fluka AG), ABTS (2,2'-azino-bis(3-ethylbenzo-

thiazoline-6-sulfonic acid)), trolox, DPPH (2,2-

diphenyl-2-picrylhydrazyl), and TPTZ (2,4,6-tris (2-

piridyl)-s-triazine) (Sigma-Aldrich), and CH3OH, 

CH3COOH, CH3COONa, ZnCl2, (Merck), and 

FeSO4·7H2O, FeCl3·6H2O (Zorka-Šabac), all p.a. 

purity grade, were used without further purification. 

The stock solution of zinc chloride (103 mol l–1) 

was prepared by dissolving ZnCl2 in doubly 

distilled water. The stock solution (10–4 mol l–1) of 

flavonoids (quercetin, morin, rutin, and hesperidin) 

were prepared by dissolving an appropriate amount 
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of flavonoid in methanol (70%v/v), with sonication 

in an ultrasound bath for 15 min, and stored in a 

refrigerator. 

 
2.2. Methods 

 

Experimental procedures, including sample 

preparations and conditions for testing the 

antioxidative ability of the flavonoids and their 

zinc complexes, were based on the proscriptions for 

the DPPH and ferric reducing antioxidant power 

(FRAP) tests previously reported for quercetin and 

morin [32, 33]. Solutions of flavonoids at a 

concentration of 5·10–6 mol l–1 were used for 

DPPH assay and to test for antioxidant capacity 

through the FRAP test. The samples were also 

checked for their ability to scavenge ABTS free 

radical (ABTS+) as a fast-screening procedure. 

The stock solution of ABTS+ was prepared as 

described by Hsu et al. [34]. For determination of 

antioxidant activity, the test sample (in the same 

concentration as for the DPPH and FRAP tests) 

was dissolved in 5 ml of ABTS+solution, mixed 

thoroughly, and then diluted to 10 ml with PBS 

buffer, mixed thoroughly and incubated in the dark 

at room temperature. After 3, 6 and 20 min the 

absorbance was recorded at 734 nm using the 

Beckman DU 650 spectrophotometer with 1-cm 

quartz cuvettes and PBS buffer as blank. Results 

were expressed as %INH (percentage of ABTS+ 

inhibition) according to the equation: 
 

 % 𝐼𝑁𝐻 =  
[𝐴ABTS•+ −𝐴sample]

𝐴ABTS•+ 
 × 100, (1) 

 

where AABTS
+ is the absorbance of ABTS+ 

solution + 5 ml of PBS buffer, and Asample is the 

absorbance of solution in the presence of sample 

after 3, 6, or 20 min of reaction. 

Further, the antimicrobial activities of rutin, 

hesperidin, and morin and their zinc complexes 

were determined as minimal inhibitory concentra-

tion (MIC), according to the procedures already 

reported for quercetin [32]. 
 

 

3. RESULTS AND DISCUSSION 
 

One of the very important characteristics of 

flavonoids is their ability to form complexes with 

transition metal ions, especially with zinc [35]. 

Actually, some of the bio-effectiveness of flavo-

noids is based on their metal-complex formation. 

On the other hand, thanks to this characteristic, it 

was possible to develop the low-cost and efficient 

spectrophotometric determinations of flavonoids 

[32, 33, 36, 37]. The most important analytical 

parameters of the reported methods for the 

determination of certain flavonoids based on zinc 

complexes are given in Table 1. 
 

 

T a b l e  1  
 

Literature data on the spectrophotometric determination of the selected flavonoids based on their zinc 

complexes 
 

Flavonoid Stability 

constant 

λ, 

(nm) 

pH LOD(μg ml–1); 

LOQ(μg ml–1) 

Linearity 

range (μg ml–1) 

Applicable on 

samples 

Ref 

Rutin logK = 10.86 410 8.52 0.21; 

0.63 

0.3–12.2 Herbal dietary  

supplements 

[35] 

Hesperidin logβ2 = 17.01 283 3.12 0.15; 

0.45 

0.61–7.32 Supplements (tablets);  

orange juices 

[36] 

Quercetin logβ2 = 10.24 363 5.25 30; 

100 

100–6000 Dietary supplements 

(tablets, capsules);  

onions 

[32] 

Morin logβ1 = 7.91 392 7.98 30; 

91 

151–4 533 Strawberries [33] 

 

 

First of all, it is interesting to compare and 

comment on the characteristics of rutin, hesperidin, 

quercetin, and morin as abundant flavonoids 

present in commonly consumed fruits and/or 

vegetables (such as apples, oranges, onions, red 

fruits, etc.), both fresh and sometimes as juices. 

Also, they are frequently found ingredients of 

multicomponent supplements, especially in formula-

tions labeled on the market as "immunocomplexes". 

Nowadays, when many people around the world are 

taking zinc supplements on a daily basis, it makes 

sense to consider zinc–flavonoid combinations. 

The selectivity of the reported spectrophoto-

metric methods based on zinc complex formation 
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is achieved by careful selection of pH and the 

wavelength at which the determination of the 

flavonoid is performed (Table 1 and Fig. 2). 

Although morin and quercetin possess very similar 

structures, as reflected in the similar λmax of the 

complexes (Δλ ~ 30 nm), the persistence of the 

second pH maximum for the Zn–morin complex 

allows the development of selective methods with 

low LOD and LOQ values. 

Besides the successful determination of 

flavonoids, it was interesting to test and compare 

the antioxidant capacities of flavonoids alone and 

of their zinc complexes (Fig. 3). 
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Fig 2. pH dependence of absorbance of zinc–flavonoid complexes 
 
 

 
Fig 3. The bioactivity tests applied to flavonoids and their zinc complexes 
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For that purpose, several types of tests have 

been applied. The current study evaluated the 

antioxidant scavenging activities in the DPPH, 

FRAP and ABTS•+ tests. The DPPH assay is a 

rapid, simple method used to evaluate the 

antioxidant potential of a compound [38]. DPPH is 

a stable free radical by virtue of the delocalization 

of the spare electron over the molecule, and it 

accepts electrons or hydrogen radicals from donor 

compounds [39]. The assay is based on the quan-

titative measurement of the scavenging capacity of 

antioxidants toward DPPH free radicals by the 

decrease in their absorbance. This test provides 

information on the antioxidant’s capacity to donate 

hydrogen atoms or electrons [40]. The FRAP 

method is based on the principle of reduction of 

the ferrictripyridyltriazine (Fe3+-TPTZ) complex to 

ferrous tripyridyltriazine (Fe2+-TPTZ) by the 

antioxidants in a sample at low pH [41]. The end 

product (Fe2+-TPTZ) has a blue color with an 

absorption maximum at 593 nm, and the change in 

absorbance is related to the antioxidant capacity of 

the plasma. The ABTS•+ chromophore is produced 

through the reaction between ABTS and potassium 

persulfate, which converts ABTS into its radical 

cation. This radical cation is blue in color and 

absorbs light at 734 nm. ABTS•+ is reactive toward 

most antioxidants, including phenols, thiols, 

flavonoids, and vitamin C, etc. 

In the case of all three methods, a different 

profile of antioxidant activity was obtained for the 

tested flavonoids, although the lowest activity was 

always shown by hesperidin (Tables 2 and 3). 
 

 

T a b l e  2  
 

Results of DPPH and FRAP tests 
 

Sample 

DPPH FRAP 

Ref. Trolox 

(mg l–1) 

cFe
2+ 

(mmol l–1) 

Quercetin 2.21 0.261 
[32] 

Zn-Quercetin 2.33 0.302 

Morin 2.36 0.260 
[33] 

Zn-Morin 2.33 0.258 

Rutin 2.62 0.324 

This 

article 

Zn-Rutin 2.56 0.386 

Hesperidin 0.47 0.137 

Zn-Hesperidin 0.55 0.122 

 

 

In the case of Zn complexes with quercetin, 

rutin, and morin, the ABTS and FRAP methods 

showed them to have similar or higher antioxidant 

activity compared to the pristine flavonoids, while 

for DPPH method the increases in activity were 

obtained for the quercetin and hesperidin Zn 

complexes. Interestingly, the solution of Zn2+ itself 

did not contribute to the antioxidative capacity of 

the system, according to the results of all three 

tests. 
 

 

T a b l e  3  
 

Percentage of ABTS inhibition (% INH ABTS) 
 

Sample 
% INH 

3 min 6 min 20 min 

Quercetin 87.89 92.47 94.32 

Zn- Quercetin 91.78 94.24 96.77 

Morin 70.96 80.25 88.18 

Zn-Morin 78.16 83.68 93.07 

Rutin 71.28 74.25 89.60 

Zn-Rutin 74.98 79.24 92.95 

Hesperidin 31.97 34.75 40.98 

Zn-Hesperidin 36.02 37.31 39.66 

Zn   2.92   2.82   2.99 

 

 

According to the obtained results, the 

antioxidant activity of the Zn–quercetin complex is 

slightly higher than that of the flavonoid itself, 

with the same trend shown in all applied tests. The 

zinc complexes of the other tested flavonoids did 

not show the same profile, but varied depending on 

the specific test. The fact is that the reagents react 

by different mechanisms and have affinities with 

different groups of the substrate, so when testing 

antioxidant activity at least two tests are often 

performed in parallel. 

The influence of the composition of the 

complex on its antioxidant activity cannot be 

linked with any certainty. Of these flavonoids, only 

morin forms a complex with zinc in a composition 

of 1:1, while other zinc–flavonoid complexes are 

in the ratio 1:2, and thus have more available 

reactive sites for electron and/or proton transfer to 

or from reagents. Therefore, it could be assumed 

that this is one of the reasons for the somewhat 

lower antioxidant activity, as obtained by the 

DPPH and FRAP tests, of the Zn–morin complex 

solution compared to the solution of morin alone. 

Of course, shedding light on this phenomenon 

requires further detailed examination, including 

structural analysis. 

In a similar way as for the antioxidative 

capacity, the antimicrobial effectiveness against 

standard strains of microorganisms (bacteria/yeasts), 

of the various flavonoids and their zinc complexes, 

were tested, and the results are given in the Table 4 as 

MICs expressed in µg ml–1. 
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     T a b l e  4 
 

Minimal inhibitory concentrations (MICs) of flavonoids and the respective zinc complexes 
 

Strains 
Flavonoids and appropriate zinc complexes (μg ml–1) 

Morin Zn-Morin Hesp. Zn-Hesp. Rutin Zn-Rutin Querc. Zn-Querc. 

S. aureus  
(ATCC 6538) 250 250 500 500 500 500 500 500 

E. faecalis  
(ATCC 29212) 500 500 500 500 500 500 250 500 

B. subtilis  
(ATCC 6633) 250 250 500 250 1000 500 125 125 

E. coli (ATCC 8739) 500 500 250 250 500 500 500 250 

K. pneumoniae 
(NCIMB 9111) 250 500 250 500 500 500 500 500 

S. abony  

(NCTC 6017) 500 500 250 500 1000 1000 500 500 

P. aeruginosa  

(ATCC 9027) 250 250 250 500 500 500 500 500 

C. albicans  

(ATCC 10231) 250 250 250 250 500 500 500 125 

Reference This article [31] 

 

 

It can be seen that the tested flavonoids and 
their zinc complexes possessed slight to moderate 
antimicrobial potential. For now, the tested systems 
are not claimed to show anywhere near the 
effectiveness of antibiotics such as gentamycin, but 
the results reported herein are especially promising 
because they illustrate the relative potential of 
antibacterial activity. If the effects of zinc complexes 
and the flavonoids themselves are compared, the 
MIC values are the same against many of the tested 
strains. Zinc–hesperidin, quercetin and Zn–quercetin 
exhibited slightly better effectiveness against Bacillus 
subtilis, but less against the Gram-negative K. 
pneumoniae, Salmonella abony, and Pseudomonas 
aeruginosa. The Zn–quercetin complex was the most 
efficient against Candida albicans. 

 

4. CONCLUSION 
 

At the time of the Covid-19 pandemic, the 
consumption of dietary supplements containing 
zinc has increased due to susceptibility to several 
viral infections and bacterial co-infections, such as 
MRSA, S. aureus, etc. that are associated with zinc 
deficiency in the body, especially in the elderly 
population [42, 43]. The fact that zinc deficiency is 
responsible for 16% of all lower respiratory tract 
infections in the world indicates the potential 
benefits of zinc supplementation [44]. The Zn–
quercetin complex can also fight inflammatory 
agents and protect lung tissue [45]. So, a rea-
sonable question is whether or not a combination 
of zinc and flavonoids contributes to the resulting 
efficacy. Because zinc competes with iron and 
copper, those who take large doses of zinc 
supplements may develop a deficiency of these 

minerals. It is best to take them at different times 
to avoid conflicts around the absorption channels 
[44]. Flavonoids can inhibit both TMPRSS2 and 
furin, which cleave the spiked protein SARS-CoV-
2, facilitating its infectivity [46]. So, the answer is 
that the simultaneous use of zinc and flavonoids is 
reasonable, due to their different mechanisms of 
action. Also, the possibility of using zinc–
flavonoid complexes is promising, due to their 
moderate antimicrobial and antioxidant activity. 
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