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Abstract: Anthocyanins (ACNs) are secondary metabolites responsible for most of the red to 

purple pigmentation found in flowers, fruits, and leaves. Clusters of metal ions of Mg2+, Al3+, 

Ga3+, Sn2+, Cr3+, Fe3+ joined to ACNs in water media were studied for unraveling the color 

shifting of different complexes of these structures in the low ranges of pH. In this verdict, it 

has been studied the metallic cations diffusing of deprotonating for the anthocyanin (ACN) 

(B)-ring of Malvidin (Mal), Peonidin (Peo), Delphinidin (Del), Pet, and Cyanidin (Cya) in 

water. The difference of heat of formation (∆Hf) among clusters of metallic cations jointed to 

ACNs has been illustrated toward the double bonds and carbonyl groups by the chelation of 

(B)-ring for cyanidin, delphinidin and petunidin ACNs in two media of gas and water that 

explains the stability and color of [ACN-metallic cations] cluster chelation. The complexes of 

Ga3+ → Pet, Cr3+ → Pet, Mg2+ → Pet and Al3+ → Cya, Ga3+ → Cya, Mg2+ → Cya have 

indicated the maximum absorbance in the low concentration. The mechanism of cation-induced 

ACNs mainly depends on the location of active zones of functionalized O-atoms in ACN and 

divalent or trivalent cations characteristics. Regarding the obtained results, regular 

consumption of some vegetables and fruits, which are rich in ACN molecules, should be 

helpful to stop viral infectious by decreasing pathogenicity and propagation of viral diseases. 
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1. Introduction 

The dangerous viral malady in 2019 was new Coronavirus disease (COVID-19) 

which is known as severe acute respiratory syndrome (SARS-CoV-2) [1–6]. Natural 

drugs and herbs with their anti-inflammatory properties might have pleiotropic 

functions in COVID-19 treatment [7–11]. 

Some antibodies extracted from plants are supposed to answer very quickly to 

the emergence of recent variants of COVID-19 [12–19]. 

ACNs are one of the four subclasses of Flavonoids [20] which represent various 

beneficial impressions consisting of antidiabetes, anticancer, antiallergy, 

antimutagenesis, cardioprotection, and antiviral activities [21,22]. One of the 

beneficial methods for discovering proper medication against COVID-19 can be 

molecular docking approach. This method can analyze the conformation and 

orientation of molecular structures into the binding zones of a macromolecular object 

[23]. Many research works have been remarked on the application of molecular 

docking method to determine or foretell the drug-object binding tendency with the 
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viral protease [24–32]. The ACNs attached to some cations containing Mg2+, Al3+, 

Ga3+, Sn2+, Cr3+, Fe3+ have been shown in Figure 1. 
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Figure 1. ACN is attached to some cations consisting of Mg2+, Al3+, Ga3+, Sn2+, Cr3+, Fe3+. 

Free essential radicals are generated and twisted, for instance, in the defense 

against pathogenic bacteria and viruses. Antioxidants are extremely valuable food 

ingredients for our health [33–39]. For example, the chelation of Al3+ by ACNs was 

more investigated owing to its dependence. The complexes with acceptable stability 

between Del and Al were found (Scheme 1) [40]. 



Molecular & Cellular Biomechanics 2024, 21(2), 206.  

3 

OH

OH O

O

Glocose

O

O

O

O

O

O

OH

CH3Glocose

Al
3+

Cl

_
_

_ _

_
 

Scheme 1. Aluminum ion chelated with delphinidin-3-monoglucoside which reflects 

a blue light. 

Del as its flavylium cation conducts red solutions in the model system. the Al3+ 

removes H+ ions from delphinidin, converting delphinidin’s flavylium cation to its 

blue quinoidal base anion which complexes with the Al3+. Regarding the stability of 

this complex, a second flavylium cation accumulates on top of the complexed 

quinoidal base anion, generating a bathochromic shift of the cation’s spectral effect 

and indicating the blue color [41]. 

Applying this approach, it can be remarked these dietary structures belong to the 

subclass of ACN, which demonstrate the main ingredients in vegetables and fruits, as 

rich inhibiting agents of the main protease and targeting the receptor-binding domain 

(RBD) of S-protein for SARS-CoV2. In addition, molecular docking assigns swift 

diagnosis of the amino acid sequences for SARS-CoV-2 [42–44]. ACNs are present 

in the highest concentration in some vegetables and fruits. The present investigation 

measures the ability of these compounds for inhibiting the main protease and the 

receptor–binding domain of spike glycoprotein of SARS-CoV-2 using mechanic 

quantum approaches. 

2. Materials and methods 

 Geometry optimization of Mg2+ → Cya, Al3+ → Cya, Ga3+ → Cya, Sn2+ → Cya, 

Cr3+ → Cya, and Fe3+ → Cya chelation complexes through their B ring in water at 

300K have been calculated using Gaussian 16 revision C.01 program [45]. In addition, 

the properties of Bader charge and thermodynamic parameters of Mg2+ → ACN, Al3+ 

→ ACN, Ga3+ → ACN, Sn2+ → ACN, Cr3+ → ACN, and Fe3+ → ACN chelation 

through their B ring in aqueous medium at 300K have been computed (Figure 2). 
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Figure 2. Calculated structures of (a) Fe3+ → ACN; (b) Mg2+ → ACN; (c) Sn2+ → ACN.  

For accomplishing a stable structure of Mg2+ → ACN, Al3+ → ACN, Ga3+ → 

ACN, Sn2+ → ACN, Cr3+ → ACN, and Fe3+ → ACN, a geometry optimization plus 

frequency calculations were done. Then, Bader charge and thermodynamic attributes 

of Al3+ → ACN chelation of Cya, Del, and Pet pigments owing to their B ring in gas 

and aqueous media at 300K were estimated in a periodic box of H2O molecules 

(Figure 3). The optimized geometries include the bond length of “oxygen—Mg2+ ≈ 

(1.9Å)” and the bond angle of “oxygen—Mg2+—oxygen ≈ (112o) “while it was found 

the bond length of oxygen—M3+ ≈ (1.8Å) and bond angle of oxygen—M3+—oxygen 

≈ (120o) for trivalent metal ions of Al3+, Cr3+ and Fe3+ (Figure 3). 

The “Becke, 3-parameter, Lee-Yang-Parr (B3LYP) “hybrid density functional 

has been applied for years and it is proposed that the B3LYP method with the 

optimized semiempirical parameters can walk to be a good density functional in the 

computations of thermodynamic properties and reactivity of huge organic structures 

[46]. B3LYP is a hybrid functional, often applied to gain the bond lengths and 

vibrational frequencies near lab experiments amounts [47]. 

Our computations have been carried out due to the conceptual density functional 

theory (DFT)/B3LYP/6-31G (d,p) method using the projector– augmented–wave 

(PAW) methodology [48]. DFT is a method to solve the Schrödinger equation for the 

movements of electrons in structures based on the significance that the energy is a 

functional of the density. This approach is used in electronic structure calculations to 

both molecules and solids [49]. 
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Figure 3. The schematics of optimized ACN—Al3+ ion chelation calculated by theoretical methods. 

The theoretical computations have been run to attain more valid equilibrium 

geometrical data and infrared spectral information for each of the recognized 

complexes. The simulated model has been exhibited the theoretical methods which 

generate a current sample of a model at an identified temperature by measuring 

physicochemical specifications owing to the partition function.  

3. Results and discussion 

Phenolic plant seems to have multiple mechanisms of action in combating cancer 

including angiogenesis denying tumors vascular supply required for proliferation, 

inhibiting DNA synthesis, inducing apoptosis, and cellular differentiation inhibiting 

cancer progression [50, 51]. Regular consumption of raspberry ACNs is also reported 

to improve cognitive brain functions, age-related degeneration of eyesight and 

influence cardiovascular disease [52]. Scheme 2 shows that ACNs are synthesized 

from precursors by two biosynthetic pathways. 

For example, the blooms of wild raspberry with the color depending on the soil 

pH are reflected by Al3+ to the plant under acidic conditions while Al3+ changes the 

color of the ACN pigment. The thermodynamic properties for conjunction of “Mal, 

Peo, Del, Pet, Cya” with cations of “Mg2+, Al3+, Ga3+, Sn2+, Cr3+, Fe3+” in different pH 

has been measured using Gaussian 16 revision C.01 program in aqueous medium 

(Table 1).  
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Scheme 2. The Biosynthesis of ACN compounds. 

Table 1. The Thermochemical specifications for “Cya, Del, Mal, Pel, Peo, Pet” in aqueous medium. 

pigment ∆G × 10−5 ∆H × 10−3 ∆S × 10−2 Eelectronic × 10−6 Ecore−core × 10−6 lnK × 10−5 

Cya −2.85 −1.54 9.44 −2.80 2.51 2.85 

Del −2.92 −1.57 9.69 −2.89 2.60 4.90 

Mal −2.11 −9.07 7.00 −1.86 1.65 3.54 

Pel −2.45 −1.26 8.14 −2.25 2.01 1.37 

Peo −2.72 −1.42 9.03 −2.61 2.33 4.56 

Pet −2.80 −1.47 9.28 −2.75 2.47 4.69 

The difference of ∆Hf among the chelated complexes of Mg2+ → ACN, Al3+ → 

ACN, Ga3+ → ACN, Sn2+ → ACN, Cr3+ → ACN, and Fe3+ → ACN (Figure 3) has 

been observed. The consequences of ∆Hf for “[Mg2+, Al3+, Ga3+, Sn2+, Cr3+, Fe3+ → 

Cya, Del, Pet]” complexes have been shown by Figure 4 and reported data in Table 

1. 
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Figure 4. Enthalpy of reaction (∆HR) for formation of “Mg2+ → ACN, Al3+ → ACN, 

Ga3+ → ACN, Sn2+ → ACN, Cr3+ → ACN, and Fe3+ → ACN” complexes. 

The absorbance (A) of chelated cations including Mg2+, Ga3+, Cr3+, Fe3+, and Al3+ 

with Cya, Del, and Pet pigments in aqueous periodic box has been calculated (Table 

2). The data have been shown based on equation of A = log10 (Iₒ/I) = εlc, where A is 

the absorbance; I, intensity of current; ε, molar absorptivity coefficient and c, 

concentration of solution (Table 2).  

Table 2. Measured “absorbance (A)”, “Frequency” and “Dipole moment” of metal → ACN chelation of “Cya, Del, 

Pet” in various pH. 
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Cya Mg2+ × 10−3 Ga3+ × 10−3 Cr3+ × 10−3 Fe3+ × 10−3 Al3+ × 10−3 

1.17 0.10 3.922 3.05 0.25 3.925 18.65 0.22 3.926 9.94 0.13 3.925 0.25 0.25 3.924 18.65 

1.30 1.20 3.927 3.24 1.32 3.925 16.74 0.96 3.931 8.39 1.06 3.926 1.32 1.32 3.925 16.74 

1.40 1.21 3.927 1.53 0.64 3.926 16.35 0.65 3.926 10.31 0.95 3.926 0.64 0.64 3.926 16.35 

1.48 1.89 4.014 5.27 1.87 4.008 13.82 0.68 3.926 8.59 1.19 3928 1.87 1.87 4.008 13.82 

1.54 1.89 4.012 3.91 1.85 4.007 6.69 1.90 4.009 9.59 1.90 4.012 1.85 1.85 4.007 6.69 

Del 
pH 

Mg2+ × 10−3 Ga3+ × 10−3 Cr3+ × 10−3 Fe3+ × 10−3 Al3+ × 10−3 

1.17 0.70 3.926 6.71 0.42 3.925 18.78 0.89 3.933 9.04 0.89 3.767 7.90 3.59 3.925 16.19 

1.30 1.20 3.929 3.67 1.25 3.927 14.94 0.89 3.933 9.04 3.93 3.945 7.47 1.07 3.929 17.15 

1.40 2.81 5.816 2.60 1.24 3.928 12.99 1.07 3.935 6.40 0.89 3.928 6.87 1.12 3.929 16.10 

1.48 1.24 3.930 4.91 3.75 4.041 15.99 1.92 4.018 7.38 1.92 4.018 5.54 1.86 4.015 17.01 

1.54 1.92 4.018 3.75 1.90 4.014 13.14 1.84 4.015 9.03 1.95 4.016 6.38 1.80 4.013 16.86 
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Table 2. (Continued). 
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Pet 
pH 

Mg2+ × 10−3 Ga3+ × 10−3 Cr3+ × 10−3 Fe3+ × 10−3 Al3+ × 10−3 

1.2 0.39 3.925 8.2 0.61 3.926 17.77 1.47 3.767 26.67 0.39 3.925 8.2 1.22 3.764 17.84 

1.30 3.59 3.925 7.89 0.57 3.926 16.37 0.27 3.926 9.77 3.59 3.925 7.89 3.59 3.930 16.22 

1.40 0.97 3.938 6.59 1.04 3.936 15.78 1.02 3.945 9.34 0.97 3.938 6.59 8.50 7.744 19.27 

1.48 0.96 3.941 5.34 1.07 3.935 17.38 0.86 3.940 6.89 0.96 3.941 5.34 1.06 3.954 16.27 

1.54 1.00 3.940 6.52 1.89 4.014 12.82 0.92 3.943 6.21 1.00 3.941 6.52 1.96 4.013 15.92 

The reduction in absorbance might be related to reduced solubility of Mn+ → 

ACN complexes which eventuate in precipitation of some complexes (Figure 5a,b). 

Furthermore, the complexes of Ga3+ → Pet, Cr3+ → Pet, Mg2+ → Pet (Figure 5a) and 

Al3+ → Cya, Ga3+ → Cya, Mg2+ → Cya (Figure 5b) have indicated the maximum 

absorbance in the low concentration. 

 

 

Figure 5. The graphs of Absorbance versus concentration for complexes of (a) Ga3+ 

→ Pet, Cr3+ → Pet, Mg2+ → Pet; (b) Al3+ → Cya, Ga3+ → Cya, Mg2+ → Cya. 
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In computations, Al3+ was identified to displace Mg2+ in Mg2+ → ACN complexes, 

Cya based and produces more stable complexes (Figure 6). 

 

Figure 6. Fluctuation of frequency (F) versus pH for Al3+ → Cya, Ga3+ → Cya, 

Mg2+ → Cya complexes. 

It has been seen that by increasing the pH, the frequency of Al3+ → Cya, Ga3+ → 

Cya, Mg2+ → Cya complexes increase between pH ≈ 1.1–1.5. The maximum 

frequency for Al3+ → Cya, Ga3+ → Cya, Mg2+ → Cya complexes is in the pH between 

1.50 to 1.55 of weak acidic medium (Figure 6). Then, the “Bader charge” of indicated 

atoms in Mg2+ → ACN, Ga3+ → ACN, Cr3+ → ACN, Fe3+ → ACN, and Al3+ → ACN 

chelation has been measured as the active zones of the structures which represent a 

significant function for the “electron charge” transfer towards generating a range of 

different colors in aqueous medium (Table 3). 

Table 3. The “Bader charge” for some particles of Mg2+ → ACN, Ga3+ → ACN, Cr3+ → 

ACN, Fe3+ → ACN, and Al3+ → ACN in aqueous medium. 

Cyanidin 

Atom Mg2+ Ga3+ Cr3+ Fe3+ Al3+ 

O (10) −0.42 −0.37 −0.02 −0.16 −0.36 

O+ (17) −0.13 −0.16 −0.13 −0.14 −0.13 

O (24) −0.20 −0.23 −0.21 −0.21 −0.18 

O (25) −0.22 −0.22 −0.21 −0.22 −0.21 

O (26) −0.21 −0.21 −0.21 −0.21 −0.21 

O (27) −0.39 −0.34 0.07 −0.13 −0.33 

Mn+(31) 0.76 0.76 −0.45 0.07 −0.02 

Delphinidin 

Atom Mg2+ Ga3+ Cr3+ Fe3+ Al3+ 

O (9) −0.39 −0.56 0.00 −0.14 −0.32 

O+(16) −0.13 −0.13 −0.13 −0.13 −0.13 

O (23) −0.20 −0.18 −0.21 −0.20 −0.18 

O (24) −0.21 −0.20 −0.20 −0.21 −0.20 

O (25) −0.21 −0.21 −0.21 −0.21 −0.21 
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Table 3. (Continued). 

Cyanidin 

Atom Mg2+ Ga3+ Cr3+ Fe3+ Al3+ 

O (26) −0.40 −0.63 0.06 −0.12 −0.33 

O (30) −0.21 −0.18 −0.21 −0.21 −0.19 

Mn+(32) 0.76 0.64 −0.42 0.04 0.04 

Petunidin 

Atom Mg2+ Ga3+ Cr3+ Fe3+ Al3+ 

O+(7) −0.13 −0.13 −0.13 −0.13 −0.13 

O (17) −0.40 −0.57 0.03 −0.13 −0.33 

O (18) −0.39 −0.63 0.04 −0.17 −0.33 

O (19) −0.20 −0.19 −0.21 −0.21 −0.19 

O (20) −0.21 −0.19 −0.21 −0.20 −0.21 

O (21) −0.22 −0.21 −0.22 −0.22 −0.21 

O (30) −0.15 −0.12 −0.15 −0.15 −0.13 

Mn+(35) 0.76 0.65 −0.42 0.0 0.03 

The IR vibrational frequencies have shown that the “normal mode” of the active 

zones owing to cations → ACN chelation of “Al3+ → Cya, Al3+ → Del, and Al3+ → 

Pet”. The alteration of Bader charge for functionalized atoms through optimized 

complexes of Mg2+ → ACN, Al3+ → ACN, Ga3+ → ACN, Sn2+ → ACN, Cr3+ → ACN, 

and Fe3+ → ACN have been plotted in Figure 7. 

 

Figure 7. Atomic orbital electron population for some atoms through optimized 

Mg2+ → ACN, Al3+ → ACN, Ga3+ → ACN, Sn2+ → ACN, Cr3+ → ACN, and Fe3+ → 

ACN chelation in aqueous medium. 
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chelated complexes of “Mg2+ → ACN, Al3+ → ACN, Ga3+ → ACN, Sn2+ → ACN, 

Cr3+ → ACN, and Fe3+ → ACN”. 

The results are proposed to summarize the ACNs induced by different cations, 

mainly including Mg2+, Al3+, Ga3+, Sn2+, Cr3+, Fe3+. This chelation leads to the 

formation of a complex compound of ACN -cations. The mechanism of cation-

induced ACNs mainly depends on the location of active zones of functionalized O-

atoms in ACN and divalent or trivalent cations characteristics.  

4. Conclusions 

Applying beer-lambert proof on chelated complexes of Mg2+ → ACN, Al3+ → 

ACN, Ga3+ → ACN, Sn2+ → ACN, Cr3+ → ACN, and Fe3+ → ACN using theoretical 

approaches indicates absorbance factor in gas and aqueous media and then explores 

the stabilization energy, thermodynamic specifications and the electronic structural of 

optimized cluster chelated of Mg2+ → ACN, Al3+ → ACN, Ga3+ → ACN, Sn2+ → 

ACN, Cr3+ → ACN, and Fe3+ → ACN. In addition, it has been discovered that [(Mg2+, 

Al3+, Ga3+, Sn2+, Cr3+ and Fe3+) → ACN] cluster chelation is related to the axes of 

active areas of functionalized oxygen atoms and cations in these complexes which 

alter the electronic charges in aromatic cyclic chains because of aqueous dielectric 

constant compered to gas medium. Regarding the received results, regular 

consumption of some vegetables and fruits could be useful to monitor and inhibit 

COVID–19 disease by suppression of propagation and pathogenicity of SARS-CoV-

2. Therefore, this research can collate all the possible mechanisms behind the behavior 

of cations (Mg2+, Al3+, Ga3+, Sn2+, Cr3+ and Fe3+) in the cell as a drug at viral disease 

conditions through molecular modelling approaches and DFT framework. 
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