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ABSTRACT 

Purpose: Hemoglobin is a protein found in red blood cells that carries oxygen to tissues and is an important 

marker, especially in the diagnosis of anemia. Vitis vinifera is a plant that is reported to be beneficial for anemia 

due to its rich content of phytochemical compounds. This study aimed to investigate the interactions between the 

active compounds in Vitis vinifera and hemoglobin protein using the molecular docking method. 

Methods: The Maestro Schrödinger software package was utilized to calculate the binding affinity of the plant's 

active compounds to the hemoglobin protein. The molecular structures of the ligands were retrieved from the 

PubChem database, while the hemoglobin protein structure (PDB ID: 2D60) was obtained from the RCSB Protein 

Data Bank. 

Results: In this study, the interactions between 16 active compounds of V. vinifera and hemoglobin protein were 

analyzed. The phytochemical components with the highest binding affinities to hemoglobin protein were identified 

as vitisin A (-9.144 kcal/mol), proanthocyanidin (-7.791 kcal/mol), and anthocyanin a2 (-7.356 kcal/mol). 

Conclusion: This study demonstrated the interactions between human hemoglobin protein and phytochemical 
compounds in Vitis vinifera using molecular docking binding scores. The low binding energies of Vitisin A, 

proanthocyanidin, and anthocyanin a2 indicate the potential of these compounds to act as binders for the 

hemoglobin protein. 
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ÖZET 

Amaç: Hemoglobin, dokulara oksijen taşıyan kırmızı kan hücrelerinde bulunan proteindir, özellikle anemi 

(kansızlık) teşhisinde dikkate alınan önemli bir belirteçtir. Vitis vinifera, içerdiği birçok fitokimyasal bileşikler 

sayesinde, anemiye iyi geldiği belirtilen bir bitkidir. Bu çalışmada V. vinifera içeriğinde bulunan etken maddeler 

ile hemoglobin proteini arasındaki etkileşimin moleküler docking yöntemi ile araştırılması amaçlanmıştır.  

Yöntem: Bitki içeriğinde bulunan etken maddelerin hemoglobin proteinine bağlanma afinitelerini hesaplamak için 

Maestro Schödinger paket programı kullanıldı. Ligandların moleküler yapısını bulmak için Pubchem veri tabanı 

kullanıldı. Hemoglobine (PDB ID: 2D60) ait protein yapısı RCSB Protein Veri Bankasından elde edildi. 

Bulgular: Bu çalışmada V. vinifera içeriğinde bulunan 16 etken madde ile hemoglobin proteini arasında etkileşim 

olduğu belirlendi. Hemoglobin proteini ile en iyi bağlanma afinitesine sahip fitokimyasal bileşenler vitisin A 

(-9.144 kcal/mol), proanthocyanidin (-7.791 kcal/mol) ve anthocyanin a2 (-7.356 kcal/mol) olarak belirlendi. 
Sonuç: Bu çalışma ile insan hemoglobin proteini ile V. vinifera içeriğinde bulunan fitokimyasal bileşiklerin 

moleküler docking bağlanma skoru ile, gerçekleştirdiği etkileşimler gösterilmiştir. Vitisin A, proanthocyanidin ve 

anthocyanin a2’nin bağlanma enerjilerinin düşük olması bu bileşiklerin hemoglobin proteininin birer bağlayıcısı 

olma potansiyelini göstermektedir. 

Anahtar Kelimeler: Vitis vinifera, Fitokimyasal, Etnobotanik, Hemoglobin, Moleküler kenetleme. 
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Introduction 

Anemia is characterized by a reduction in 

hemoglobin levels in red blood cells 
(erythrocytes) below normal thresholds, 

representing a significant health issue caused by 

various factors, including iron deficiency, and 

exerting multifaceted effects on the body’s 
overall functionality (1-2). It is among the most 

prevalent blood disorders globally, posing a 

serious challenge to public health (3). 
Approximately 1.9 billion individuals worldwide 

are estimated to be affected by anemia (4). While 

anemia is observed across many regions, it 
remains a critical public health concern, 

particularly in underdeveloped countries (5). 

Severe anemia during pregnancy can result in 

complications such as developmental delays in 
the fetus, preterm delivery risks, and increased 

mortality rates in elderly individuals (6-8). 

Anemia can occur due to insufficient iron in the 
body, leading to the inability to produce adequate 

blood cells. The primary cause of anemia should 

be determined in detail. 

Hemoglobin is an iron-containing metalloprotein 
crucial for oxygen transport to tissues (9). Its 

primary function in mammals is known to be the 

transport of O2 from the lungs to the tissues, and 

it has also been reported to interact with gases 
such as carbon dioxide (CO2), carbon monoxide 

(CO), and nitric oxide (NO) (10). In such cases, 

the irreversible binding of carbon monoxide gas 
to hemoglobin leads to poisoning. The 

hemoglobin molecule comprises globin, 

apoprotein, and iron-containing groups (11). 
Structurally, it is a protein complex consisting of 

four subunits: two alpha (α) chains of 141 amino 

acids and two beta (β) chains of 146 amino acids. 

Each subunit contains a globin chain and a heme 
group (12). The alpha chain includes the amino 

acid histidine, which facilitates oxygen binding 

through coordination bonds with the heme 
group’s iron atom. Additionally, hydrophobic 

amino acids, such as valine and phenylalanine, in 

the beta chain stabilize the heme group’s 

hydrophobic pockets (13). Understanding the 
conformation of hemoglobin is essential for 

comprehending its functional mechanisms, 

determining its physiological effects, and 
enhancing our knowledge of the 

pathophysiology, prevention, and treatment of 

diseases like anemia. 

Vitis vinifera L., a grape species of the genus 
Vitis, is cultivated globally in both seeded and 

seedless varieties. This species holds immense 

agricultural and economic significance, 

accounting for 90% of the world’s grape 
production (14). Grapes are rich in bioactive 

compounds such as phenolic compounds, 

flavonoids, and stilbenoids, providing potent 
pharmacological properties across all parts of the 

plant, from root to skin. Moreover, grapes 

contribute significantly to human health through 
nutrients such as minerals, vitamin C, and dietary 

fibers (15-20). In several countries, including 

Pakistan, Italy, and Türkiye, V. vinifera is utilized 

ethnopharmacologically for treating anemia, 
colds, wound care, and bronchitis (21-25). 

Research indicates that the bioactive compounds 

in grapes exhibit diverse pharmacological 
activities, including antioxidant, anticancer, and 

anti-inflammatory effects, thus establishing 

grapes as an essential agricultural crop for both 
nutritional and therapeutic applications 

worldwide (26). Additionally, its rich content of 

macro and micro nutrients, particularly high iron 

levels, has led to grapes being popularly regarded 

as a blood-building and anemia-relieving food. 

Molecular docking, an in silico technique 

increasingly employed in drug design for various 

diseases, facilitates the analysis of molecular 
interactions by identifying optimal binding pairs 

between target proteins of interest and ligand 

conformations (27). Molecular docking is one of 
the approaches that helps understand the 

mechanism of action by which active compounds 

can function as protein inhibitors. 

Erbay et al. highlighted V. vinifera as one of the 

effective plants traditionally used to manage 
anemia in Türkiye (28). Muhamad et al. 

conducted a comprehensive study on the 

phytochemical components and pharmacological 

activities of V. vinifera (26).  

The objective of this study is to explore the 

interactions of 16 phytochemical compounds 

(Table 1) derived from the 
ethnopharmacologically significant V. vinifera 

plant with hemoglobin protein to evaluate their 

potential therapeutic applications against anemia. 
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Table 1. Phytochemical components of V. vinifera (26). 

Molecule Name IUPAC Name 2D Structure 

 

Resveratrol 

 

5-[(E)-2-(4-hydroxyphenyl)ethenyl]benzene-1,3-diol 

 

 

Pterostilbene 

 

4-[(E)-2-(3,5-dimethoxyphenyl)ethenyl]phenol 

 

 

Gallic acid 

 

3,4,5-trihydroxybenzoic acid 

 
 

Ferulic acid 

 
(E)-3-(4-hydroxy-3-methoxyphenyl)prop-2-enoic 

acid 

 

 

 

Caffeic acid 

 

 

(E)-3-(3,4-dihydroxyphenyl)prop-2-enoic acid 

 

 

 

Caftaric acid 

 

(2R,3R)-2-[(E)-3-(3,4-dihydroxyphenyl)prop-2-

enoyl]oxy-3-hydroxybutanedioic acid 

 

 

Syringic acid 

 
4-hydroxy-3,5-dimethoxybenzoic acid 

 

 

Quercetin 

 

2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-

one 

 

 

Kaempferol 

 

3,5,7-trihydroxy-2-(4-hydroxyphenyl)chromen-4-one 
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Table 1. Phytochemical components of V. vinifera (26) (continued). 

Molecule Name IUPAC Name 2D Structure 

 

(+) -Catechin 

 

(2R,3S)-2-(3,4-dihydroxyphenyl)-3,4-dihydro-2H-chromene-

3,5,7-triol 

 

 

Epicatechin 

 

(2R,3R)-2-(3,4-dihydroxyphenyl)-3,4-dihydro-2H-

chromene-3,5,7-triol 
 

 

 

Anthocyanin a2 

 

(2R,3R,4R,5R,6S)-2-[[(2R,3S,4S,5R,6S)-6-[2-(3,4-

dihydroxyphenyl)-5,7-dihydroxychromenylium-3-yl]oxy-

3,4,5-trihydroxyoxan-2-yl]methoxy]-6-methyloxane-3,4,5-

triol;chloride 

 

 

 

Proanthocyanidin 

 

(3R)-2-(3,5-dihydroxy-4-methoxyphenyl)-8-[(2R,3R,4R)-

3,5,7-trihydroxy-2-(4-hydroxyphenyl)-3,4-dihydro-2H-

chromen-4-yl]-3,4-dihydro-2H-chromene-3,5,7-triol 

 

 

 

Ampelopsin A 

 

 

(1S,8S,9R,16S)-8,16-bis(4-hydroxyphenyl)-15-

oxatetracyclo[8.6.1.02,7.014,17]heptadeca-

2(7),3,5,10(17),11,13-hexaene-4,6,9,12-tetrol 

 
 

 

 

Vitisin A 

 

(1S,8S,9R,16S)-9-[5-[(E)-2-[(2S,3S)-3-(3,5-

dihydroxyphenyl)-6-hydroxy-2-(4-hydroxyphenyl)-2,3-

dihydro-1-benzofuran-4-yl]ethenyl]-2-hydroxyphenyl]-8,16-

bis(4-hydroxyphenyl)-15-

oxatetracyclo[8.6.1.02,7.014,17]heptadeca-

2(7),3,5,10(17),11,13-hexaene-4,6,12-triol 

 

 

 

Vitisin B 

 

[3-(4-hydroxy-3,5-dimethoxyphenyl)-4-[(2S,3R,4S,5S,6R)-

3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]oxy-2,8-

dioxatricyclo[7.3.1.05,13]trideca-1(12),3,5(13),6,9-pentaen-

11-ylidene]oxidanium 
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Materials and Methods 

The molecular docking analysis of hemoglobin 
(PDB ID: 2D60) protein with 16 bioactive 

compounds from the V. vinifera plant was 

conducted using the Maestro Schrödinger 
software package. The 3D crystal structure of the 

receptor protein was retrieved from the Protein 

Data Bank (PDB) (https://www.rcsb.org/). As the 

study focuses on human hemoglobin, the 
structure selected corresponds to the organism 

Homo sapiens and was free of mutations (29). 

The structure, determined through X-Ray 

Diffraction, has a resolution of 1.70 Å.  

Since the obtained structures cannot be directly 

utilized in docking calculations, they were 
optimized prior to analysis. During this process, 

hydrogen atoms were added to the receptor, 

partial charges were assigned, and missing loop 

regions and side chains were completed using the 
Protein Preprocess module within the Maestro 

Schrödinger software.  

The ligand molecules were similarly prepared 
under the same pH conditions using the LigPrep 

module. To define the binding site of the 

receptor, a grid box was created using the 

Receptor Grid module, and the ligand 
coordinates were specified along the X, Y, and Z 

axes. These preparatory steps were essential to 

enhance the reliability of docking procedures and 
ensure accurate analysis of receptor-ligand 

interactions (30).  

Results 

The molecular docking results between 
hemoglobin protein and the 16 phytochemical 

components of the plant are presented in Table 2. 

The results indicated that the hemoglobin 

molecule can interact with vitisin A. Vitisin A 
established hydrogen bonds with ASP94, 

GLU101, LYS127, LYS99, and THR137, as well 

as a π-cation interaction with ARG141. The 
ligand demonstrated robust binding with multiple 

amino acids within the active site of the protein 

through both hydrogen bonding and π-cation (Pi-
Cat) interactions. The docking score of the 

ligand-receptor interaction, -9.144 kcal/mol, 

suggests a strong interaction, reflecting high 

binding affinity and stability. However, it has 
been observed that the active component Vitisin 

A, does not interact with the histidine, valine, and 

phenylalanine amino acids located in the alpha 

and beta chains of the hemoglobin molecule, 
which facilitate oxygen binding and contribute to 

structural stabilization (Figure 1). 

Table 2. Molecular docking results of all ligands 

with the hemoglobin protein. 

Ligand 
Docking Score 

(kcal/mol) 

Vitisin A -9.144 

Proanthocyanidin -7.791 

Anthocyanin a2 -7.356 

Epicatechin -6.625 

(+) -Catechin -6.625 

Ampelopsin A -6.599 

Vitisin B -6.394 

Caftaric acid -6.301 

Kaempferol -5.999 

Quercetin -5.751 

Gallic acid -5.373 

Caffeic acid -5.069 

Resveratrol -5.022 

Syringic acid -4.822 

Ferulic acid -4.681 

Pterostilbene -4.616 

 

The results revealed that the hemoglobin 

molecule can interact with proanthocyanidin. 

Proanthocyanidin formed hydrogen bonds with 
two LYS99, ASP126, THR134, THR137, 

SER138, ARG141, and NMA141A (an 

unspecified residue). Additionally, it formed a 
salt bridge with the two LYS99 amino acids in 

the structure and exhibited π-cation interactions 

with ARG141 and LYS99. The ligand 

demonstrated strong interactions with numerous 
amino acids in the active site of the protein 

through a combination of hydrogen bonds, π-

cation interactions, and salt bridges. The docking 
score of -7.791 kcal/mol suggests that the ligand 

confers high binding affinity to the protein and 

stability to the structure (Figure 2). 
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Figure 1. The 3D (A) and 2D (B) interaction representations of vitisin A with the hemoglobin protein. 
 

 

 

  

 

  

 

Figure 2. The 3D (A) and 2D (B) interaction representations of proanthocyanidin with the hemoglobin 
protein. 
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It has been determined that the active compound 

proanthocyanidin does not interact with the 

histidine, valine, and phenylalanine amino acids 

in the alpha and beta chains of the hemoglobin 

molecule, which facilitate oxygen binding and 
contribute to structural stabilization (Figure 2). 

Figure 3. The 3D (A) and 2D (B) interaction representations of anthocyanin a2 with the hemoglobin protein. 

 

 

 

 

The results demonstrated that the hemoglobin 

molecule can interact with anthocyanin a2. 
Anthocyanin a2 formed one hydrogen bond with 

ASP94, LYS99, and THR137, and two hydrogen 

bonds with ASP126, GLU101, and THR137. 

LYS99 exhibited two π-cation interactions, while 
ARG141 showed one π-cation interaction. 

Consequently, it can be concluded that 

anthocyanin a2 has relatively lower protein-
binding affinity compared to other ligands. 

Nevertheless, it achieved a satisfactory docking 

interaction with a docking score of -7.356 
kcal/mol. Like the other active compounds, the 

anthocyanin A2 molecule also did not form any 

bonds with histidine, valine, and phenylalanine. 

 
In general, all three bioactive compounds were 

observed to interact with and bind to the 

asparagine, lysine, glutamine, threonine, and 
serine amino acids in the hemoglobin molecule. 

Asparagine and glutamine are negatively 

charged, whereas lysine and arginine are 

positively charged. This charge difference 

enables all three active compounds to form 
hydrogen bonds, facilitating their interaction with 
the hemoglobin protein. 

Discussion 

Anemia is a blood disorder caused by insufficient 

oxygen delivery to tissues due to low hemoglobin 
levels within erythrocytes, a reduced number of 

erythrocytes in the blood, or inadequate 

functional hemoglobin and erythrocytes resulting 
from iron deficiency (2). Therefore, the 

hemoglobin molecule is a key protein in diseases 

related to the respiratory system. However, in 
recent years, research has focused not only on its 

connection to anemia but also on its capacity to 

reversibly bind various active compounds. This 

property has led to the idea of utilizing 
hemoglobin proteins as carriers and distributors 

for therapeutic purposes by delivering drug-like 

 

   A B 
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molecules, drugs, or bioactive compounds to 
even the most capillary-level units of the body. 

Many plant species are traditionally used to treat 

various diseases (31). The most commonly used 
plant species for anemia are reported to be Vitis 

vinifera, Urtica dioica, Rubus canescens, Morus 

nigra, Morus alba, and Lepidium sativum. (28). 

Within the V. vinifera species, 16 essential 
secondary metabolites have been identified 
through studies (Table 1) (26). 

In this study, the interactions between 16 

significant phytochemical compounds present in 

V. vinifera and the hemoglobin protein were 
investigated. The results of this study 

demonstrate the interaction between human 

hemoglobin protein (HbA) and 16 bioactive 

compounds found in grapes, offering an 
opportunity to evaluate the function of the 

hemoglobin molecule, which is directly involved 

in the processes causing anemia, from a different 
perspective and potentially contributing to 

anemia treatments. However, it should be noted 

that focusing solely on the interaction with the 
hemoglobin protein, while disregarding other 

processes within the scope of this study, is 

entirely an in vitro scenario. On the other hand, 

demonstrating the interaction of the 16 bioactive 
compounds in grapes with hemoglobin, a carrier 

protein, contributes to the development of 

therapeutic approaches based on the reversible 
transport of bioactive compounds such as tannins 

and flavonoids via hemoglobin in the future. The 

results revealed that hemoglobin protein 
exhibited strong interactions with vitisin A, 

proanthocyanidin, and anthocyanin a2. The 

binding affinities of compounds interacting with 

hemoglobin protein were assessed based on 
docking score values. Generally, docking scores 

with binding energy values more negative than -

5 kcal/mol indicate stronger ligand binding to the 
protein, while highly negative scores suggest 

robust interactions with active sites (32, 33). All 

ligands were evaluated using the Maestro 

Schrödinger software package, and the results are 
summarized in Table 2. Among the 16 

phytochemical molecules, the three molecules 

demonstrating the strongest binding to 
hemoglobin were vitisin A (-9.144 kcal/mol), 

proanthocyanidin (-7.791 kcal/mol), and 
anthocyanin a2 (-7.356 kcal/mol). 

All ligands were evaluated using the Maestro 

Schrödinger software package, and the results are 

summarized in Table 2. Among the 16 

phytochemical molecules, the three exhibiting 
the strongest binding to hemoglobin were vitisin 

A (-9.144 kcal/mol), proanthocyanidin (-7.791 
kcal/mol), and anthocyanin a2 (-7.356 kcal/mol). 

Vitisin A is an anthocyanin-derived compound 

(34). Anthocyanins, belonging to the flavonoid 

class, are reported to exhibit antioxidant, 
antimicrobial, and anticarcinogenic activities 

(35-39). Anthocyanins serve as the primary and 

fundamental colorants in grapes. Vitisin A, one 
of the pyranoanthocyanins, forms through the 

reaction between malvidin-3-O-monoglucoside 

and pyruvic acid, an intermediate product of 
alcohol fermentation. Consequently, 

pyranoanthocyanins are hypothesized to be 

present only in stored grapes and aged red wines, 
and not in fresh grapes (40, 41). 

The second highest binding score in this study 

was observed for proanthocyanidin (-7.791 
kcal/mol). Proanthocyanidins are condensed 

tannins, comprising oligo- or polymers of 

monomeric flavan-3-ols, which are the end 
products of the flavonoid biosynthetic pathway. 

These compounds demonstrate a range of 

biological effects, including antioxidant, 

antimicrobial, anticancer, and antidiabetic 
properties (42-44). 

Anthocyanin a2, which achieved the third-
highest binding score in our study, has been 

widely studied for its biological activities, 

spanning from applications in cancer treatment to 
contributions to human nutrition, as reported in 
various studies (45). 

As highlighted in the studies above, anthocyanin-
derived compounds have been reported to play a 

significant role in various diseases. Chaudhuri et 

al. investigated the interactions of two 
flavonoids, fisetin (3,7,3′,3′,4′-OH flavone) and 

3-hydroxyflavone (3-HF), with normal human 

hemoglobin (HbA) and found that the binding 
free energy for fisetin was -8.80 kcal/mol, while 

for 3-HF it was -8.04 kcal/mol. In this study, 

anthocyanin molecules, one of the active 

compounds of V. vinifera, exhibited stronger 
binding and interactions with hemoglobin 

compared to other active compounds (29). It was 

observed that vitisin A (-9.144 kcal/mol), 
proanthocyanidin (-7.791 kcal/mol), and 

anthocyanin a2 (-7.356 kcal/mol) demonstrated 

more effective results compared to quercetin  
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(-5.751 kcal/mol) and kaempferol (-5.999 

kcal/mol), which are recognized as effective 
compounds in numerous studies.  

 

Chowdhury et al. investigated the interaction of 
taxifolin, a flavonoid, with hemoglobin, which 

functions as both an effective substrate and 

carrier for various drugs (46). They reported that 

taxifolin, with a docking score of  -5.28 kcal/mol, 
may be a promising compound for the treatment 

of blood-related diseases in the future. In this 

study, the docking scores of vitisin A, 
proanthocyanidin, and anthocyanin a2 interacting 

with hemoglobin protein were even lower than -

5 kcal/mol, indicating stronger binding affinities. 
 

Normal human hemoglobin (HbA) has the 

potential to reversibly bind to many endogenous 

and exogenous molecules or drug compounds 
(47). Therefore, HbA can enhance the 

bioavailability of various drugs or flavonoids by 

binding to them and facilitate their distribution 
throughout the body via the bloodstream (48). 

For this reason, understanding the binding 

properties of therapeutically important 

flavonoids to HbA and other functionally 
significant cellular proteins is crucial for 

elucidating the mechanisms underlying their 

pharmacological effects. However, to date, little 
is known about the specific interactions of 

various secondary metabolites with HbA. In this 

study, the interactions of 16 active compounds 
found in grapes with hemoglobin were 

investigated, and it was observed that three of 

them (vitisin A, proanthocyanidin, and 

anthocyanin A2) showed stronger interactions 
with hemoglobin. This finding highlights their 

potential promise for future applications in the 

transport of hemoglobin-bound flavonoids or 
drugs. The in vivo pharmacological effects of 

secondary metabolites are closely related to their 

binding to cellular targets, including proteins, 
making research on the binding of active 

compounds to proteins highly significant. This 

study found that HbA plays an important role in 

the distribution and bioavailability of flavonoids 
(48).  

One of the notable findings of this study is that 

none of the three active compounds bind to the 
regions of hemoglobin involved in oxygen 

transport. If these active compounds, with their 

significantly high negative binding scores, were 

to bind to a region affecting hemoglobin’s 

primary function (e.g., the vicinity of the heme 
group), such binding could inhibit hemoglobin's 

oxygen transport capacity, negatively impacting 

oxygen binding and delivery. In such a scenario, 
these compounds would be considered inhibitors. 

To evaluate the inhibitory effects, it is essential 

to identify the specific binding sites of all three 

compounds on hemoglobin and conduct more 
detailed molecular dynamics simulations. 

Additionally, their effects on oxygen binding and 

release kinetics should be examined. Studies 
using cell cultures and animal models are 

required to assess their impact on the oxygen 

transport capacity of erythrocytes. Furthermore, 
pharmacodynamic experiments and molecular 

biology studies should be performed. This study, 

in its current state, is considered to provide a 
guiding framework for future research. 

Conclusion 

In this study, the interactions between 

hemoglobin protein and the active compounds in 

V. vinifera were investigated using the molecular 
docking method. The best-interacting molecules 

in the plant content have been identified as 

anthocyanin-derived compounds from the 

flavonoid class. The interaction of Vitisin A, 
proanthocyanidin, and anthocyanin A2 with the 

hemoglobin protein at low binding energies 

suggests that various active compounds found in 
Vitis vinifera could potentially be effective in the 

treatment of anemia, provided that other causes 

such as chronic and autoimmune diseases or 
deficiencies in iron, B12, and folate are ruled out. 

On the other hand, the reversible binding 

properties of various flavonoid- and tannin-

derived active compounds with the hemoglobin 
protein highlight the potential use of the 

hemoglobin molecule in developing therapeutic 

approaches for various diseases and drug delivery 
models. Demonstrating the interactions between 

the bioactive compounds found in V. vinifera and 
HbA represents a pioneering study in this field.  
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