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Abstract — Aronia melanocarpa belongs to the Rosaceae family and is a shrub-shaped plant. Aronia fruits,
which are an important food source with their dark colored fruits and are also used in traditional
medicine, are also very rich in anthocyanins, flavonols and phenolic acids. Rich in polyphenols such as
anthocyanins, procyanidins and flavonoids.

The effects of aronia on inhibiting the progression of atherosclerotic plaque are being investigated. LDL
(low-density lipoprotein), which is synthesized in the liver and transported through the blood and is an
important parameter in determining the risk of heart disease, is a harmful form of cholesterol that
contributes to the development of atherosclerosis, a condition that can lead to heart attack through plaque
formation in the arteries. In the early stage of atherosclerosis, CD36 is essential, serving as a pattern
recognition receptor for non-classical monocyte functions through monitoring patrol activity and
mediating free fatty acid transport to hematopoietic stem cells in response to infections. In this study, the
interaction of CD36 and LDL, which have important roles in atherosclerosis, with natural active
compounds determined and selected through literature research using the chemical calculation method,
will be investigated. The data obtained is important in terms of providing direction for experimental and
clinical studies in this field by preventing loss of time and material.
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I.  INTRODUCTION

Aronia melanocarpa, is a fruit native to North America and used as food by indigenous peoples to prevent
chronic diseases (1). A study has shown that atherosclerotic plaques as oxidized LDL facilitate the
formation of lipid-laden foam cells in the artery, which are the hallmark of early atherosclerotic disease.
(2). Aronia Melanocarpa is a plant rich in flavonoids and anthocyanides (3). Some of these are natural
compounds such as hydroxycinnamic acid, flavanols, and anthocyanin. (4-6).

Atherosclerotic cardiovascular disease is the leading cause of morbidity and mortality worldwide (7).
Atherosclerosis is a serious condition characterized by disruption and apoptosis of endothelial cells and
dysfunction of vascular smooth muscle cells with persistent systemic and focal inflammation (8).
Atorvastatin reduces LDL-cholesterol levels in patients and is a safe and effective HMG-CoA reductase
inhibitor (9,10).

In this study, the interactions of ligands, which are some natural active ingredients in aronia effective for
atherosclerosis, with LDL and CD36 receptors were investigated using docking, a chemical calculation
method.

Il.  MATERIAL AND METHOD

The interaction of CD36 and LDL receptors, which have an important role in atherosclerosis, and ligands,
which are some naturally effective compounds in aronia, will be tried to elucidate the mechanism of
ligand-receptor interactions that will guide experimental and clinical studies, by using docking (11-14), a
chemical calculation method that provides data very close to the results obtained from experimental
studies.

I1l.  RESULTS AND DiSCUSSION

The interaction docking scores of some important active substances in Aronia with the CD36 receptor,
which has important roles in atherosclerosis as ligands, are given in Table 1 .

Table 1. The interaction docking scores of some important active substances in Aronia with the CD36 receptor, which has
important roles in atherosclerosis as ligands

Docking scores of Ligands / Free Energy of Binding (kcal/mol) Inhibition Constant, Ki
Reseptor (CD36)

Atorvastatin -4.67 380.24 uM

Antosiyanins -3.90 1.39 mM
Hydroxycinnamic acid -2.84 8.26 mM

In Table 1, when the interactions of the ligands determined according to docking scores and Ki values
with the CD36 receptor, which has important roles in atherosclerosis, are listed from largest to smallest;
Atorvastatin > Anthocyanins > Hydroxycinnamic acid. As an effective drug ligand, the intermolecular
bonds formed as a result of the interaction of atorvastatin with the CD36 receptor, which has important
roles in atherosclerosis, are given in Table 2 (11-14).
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Table 2. The intermolecular bonds and energy values (kcal/mol) formed as a result of the interaction of atorvastatin with the

CD36 receptor in atherosclerosis as an effective drug ligand.
hydrogen bonds polar cation-pi other

TRP66 (-3.6693) GLU366 (11.8011) TRP415 (-2.3906) ARG386 (-3.4293)
ASN417 (-1.8984)
GLN87 (-1.3027)
GLU365 (-1.2674)
ASN363 (-1.2066)

PRO90 (-0.3592)

As an effective drug ligand, the hydrogen bond formed by the interaction of atorvastatin with the CD36
receptor in atherosclerosis is given in Figure 1(11-14) .

Figure 1. Hydrogen bond formation of Atorvastatin as an effective drug ligand as a result of its interaction with the CD36
receptor in atherosclerosis

As an effective drug ligand, atorvastatin's interaction points with the CD36 receptor in atherosclerosis are
given in Figure 2 (11-14) .
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Figure 2. Atorvastatin, as an effective drug ligand, interacts with the CD36 receptor in atherosclerosis.

In Figure 2, the interaction points of Atorvastatin as an effective drug ligand with the CD36 receptor in
atherosclerosis: 66: TRP87: GLN90: PRO363: ASN365: GLU366: GLU386: ARG415: TRP417: ASN.

The intermolecular bonds formed as a result of the interaction of anthocyanin with the CD36 receptor,
which has important roles in atherosclerosis as an effective ligand, are given in Table 3 (11-14) .

Table 3. The intermolecular bonds and energy values (kcal/mol) formed as a result of the interaction of anthocyanin with the
CD36 receptor in atherosclerosis as an effective ligand.

hydrophobic other
TYR62 (-1.4058) THR92 (-0.8394)
LEU126 (-0.6491) THR421 (-0.4367)

THR419 (-0.4003)

GLN64 (0.912)

As an effective ligand, anthocyanin interaction points with the CD36 receptor in atherosclerosis are given
in Figure 3 (11-14) .
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Figure 3. The interaction points of anthocyanin with the CD36 receptor in atherosclerosis as an effective ligand

In Figure 3, Anthocyanin interaction points with CD36 receptor in atherosclerosis as an effective ligand:
62: TYRG64: GLN92: THR126: LEU419: THR421.: THR.

As an effective ligand, hydroxycinnamic acid, the intermolecular bonds formed as a result of its
interaction with the CD36 receptor, which has important roles in atherosclerosis, are given in Table 4 (11-
14) .

Table 4. The intermolecular bonds and energy values (kcal/mol) formed as a result of the interaction of Hydroxycinnamic acid
with the CD36 receptor in atherosclerosis as an effective ligand.

hydrogen bonds polar hydrophobic other
ARG386 (-0.6262) TRP66 (-1.4525) TRP415 (-0.6142) GLU366 (-0.6864)

ASN417 (-0.4527) GLN87 (-0.2368)

The hydrogen bond formed as a result of the interaction of Hydroxycinnamic acid with the CD36 receptor
in atherosclerosis, as an effective drug ligand, is given in Figure 4 (11-14) .
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Figure 4. Hydroxycinnamic acid as an effective drug ligand, hydrogen bond formed as a result of its interaction with the CD36
receptor in atherosclerosis

As an effective ligand of hydroxycinnamic acid, its interaction points with the CD36 receptor in
atherosclerosis are given in Figure 5 (11-14) .
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Figure 5. Hydroxycinnamic acid, as an effective ligand, interacts with the CD36 receptor in atherosclerosis

In Figure 5, Hydroxycinnamic acid, as an effective ligand, interacts with the CD36 receptor in
atherosclerosis: 66: TRP87: GLN366: GLU386: ARG415: TRP417: ASN.

The interaction docking scores of some important active ingredients in Aronia with the LDL receptor,
which has important roles in atherosclerosis as ligands, are given in Table 5 (11-14).
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Table 5. The interaction docking scores of some important active substances in Aronia with LDL receptor, which has
important roles in atherosclerosis as ligands

Docking scores of Ligands / ReseptorFree Energy of Binding (kcal/mol) Inhibition Constant, Ki
(LDL)

Atorvastatin -2.87 7.92 mM
Antosiyanins -5.13 17221 uM
Hydroxycinnamic acid -2.25 22.53 mM

In Table 5, when the interactions of the ligands determined according to docking scores and Ki values
with the LDL receptor, which has important roles in atherosclerosis, are listed from largest to smallest;
Anthocyanins > Atorvastatin > Hydroxycinnamic acid. The intermolecular bonds formed as a result of the
interaction of atorvastatin with the LDL receptor, which has important roles in atherosclerosis as an
effective drug ligand, are given in Table 6 (11-14).

Table 6. Intermolecular bonds and energy values (kcal/mol) formed as a result of the interaction of atorvastatin with the LDL
receptor in atherosclerosis as an effective drug ligand.
halogen-bond hydrophobic other

GLN133 (-0.6032) PHE132 (-1.4857) ASN135 (-1.2907)
CYS163 (-0.4336)
ARG162 (-0.2873)

CYS146 (-0.1342)

As an effective drug ligand, the hydrogen bond formed by the interaction of atorvastatin with the LDL
receptor in atherosclerosis is given in Figure 6 (11-14) .
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Figure 6. Atorvastatin, as an effective drug ligand, interacts with the LDL receptor in atherosclerosis

In Figure 6, Atorvastatin interaction points with LDL receptor in atherosclerosis as an effective drug
ligand: 132: PHE133: GLN135: ASN146: CYS162: ARG163: CYs.

The intermolecular bonds formed as a result of the interaction of anthocyanin with the LDL receptor,
which has important roles in atherosclerosis as an effective ligand, are given in Table 7 (11-14) .
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Table 7. The intermolecular bonds and energy values (kcal/mol) formed as a result of the interaction of anthocyanin with the
LDL receptor in atherosclerosis as an effective ligand.

hydrophobic other
PHE132 (-2.5329) GLN133 (-1.2304)
CYS127 (-0.3095) ASN135 (-0.7132)

SER131 (-0.2282)

GLN161 (-0.1666)

As an effective ligand, anthocyanin's interaction points with the LDL receptor in atherosclerosis are given
in Figure 7 (11-14) .
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Figure 7. Anthocyanin interaction points with LDL receptor in atherosclerosis as an active ligand

In Figure 7, Anthocyanin interaction points with LDL receptor in atherosclerosis as an effective ligand:
127: CYS131: SER132: PHE133: GLN135: ASN161: GLN.

The intermolecular bonds formed as a result of the interaction of Hydroxycinnamic acid with the LDL
receptor, which has important roles in atherosclerosis as an effective ligand, are given in Table 8 (11-14) .

Table 8. The intermolecular bonds and energy values (kcal/mol) formed as a result of the interaction of Hydroxycinnamic acid
with the LDL receptor in atherosclerosis as an effective ligand.

hydrogen bonds polar hydrophobic other
GLN161 (-0.19)
SER131 (-0.1733) GLN133 (-1.2422) PHE132 (-2.2285)
ASN135 (-0.741) CYS127 (-0.1735)
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The hydrogen bond formed as a result of the interaction of Hydroxycinnamic acid with the LDL receptor
in atherosclerosis, as an effective ligand, is given in Figure 8 (11-14).
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Figure 8. Hydroxycinnamic acid as an effective ligand, hydrogen bond formed as a result of its interaction with the LDL
receptor in atherosclerosis

As an effective ligand of hydroxycinnamic acid, its interaction points with the LDL receptor in
atherosclerosis are given in Figure 9 (11-14).
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Figure 9. Hydroxycinnamic acid, as an effective ligand, interacts with the LDL receptor in atherosclerosis

In Figure 9, Hydroxycinnamic acid, as an effective ligand, interacts with the LDL receptor in
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atherosclerosis: 127: CYS131: SER132: PHE133: GLN135: ASN161: GLN.

It is very important to determine the intermolecular bonds and interaction points in order to see the
interactions of the identified receptors and the selected ligands, and the studies (15-19 ) on
understanding the mechanism of action of intermolecular bonds and determining the interaction points
support this study.

IV. CONCLUSION

The intermolecular bonds and interaction points that may be formed by the interaction of CD36 and LDL
receptors, which have an important role in atherosclerosis, with the ligands of some active substances in
aronia, were investigated using the chemical calculation method. Among these active ingredients,
Anthocyanins and Hydroxycinnamic acid, when compared to the reference drug active ingredient
Atorvastatin, it is understood that Anthocyanin is very effective for CD36 and Anthocyanin is more
effective for LDL. The data obtained here is important in terms of guiding experimental and clinical
studies by preventing loss of time and material.
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