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Abstract. Aloe vera is a beneficial plant used for food supplements, cosmetics,
and medicine for years. Currently, the popularity of herbal, cosmetic, foods, and
beverages products containing aloe gel induce a big demand in the global market
for aloe vera. Aloesin and its derivatives are chromone compounds found in aloe
vera. This study aims to identify the binding affinity of aloesin, isoaloeresin D, and
7 methyl ether 2’ feruloylaloesin to show their anti-collagenase and anti-elastase
activities. Bioinformatic studies to show the interaction of aloesin compounds
with collagenase protein (PDB ID: 2Y6I) and elastase protein (PDB ID: 1BRU)
were done using YASARA and PLANTS docking tools and visualized by Ligplot*
software. The acute toxicity of compounds was predicted using ProTox-1I web-
server. The result of this study revealed that interaction of collagenase protein with
isoaloeresin D performed the lowest docking score (-87.3 & 4.6). Meanwhile, the
interaction of elastase protein with aloesin, isoaloeresin D, and 7 methyl ether 2/
feruloylaloesin shows similar docking scores i.e. -80.4 & 2.2, -80.6 & 1.7, and
-81.2 & 1.6 respectively. The affinity of isoaloeresin D and 7 methyl ether 2’ fer-
uloylaloesin with elastase protein were higher compared to the native ligand, but
not aloesin. While the affinity of all the aloesin derivatives used in this study with
elastase protein were higher compared to the native ligand. The acute toxicity of
aloesin and its derivatives were predicted at a similar level. Aloesin and its deriva-
tives are potential to be used as active materials from aloe vera with antiaging
effects, especially for anti-collagenase and anti-elastase activities.

Keywords: aloe gel extract - antiaging - collagenase - elastase - molecular
docking - aloesin

1 Introduction

Recently, the growing popularity of herbal, cosmetic, foods, and beverages containing
aloe gel create a big demand within the global market for aloe vera [1]. The aloe genus
is belonging to Xanthorrhoeaceae family. Aloe genus has several species including Aloe
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vera (Aloe barbadensis Miller), Aloe arborescens, Aloe vera L. var. Chinensis (Haw.)
Berg., Aloe ferox, Aloe indica, Aloe littoralis, and Aloe perfoliata [2]. This perennial
green herb is native to southern and eastern Africa and expanded to warm climatic
areas of Asia, Europe, and America [3, 4]. Aloe vera is a beneficial plant used for food
supplements, cosmetics, and medicine [5—7]. Studies of the aloe plant for cosmetics
started a long time ago. In vivo study reported that aloe gel significantly inhibits wrinkles
and improves elasticity in photoaged human skin through increasing collagen production
and decreasing collagen-degrading MMP-1 gene expression [8]. Aloe treatment makes
skin more elastic and less wrinkled through its stimulation of fibroblast which produces
collagen and elastin fibers [9]. The activation of mitochondria and inhibition of the
photo-aging of UVy-irradiated skin fibroblasts was increased after treatment with the
fermentation of the skin of aloe leaves [10].

Aloe plants contain several active compounds that have a role in nutraceutical effects
such as polysaccharides, phenolic compounds, vitamins, minerals, enzymes, and organic
acids [5]. Quispe et al. (2018) revealed several compounds inside the aloe vera plant
including aloesin derivatives that we choose in this study (aloesin, isoaloeresin D,
and 7 methyl ether 2’ feruloylaloesin) [11]. Aloesin and its derivatives are chromone
compounds specifically found in aloe plants. Chromone structure is the core structure
of flavonoids, flavone, and isoflavone [12]. Chromone, polyphenol, and flavonoid are
widely studied as antiaging agents. The mechanism for hyperpigmentation of epigallo-
catechin gallate, quercetin, aloesin, hydroxystilbene derivates, and licorice extracts is
because of their ability to remove ROS and to chelate metals ions at the active sites of
metalloenzymes [13]. In vitro and bioinformatic studies reported that aloesin inhibits
tyrosinase with ICso value 31.5 uM and binds to the active site of tyrosinase enzyme
[14]. Aloesin treatment also suppressed pigmentation in human skin after UV radia-
tion by 34% [15]. Nevertheless, anti-collagenase and anti-elastase activities of aloesin,
isoaloeresin D, and 7 methyl ether 2’ feruloylaloesin especially in silico study was never
reported yet. Then, this study aims to identify the in silico binding affinity of aloesin,
isoaloeresin D, and 7-methyl ether 2’ feruloylaloesin to show their anti-collagenase and
anti-elastase activities.

2 Materials and Methods

2.1 Preparation of Ligands and Receptors

The Two-dimensional (2D) and three-dimensional (3D) structures of test compounds
and reference compounds were visualized using MarvinSketch software (https://che
maxon.com/products/marvin) for molecular docking studies with the selected enzymes.
Meanwhile, the 3D structure of receptors i.e. collagenase (PDB ID 2Y6I), and elas-
tase (PDB ID 1BRU) were downloaded from RCSB protein database (http://www.rcsb.
org/pdb/home/home.do). Preparation of protein receptors and ligands were done using
YASARA 20.8.23 software. Molecular docking was generated using Protein-Ligand Ant
System (PLANTS) docking tool. Docking interaction was visualized by Ligplot* v.2.2
software.
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2.2 Docking Protocol Validation

The validation of docking protocol was done by calculating the Root Mean Square
Deviation (RMSD) values between the native ligand isolated from PDB file with its
conformation of the docked ligand. The RMSD value was calculated using YASARA
software. The docking protocol can be used for the further docking process if the RMSD
has a value of less than 2.5 A [16].

2.3 Molecular Docking

Interaction of protein-ligand was done with a standard procedure of molecular docking
using PLANTS [17]. The docking scores shows the energy of the ligand in binding
to the target protein. The affinity of the ligand binding to the protein is stronger when
the docking score is more negative. Afterward, the 2D docking interaction of protein
receptor and ligand was visualized by Ligplot™ software.

2.4 The Acute Toxicity Prediction

The acute toxicity of aloesin, isoaloeresin D, and 7 methyl ether 2’ feruloylaloesin were
predicted using ProTox-II [18]. The toxicity level was shown in LD5p, mg/kg unit.

3 Results

3.1 The Affinity of Protein-Ligand

Validation of docking protocol was done using RMSD parameter. The docking protocol
validation in this study shows that both collagenase (2Y6I) and elastase (1BRU) used
in this study meet the required RMSD value (<2.5 A). The affinity of protein-ligand
can be shown from the interaction of the ligand in the active site of the protein. The
3D molecular docking cavities of native ligands with collagenase (2Y6I) and elastase
(1BRU) is shown in Fig. 1. Interaction of protein-ligand was measured with docking
scores parameter. Then, we confirmed the activity of aloesin and its derivatives (Fig. 2)
against collagenase and elastase using this protocol. We used ursolic acid as a reference
standard inhibitor against collagenase and elastase enzymes [19]. The result revealed that
isoaloeresin D, and 7 methyl ether 2’ feruloylaloesin show interaction with collagenase
enzyme with docking scores i.e. -87.3 & 4.6, and -83.6 &£ 2.2 respectively. The docking
score of both compounds were lower than the native ligand (-79.1 £ 2.8) and ursolic acid
(-63.4 + 3.5). While aloesin shows interaction with collagenase enzyme with docking
score -75.1 £ 2.0. Aloesin has a lower docking score compared to ursolic acid, but has a
higher docking score compared to isoaloeresin D, 7 methyl ether 2’ feruloylaloesin, and
the native ligand (Table 1). On the other hand, the interaction of aloesin, isoaloeresin D,
and 7 methyl ether 2’ feruloylaloesin with elastase protein shows similar docking scores
i.e.-80.4+2.2,-80.6 £ 1.7,and -81.2 & 1.6 respectively. The interaction of all the aloesin
derivatives with elastase protein was also higher compared to the ursolic acid (-56.7 &
5.0) and the native ligand (-63.5 &= 0.9) (Table 2). Nevertheless, the aloesin, isoaloeresin
D, and 7 methyl ether 2" feruloylaloesin has good affinities with both collagenase and
elastase enzymes compared to ursolic acid as a reference standard.
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Fig. 1. The 3D molecular docking cavities of native ligands with A. collagenase, and B. elastase.
Native ligands are shown in yellow.
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Fig. 2. Chemical structures and prediction of acute toxicity level (LDsp) of A. Aloesin, B.
Isoaloesin D, C. 7 methyl ether 2’ feruloylaloesin.

3.2 Protein-Ligand Interaction

The 2D visualization of collagenase-ligand interaction using Ligplot™ shows that the
native ligand of 2Y6I (Ipil-gly-pro-ala) has a hydrogen bond with Zn cation of this
enzyme (2.56 A). The native ligand also shows hydrophobic bonds with Glu524, Phe515,
Leu520, Gly493, Gly494, and Ser513. The reference ligand ursolic acid also shows a
hydrogen bond with catalytic zinc ion (2.29 A). Moreover, ursolic acid also has hydrogen
bonds with His527 (2.25 A), Glu555 (3.15 A), and Tyr506 (3.33 A) residues. Ursolic
acid shows hydrophobic bonds with Glu524, Phe515, Leu520, Leu495, Gly494, Ser513,
and Asn492 residues. This reference ligand also has one external bond with each Zn, and
Gly493 residues. Aloesin shows hydrogen bonds with Zn (3.13 A), Glu524 (3.25 A), and
Tyr506 (3.21 A) residues. Hydrophobic bonds with Glu559, Leu520, Leu495, Asn492,
and Tyr607 residues and three external bonds with Gly494 residue were shown in the
interaction of aloesin with collagenase enzyme. Isoaloeresin D has only one hydro-
gen bond with Zn (2.34 A). Nevertheless, this compound has hydrophobic bonds with
Glu524, Phe515, Gly494, Asn492, and Asp554 residues, 7 external bonds with Glu555
residue, and 1 external bond with Gly493 residue. On the other hand, 7 methyl ether 2’ fer-
uloylaloesin did not have any hydrogen bonds. However, this compound has hydrophobic
bonds with Glu524, His523, His527, Asn492, Thr505, Asp554, and Ile514 residues, and
external bonds with Glu555 (5), Leu520 (4), Gly493 (1), and Gly494 (1) residues (Table
1, Fig. 3).
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Table 1. Protein-ligand interaction of collagenase protein (2Y6I) with aloesin, isoaloeresin D,
and 7 methyl ether 2’ feruloylaloesin.

No | Compound Docking Hydrogen bond Hydrophobic External
Scores residue | distance bond Bond
( A) (Total
Bonds)
1 Ipil-gly-pro-ala |-79.1 £2.8 |Zn 2.46 (02) | Glu524, Phe515,
(native ligand) Leu520, Gly493,
Gly494, Ser513
2 | Ursolic acid -634+35 |Zn 2.29 (O1) | Glu524, Phe515, |Zn (1),

Gly494, Ser513, | (1)

Tyr506 | 3.33 (03)

3 Aloesin -75.1 £2.0 | Glu524 |3.25(08) | Glu559, Leu520, | Gly494
7n 3.13 (08) Leud95, Asn492, | (3)
Tyr607
Tyr506 | 3.21 (01)
4 Isoaloeresin D -873+4.6 |Zn 2.34 (03) | Glu524, Phe515, | Glu555
Gly494, Asn492, | (7),
Asp554 Gly493
(D)
5 7 methyl ether 2 | -83.6 & 2.2 Glu524, His523, | Glu555
feruloylaloesin His527, Asn492, | (5),
Thr505, Asp554, | Leu520
lle514 4),
Gly493
(D),
Gly494
(D)

The elastase-ligand interaction shows that the native ligand of 1BRU (GR143783)
has hydrogen bonding with Ser195 (2.51 A) and Gly193 (2.79 A). The native ligand
also shows hydrophobic bonds with Gly216, Ser190, Ser214, Val213, Asnl192, and
Asp194 residues. On the other hand, none of the hydrogen bonds were shown in the
interaction of 1BRU with reference ligand ursolic acid. Nevertheless, ursolic acid shows
hydrophobic-bond with Gly216, Ser190, Ser214, Phe215, Gly193, Asp194, Cys42, and
Cys58 residues and has external bonds with His57 (5), Ser195 (1), Cys191 (1), Cys220
(1) residues. Aloesin shows hydrogen bonds with Gly216 (2.11 A) and Cys58 (2.43 A)
residues. Moreover, hydrophobic bonds with Ser190, Ser214, Val213, Gly196, Asp194,
Argl43, Ala55, and Cys42 residues were shown in the interaction of aloesin with elastase
enzyme 1BRU. Isoaloeresin D has only one hydrogen bond with Cys191 (3.16 A). This
compound also has hydrophobic bonds with Gly216, Ser190, Phe215, Gly193, Arg143,
Cys42, Cys58, Cys220, and I1e59 residues and external bonds with Ser214 (2), Val213
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isoalocresin D_2y6i 7 methyl ether 2" feruloylaloesin_2y6i

Fig. 3. 2D molecular docking poses predicted for collagenase (2Y6I). A. Native ligand Ipil-
Gly-Pro-Ala, B. Ursolic acid, C. Aloesin, D. Isoaloesin D, E. 7 methyl ether 2’ feruloylaloesin
exhibiting different types of intermolecular interactions i.e. hydrogen bond (green lines), external
bond (light purple lines), hydrophobic interactions (red bricks).

(2), Asp194 (1) residues. The 7 methyl ether 2 feruloylaloesin did not have any hydrogen
bonds. However, this compound has hydrophobic bonds with Gly216, Ser190, Gly193,
Asp194, Cys42, Cys58, Cys191, Thr41, and I1e59 residues, and external bonds with
Ser195 (8), Asn192 (5) residues (Table 2; Fig. 4).

3.3 The Acute Toxicity Prediction

Somehow, the toxicity of chemicals should be known to avoid unwanted events. The
acute toxicity prediction of aloesin and its derivatives in this study were done using
ProTox-II webserver [18]. The result shows that aloesin, isoaloeresin D, and 7 methyl
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Table 2. Protein-ligand interaction of elastase protein (1BRU) with aloesin, isoaloeresin D, and
7 methyl ether 2’ feruloylaloesin.

No | Compound Docking | Hydrogen bond | Hydrophobic | External | Other
Scores residue | distance | Bond Bond Information
(A) (Total
Bonds)
1 | GR143783 -63.5 £ 0.9 Ser195 |2.51 Gly216, Ser190, H-bond
(native ligand) (05) Ser214, Val213, Asp102 with
Asnl92, Asp194 His57 is
Glyl93 279 detected ;
recognize
© at2.71 A
and 3.1 A
2 | Ursolic acid -56.7+5.0 Gly216, His57 H-bond
Ser190, (5), Asp102 with
Ser214, Ser195 His57 is
Phe215, (1), detected at
Gly193, Cys191 |2.71 A and
Aspl194, ), 3.1A
Cys42, Cys58 | Cys220
(1)
3 | Aloesin -80.4 £ 2.2 | Gly216 | 2.11 Ser190, Ser214, H-bond
(04) Val213, Gly196, Asp102 with
Aspl194, Argl43, His57 is
Ala55, Cys42 detected at
CysS8 | 243 2.71 A and
(05) 31A
4 | Isoaloeresin D |-80.6 1.7 | Cys191 | 3.16 Gly216, Ser214
(03) Ser190, 2),
Phe215, Val213
Gly193, 2),
Argl43, Aspl194
Cys42, (1)
Cys58,
Cys220, I1e59
5 |7 methyl ether |-81.2 £ 1.6 Gly216, Ser195
2/ Ser190, (8),
feruloylaloesin Gly193, Asnl192
Aspl194, (®)]
Cys42,
Cys58,
Cys191,
Thr41, 11e59
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Fig. 4. 2D molecular docking poses predicted for elastase (1BRU). A. Native ligand GR143783,
B. Ursolic acid, C. Aloesin, D. Isoaloesin D, E. 7 methyl ether 2’ feruloylaloesin exhibiting different
types of intermolecular interactions i.e. hydrogen bond (green lines), external bond (light purple
lines), hydrophobic interactions (red bricks).
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ether 2’ feruloylaloesin has similar LDsq i.e. 832 mg/kg (Fig. 2). The result of the toxicity
level was predicted similar probably because the three compounds have almost similar
structures. This toxicity level was categorized as toxicity class number 4 from 6 classes
and turned to moderate toxicity especially for oral consumption.

4 Discussion

Since molecular docking is one of the effective methods to prove the antiaging activity
of compounds [19], we confirmed the activity of aloesin and its derivatives against
collagenase and elastase using this method. The Glu524 is the active site for collagenase
activity. Meanwhile, His523, His527, and Glu555 residues were zinc metal-binding sites
of the collagenase enzyme [19]. The Zn cation is the catalytic site of the collagenase
enzyme, interaction of the native ligand with this catalytic zinc ion indicated inhibition
of the activity of this enzyme [20, 21]. Nevertheless, this study revealed that external
interaction of ligands with His523, His527, and/or Glu555 residues indicated higher
affinity with collagenase enzyme 2Y6I. Ursolic acid has the weakest affinity toward
collagenase enzyme possibly because this compound only interacted with Glu524, Zn,
His527, and Glu555 by hydrogen bond and hydrophobic bond. The seven external bonds
of isoaloeresin D with collagenase enzyme at Glu555 residue possibly made isoaloeresin
D get the lowest docking interaction with this enzyme. Besides that, other interactions
with Glu524, and Zn residues made the affinity stronger. Although 7 methyl ether 2’
feruloylaloesin did not interact with Zn, this compound still has the second-lowest energy
against collagenase enzyme because of its interaction with 5 external bonds at Glu555
residue. At the same time, other interactions with Glu524, His523, His527 residues were
strengthen the affinity.

Enzymatic activity of elastase enzyme came from the presence of a catalytic triad
formed by three amino acid residues, Asp102, His57, and Ser195 [22]. On the other
hand, Gly216 residue was confirmed as an active site of inhibitory activity in the elastase
enzyme [19]. The His57 and Ser195 residues were identified as active sites of caffeine
in the interaction against elastase 1BRU. Meanwhile, Val213 and Phe215 residues were
observed for disulfide bond formation to stabilize the interaction [19]. The hydrogen
bond of Asp102 residue with His57 in elastase enzyme 1BRU was recognized at 2.71 A
and 3.1 A (Table 2). The hydrogen bond of Asp102 and His57 did not show in the
interaction of 1BRU with isoaloesin D and 7 methyl ether 2’ feruloylaloesin. The Asp102
residue that was seen without any interaction possibly was identified as an inactivation
mechanism of isoaloesin D and 7 methyl ether 2’ feruloylaloesin against elastase enzyme.
The 7 methyl ether 2’ feruloylaloesin has the lowest docking score possibly because
this ligand also has a hydrophobic bond with Gly216 residue and two external bonds
with Ser195 residue. The interaction of IBRU with isoaloesin D was strengthened by
its hydrophobic bond with Gly216, and Phe215 residue and two external bonds with
Val213 residue. Meanwhile, the hydrogen bond of Asp102 residue with His57 residue
in elastase enzyme 1BRU was still exist after the interaction of this enzyme with native
ligand, reference ligand (ursolic acid) and aloesin. However, docking score of aloesin was
almost similar compared to the other aloesin derivatives probably because the existence
of hydrogen bond with Gly216 residue, and hydrophobic bond with Val213 residue.
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After the ability to breakdown hydrogen bonding of Asp102 and His57, the hydrogen
bond with Gly216 residue also made possible reason to strengthen the affinity of aloesin
derivatives with elastase enzyme. In vitro and in vivo studies need to be done in the
future studies to strengthen the result of antiaging activity of aloesin derivatives of this
in silico study. Then, aloesin, isoaloesin D, and 7 methyl ether 2’ feruloylaloesin can be
developed as antiaging agents.

5 Conclusion

The interaction of collagenase enzyme (2Y6I) with isoaloeresin D showed the highest
affinity. While the interaction of elastase protein (1BRU) with 7 methyl ether 2’ feru-
loylaloesin showed the highest affinity. In general, aloesin, isoaloesin D, and 7 methyl
ether 2 feruloylaloesin can be developed as antiaging agents. Nevertheless, in vitro and
in vivo studies need to be done in the future studies to strengthen the result of antiaging
activity in this in silico study.
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