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ADMET prediction, Alizarin is a polycyclic compound isolated from roots of Rubia tinctorum that has potential as a breast anticancer candidate.
alizarin derivatives, Increasing anticancer activity can be done through structural modification to produce derivatives in the form of group sub-
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ity (ADMET). Using Molegro Virtual Docker (MVD), molecular docking was carried out on the MMP 9 receptor (4WZV.pdb).
LogP, Etot, and MR are the physicochemical parameters that are examined in order to produce QSAR. Statistical Package for
the Social Science (SPSS) was used for the QSAR analysis. The pkCSM was utilized to determine ADMET prediction. The acyl
alizarin derivatives have a lower rerank score than alizarin, according to the docking results so that they are predicted to have
more potent anticancer activity. The QSAR analysis’s findings indicated that logP and Etot had the greatest effects on the
alizarin compound’s and its derivatives’ activity. The results of the ADMET prediction indicate that acyl alizarin is less harm-
ful and superior to alizarin. Research findings show that it is possible to synthesize acyl alizarin derivatives, especially alizarin
octanoate, which will then be tested in vitro or in vivo to determine its anti-breast cancer activity and toxicity.
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Anu3apuH mpeacTaBisieT co60i MOMUIMKINYECKOe COeIMHEHE, BbIZIEJIEHHOE 113 KOpHEel pacTeHus MapeHa KpacuabHas (Ru-
bia tinctorum), KOTOpOe MOTEHIMATBHO MOXET MPEACTAB/SATh MHTEPEC KaK CPEICTBO B JIEUEHMM PAKa MOJIOUHOI Kee3bl.
TTOBBICUTH MPOTUBOPAKOBYIO aKTMBHOCTh MOKHO ITyTeM MOAM(UKAIMY CTPYKTYPHI BEIIECTBA C ITOTyUYE€HMUEM MTPOMU3BOIHbBIX
B BUJIe 3aMeIll[eHNs TPYIIIIbl B METAIIONIOKEHUY C IPUMeHeHreM anwia. Lenb JaHHOo# paboThl — IIPOTHO3MPOBaHNEe TPOTUBO-
PaKoBOrO [eiiCTBUS anyu3apyHa U ero NpoM3BOAHBIX Ha penenTope MMII-9 npy nomomy MoeKy/IsspHOrO AOKMHTa. BakHble
(axTopbl 6MONMOrMYECKOl aKTUBHOCTM OYIYT ONpe/ieieHbl C IOMOIIbI0 KOMNYECTBEHHOTO COOTHOIIEHMST CTPYKTYPa-aKTHUB-
HocTh (QSAR) M IIPOTHO3MpPYeMbIX ITapaMeTPOB BCacbIBaHUS, paclipesiesieHus, MeTabon3Ma, BbIBeJeHUS Y TOKCUYHOCTHU
(ADMET). C nomouipio nHCTpyMeHTa MVD 6bL1 OCy1ecTBI€H MOTEKY/ISIPHBIN OKMHT peniernitopa MMP 9 (4WZV.pdb). LogP,
Etot 1 MR — 3T0 pusuKo-xMMmyeckue nmapaMeTpbl, KOTOpble uccaenytoTcs ajs nonydennst QSAR. [lna anammsa QSAR wc-
OJIb30BAJICS [TAaKeT MMPOrpaMM 06paboTKM cTaTUCThUeckmX faHHbIX (SPSS). [Tporpamma pkCSM mcrionb30Basiach st onpeze-
JieHus1 mporHo3upyeMbix mapametpoB ADMET. ComiacHo pe3yabTaTam JOKMHTA, allibHbIe IPOM3BOAHBIE aaM3apruHa UMEIOT
60Jiee HU3KYIO CTeTIeHb IlepepatkMPOBaHMsI, HesKen anv3apyuH. Pe3ynbraTsl aHan3a napamMetrpoB QSAR mokasanu, uto logP
u Etot okasanu Haubosblilee BIAMSHYME HA aKTMBHOCTb COENVHEHUS aau3apyHa M ero Mpou3BOAHbBIX. Pe3ynbTaThl MPOrHO-
3a mapameTtpoB ADMET mokasbIBaioT, YTO auuIanu3apyMH MeHee BpeleH, U MPeBOCXOAUT alu3apuH MO0 CBOMM IT0JIe3HBIM
cBolicTBaM. [Toka3aHo, UYTO MOKHO CMHTEe3MPOBaTh IPOM3BOHbIE allWIa3apyHa, B YaCTHOCTY OKTaHOAT anu3apuHa, Ijis uxX
MCIIONIb30BaHMS B KAUEeCTBE CPEMICTBA JIEUeHMSI paKa MOJIOUHO JKeJe3bl.

BJIATOOAPHOCTU: ABTOp BBIpaskaeT 6;1arofapHoCTb Ipodeccopy, 4OKTOpY HayK CUCBAHIOHO, MAaTMCTPY HayK, KOTOPBII ITPeJOCTaBWI IML@H3UIO Ha

MCIoNb30BaHMe nHeTpyMmenta MVD. Mbl Takske 6narogapum [ykanana Tenraxa, UngoHesus (jalantenah.site) 3a peqakTupoBaHue pyKOIUCH.

1. Introduction

Breast cancer is an abnormal condition of the body that allows cells
in the breast to grow uninterruptedly and thus trigger the formation of
cancer cells. The main mechanisms of cancer progression include inhi-
bition of apoptosis, involving the unlimited capacity for cells to divide,
increased angiogenesis, resistance to growth-suppressing signals and ex-
cessive induction of cells to continue their growing [1]. With estimated
2.3 million of new cases worldwide, breast cancer is the fifth most com-
mon malignancy to cause mortality [2]. According to data obtained from
the International Agency for Research on Cancer (IARC), Global Burden
of Cancer, the global burden of cancer accounted for 18.1 million new cas-
es of cancer worldwide in 2018, and 9.6 million of cancer-caused deaths.
It is predicted that the number of cancer cases will rise from 18.1 million
to 22 million over the next 20 years. According to WHO forecasts, 26 mil-
lion of individuals will be diagnosed with cancer by 2030, and 17 million
of those cases would result in cancer-caused deaths.

Matrix metalloproteinases, also known as MMPs, are zinc-dependent
endopeptidases that are a part of the metzincin superfamily, which has
been linked to a number of clinical conditions, including cancer. The
largest member of the MMP superfamily linked to onset of the medical
condition and metastasis in breast cancer is MMP-9. MMP-9 can acti-
vate various proteins involved in inflammatory pathways and can act as
a pro-inflammatory factor [3,4]. This activation causes chronic inflam-
mation which can promote tumorigenesis [5]. Apart from that, MMP is
also known for its ability to activate tumor growth factors and trigger
the mechanisms that can inhibit cell apoptosis and trigger increased
cell proliferation [6]. MMP-9 is known for its ability to activate vascular
endothelial growth factor (VEGF) so that it can cause angiogenesis in
tumor cells [7]. Numerous substances found in the natural goods have
shown their possession of anticancer properties. It is well known that
Rubia tinctorum root features antibacterial, anti-inflammatory, and an-
tioxidant properties. One of the primary components of the Rubia tinc-
torum plant is alizarin, which has proven to be useful in the therapy of
bone cancer as an osteotropic medication [8,9,10]. Based on previous
research, it was shown that alizarin is able to inhibit the growth of pan-
creatic cancer cells and cause apoptosis by inhibiting nuclear translo-
cation of NF-kB, whereas activation of NF-kB will trigger gemcitabine
resistance in the therapy of pancreatic cancer [11,12]. Based on an in
vitro study, the IC50 value of alizarin for type 4T1 breast cancer cells
are equal to 495 uM and these results indicate that alizarin is cytotoxic
to type 4T1 breast cancer cells. In addition, the same study also showed
that alizarin was able to reduce MMP-9 expression compared to the
control group [13].

The modification of the organic structure of alizarin by molecular
docking is one of the efforts that can be made to increase the anticancer
activity of alizarin compounds in a body. Molecular docking simulation,
else known as in silico, is carried out before the compound synthesis pro-

cess. The advantages of this in silico study are reducing costs, research
time, errors, using the experimental animals, and preventing contamina-
tion by chemicals [14,15]. Molecular docking is the tethering of a ligand
or test compound in a certain conformation to a receptor target [16]. The
result of molecular docking is a reranking of score (RS) parameters, while
these parameters describe the binding energy needed by the ligand to
bind to the receptor so as to produce biological activity. The smaller the
RS value, the stronger the bond formed between the ligand and the recep-
tor, so that the biological activity also increases [17,18,19].

In this study, dry lab tests were carried out to predict the anticancer
activity of alizarin compounds and their derivatives against breast cancer
receptor MMP-9 using molecular docking simulations. The structure was
modified in the form of a derivatization process targeted to produce com-
pound derivatives by substituting the meta position of the structure with
the help of an acyl group. The addition of acyl groups to alizarin is sug-
gested to increase biological activity in the form of anticancer potency
because acyl groups can increase lipophilicity along with increasing the
number of C atoms [20]. The existence of structural modifications in the
form of adding acyl groups to alizarin will cause differences in physico-
chemical properties so that the resulting biological activity will also be
different [21]. Molecular docking simulation was performed using MVD
on MMP-9 receptor (4WZV.pdb). From the docking results, the rerank
score parameters were obtained to proceed to the QSAR study. QSAR
studies have the aim of designing and identifying the new drug com-
pounds that are likely to possess preset biological activity or to improve
the pharmacokinetic and toxicity characteristics of the new drug com-
pounds [22]. The physicochemical parameters used in the QSAR study
are logP, Etot, and MW. The QSAR study aims to obtain a mathematical
equation that correlates the physicochemical characteristics of the drug
compounds with their biological activity [23,24].

Furthermore, an assessment of the toxicity and pharmacokinetic pa-
rameters (absorption, distribution, metabolism, elimination and toxicity,
ADMET) of acyl alizarin derivatives was conducted. This evaluation was
implemented because most of the new drug candidates were predicted to
have good activity but failed in the preclinical and clinical trial phases
due to poor ADMET parameters [25]. The results of the implemented dry
lab tests were aimed to predict the anticancer activity of alizarin and its
derivatives against MMP-9 breast cancer cells as well as its being a source
of reference data in the future for the other pharmaceutical research.

2. Objects and methods
2.1. Materials

The type of the hardware and software used is a Lenovo Laptop, Win-
dows 11 operating system, 64-bit, Intel Core i3-1115G4, CPU @ 3 GHz 3
Ghz, 8.00 GB RAM. The application used is ChemDraw ver.19, Chem3D
ver.19, Molegro Virtual Docker (MVD) ver. 6.0, SPSS ver. 25, SMILES
Translator, and pkCSM online tool.
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2.2. Protein preparation

The protein in the form of the MMP-9 receptor (Figure 1) was down-
loaded from the Protein Data Bank (https://www.rcsb.org/). From among
the several existing receptors, the MMP-9 receptor with PDB code 4WZV
was selected. The MMP-9 receptor with PDB code 4WZV was chosen be-
cause the native ligand has a carbonyl group (C=0) as a pharmacophore
group. The alizarin compound also has carbonyl group.

2.3. Ligand preparation

The 2D structures of the test compounds, in particular alizarin and
acyl alizarin derivatives (A and AA1-9) (Table 1) were drawn using the
ChemDraw Ver. 19 software. Structures from ChemDraw were copied to
Chem 3D Ver. 19 to view the 3D structure and measure the minimum en-
ergy with MMFF94. Furthermore, these structures are stored in the for-
mat mol2 {SYBYL2(*.Mol2)}.

Table 1. The chemical structure of alizarin and acyl alizarin
derivatives

Ta6m/1ua 1. Xummnueckoe CTpOeHMeEe NMPOU3BOOHBIX a/Iu3apyHa
¥ anwiain3apuHa

o OH
COo
(0]

O

o oA
cog”

Alizarin Acyl alizarin derivatives
Code Compounds name Functional group
A Alizarin -

AA1 Alizarin acetate CH3 (methyl)
AA2 Alizarin propionate C2HS5 (ethyl)
AA3 Alizarin butyrate C3H7 (propyl)
AA4 Alizarin pentanoate C4H9 (butyl)
AAS Alizarin hexanoate C5H11 (pentyl)
AA6 Alizarin heptanoate C6H13 (hexyl)
AAT7 Alizarin octanoate C7H15 (heptyl)
AA8 Alizarin nonanoate C8H17 (octyl)
AA9 Alizarin decanoate C9H19 (nonyl)

2.4. Docking method validation

Validation was carried out by docking the native ligand on MMP-9
receptor (4WZV) based to the cavity. Docking method is valid if RMSD
score is less than 2 A [14,26]. RMSD is a parameter that takes into account
the distance deviation that occurs between the orientation of the native
ligand before its re-docking and after re-docking [27].

2.5. Docking method

The molecular docking compound test was carried out on the same
cavity of protein as the native ligand in the MMP-9 receptor based on the
results of method validation using MVD. The results obtained from the
molecular docking are expressed in the form of a rerank score (RS) which
parameter describes the energy required to form a compound bond with
the receptor. The smaller the RS value produced, the more stable the bond
formed between the compound and the receptor so that the biological
activity also increases. In addition, the interaction between the test com-
pound and the amino acid residues of the MMP-9 receptor was observed
using the Discovery Studio 2021 Client visualization software.

2.6. QSAR study

The QSAR study uses physicochemical parameters obtained from
ChemDraw Ver.18 — these are logP as a lipophilic parameter, and molecu-
lar weight as a steric parameter. The logP and MW values are obtained by
selecting the menu function “view”, then selecting “show chemical prop-
erties window”. Meanwhile, the total energy value (Etot) as an electronic
parameter was obtained from the software Chem 3D Ver.18 by copying
the 2D structure from ChemDraw then pasting it into Chem 3D. Next,
the function “calculation” was selected, then “MMFF94”, and “perform
MMFF94 minimization” as last. The Etot value can be seen at the bottom
of the output window. QSAR research uses the SPSS software by entering
these three parameters as the independent variables and the RS value as
the dependent variable. From these variables, linear regression and non-
linear regression results were obtained.

MMP-9 Receptor
(PDB ID : 4WZV)

A0
Y

~

R4 4

Mol | Chain | Length Quality of chain
3%
1| A 160 |™= T w
3%
1| B 160 |™ T o

Figure 1. Detail of MMP-9 Receptor (PDB ID: 4WZV)
PucyHok 1. CocraB penenropa MMII-9 (upeHTHdMKATOP COIIACHO CUCTEME
yuera 6aHKa GeJIKOBBIX CTPYKTYp: 4WZV0)

2.7. ADMET prediction

ADMET prognostication of alizarin compounds and acyl alizarin de-
rivatives properties can be done with the pkCSM online tool. Software
pkCSM is known to have quite high accuracy, for example the AMES tox-
icity predictor in pkCSM has an accuracy rate of 83.8%, while in ToxFree
it has an accuracy rate of 75.8% [28]. The first step taken was to draw the
2D structure of the compound to be analyzed using the ChemDraw Ver.
19.1, then the 2D structure was copied to the Chem3D Ver. 19.1 to obtain
the 3D structure and saved in *.sdf file format. Furthermore, the com-
pound file was translated using SMILES translator (https://cactus.nci.nih.
gov/translate/). Then, the translated compound can be prognosticated for
its pharmacokinetic and toxicity properties using the pkCSM online tool
(https://biosig.lab.ug.edu.au/pkcsm/). The results obtained from these
prognostications can be interpreted through pkCSM theory.

2.8. Statistical analysis

Statistical analysis was carried out for QSAR study with the help of
SPSS software. QSAR study use regression analysis to look for correla-
tions between physicochemical property parameters that represent the
structure of chemical compounds and the resulting biological activity.
From the regression analysis, the HKSA equation and several statistical
criteria are produced. The best HKSA equation is selected based on sta-
tistical criteria. The statistical criteria used in QSAR research are signifi-
cance, 1, F, and Standard Error (SE). The significance value of less than
0.05 (<0.05) indicates the presence of significant relation between the
physicochemical property parameters and the resulting biological activ-
ity. The r value ranges between 0 and 1, where the higher the r value, the
stronger the relationship between physicochemical property parameters
and biological activity. The F value shows the significance of the relation,
where the higher the F value, the higher the degree of significance. The
SE value shows variations or errors in the study.

3. Results and discussion

Molecular docking of acyl alizarin derivative compounds was carried out
using the receptor MMP-9 (PDB code: 4WZV). Before carrying out the mo-
lecular docking trials on the acyl alizarin derivative test compound, method
validation process is required to be run on the selected receptor. Due to the
validation process of the docking method, an RMSD value will be obtained
which analyzes changes in the interaction between the ligand and the pro-
tein or the receptor structure before and after docking. The docking method
is considered to be valid if the resulting RMSD value is less than 2 A [14,26].
Validation of the docking method was carried out in 2 replications and
the RMSD values obtained for each replication were equal to 0.7773 A and
0.6239 A, respectively. From these results it was concluded that the docking
method and MMP-9 receptor, designated with PDB code: 4WZV, can be used
for molecular docking of the acyl alizarin derivative test compound.
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Figure 2. Prognosticated results of biological activity
of alizarin derivative compounds via using MVD
PucyHok 2. IIporHOCTMYeCKIe Pe3yIbTaThl OMOIOrMIeCcKOii aKTUBHOCTH
MPOMU3BOJHBIX COeAVHEeHMI alu3apuHa, IPOaHaIN3MPOBAHHBIX
¢ momoibo MVD

From Figure 2, the results show that the alizarin derivative compound
feature a lower RS value than its parent compound, namely alizarin.
Alizarin derivative compounds are considered to have a higher cytotoxic
effect on breast cancer cells than alizarin. The compound alizarin octano-
ate (AA7) is known to have the lowest RS value compared to other alizarin
derivative compounds.

Table 2. Results of interaction of alizarin compounds and their
derivatives with amino acid residues of the MMP-9 receptor
Ta6nuiia 2. PesyabraThl B3aMMOJECTBUS COeAVHEHMIT alu3apuHa U UX
IPOU3BOSHBIX C aMMHOKMCIOTHBIMHU OCTaTKaMu penenropa MMII-9

b=}
=}
e
52 55
Hyl;i(r’gﬁen Steric Bond 28 =28
. Sf gt
B E> EQ
S E-
A Ala 242; Ala 242;  Leu 188; His 226; His 226; Tyr 245; 3 7
Met 247 Leu 243; Val 223; Val 223
His 226; His 226; Val 223; Val 223;
AAl  Met247 Tyr 248; Leu 222; Leu 243 L7
His 226; His 226; Val 223; Val 223;
AA2 Met 247 Tyr 248; Leu 222; Leu 243; Tyr 245; 1 10
Arg 249; Met 247
His 226; His 226; Val 223; Tyr 248;
AA3 — Leu 222; Leu 243; Met 247; Tyr 245; 0 9
Tyr 245
His 226; His 226; Tyr 245; Tyr 245;
AA4 — Met 247; Glu 241; Leu 222; Leu 243; 0 11
Tyr 248; Val 223; Val 223
Met 247; His 226; Val 223; Leu 188;
AA5 Tyr 245 Glu 241 1 5
Pro 240; Arg 249; Arg 249; Met 247,
AA6 Arg 249 Met 247; Leu 188; Val 223; Val 223; His 1 11
226; Tyr 248; Pro 255
Met 247; Tyr 248; Ala 189; Leu 188;
AAT - Tyr245 Val 223; His 226; Glu 241 L7
. Leu 188; Val 223; His 226; Tyr 248;
AAS8 Tyr 245; Arg 249 Met 247; Glu 241 2 6
AA9 Arg 249; Arg 249 Val 223; Ala 189; Leu 188; Leu 188; 1 9

Arg 249; Arg 249; Met 247; His 226; His 226

The alizarin compound and acyl alizarin derivatives were also ob-
served for their interactions with the MMP-9 receptor, coded under
PDB4WZV, through visualization software Discovery Studio 2021 Client.
The interactions between the compounds and receptors that could be
seen include hydrogen bonds and steric bonds. Hydrogen bonds are in-
termolecular bonds between hydrogen atoms bonded to highly electro-
negative atoms (F, O, and N) and highly electronegative atoms from the
other molecules. Hydrogen bonds are very strong bonds with bond ener-
gies reaching 40 kJ/mol. In Table 2, the alizarin compound has a greater
number of hydrogen bonds than all acyl alizarin derivative compounds.
Steric bonds include Van der Walls bonds and hydrophobic bonds. Van
der Walls bonds consist of several types, namely dipole-dipole bonds,

London bonds, and ion-dipole bonds [29]. Hydrophobic bonds are the
bonds that occur between amino acids from non-polar protein side
chains and lipophilic groups from the ligands [30]. Based on the Table 2
it can be seen that alizarin pentanoate (AA4) and alizarin heptanoate
(AA6) have the highest number of steric bonds compared to alizarin and
other acyl alizarin derivatives. Figure 3 shows a visualization of the in-
teractions that occur in the alizarin derivative that has the lowest RS,
namely alizarin octanoate (AA7) with the MMP-9 receptor amino acid
residue (PDB: 4WZV).

PRO 3
254 - A:187
GLY A:226
A:253
THR
A:251

PRO VAL
A:255

A:223

GLU
A227

LEU
ALA A:188
A:189

Interactions

D van der Waals
- Conventional Hydrogen Bond D Alkyl
D Carbon Hydrogen Bond D Pi-Alkyl

Figure 3. Visualization of the Interaction of Alizarin
Octanoate with MMP-9 Receptor Amino Acid Residues
(PDB: 4WZV) (Discovery Studio 2021 Client)

PucyHok 3. Busyanusanysi B3aMo/IeliCTBYsI OKTaHOaTa ajau3apyHa
C aMMHOKHMCJIOTHBIMU OCTaTKamMu penentopa MMII-9 (upeHTudUKaTop
COI/IACHO cyucTeMe yyeTa 6aHKa Ge/IKOBBIX CTPYKTYpP: 4WZV) (mporpamma
Discovery Studio 2021 Client)

- Unfavorable Donor-Donor

The physicochemical parameters (descriptors) of alizarin derivatives
and acyl alizarin were determined using Chem Draw Ver. 18 and Chem
3D Ver. 18 which can be seen in the Table 3. The prognosticated descrip-
tor values and anticancer activity of the molecular docking later were
analyzed using linear and non-linear regression by SPSS. The equation is
presented in the Table 4.

Table 3. Physicochemical parameters (descriptors) of alizarin
and acyl alizarin derivatives
Tabmuua 3. ®PU3UKO-XMMUYECKNe ITapaMeTpPsl (JeCKPUIITOPHI) alu3apuHa
M IIPOM3BOAHBIX allyIa/IM3apyUHA

Code LogP E, , (kkal/mol) MW (g/mol)
A 1.64 48.6696 66.38
AA1 1.62 61.5911 75.77
AA2 2.27 61.313 80.51
AA3 2.69 60.9239 85.11
AA4 3.10 60.8187 89.71
AA5 3.52 60.8902 94.31
AA6 3.94 60.5841 98.91
AAT 4.36 60.8082 103.51
AA8 4.77 60.7794 108.10
AA9 5.19 60.8725 112.7
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Table 4. Linear and non-linear regression equation of alizarin
and acyl alizarin derivatives

Ta6nuua 4. JInHeiiHOe U HEIMHETHOE YPaBHEHNE Perpeccum aamsapuHa
M IIPOM3BOAHBIX allUIa/IN3apuHa

Regression

No. equation n r s F Sig
One parameter
RS =-13.319
1. logP - 66.062 10 0.908 8.22 37.658 0.000
RS=-1.192
2. MR — 1.035 10 0.954 5.92 80.088 0.000
RS =-3.443
3. E, +95.489 10 0.724 13.56 8.806 0.018
RS =3.856
4. logP?-38.928 10 0.947 6.74 30.508 0.000
logP - 29.076
Two parameters
RS=-2.771
5. MR + 18.756 10 0.975 4.634  68.430  0.000
logP +81.335
RS =-1.999
6. E, - 10.771 10 0.986 3.56 118.395  0.000
logP +44.912
RS=-1.359
7. E_ —0.996 10 0.983 3.87 99.774  0.000
MR + 62.146
RS =2.817
log?P — 4.094
8. logP — 2.413 10 0.994 2.50 162.062  0.000
MR + 89.317
RS =2.056
log?P — 24.790
9. logP — 1.713 10 0.994 2.40 176.982  0.000
E, +48.719

The QSAR study demonstrated that the best equation with one pa-
rameter is equation No.2 and the best equation with two parameters is
equation No. 9 which is presented in the Table 4. From these equations,
the conclusion can be drawn that there is a significant parabolic relation
between logP and Etot with the prognostication of breast anticancer ac-
tivity so that lipophilic and electronic parameters are the most influential
parameters on the prognostication of breast anticancer activity.

Table 5 showed the ADMET properties of the alizarin and its deriva-
tives. ADMET properties divided into five group parameters that are
absorption, distribution, metabolism, and toxicity. The process of drug
absorption has significant importance within the realm of pharmacokinet-
ics, a scientific discipline focused on comprehending the body’s interac-
tions with the administered substances throughout their entire presence
within the body system [31]. Drug absorption refers to the mechanism
through which a drug transitions from its point of its administering into
the body to its circulation throughout the system. Multiple mechanisms
contribute to the effective assimilation of drugs, encompassing passive
diffusion, facilitated diffusion, active transporting, and endocytosis. The
quantification of drug absorption is expressed as bioavailability, which

denotes the degree of successful absorption. In simpler terms, bioavail-
ability is referred to the portion of the administered drug that remains
unchanged and reaches the circulation system [32].

Water solubility, permeability through Caco-2 cell layers, and intesti-
nal absorption in humans were presented among the reported absorption
parameters. These properties are all crucial to the medication absorp-
tion process. Another crucial aspect of oral administering of the medica-
tions is their degree of solubility in the body, particularly in the intestinal
fluid, since insufficient solubility might impede or prevent intestinal ab-
sorption of the drug via the portal vein system [33]. Based on the results
presented in the Table, acyl alizarin derivative compounds have lower
water solubility values than alizarin compounds. It is explained by the
longer carbon chain that decreases the solubility of a compound in wa-
ter because of its non-polar properties. Furthermore, the CaCO, perme-
ability value possessed by these compounds feature shows a high value
(>0.90 logPapp). When administering medications orally, the Caco-2 cell
monolayer is frequently used as an in vitro model of the human intestinal
mucosa to prognosticate the rate of absorption. The high result suggests
that the CaCO, membrane is highly permeable for alizarin chemicals and
acyl alizarin derivatives. The intestinal absorption parameter estimates
the proportion of a medicine that is absorbed through the human intes-
tine, which is often the major route of absorption for drugs taken orally.
The investigated substances have an intestinal absorption value of >30%,
thus indicating that the gut can effectively absorb them, according to the
data obtained. When it comes to oral medications, they have to be ca-
pable to pass through the biological membranes in the gastrointestinal
tract in order to enter the bloodstream. Transporter-mediated pathways,
paracellular diffusion, and transcellular diffusion are some of the ways
that penetration can occur through [34].

The drug distribution process involves the movement of the drug after
absorption into various bodily compartments, including the spaces such
as the interstitial and intracellular areas. This distribution process is vi-
tal, as it leads to the target organ exposure to the administered drug, thus
ensuring its impact [34]. Distribution involves the transfer of the drug
from the general bloodstream to bodily tissues. It’s necessary for the drug
to be spread over the target location where it exerts its intended effect in
a potent concentration to bring about therapeutic benefits. The distri-
bution process primarily revolves around the blood circulatory system,
with minor lymphatic glands engagement, distributing drugs throughout
tissues, except for the brain and testes due to their membrane barriers.
Consequently, the dosage needed can be influenced by the varying blood
flow rates to different tissues [35].

The distribution-related characteristics, that were observed, included
the blood-brain barrier’s permeability and distribution volume, both of
which play significant roles in the overall mechanism of drug’s distribu-
tion. Volume known as VDss, which is uniformly present in blood plasma,
is necessary for processing of the entire dosage of a medicine. In cases
of the larger VDss, the drug will be more widely distributed in the tissue
than in the plasma. If a compound’s VDss value is more than 0.45, it has
a good distribution. Meanwhile the log VDss<-0.15 and log VDss>-0.45,
VDss is evaluated as low and high, respectively. The more the medicine is
dispersed in tissue as opposed to plasma, the higher the volume of distri-
bution value. Alizarin compounds and acyl alizarin derivatives have low
VDss values (logVDss < -0.15), according to the data collected. This sug-
gests that it is challenging for these substances to disperse throughout

Table 5. ADMET properties prediction of alizarin and acyl alizarin derivatives predicted using the pkCSM online tool

Ta6mua 5. [IporHo3upoBanue ADMET cBojicTB IPOM3BOSHBIX aJIM3apyUHa M allM/Iaau3apuHa, CIPOrHO3UPOBAHHBIX
C MOMOUIBIO OHJIAMH-UHCTPYMeHTa pkCSM

Absorption Distribution Metabolism Excretion Toxicity
Code
] O‘{‘l’:}}ﬁfw pg::lxggé- HIA (%) (HYIBIS:H) Pg?x_]fe- cvpzps  cypsas  Remal  gaotel o LD, AMES Hepato-
(logS) bility (log L/kg) ability  substrate substrate Substrate (lqg ml/ (mol/kg) Toxicity toxicity
(logPapp) (logBB) min/kg)

A -2.705 1.027 94.268 -0.146 -0.081 No No No 0.095 2.238 Yes No
AA1 -3.793 1.102 98.656 -0.297 -0.142 No No No 0.274 2.71 Yes Yes
AA2 -4.326 1.062 98.365 -0.182 -0.153 No No No 0.314 2.746 Yes No
AA3 -5.634 0.95 95.542 -0.045 -0.177 No Yes No 1.189 2.723 No No
AA4 -5.114 1.015 96.579 -0.076 -0.161 No Yes No 0.368 2.754 Yes No
AAS -4.867 1.031 96.936 -0.107 -0.158 No Yes No 0.349 2.754 Yes No
AA6 -5.504 0.972 95.886 -0.045 -0.172 No Yes No 1.165 2.741 No No
AAT7 -5.329 0.994 96.229 -0.055 -0.167 No Yes No 1.142 2.751 No No
AA8 -4.601 1.042 97.531 -0.143 -0.158 No No No 0.331 2.752 Yes No
AA9 -4.054 1.091 98.746 -0.237 -0.145 No No No 0.298 2.731 Yes Yes
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the tissues. Compounds that have a low volume of distribution cause the
compound to be more likely accumulate in the intravascular compart-
ment so that the dose required is not high to achieve the target thera-
peutic concentration [36]. The degree at which a medication binds blood
proteins can affect the degree of its efficiency; the more bound the medi-
cation is, the less effectively it can diffuse or cross cellular membranes.

Furthermore, blood-brain barrier (BBB) permeability is an important
parameter to consider as it is used to help reduce the side effects and
toxicity as well as increase the therapeutic effect of the drug in the brain.
Molecule must cross the BBB by transcellular passive diffusion and/or
due to active transport mechanisms [37]. The logarithmic ratio of brain
to plasma drug concentrations is used to calculate the rate of permeabil-
ity. The value obtained in this parameter indicates that the drug easily
passes through the blood brain barrier if logBB > 0.3 is obtained, while
logBB value < -1 indicates that the drug is not well supplied to the brain.
Based on the values obtained it is shown that alizarin compounds and
acyl alizarin derivatives have a log BB value < —1 which indicates these
compounds cannot be properly distributed to the brain. This means that
these compounds do not affect the brain so they are relatively safer to
administer because the concentration of compounds distributed to the
brain is estimated to be little [25].

Drug metabolism is a chemical modification of drugs into their metab-
olites, which can be divided into active metabolites, inactive metabolites,
and toxic metabolites [38,39]. Active metabolites are biochemically active
compounds that have therapeutic effects. Furthermore, inactive metabo-
lites are biochemically inactive compounds that do not have therapeutic
effects or are toxic. Meanwhile, toxic metabolites are biochemically ac-
tive compounds that are similar to active metabolites, but feature distinc-
tive harmful effects [40]. Drug metabolism is very important for the phar-
macokinetic process of drugs because drugs are chemical substances that
are not produced by the body (xenobiotics) so they must be metabolized
to reduce their toxicity and easily excreted [38,39]. The metabolic param-
eters analyzed were CYP2D6 substrate and CYP3A4 substrate, which have
important roles in the process of drug metabolism. Based on the data ob-
tained, it is known that there are no acyl alizarin derivatives compounds
that can be metabolized by CYP2D6 substrates. However, compounds
from AA3 to AA7 can be metabolized by CYP3A4 substrates.

Drug excretion is the process of removing the drugs from the body,
both those that are not fully metabolized, as well as the results of meta-
bolic biotransformation [40,41]. This excretion process mainly occurs
via the kidneys, but other organ systems are also involved [42,43]. The
excretion parameters observed were renal OCT2 substrate which holds
an important role in the drug excretion process in the kidneys, and total
clearance which is a combination of hepatic clearance and renal clear-
ance. Renal OCT2 substrate also has the potential to provide adverse
interactions with OCT2 inhibitors when administered at the same time,
such as cimetidine, trimethoprim, ranitidine, levofloxacin, and proprano-
lol. Meanwhile, total clearance has an important role in determining the
dosing rate in order to obtain steady status levels [30].

Based on the data obtained it was found that all tested compounds
are not the substrates of OCT2 so it can be predicted that there is no
interaction with compounds that act as OCT2 inhibitors. Meanwhile, the
total clearance value of acyl derivatives of alizarin is greater than the to-
tal clearance value of alizarin, so it can be prognosticated that all of these
compounds are more easily excreted than alizarin compounds.

Hepatotoxicity, AMES toxicity, and rat LD, can all be used to quantify
toxicity parameters. The common way to estimate acute toxicity and com-
pare the relative toxicity of several compounds is to use the lethal dos-
age values, or LD,. The amount of chemical administered all at once that
results in 50% of the test group animal death is known as the LD, . The
model estimates the LD, in mol/kg and was developed using more than
1000 chemicals that were evaluated in rats. Rats were expected to have
an alizarin LD, of 2.238 mol/kg, whereas the generated compounds had
a range of 2.71 to 2.731 mol/kg. This proves that the alizarin derivative
compound is not more hazardous than the alizarin itself. The AMES test is
a commonly used technique to evaluate a compound’s potential for muta-
genicity tested on the array of bacteria. A positive test results in the sub-
stances being mutagenic mean they could cause cancer. The table shows
that the compounds A, AA1, AA2, AA4, AAS5, AA8, and AA9 are the carci-
nogenic compounds, while the compounds AA3, AA6, and AA7 are not car-
cinogenic. Drug-induced hepatotoxicity is a significant safety issue in the
drug research and a leading reason for the rejection of potential drugs. This
model was composed on the base of an analysis of 531 drugs’ liver-related
side effects seen in human studies. If a substance induced at least one liver-
related event that significantly interfered with the liver’s normal function-
ing, it was classified as hepatotoxic. From the table it can be seen that AA1
and AA9 are hepatotoxic, while A, AA2, AA3, AA4, AA5, AA6,AAT7, and AA8
are not hepatotoxic. From the toxicity parameter data obtained, it can be
concluded that the acyl alizarin derivatives have high toxicity, but there are
several derivatives that are not highly toxic, including AA3, AA6, and AA7.

The limitation of this research is that it is still prognosticative the
tests are still being run in silico. There is hope that the results of this
research can serve as supporting data in determining which alizarin de-
rivative compounds are suitable for their synthesis and in vitro preclinical
testings to determine their cytotoxic activity.

4. Conclusion

Acyl alizarin derivatives have more potent anti-breast cancer activ-
ity than alizarin compounds. Apart from that, acyl alizarin derivative
compounds also have better pharmacokinetic aspects, and some acyl
alizarin derivatives are also less toxic than alizarin. From the results of
this study, the best QSAR equation was also obtained: RS = 2.05610g2P —
24.790logP — 1.713Etot + 48.719 which concluded that lipophilic and
electronic characteristics are involved into the anti-breast cancer effect
generated by alizarin derivatives. Additionally, acyl alizarin derivatives,
especially alizarin octanoate, are recommended for their synthesis. Later
the drug candidate should be tested in vitro or in vivo to determine its
activity and toxicity for the living creatures.
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