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ABSTRACT

The discovery of new natural anticancer agents is considered a remarkable solution to prevent drug resistance and metastasis in
breast cancer patients. The Capparis spinosa plant is widely known for its antioxidant and other therapeutic effects. This study
aims to evaluate anti-breast cancer activity targeting Aktl and HIF1A proteins of several phytochemicals in Capparis spinosa
through in silico methods and their pharmacokinetic prediction. This research is an in-silico study involving Bioinformatics
(PASS Analysis with STITCH & STRING), Molecular Docking, and pkCSM Analysis. According to bioinformatics methods,
AKT1 and HIF1A were obtained as potential protein targets. In molecular docking to AKT1 protein, the docking score obtained
for Isorhamnetin, Glucocapparine, Capparisine A, Capparisine B, and Ipatasertib as control were -6.2 kcal/mol, -5.3 kcal/mol, -
4.9 kcal/mol, -4.9 kcal/mol, and -6.2 kcal/mol respectively. Meanwhile, the docking score for HIF1A protein for Isorhamnetin,
Glucocapparine, Capparisine A, Capparisine B, and 2-methoxy estradiol as control was -5.2 kcal/mol, -4.7 kcal/mol, -4.4
kcal/mol, -4.3 kcal/mol, and -4.7 kcal/mol. The scores for each compound were like the controls in both proteins, indicating that
the analyzed phytochemicals of Capparis spinosa have potential anti-breast cancer properties. Pharmacokinetic prediction for
absorption, distribution, metabolism, excretion, and toxicity (ADMET) is also provided to help further studies and development
for the compounds as anticancer drugs. This study provided data from in silico methods regarding anti-breast cancer supported
with pharmacokinetic activities for Isorhamnetin, Glucocapparine Capparisine A, and Capparisine B, which will be helpful as a

reference for other advanced research in the future.
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INTRODUCTION

Breast cancer has a remarkable rank among the
most widespread and deadly illnesses on a global scale.
According to the World Health Organization, global
statistics show that in 2020, breast cancer was diagnosed in
approximately 2.3 million women, resulting in
approximately 685000 deaths (Sung et al., 2021). Research
has indicated that the spreading and proliferation of breast
cancer cells at a secondary area in the body contribute
significantly to the mortality rate, especially considering
that 81% of breast cancers are invasive as it is suggested that
death occurs from spreading the cancer cells to the other
vital organs like liver, lung, and brain which will result in
impairing their function (Department of Defence Breast
Cancer Research Program, 2021; American Cancer Society,
2022). Furthermore, chemotherapy resistance results in the
failure of anti-breast cancer chemotherapy, leading to a
higher mortality rate. This condition is defined as the ability
of cancer cells to avoid the effects of the chemotherapeutic
agent, resulting in low efficacy of the drug to produce a
helpful response in the treatment, which can arise due to
factors that are related to the tumour or the host (Jia et al.,
2019).

Metastasis is a joint event in malignant tumours
usually associated with a bad prognosis and low survival
rate. It can be defined as the process of spreading tumour
cells from the primary site to the secondary site by invasion.
Tumour metastasis consists of multi-steps including the

development of rapidly proliferating clones of cancer cells
that have the essential biological properties to complete the
steps involved in the metastasis, tumour angiogenesis, and
tumour cell loosening due to the inactivation of cell
adhesion molecules (CAMs) such as epithelial-cadherin (E-
cadherin) which will be attached to the extracellular Matrix
(ECM) and interact with it to degrade the ECM resulted
from overexpression of proteases and matrix-degrading
enzymes such as Matrix metalloproteinases (MMPs) that
will firstly degraded basement membrane of the tumour
itself, then create a road for tumour cells through the
interstitial matrix, and finally degrade the basement
membrane of the vessel wall which results in cancer
metastasis (Mohan, 2018).

A study has shown that Matrix metalloproteinases
(MMPs), which are ECM-degradable enzymes, extend
beyond cancer cells' development, invasion, and spread.
Furthermore, the activation of various signalling pathways,
such as phosphatidylinositol 3-kinase (PI3K)/Akt pathway,
is closely associated with the expression of MMPs, which
regulate it at the transcriptional level. The
phosphatidylinositol 3-kinase (PI3K)/Akt pathway is
involved in regulating multiple tumorigenic functions
within breast cancer including regulating cell proliferation,
survival, angiogenesis, metabolism, drug resistance,
expansion, and metastasis (Marinescu et al., 2020; Janku et
al., 2018).
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Hypoxia-inducible factor-1o. (HIF-1a) is also
expressed in breast cancer as a primary regulator for cancer
cells to adapt to hypoxic condition and play critical roles in
many significant molecular activities that are significant
predictor of poor prognosis such as tumour invasion,
metastasis, and resistance to therapeutic drugs (Luo et al.,
2022; Peiro et al., 2019). Therefore, the properties of
PI3K/Akt and HIF-1a pathways position them as an
attractive candidate for cancer therapy. Also, targeting and
inhibiting these pathways may be a promising strategy in
cancer treatment, especially for cancer cells with a high
propensity for metastasis and show resistance to
conventional chemotherapy.

Research and development of novel anticancer
agents from the herbal plant are considered potential
solutions for those problems as the history of anticancer
drug discovery is marked by natural products. In addition, a
significant number of commonly used cancer-fighting drugs
are derived from natural origin. According to scientific
investigation, nearly 25% of all new anticancer drugs that
gained approval from 1981 to 2019 originated from natural
sources (Huang et al., 2021). Moreover, 80% of FDA-
approved drugs utilized in cancer treatment are produced
from natural sources and their derivatives (Yuan et al.,
2023). In addition, utilizing plant-based raw materials
containing  appropriate  bioactive compounds and
administering them at appropriate doses has proven to be a
more efficient and safer approach to treating various
diseases (Hameed et al., 2021).

Capparis spinosa is a plant distributed worldwide
and is known as a herbal drug with significant values,
especially after many studies have shown that its active
constituent is responsible for many biological activities.
Previous studies investigated that C. spinosa plants have
many active constituents from different chemical families,
such as flavonoids, terpenoids, alkaloids, phenolic acids,
flavonoids, coumarins, resins, glucosinolates, tannins,
saponins, organic acids, and fatty acids. Due to this diversity
in the active constituent, it is currently known to have many
pharmacological activities, such as antioxidative activities,
anticarcinogenic, Anti-inflammatory, Immunomodulatory
activity, etc (Al-Azawi et al., 2018; Hameed et al., 2021),

This study aims to evaluate anti-breast cancer
activity targeting Aktl and HIF1A proteins of several
phytochemicals in Capparis spinosa through in silico
methods and their pharmacokinetic prediction.

LITERATURE REVIEW

Breast cancer is a heterogeneous disease in which
cells in breast tissue are modified and undergo rapid
uncontrolled division, as well as genetic and epigenetic
alterations, resulting in the development of a lump or mass.
Cancer chemotherapy resistance is a problem that threatens
many cancer patients' lives, as the cancer cells will have the
ability to evade the effects of chemotherapeutics resulting
in low efficacy of the therapeutic agent to produce a useful
response in the treatment resulting in treatment failure and
indirect enhancing tumour progression. Scientists and

researchers have started to look for new targets that can
inhibit or affect cancer cells and limit their metastasis and
progression.

Many studies show that the phosphatidylinositol 3-
kinase (PI3K)/Akt pathway and the Hypoxia-inducible
factor-1a (HIF-1a) are attractive targets in cancer therapy.
The phosphatidylinositol 3-kinase (PI3K)/Akt pathway
plays a significant role in cell development, proliferation,
cellular metabolism, and survival (Martorana et al., 2021).

AKT, also called protein kinase B, is a critical
effector of the phosphoinositide3-kinase  (PI3K)
intracellular pathway, which controls multiple vital cellular
functions, including cell development, rapid reproduction,
metabolism, and survival. In mammals, AKT exists in three
forms, namely Aktl/protein kinase Bo (PKBa),
Akt2/protein Kinase Bf (PKBp), and Akt3/protein kinase
By (PKBy) which are encoded by separate genes with highly
conserved cellular homologs and covered by protein
structure. The three AKT proteins share a common structure
feature, consisting of three functional domains: an N-
terminal with pleckstrin homology (PH) domain, a large
central kinase domain and a C-terminus regulatory domain
(RD) (Fig. 1) (Coleman et al., 2021; Martonara et al., 2021).
Among the three isoforms, Aktl and Akt2 are widely and
abundantly expressed isoforms and are present in various
tissues. In comparison, Akt3 is commonly found in neuronal
tissues (Hinz & Jucker, 2019). Increased activation of the
three Akt types can be involved in the cancer environment
and advancement, as exhibited in various types of cancers,
including breast, pancreatic, ovarian, and prostate cancers,
among others (Song et al., 2019). Aktl is implicated in cell
growth and proliferation in tumour cells, supports cancer
initiation, inhibits apoptosis, and promotes cell survival. At
the same time, Akt2 controls cytoskeleton dynamics,
regulates metabolism, and facilitates cell metastasis and
invasion. The involvement of Akt3 in tumours remains a
topic of debate, as its exact role is not yet fully understood.
However, a hypothesis suggests it may promote cell
proliferation and participate in cell growth mechanisms,
possibly in collaboration with Aktl (Hinz & Jicker, 2019).
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Fig 1. AKT structure

Signalling initiation in the PI3K/Akt pathway
involves various mechanisms and predominantly originates
from the cell membrane, beginning with the activation of
tyrosine kinases receptor (TKR), G-protein coupled
receptors and other receptors, either by direct or indirect
interaction through phosphorylation of adaptor molecules.
Activated PI3K results in an elevation in the amount of
phosphatidylinositol  trisphosphate  (PIP3)  through
phosphorylates of a membrane phospholipid called
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phosphatidylinositol bisphosphate (PIP2) (Park and Ma,
2018). PIP3 binds to AKT at the PH domain, enabling
phosphoinositide-dependent kinase-1 (PDK1) to direct
AKT towards the cell membrane, where AKT is located.
Upon reaching the cell membrane, double phosphorylation
of AKT occurs. one by PDK1 which phosphorylates Akt at
kinas domain at Threonin308 (T308) and another done by
the mTOR complex 2 (mammalian target of rapamycin
complex2 / mTORC2) which phosphorylate Akt on the
regulatory domain at serine473 (S473), In addition to
mTORC?2 studies have found that various Kinases also can
phosphorylate Akt at Ser4723 such as DNA-dependent
protein kinase (DNA-PK) and integrin-linked kinase (ILK),
resulting in its full activation. (Martorana et al., 2021;
Nitulescu et al., 2018). Once activated, Akt breaks the PIP3
binding and participates in the phosphorylation of an
enormous number (>100) of protein substrates located in the
nucleus, cell membrane, mitochondria or cytosol that carry
on the signal to elicit its effects (Hoxhaj & Manning, 2020).
Major effectors downstream of Akt include
inhibition of AS160, a negative regulator of Glute-4
translocation, which moves to the plasma membrane after
inhibition of AS160 and allows glucose to enter the cell and
undergo glycolysis. Akt also suppresses tuberous sclerosis
complex 1 and 2 (TSC1/2) formation and effectively
prevents Rheb activation. Rheb acts as a protein activator of
mTORC2, which subsequently, triggers Sékinase (S6Kk)
phosphorylation, which activates ribosomal protein at S6
through phosphorylation which increases and promotes
protein synthesis and cell proliferation. In addition,
activating mTORC2 can reduce autophagy, a critical
mechanism that moves the cells toward programmed cell
death (Yu Cetal., 2018). Also, Akt can control cell survival
and proliferation through the inhibition of signals that
promote cell death, such as those mediated by Forkhead box
O (FOXO) transcription factors and Bad. The role of FOXO
is to stimulate the duplication of specific genes, ultimately
enhancing the termination of cell cycle, apoptosis, and
cellular oxidative stress, ensuring metabolic stability.
Furthermore, when FOXO transcription becomes
inactive, they are expelled from the nucleus to the cell
cytoplasm, where they break down, ultimately supporting
the survival of the cells. Also, inhibition of FOXO will
result in cell cycle progression as inhibits the transcription
cyclin-dependent kinase (CDK) inhibitors p27 and p21. It
also blocks the external cell death pathway (Nitulescu et al.,
2018). Glycogen synthase kinase 3 (GSK3), which is
responsible for the phosphorylation of glycogen synthase
(GS) to an inactive form, is seen that Akt could inhibit it
and, thus, promote glycogen synthesis. Furthermore,
multiple biochemical processes within the tumour are
altered by the presence of GSK3. Studies have shown that
GSK3 plays a role in tumour proliferation and actively
contributes to metabolic processes in the tumour. It has been
proposed that apoptosis is heightened, and the framework of
membrane lipids undergo modification when GSK3
inhibitor 1X are present (Acikgoz et al., 2019). In addition,

Akt can activate ATP-citrate lyase, which is essential for
fatty acid synthesis.

The entire pathway undergoes a negative
regulation, facilitated by the activity of phosphatases, such
as the phosphatase and tensin homolog (PTEN) that down-
regulate PIP3 through a transformation of PIP3 to PIP2.
PHLPP is another phosphatase that negatively regulates this
pathway through the dephosphorylation of serene473.
Furthermore, Protein phosphatase 2A (PP2A) is another
negative regulator that dephosphorylation of Threonin308
(Lee et al., 2018) (Figure 2).

The importance of AKT includes its ability to
regulate various essential cellular processes such as
controlling cell size, enhancing the cellular division cycle,
managing glucose metabolism levels, stabilizing genes,
facilitating duplication activities and stimulating protein
synthesis and lipid and glycogen production. Moreover,
AKT contributes to new blood vessel formation processes
and acts as a mediator for cellular growth factors to support
cell survival while inhibiting regulated cell death (Nitulescu
etal., 2018).
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Fig 2. AKT signalling pathway

A study has shown that abnormalities that occur in
Akt activation are highly oncogenic and can take place by
several mechanisms and arise from various causes, such as
mutation or expansion of AKT, through genomic
modification at a different level in the pathway as researches
indicated that in around 40% of cancer types, abnormalities
in the PI3BK/AKT pathway have been noted (Coleman et al.,
2021). Other studies have shown that gene mutations and
alterations in cell signalling pathways that occur in the
PI3K/AKT pathway contribute to the onset and progression
of breast cancer (Yuan et al., 2023). Mutations in the PI3K,
explicitly focusing on the PI3K catalytic alpha subunit
(PIK3CA), have been reported in breast cancer cases at a
rate ranging from 9-45%. Mutation in PTEN occurs in
approximately 13-35%, whereas AKT substitutions occur
with lower frequency at 2-4%, and amplification is also less
prevalent (5-10%) (Martorana et al., 2021). A study has
estimated the frequency of PI3K/ Akt pathway activation
and variation again by breast cancer subtypes, as HR+
breast cancer shows the highest value or rate in PI3K/AKT
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pathway hyperactivation (up to 50%); this activation is
predominantly carried out by PIK3CA point mutations,
where ER+ metastatic breast cancer show 5-10%
hyperactivation mainly by somatic PTEN mutations, it also
found that the occurrence of ER+ breast cancer due to
mutations in AKT1 is estimated to be around 7%, in
addition, in advanced triple-negative breast cancer (TNBC),
there is a presence of activating mutations in both PIK3CA
and AKT1, along with inactivating PTEN mutations
occurring in rate of 25%—-30%.

Furthermore, breast cancer may show deregulation in
human epidermal growth factor receptor 2 (HER2),
improving resistance toward antiHER2 agents. Due to the
significant rate of Akt dysregulation, AKT inhibitors hold
great promise as an interesting and effective category of
anticancer drugs, particularly in targeting breast cancer
(Coleman et al., 2021). On the other hand, studies indicate
that the overactivation of the PI3SK/AKT pathway can
contribute to cancer formation, while suppression of the
PI3K-AKT pathway may induce cell death. Yuan et al.
(2023) report that several scientific investigations have
demonstrated that various naturally occurring plant sources
can suppress the growth of breast cancer cells through the
modulation of the PI3BK-AKT pathway in mice model
studies. According to a different study, dysregulation of the
PI3K-AKT pathway is a feature shared by triple-negative
tumours, HER2-amplified illness, and hormone receptor-
positive (HR+) disease types of breast cancer. For several
breast cancer subtypes, especially those that resist
traditional therapies, selective targeting of AKT thus
presents an appealing therapeutic approach (Martorana et
al., 2021).

The deregulation of the PI3K/Akt signalling
pathway not only bestows carcinogenic properties but also
assumes an essential role in conferring resistance to
chemotherapeutic  drugs.  Multiple  studies  have
demonstrated that IGFIR/p110p/AKT/mTOR signalling
pathways contribute to developing resistance to BYL-719
in breast tumours with PIK3CA mutations. A recent study
by He et al. (2021) has provided further evidence supporting
the efficacy of targeting proteins within the PI3K/Akt
signalling pathway to overcome medication resistance in
cancer treatment.

Numerous studies have established a correlation
between the upregulation of Akt in cancer cells and the
emergence of resistance to radiation and chemotherapy
drugs. Moreover, previous research has demonstrated that
the upregulation of the PI3K/Akt signalling pathway
triggers several pathways' activation in diverse breast
cancer subtypes of several pathways in diverse breast cancer
variants. These pathways, which subsequently result in the
development of chemotherapy resistance, encompass
Notch, WNT/B-catenin, mitogen-activated protein kinase
(MAPK), and nuclear factor-kB. Research has shown that
the PI3K/AKkt signalling pathway is vital in giving cancer
cells chemoresistance in the tumour microenvironment.
Multiple mechanisms, including the activation of drug
efflux pumps, including multidrug resistance (MDR)

proteins like p-glycoprotein (P-gp) and breast cancer
resistance protein (BCRP), are involved in mediating this
resistance.

Additionally, this signalling pathway influences
immune responses, activates antioxidant signalling, and
inhibits programmed cell death by activating nuclear factor
erythroid 2-related factor 2 (Nrf2), a cellular defence
mechanism against chemotherapy. Moreover, it activates
survival signalling pathways in various types of human
breast cancer (Kaboli, 2021). The findings of these studies
suggest that selectively targeting the different constituents
of the PISK/AKT pathway appears to be an appropriate
strategy for addressing the therapy of diverse subtypes of
breast cancer.

Cancer cells exhibit faster growth and metabolism
rates. They appear with a distinct glycometabolic pathway,
separating them from normal, healthy cells. Aerobic
glycolysis can generate numerous metabolites concomitant
with the rapid production of a substantial amount of
adenosine triphosphate (ATP). According to Kobliakov
(2019), the presence of certain metabolites and energy
sources has the potential to accelerate cancer progression.
The regulation of aerobic glycolysis in tumour cells is
regulated by the transcription factor HIF-1a, which is
amplified in response to hypoxic conditions. When the
partial pressure of oxygen falls below 10 mm, it leads to the
upregulation of HIF-1a, which could stimulate glycolysis
(Yang et al., 2022).

Hyperdimer transcription factors, known as
hypoxia-inducible factors (HIFs), are oxygen-dependent.
This factor controls the reaction of molecules to insufficient
levels of cellular oxygen. HIF comprises two subunits, one
of which is an oxygen-sensitive and labile alpha subunit
(HIF-10, HIF2+, HIF3+). Additionally, there is a stable beta
subunit (HIF-1p) that is unaffected by oxygen (Mendoza et
al., 2023).

Under typical circumstances, the regulation of
HIFl-a primarily occurs through post-translational
changes, specifically governed by two proline residues.
These proline residues are part of O2-dependent prolyl-4-
hydroxylases (PHDs), ultimately resulting in the
hydroxylation of HIF-1a. The E3 ubiquitin ligase complex
known as von Hippel-Lindau (VHL) is responsible for
recognizing the hydroxylation of HIF1. This recognition
triggers the process of polyubiquitination, leading to the
eventual destruction of HIF-1 by the proteasome (32, 34).
nevertheless, in the absence of oxygen or other essential
cofactors, the activity of the PHDs is inhibited, leading to
the generation of HIF-1 inside the cellular environment
(Jeknic et al., 2022).

During the hypoxia condition, the HIF-1o is
stabilized, leading to a complex formation with the HIF-1p
- subunit, which affects the transcription of genes that
supported the cell adaptation to low oxygen condition. The
two isoforms of the alpha subunit, HIF-1a and HIF2a, are
the primary transcription regulator; meanwhile, the HIF-3a
antagonized the other factors. This adaptation involved
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cellular responses such as angiogenesis, erythropoiesis, and
energy metabolism (Mendoza et al., 2023).

The two domains that make HIFo are the N-
terminal transactivation domain (TAD), which is mainly
responsible for stabilizing HIFa, and the C-terminal
transactivation domain (TAD), which interacts with the
transcriptional co-activator protein/P300 under hypoxic
conditions to regulate HIF-a transcription. According to
Infantino et al. (2021), HIF-a degradation by the ubiquitin-
proteasome pathway is facilitated by the basic helix-loop-
helix (bHLH), oxygen-dependent degradation domain
(ODD), and Per-Arnt-Sim (PAS) domain. The inter-TAD
sections correspond to inhibitory domains, which play a
vital function in inhibiting the TAD's transcriptional
activation, which is accomplished by preventing the TAD
from binding to other transcription factors.

The HIF-1p subunit does not possess the ODD and
N-TAD domains and exclusively possesses the C-TAD
domain, resulting in structural distinctions from HIFa.
These structural differences are manifested in the functional
characteristics of HIF-1p (Infantino et al., 2021).
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Fig 3. HIF Structure

Research findings indicate that HIF-1a has a role
in the development of drug resistance in breast cancer
because it tends to be resistant to conventional therapies
through a variety of signalling pathways, such as drug
outflow, tumour stem cell abundance, autophagy, and
apoptosis (Jin et al., 2019). Based on the earlier information,
HIF-1a has emerged as a compelling subject of interest in
the field of cancer treatment due to its role as a significant
transcriptional regulator of the hypoxic response. Moreover,
it exerts a considerable impact on the facilitation of
angiogenesis, glucose metabolism, and cancer cell survival.
Additionally, its direct association with an unfavourable
prognosis further underscores its relevance in predicting
disease outcomes.

Since the beginning, medicinal plants and natural
products have been used as alternative cancer treatments
due to patients' perception that they are safer and have fewer
side effects and toxicity. A comprehensive understanding of
plant and natural products' intricate biological processes has
recently been discovered. These substances exhibit
complicated actions within cells, acting upon many specific
proteins to restore cellular homeostasis. Moreover, the
molecule derived from natural sources possesses distinct
attributes, rendering its precise activities, potential method
of action, potential targets, and synergistic effects with other
compounds within cells undetermined. In addition, it should
be noted that there exists a scarcity of empirical evidence
about  phytochemical-protein  interactions  (PCPISs).
Consequently, the integration of new technology is
necessary to create natural drug products effectively (Najmi
et al., 2022; Huang et al., 2018). Furthermore, there is a
constant drive among the scientific community to discover
novel pharmaceuticals and optimize drug development

processes to achieve medications with enhanced efficacy
and minimal adverse effects.

The drug discovery and development process
necessitate identifying a limited number of promising
compounds from various chemical constituents inside
medicinal plants. Screening and evaluating an extensive
compound library using laboratory assays might pose
significant challenges. Implementing computer-aided
screening prior to laboratory assay has been suggested as a
viable strategy (Wilson et al., 2020). Recently, there has
been a growing trend in the utilization of in silico
methodologies in medicinal plant research. These methods
have proven to be suitable for the identification of drug
targets, the discovery of hit compounds, the investigation of
multi-targeted actions, and other important aspects related
to the process of drug discovery and the development of
natural products (Briones et al., 2021). As mentioned
before, the drug discovery and development process require
a careful selection of a few potential components from the
vast number of chemical constituents present in medicinal
plants. Hence, Molecular docking is an effective tool in this
process, assisting in identifying effective or lead
compounds within these plant compounds (Alshahrani et
al.,, 2021). Numerous studies have provided evidence
indicating that a significant proportion of failures in clinical
trials within drug discovery and development can be
attributed to suboptimal pharmacokinetics.

Consequently, it is imperative to prioritize

considering and estimating pharmacokinetics at the earliest
stages of the drug discovery process. Furthermore, it is
advisable to employ early prediction techniques to assess
the potential of phytochemicals to reach the intended target
site effectively. Utilizing in silico methods can enhance the
drug discovery and development process while concurrently
mitigating the frequency of failures in clinical trials. This
reason is primarily due to the availability of established
tools designed explicitly for this purpose, as highlighted by
Chang et al. (2023).
The utilization of in silico methods holds significant
potential in facilitating the rapid development and precise
identification of drug targets and in the prediction of
effective drug discovery methods.

METHOD

This study was conducted through in silico
methods involving bioinformatics such as PASS (Prediction
of Activity Spectra for Substances) and STITCH-STRING
combination to determine each compound activity and
protein target related to breast cancer. PASS analysis was
carried out through the website
http://www.way2drug.com/PASSOnline/. The SMILES
code of each compound is inputted then pharmacological
activities along with Pa (Probable activity) and Pi (probable
inactivity) values are obtained. STITCH-STRING methods
were conducted by combining several websites:
http://stitch.embl.de/ (to get direct target protein that binds
to the analyzed compound), https://string-db.org/ (to get
indirect target proteins that bind to the analyzed compound),
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https://pubmed.ncbi.nim.nih.gov/ (to get proteins that
regulated breast cancer), and http://www.interactivenn.net.
(to discover direct and indirect target proteins from the
compound that regulated breast cancer development
through the Venn diagram). The result from the diagram
was then analyzed to get a protein-protein interactions
network (PPI) using the previous string website combined
with the Cytoscape application. From PPI, hubb proteins or
the protein with the highest degree score is obtained. Two
proteins from both bioinformatic methods were then
analyzed as target proteins of compounds through
molecular docking to evaluate the binding affinity,
represented by affinity in kcal/mol. This procedure involved
Autodock Vina, Autodock Tools, and DS Visualizer
applications. Whole compounds are then analyzed through
the pkCSM method using the website
http://biosig.unimelb.edu.au/pkcsm/prediction. to obtain
pharmacokinetic prediction such as absorption, distribution,
metabolism, excretion, and toxicity of a compound inside
the body.

Organized procedures would significantly support
the field of natural products research. In response to this
requirement, we constructed an innovative methodology
that integrates several methodologies for estimating and
visualizing the cellular impacts of medicinal plant-derived
chemicals in disease therapeutics (Fig.4)

Capparis spinosa

|

Literature, PubChem

L STITCH website PASS Analysis
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— _.-
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Fig 4. Schematic Visualization of Research Methods
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RESULT AND DISCUSSION

The following list of chemical classes, compounds,
and analytical techniques is based on the literature review
that was done and utilized to figure out the components that
naturally occur in C. spinosa and that are employed in this
study:

Table 1. Phytochemical Selection Result

72961 775006
Compounds Chemical Methods on Chemical structure Refrense
classes analysis
Isorhamnetin | Flavonoid HPLC/UV-vis- Siracusa et al.,
DAD/ESI-MS oo, 2011
_om
oo L
1086
o o
16K W~ horhamactin
Glucocapparin | Glucosinolate | Paper Ahmed et al ,
72
chromatography HyC \,,?{, 1972
26 glucocapparin
Capparisine A | Alkaloid Silica gel Yang etal.,
column 2010
chromatography, Dio D/\?
N
reversed-phase KD\/
HPLC, NMR, o™ =0
X-ray
crystallographic
analysis
Capparisine B | Alkaloid Silica gel Yang etal.,
column T 2010
chromatography, nnm" /
reversed-phase o,
HPLC, NMR, oH
X-ray
crystallographic
analysis

According to PASS analysis, all the compounds
have several pharmacological activities related to breast
cancer.

Table 2. PASS Analysis Result

Compound Breast Cancer-Related Pharmacological Activities (Probable Activity,
Probable Inactivity Value)

Capparisine A HIF1A expression inhibitor (0.743. 0.016); Cytostatic (0.378, 0.048

Capparisine B HIF1A expression inhibitor (0.627. 0.029): Antineoplastoic (0.531. 0.062)

Glucocapparine Antineoplastic (0.866, 0.003): Anumetastatic (0.426, 0.039)

Isorhamentin HIF1A expression inhibitor (0.963. 0.003); Antineoplastic (0.803, 0.011):
Chemopreventive (0.772, 0.004); Breast cancer-resistant protein inhibitor
(0.687, 0.001); Antineoplastic (breast cancer) (0.600, 0.010).

Isorhamnetin, Capparisine A and B showed
inhibitory activity for HIF1A expression. HIF1A or
Hypoxia Inducible Factors is one of the genes that regulate
the ability of solid tumours such as breast cancer to deal
with decreased O2 condition due to massive cell
proliferation). HIF-1a can cause tumour cells to engage in
anaerobic glycolysis, generate angiogenesis, encourage
tumour cell growth, invasion, and migration, and result in
drug resistance (Yong et al., 2022). Glucocapparine does
not show any specific protein target in breast cancer yet
exhibits the highest antineoplastic probable activity value
(0.866).

Fig 5. Protein-Protein Interaction obtained from STITCH-
STRING Analysis

The bioinformatics was also conducted through

STITCH-STRING methods, which resulted in protein-
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protein interaction after being visualized by the Cytsocape Fig 6. The 2-dimensional visualization output from the

application. molecular docking process conducted on AKTL1.
Table 3. Hub Proteins obtained from STITCH-STRING vy »
Method .

Protein Degree Score
AKTI1 69
TP53 68
JUN 65
CASP3 64
TNF 64
MAPK3 62
HSPO90OAAL 61
SRC 60
STAT3 59

CTNNBI1

58

STITCH-STRING method exhibited AKT1 as a
protein with the highest degree score. According to Basar et
al. (2022), both directly linked and indirectly related hub
proteins and genes are connected by the Protein-Protein
Interaction (PPI) network. AKT1, as a hubb protein, is
assumed to have a vital role among proteins analyzed in PPI.
Thus, this protein could be a target protein in the next step. L ,

Two proteins that potentially can be bound to Capparisine 4 Capparisine B
compound according to bioinformatics, both PASS and
STITC-STRING methods, are HIF1A and AKT1. HIF1A is
chosen to be a target protein due to the high potential of
most of the compounds to bind to this gene, according to
PASS  Analysis. Meanwhile, according to the
bioinformatics method, AKT1 was obtained as the hubb
protein with the highest degree score.

Glhu ocapparine

Fig 7. The 3- 3-dimensional visualization output from the
molecular docking process on AKTL1.

el
. ] -

Ipatazertib (Control)

[

el R
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m - - -

Isorhmanetin

[Re—

et e b

Capparizine B

1

Glucocapparine

Table 4. Output of Molecular Docking in AKT1

Position of Chemical Interactions

Compounds RMSD Afinity
Name (Kcal/Mol)ss Hydrogen Electrostatic Hydrophobic
Bonds Interactions TInteractions

Ipatasertib 1.640 6.2 GLU: 9, TRP:11 TRP:11,
(Controf) TYR:26, HIS:13
GLU:91
Isorhamnetin 0.771 -6.2 VAL:90, GLU: 91, TRP:11
HIS:13 TRP:11
Capparisine A 1782 40 ARG:86, -
ASN:33,
ARG:23,
LYS:14
Capparisine B 1.866 -4/9 ARG ﬁ, LYS:
Glucocapparine 1.787 =53 ASN: 34, ARG: LYS:30
48, LYS: 30
The affinity of each compound towards the
proteins is obtained from the bioinformatics method and
then evaluated via molecular docking. The result showed
that the highest affinity towards AKT1 protein was
observed in Isorhamentin (-6.2 kcal/mol), which has the
same value as Ipatasertib as the control. Ipatasertib is an
inhibitor that acts competitively by binding to the active site
of AKT1 to interfere with the AKT pathway and cell cycle
(Shariati & Bernstam, 2019). Through visualization in the
DS visualizer, Isorhamnetin appeared to form hydrogen
bonds with several amino acids in AKT1, namely VAL 90
and HIS 13; other chemical interactions, such as
electrostatic and hydrophobic interactions, were also

predicted. The whole result can be seen in Table 1.

ILE:19,LYS:
17
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Fig 8. 2D dimensional visualization output from the
molecular docking process conducted on HIF1A

AKT1 is an essential protein that affects numerous
pathways associated with the inactivation of proteins that
promote apoptosis, such as BAD and procaspase-9. The
active form of AKT1 will lead to the phosphorylation of
proteins, which affects cancer cell development, such as
TSC1 and 2, that will activate mTOR once phosphorylated.
Other proteins phosphorylated by AKT1 are PRAS49,
YAP, p21, p27, and other proteins involved in the cell cycle
and cancer development (Shariati & Bernstam, 2019).
Mutation in AKT1 was investigated in 8.2% of breast
cancer. The ability of a compound to inhibit this protein will
interfere with several critical signalling pathways,
especially PI3K/AKT.

Gluc ocapparine

Fig 9. 3-dimensional visualization output from the
molecular docking process conducted on HIF1A
Table 5. Output of Molecular Docking in HIF1A

Position of Chemical Interactions
Compounds Afinity
Name RMSD (Kcal/Mol) . .
Hydrogen Electrostatic Hydrophohic
Bonds Interactions Interactions
2Me2 (Control) 1.782 4.7 TYR: 213 - LEU: 74, PRO:
267
Isorhamnetin 1336 -52 TYR: 71 LYS: 75, LYS:75,
TYR:71, LEU: MET:160,
74 PRO:72
Capparisine A 1.674 4.4 ARG: 44, - -
ARG:68, GLY
268
Capparisine B 1822 -43 TYR: 213,
PRO: 267,
GLY: 268
Glucocapparine 1.337 -4.7 ASN: 68,
PRO:367, ASP:
66, GLY: 268,
TYR: 213

The visualization shows Isorhamnetin formed a
hydrogen bond to TYR 71 in HIFA. The other chemical
interactions which affect binding affinity also showed in
LYS 75, LEY 74, MET 160, dan PRO: 72.

Isorhamnetin also showed the highest affinity
compared to each compound and the control 2Me2 in
HIF1A. The affinity of the control even appeared to be
lower compared to Isorhamnetin. The control 2Me2 or 2-
methoxy estradiol is a new compound which shows
antineoplastic activity and the ability to inhibit HIF1A.
Thus, the compound that shows the ability to inhibit this
protein can be considered a potential anticancer agent.

Table 6. Oral Drug-Likeness According to pkCSM
Analysis Result
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Number of

Molecular Discrepancy
H Bond H Bond
C d ‘Weight T d.
ompoun eigl LogP Acceptor  Donor owards

(Da) Lipinski’s

Rule of 5
Isorhamnetin 316.265 2.201 7 4 0
Capparisine A 253.254 -0.3308 6 2 o}
Capparisine B 253.254 -0.3308 6 2 [}
Glucocapparine 333.34 -2.3277 10 5 0

The evaluation of oral drug-likeness can be
conducted by considering specific factors outlined in
Lipinski's Rule of Five (Ro5). A molecule that satisfies the
requirements outlined in the Rule of Five (Ro5) possesses
the potential to be considered a viable candidate for oral
medication administration. In contrast, the chemical that
violates at least two of the four requirements specified in the
rule exhibits limited absorption within the gastrointestinal
system, diminishing its prospects as a viable option for oral
drug administration (Rokoski, 2023). The requirements
outlined in the Rule of Five (Ro5) include a maximum
molar mass of 500 for a chemical, a maximum of 10
hydrogen bond acceptors, a maximum of 5 hydrogen bond
donors, and a maximum log P or lipophilicity value of 5
(Ivanovic et al., 2020). Considering molecular weight is
crucial due to its impact on the body's absorption process,
as evidenced by Fadlan et al. (2021), which found that low
molecular weights facilitate and ease absorption. The
parameter LogP, which indicates lipophilicity, is also a
crucial factor to consider. A compound's lipophilicity is
inversely proportional to its logP value. According to
Syahputra et al. (2014), an optimal logP range for a
medication candidate falls within the values of -0.4to0 5. The
quantity of hydrogen bond acceptors and donors is a
significant parameter, as a higher count of donors and
acceptors of hydrogen bonds in a compound will result in a
greater inclination to bind with components possessing
more potent hydrogen bonding properties, as opposed to
lipophilic cell membranes (Ivanovic, 2020). Based on the
findings of the pkCSM Assay conducted in this study, it is
observed that all the substances analyzed exhibit complete
adherence to Lipinski's Rule of Five, with no discrepancies
identified. All the compounds satisfy the established criteria
and are anticipated to possess a favourable attribute of oral
drug-likeness. According to the data, these chemicals may
potentially develop in an oral dosage form, particularly for
further and more in-depth studies.

The pharmacokinetic properties of the compounds
are also analyzed, involving ADMET properties. Each
property is supported by several parameters that are used to
determine whether the pharmacokinetic property is good or
vice versa. In absorption properties, several parameters are
observed such as water solubility, CaCo2 permeability, %
absorbed compounds in the intestine, skin permeability, as
well as substrate and inhibitor properties of the compounds
toward p-glycoprotein. Water solubility will support the
compound to be absorbed. A compound with water
solubility less than -6 log mol/l is assumed to have low

water solubility (Abdullah et al., 2021). In this research, all
the compounds have solubility values above -6 log mol/l.
CaCo2 permeability represents the compounds' ability to
permeate the gastrointestinal tract. According to Firdausy et
al. (2020), acompound has a high permeability if the CaCo?2
permeability is more than 0.90 Papp. In this study, the
compounds showed permeability lower than 0.90 Papp.
Another parameter in absorption properties is the
presentation of the absorbed compound in the intestine. A
compound is considered poorly absorbed if it is lower than
30% (Abdullah et al., 2021). All the compounds show
percentages above 30% except glucocapparine (0%). The
possibility of a compound being the substrate of p-
glycoprotein transport is also an important parameter. The
compound, which is not a substrate of p-glycoprotein, can
be absorbed without being expelled from the cell through
this transport (Firdausy et al., 2020). Every compound
except isorhamnetin is not a substrate of this transport. The
parameter of skin permeability is important to be observed
in case the compound is designed into a topical dosage form.
A compound is considered to have poor skin permeability if
the value of logKP is lower than -2.5 (Abdullah et al., 2021).
In this research, the compounds show poor skin
permeability with logKP lower than -2.5. A compound with
a good absorption profile will also show a good distribution
profile.

There are several parameters in distribution
properties. The first parameter in the distribution profile is
VDss (Log L/kg). The higher the value of Vdss, the higher
the concentration of drugs distributed to the tissue compared
to the plasma. VDss is low if it is below -0.15 and high if it
is above 0.45 log L/Kg (Firdausy et al., 2020). In this
research, isorhamnetin shows a high VDss value,
Capparisine B shows a moderate VVDss, while Capparisine
A and Glucocapparine show a low VDss value. Another
parameter in the distribution profile is the unbound fraction,
which represents the ability of drugs to bind with plasma
protein. The higher the unbounded fraction, the more
effective a compound is to diffuse through the cell
membrane. The unbounded fraction value is low if it is
below 0.05 and considered high above 0.20 (Watanabe,
2018). All the compounds show unbounded fractions higher
than 0.05. Capparisine A and B, as well as glucocapparine,
even show a high value of unbounded fraction above 0.20.
The ability of a compound to reach the blood-brain barrier
is vital in case the compound is targeting the brain and
central nervous system. A compound is considered to have
the ability to pass the blood-brain if the logBB is above 0.3
(Firdausy et al., 2020). In this research, the compounds
show a lower value, thus the blood-brain barrier
permeability is low. The ability of the compound to pass
through the central nervous system is represented by log PS,
in which if the value is above 2, then the permeability of
CNS is good. In this research, the log PS of the compound
is below 2. Which means the CNS permeability is terrible.

Metabolism profile predicted through the ability of
compounds to become the substrate or inhibitor of CYP450
enzyme isoforms. All compounds are not substrates nor

Volume 3 Issue 2 (2023)
“Crafting Innovation for Global Benefit”



Proceedings The 4" UMY Grace 2023

(Universitas Muhammadiyah Yogyakarta Undergraduate Conference) 9 ‘

ISSM 2961-7758

7

72961 775006

inhibitors of cytochrome isoforms predicted in pkCSM
analysis, except Isorhamnetin, which is predicted to be an
inhibitor of CYP2C19. The compounds presumably
metabolized in the body through another isoform of
CYP450 which is not available in pkCSM prediction.
Regarding excretion of the compounds, the total clearance
of each compound is 0.508 log ml/min/kg for isorhamnetin,
0.432 log ml/min/kg for capparisine A, 0.407 log ml/min/kg
for capparisine B, 0.372 log ml/min/kg for glucocapparine.

According to Vijay (2018)., AMES toxicity was
conducted to observe the mutagenic potential of a

compound. In this research, the compounds do not show the
AMES toxicity potential. All the compounds are not
hepatotoxic and do not lead to skin sensitization. The
cardiotoxicity can be evaluated towards the possibility of
the compound inhibiting hERG 1 and 2 genes
(Stergiopoulus et al., 2022), and all the compounds are not
the inhibitors of these genes. Maximum tolerated dose in
humans, LD50 and LOAEL in rats, and other predicted
pharmacokinetic toxicity can be observed in Table 7.

Table 7. Pharmacokinetic prediction According to pkCSM Analysis Result
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Compounds
Pharmacokine tic
Properties Parameters _ Capparkine  Capparkine )
Isorhamnetin A B Glucocapp arine
Water soluhility (Log mal/L) -3 -2.0689 -2.743 -1.972
CaC a2 permeatility (lag Papp in 107 cm/d) -0.003 0.ad 0.427 -0.681
Intestinal ahsarphon (humard) (% Ahsarbed) 7a.014 30.153 73773 a
Ahsorpton Skin Permeability (-2.735) -2.735 -3.671 -3.529 -2.735
P-alycopratein Substrate (YesMN a) Tes Na Na Na
P-dycopratein [ Inhitbitar (Yes/Ma) Na Na Na Na
P- glykapratein II Inhibitar (Y es a) Na Na Na Na
FTiss (Log Likg) 1.123 -0.238 0013 -2.733
Fraction Unhound (Fu) 0.091 0.634 0716 0.787
Distritiutian
Blood Hrain Barrier Permeability (L ag BE) -1.135 -0.268 -0.067 -1.433
C entral N ervous System P ermeahility (log P3) -3.138 -3.491 -3.112 -3.872
Huhgtrate CYPIDE (Yealld) Ha Ha Ha Ma
Hubstrate CYP3A4 (Yealla) Na Na Na Na
Irhibitar CYP1A2 (YesMa) Tes Na Na Na
Idetahalism Inhititor CYF2C19 (FeaMa) Na Na Na Na
Inhibitar CYP2CP (Yaala) Na Na Ma Ma
Inhibitar CYP2D4E (Yeallq) Ha Ha Na Ma
Inhibitar CYPIA4 (YesNa) Na Na Na Na
Tatal Clearance (log ml/mind:g) 0.508 0.432 0.407 0.372
Excretion
Gubstrate OCT2 (YesdTad) Ha Ha Ma Ma
AMES Taxicity (YeaMa) Na Na Na Na
Idax. tolerated dase (humar) (log maka/day) 0.578 0.857 0.599 1.422
hERCG I [nhihitar (es/M a) Na Na Na Na
hERG II Inhikitar (Yea® d) Ha Ha Ha Ma
Oral Fat Acute Taxieity (LD30 in malikg 2.407 2.722 2392 1.313
T Oral Rat Ch’m;;;’;:?ﬁ(mf‘m inlog 2 499 2 266 1935 1265
Hepatotaicity (Yealla) Ha Ha Ha Ma
Skin Hensitization (Yes/Ma) Na Na Ma Ma
T Pprifornis Toxicity (lag pgil) 0.298 0.239 0.233 0.235
Mivow Toxicity (log mIA) 2.206 3.033 3364 5.524

CONCLUSION AND RECOMMENDATION
According to bioinformatics methods, AKT1 and
HIFLA were obtained as potential protein targets. In
molecular docking to AKT1 protein, the docking score
obtained for Isorhamnetin, Glucocapparine, Capparisine A,
Capparisine B, and Ipatasertib as control were -6.2
kcal/mol, -5.3 kcal/mol, -4.9 kcal/mol, -4.9 kcal/mol, and -

6.2 kcal/mol respectively. Meanwhile, the docking score for
HIFLA protein for Isorhamnetin, Glucocapparine,
Capparisine A, Capparisine B, and 2-methoxy estradiol as
control was -5.2 kcal/mol, -4.7 kcal/mol, -4.4 kcal/mol, -4.3
kcal/mol, and -4.7 kcal/mol. The scores for each compound
were like the controls in both proteins, indicating that the
phytochemicals from Capparis spinosa that were analyzed
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have potential anti-breast  cancer properties.
Pharmacokinetic prediction for absorption, distribution,
metabolism, excretion, and toxicity (ADMET) is also
provided to help further studies and development for the
compounds as anticancer drugs.

This study provided data from in silico methods
regarding anti-breast  cancer supported with
pharmacokinetic activities for Isorhamnetin,
Glucocapparine Capparisine A, and Capparisine B, which
will be helpful as a reference for other advanced research in
future. Further related in vitro or in silico analysis can be
conducted to explore more about the chemopreventive and
chemotherapy activities of the Capparis spinosa plant.
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