IJMS
Vol 50, No 5, May 2025

Review Article

Uncovering Novel Anti-Lung Cancer Compounds:
Insights from Marine Sponge-Derived Agents:
A Bibliometric Review

Afshin Zare'!, MD;® Alireza Afshar'?, MD; Nadiar
M. Mussin®, PhD; Asset A. Kaliyev®, PhD; Raisa A.
Aringazina®*, PhD; Nader Tanideh'®¢, PhD; Mahdi
Mahdipour”®, PhD; Farhad Rahmanifar®, PhD;
Zhanna Zhussupova'®, PhD; Beibyt Tlektesuly
Baizakov'', PhD; Amin Tamadon'®'2, PhD

'PerciaVista R&D Co., Shiraz, Iran;

2Student Research Committee, Bushehr
University of Medical Sciences, Bushehr, Iran;
3Department of General Surgery, West
Kazakhstan Marat Ospanov Medical University,
Aktobe, Kazakhstan;

“Department of Internal Medicine No. 1, West
Kazakhstan Marat Ospanov Medical University,
Aktobe, Kazakhstan;

5Stem Cells Technology Research Center, Shiraz
University of Medical Sciences, Shiraz, Iran;
SDepartment of Pharmacology, Medical School,
Shiraz University of Medical Sciences, Shiraz, Iran;
’Stem Cell Research Center, Tabriz University of
Medical Sciences, Tabriz, Iran;

8Department of Applied Cell Sciences, School of
Advanced Medical Sciences, Tabriz University of
Medical Sciences, Tabriz, Iran;

*Department of Basic Sciences, School of
Veterinary Medicine, Shiraz University, Shiraz, Iran;
°Department of Neurology, Psychiatry and
Narcology, West Kazakhstan Marat Ospanov
Medical University, Aktobe, Kazakhstan;
""Department of Radiology, West Kazakhstan Marat
Ospanov Medical University, Aktobe, Kazakhstan;
2Department for Natural Sciences, West
Kazakhstan Marat Ospanov Medical University,
Aktobe, Kazakhstan

Correspondence:

Amin Tamadon, PhD;

Department for Natural Sciences, West
Kazakhstan Marat Ospanov Medical University,
Postal code: 030012, Aktobe, Kazakhstan

Tel: +7 705 6299350

Email: amintamaddon@yahoo.com

Received: 06 July 2024

Revised: 28 September 2024

Accepted: 26 October 2024

. The existing literature indicates
that marine sponges are a rich source of
bioactive compounds, including alkaloids,
sesquiterpenes, and quinones, which have
shown promising anticancer properties.
These compounds have been studied for
their potential to target various cancer
pathways and receptors.

. This study aims to build on existing
knowledge by conducting a comprehensive
bibliometric analysis to identify the most
prominent anticancer components derived
from marine sponges between 2018 and
2023. The study also includes molecular
docking and toxicity prediction analyses
to further explore the potential of these
compounds as anti-lung cancer agents.

Abstract |
Background: Lung cancer remains a leading cause of cancer-
related mortality, necessitating improved treatment strategies.
This study collectively highlights the valuable potential of marine
sponges as a source for discovering new anti-tumor agents.
Methods: We conducted a bibliometric analysis to identify
anticancer compounds from marine sponges using PubMed
(2018-2023). The search included keywords such as “marine
sponge,” “cancer,” “neoplasm,” “proliferation,” “cytotoxicity,”
“tumor,” “sesquiterpene,” “alkaloid,” and “quinones.” Inclusion
criteria focused on studies related to lung cancer and marine
sponge-derived compounds, excluding non-cytotoxic activities
and unrelated species. Data were extracted in comma-separated
values (CSV) format and analyzed via VOSviewer. Molecular
docking identified compounds with strong binding to apoptotic
receptors in lung cancer cells. PROTOX and Way2Drug tools
predicted the pharmacological properties of selected compounds
as potential drugs.

Results: The bibliometric analysis identified alkaloids,
sesquiterpenes, and quinones as key keywords. Dactyloquinone
B-D, dysidavarone D, smenohamien F, and sollasin E
demonstrated strong binding to apoptotic receptors in lung
cancer cells, suggesting potential as anti-lung cancer drugs.
Pharmacological analyses revealed promising effects and
potential side effects, highlighting their suitability for further
drug development. These findings provide a foundation for
novel targeted therapies for lung cancer.

Conclusion: This study highlights the potential of alkaloids and
sesquiterpenes derived from marine sponges as promising anti-lung
cancer agents, emphasizing the need for further in vitro, in vivo,
and clinical investigations to validate their therapeutic efficacy.
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Introduction

Lung cancer is a prevalent and highly fatal form of malignancy
worldwide.! Consequently, the development of effective
treatments for this disease is of paramount importance.
Conventional therapeutic approaches such as chemotherapy,
surgery, and immunotherapy have been utilized, albeit with
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notable limitations including inadequate efficacy,
lack of effectiveness, and suboptimal drug
concentration at the tumor site due to uptake by
healthy cells.2 3 Therefore, there is a pressing
need to explore new therapeutic methods for
lung cancer. Natural products derived from the
environment have garnered significant interest
among scientists, offering a vast array of
potentially valuable biological compounds. These
sources encompass plant and animal extracts,
insect metabolites, microorganisms, and marine
organisms, all of which present promising
prospects for developing curative agents.

Among natural environments, the marine
ecosystem has emerged as a particularly
promising source of bioactive compounds
with anticancer properties.* > Marine sponges,
in particular, have captured the attention of
researchers in recent decades due to their
remarkable anticancer effects.® Extensive
research has demonstrated that these marine
organisms harbor bioactive molecules and
secondary metabolites that hold significant
potential for the discovery of novel and
sustainable anticancer components.® For
example, stylissamide, a compound derived
from the marine sponge Stylissa carteri, has
exhibited potent anticancer activity against
MCF-7 (human breast cancer cell line) and
HepG2 (human liver cancer cell line) cells.’
Likewise, 5-bromotrisindoline extracted from
the marine sponge Callyspongia siphonella,
demonstrated cytotoxic effects against HT29
(human colorectal adenocarcinoma), OVCARS3
(ovarian adenocarcinoma), and MM.1S (multiple
myeloma) cell lines.® Furthermore, alkaloid
aaptamine derived from marine sponges has
been identified as a promising anticancer agent
with potentiality for the development of potent
anti-tumor drugs.®

There is a study collectively highlighting
the valuable potential of marine sponges
as a source for discovering new anticancer
agents.® Our objective was to identify the most
frequently investigated anticancer compounds
derived from marine sponges by conducting a
bibliometric analysis of relevant keywords from
previous studies. Subsequently, we focused on
identifying anti-lung cancer compounds derived
from marine sponges, based on our bibliometric
analysis. We then employed molecular docking
analysis to identify compounds that exhibited the
highest affinity for apoptotic receptors involved
in lung cancer cell apoptosis. Furthermore, we
evaluated the pharmacological features of these
identified compounds. Ultimately, this study
presents the most promising anti-lung cancer
compounds derived from marine sponges and
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provides insights into their pharmacological
characteristics, which serves as a valuable
resource for future research on the anti-
lung cancer properties of marine sponges.
Additionally, these findings may contribute to the
identification and development of effective anti-
lung cancer drugs in the near future.

Materials and Methods

Data Collection and Extraction

On June 12, 2023, a search was conducted
in the PubMed/Medline-PMC online databases
to identify the most frequent anti-lung cancer
compounds from marine sponges, focusing
on the MeSH keywords. The following search
strategy was employed:

Search query: (marine  sponge[Title/
Abstract]) AND ((cancer*[Title/Abstract]) OR
(cancer*[MeSH Terms]) OR (neoplasm*[MeSH
Terms]) OR (neoplasm*[Title/Abstract]) OR
(proliferat*[Title/Abstract]) OR (proliferat*[MeSH
Terms]) OR (cytotoxic*[MeSH Terms]) OR
(cytotoxic*[Title/Abstract])) OR  (tumor*[Title/
Abstract]) OR (tumor*[MeSH Terms])) Filters:
from 2018-2023.

The inclusion criteria for this study
encompassed research articles published
between 2018 and 2023 that specifically
investigated anti-lung cancer compounds
from marine sponges, identified using MeSH
keywords in the PubMed/ Medline-PMC
database. Articles focusing on the biological
activity of marine sponge compounds, such
as sesquiterpenes, alkaloids, and quinones,
about cancer, neoplasms, cytotoxicity, and
tumor proliferation were included. In contrast,
the exclusion criteria eliminated studies that
discussed general topics unrelated to the specific
compounds of interest, as well as those that
mentioned keywords associated with animal and
human models, proliferation, specific cell lines,
molecular structures, demographic factors (such
as gender and age), and other experimental
methodologies, ensuring a focused bibliometric
analysis on the most relevant anti-lung cancer
agents derived from marine sponges.

Subsequently, relevant data were extracted
in comma-separated values (CSV) format, and
a bibliometric analysis was performed using the
VOSviewer software (version 1.6.19, Centre for
Science and Technology Studies, Leiden University,
Netherlands). Specific keywords related to animals,
humans, proliferation, neoplasm, cell lines, tumors,
mice, rats, cell survival, molecular structures,
gender, age, experimental methodologies, specific
cell line names, and countries were eliminated
from the bibliometric analysis.
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Following the bibliometric analysis, a further
in-depth search was conducted in the PubMed
PubMed/ Medline-PMC online database based
on the findings from the bibliometric analysis.
The search strategies employed were as follows:

Search query: “marine sponge”’[Title/Abstract]
AND ((“cancer*”[Title/Abstract] OR “cancer*’ [MeSH
Terms] OR “neoplasm*”[MeSH Terms] OR
“neoplasm*’[Title/Abstract] OR “proliferat*’[Title/
Abstract] OR “proliferat*’ [MeSH Terms] OR
“cytotoxic*’[MeSH Terms] OR “cytotoxic*’[Title/
Abstract] OR  “tumor*’[Title/Abstract] OR
“tumor*’[MeSHTerms]))AND ((sesquiterpene*[Title/
Abstract]) OR (sesquiterpene*[MeSH Terms))),
Search: “marine sponge”[Title/Abstract] AND
((“cancer*[Title/Abstract] OR “cancer*’[MeSH
Terms] OR “neoplasm*”[MeSH Terms] OR
“neoplasm*”’[Title/Abstract] OR “proliferat*”’[Title/
Abstract] OR “proliferat*’ [MeSH Terms] OR
“cytotoxic*” [MeSH Terms] OR “cytotoxic*”[Title/
Abstract] OR  “tumor*’[Title/Abstract] OR
“tumor*’ [MeSH Terms])) AND ((alkaloid[Title/
Abstract]) OR (alkaloid[MeSH Terms])), and
Search: “marine sponge’[Title/Abstract] AND
((“cancer*’[Title/Abstract] OR “cancer*’[MeSH
Terms] OR “neoplasm*’[MeSH Terms] OR
“neoplasm*”[Title/Abstract] OR “proliferat*”[Title/
Abstract] OR “proliferat*’ [MeSH Terms] OR
“cytotoxic*” [MeSH Terms] OR “cytotoxic*”[Title/
Abstract] OR  “tumor*’[Title/Abstract] OR
“tumor*’ [MeSH Terms])) AND ((quinones[Title/
Abstract]) OR (quinones[MeSH Terms])).

Molecular Interactions and Docking Studies of
Lung Cancer Apoptotic Pathways and Anti-Lung
Cancer Molecules of Marine Sponges

The selection method of the 18 most
examined apoptotic receptors was based on a
previous study.'® To perform molecular docking
analysis, AutoDock Vina software (version
1.2.0, The Scripps Research Institute, USA)
was employed. Specifically, after identifying
the alkaloids and sesquiterpenes with anti-lung
cancer properties from previous studies (tables
1 and 2), the structures of all 16 alkaloids and
27 sesquiterpenes were obtained from the
PubChem online database." Additionally, the
structures of the 18 apoptotic receptors were
acquired from the Protein Data Bank (PDB) online
database. The corresponding PDB IDs for each
receptor were as follows: Caspase-3 (1cp3),
Caspase-7 (1f1j), Caspase-8 (1f9e), Caspase-9
(1jxq), Cannabinoid receptor type 1 (CB1) (5u09),
Cannabinoid receptor type 2 (CB2) (6pt0),
Death receptor 4 (DR4) (5cir), Death receptor
5 (DRS5) (1za3), Endothelial protein C receptor
(EPCR) (118j), Fas receptor (3ezq), Insulin-
like growth factor 1 receptor (IGF1R) (1igr),
Metabotropic glutamate receptor 8 (mGIuRS)
(6bsz), Peroxisome proliferator-activated
receptor-y (PPAR-y) (1i7i), Transforming growth
factor beta receptor 2 (TGFBR2) (4kxz), Toll-like
receptor 4 (TLR4) (2z64), Toll-like receptor 9
(TLR9) (3wpf), Tumor necrosis factor receptor 1
(TNFR1) (7k7a), and Prostaglandin D2 receptor
(PGD2R) (6d27).

To prepare the receptors for docking, non-
standard residues were excluded, and hydrogen
atoms were added using AutoDockTools
(version 1.5.7, The Scripps Research Institute,
USA). Nonpolar hydrogens and ion pairs were
merged, and Gasteiger partial charges were

Table 1: Cytotoxicity effects of sesquiterpenes and quinones derived from marine sponges on lung cancer cells

References Compound Sources Lung cancer cells
Kwak et al., 202022 Dactyloquinone B Dactylospongia elegans H460

llimaquinone Smenospongia cerebriformis  A549

Nakijinol B

Nakijinol B diacetate
Smenospongine B
Smenospongine C
Dactyloquinone D
Smenohaimien F
Dactyloquinone C
Langconol C
Langcoquinone C
Langcoquinone D

Huyen et al., 201723 Smenospongia cerebriformis  LU-1

Ito et al., 201824 Nguyen et
al., 2017%

Spongia sp. A549

Table 2: The three most frequent keywords in surveys in which the anticancer features of marine sponges have been examined

from 2018 to 2023

Keywords Cluster Link Total Link Strength Occurrence
Alkaloids 4 33 57 4
Sesquiterpenes 6 18 42 23
Quinones 6 14 32 15
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assigned to each ligand atom. Grid boxes were
generated using the Computed Atlas of Surface
Topography of proteins (CASTp3.0, University
of lllinois at Chicago, USA). Subsequently,
docking was performed, and 10 conformations
were obtained for each receptor-ligand pair. The
docking conformations were ranked based on
binding affinity, and the conformation with the
lowest negative energy and RMSD<2 A was
selected as the best conformation.

Visualization of Inter-Molecular Interactions

The visualization of the 3D structure of
the best conformations was carried out using
BIOVIA Discovery Studio Visualizer (version
2021, Dassault Systemes, France). Furthermore,
for a more detailed analysis of the intermolecular
interactions between the ligand and the receptor,
the data was visualized in 2D using PyMOL
(version 2.5.4, Schrodinger, LLC, USA).

Prediction of Biological Availability and Various
Pharmacological Effect of Anti-Lung Cancer
Compounds Derived from Marine Sponges

The drug manufacturing safety and biological
availability of elected compounds were predicted
by SwissADME online tool (version 2023, Swiss
Institute of Bioinformatics, Switzerland). The
ProTox-11 online tool (version 2023, Charité—
Universitatsmedizin  Berlin, Germany) was
utilized to predict the LD50 (lethal dose 50%) and
toxicity class of the anti-lung cancer compounds
derived from marine sponges. Based on the
predicted toxicity, each compound was assigned
to one of six toxicity classes according to the
globally harmonized system of classification and
labeling of chemicals (GHS). The classification is
as follows, with LD50 values given in milligrams
per kilogram (mg/Kg):

macrolides

cytotoxins

drug evaluation, preclinical

Anti-lung cancer potential of marine sponge compounds

Class I: Fatal if swallowed (LD50<5)

Class lI: Fatal if swallowed (5<LD50<50)

Class llI: Toxic if swallowed (50<LD50<300)
Class IV: Harmfulif swallowed (300<LD50<2000)
Class V: May be harmful if swallowed (2000<
LD50<5000)

Class VI: Non-toxic (LD50>5000)

Furthermore, the ProTox-1l online tool was
employed to explore the various potential effects
of the marine sponge-derived anti-lung cancer
compounds as drugs on the human body.
This analysis included their effects on organs,
carcinogenicity, = mutagenicity,  cytotoxicity,
immunotoxicity, as well as their impact on
cytotoxic pathways in normal cells, such as
nuclear receptor signaling pathways and stress
response pathways. Additionally, the Way2Drug
online tool (version 2023, Institute of Biomedical
Chemistry, Russia) was used to predict the
possible activities, adverse effects, and toxic
effects of the mentioned components.

Alkaloids, Sesquiterpenes, and Quinones Are
the Most Frequent Components in Anticancer
Studies of Marine Sponges

A comprehensive search of the PubMed/
Medline-PMC online database was conducted
to identify prominent anticancer components
derived from marine sponges between 2018 and
2023, resulting in a total of 314 relevant studies.
Subsequently, these studies were subjected to
bibliometric analysis using VOSviewer software.
The analysis revealed 56 distinct items, which
were organized into six clusters, with a total
of 304 connections and a link strength of 404.
Among the identified keywords, alkaloids,
sesquiterpenes, and quinones emerged as the
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Figure 1: The most frequently occurring keywords from surveys focused on the anticancer properties of marine sponges. The]

size of each keyword corresponds to its frequency, with larger keywords representing those mentioned more often in the studies.
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most prominent and highly studied in the context
of anticancer properties associated with marine
sponges (table 2 and figure 1).

Alkaloids in the Marine Sponges Extract with
Anti-Lung Cancer Properties

Table 3 presents a comprehensive list of
16 Alkaloids derived from marine sponges,
which have exhibited notable anti-lung cancer
properties since 1991.

In our investigation, we identified a total of
27 sesquiterpenes that have demonstrated
inhibitory effects on lung cancer cells, and
these findings date back to 1985 (table 1).
Notably, our analysis revealed that quinones,
which possess anti-lung cancer properties, are
structurally associated with sesquiterpenes and
other components found in marine sponges.
Intriguingly, it was observed that quinones
with anti-lung cancer effects exhibit a close
association with sesquiterpenes (table 1).

19-oxofasciospongine A, Araguspongine C,
Hyrtiocarboline, Hyrtioerectine F, Ingenine E,
Ingenine F, Pyronaamidinev, Renieramycin T,
and Sceptrin Were Nine Alkaloids with the Most
Affinity to Receptors Involved in the Apoptosis of
Lung Cancer Cells

Through molecular docking analysis, it
was determined that 19-oxofasciospongine A
exhibited the highest binding affinity to caspase
3, Araguspongine C had the strongest binding
affinity to multiple apoptotic receptors in lung
cancer cells, including caspase 8, Insulin-like
growth factor 1 receptor (IGF1R), PGD2R,
PPAR-y, TGFBR2, TLR-4, and TLR-9. Besides,
hyrtiocarboline showed the most in-silico binding
affinity to caspase 9, DR5, mGIuR8, and TLR-9.
Furthermore, hyrtioerectine F demonstrated the
highest tendency to Fas R and CB2. Moreover,
ingenine E, ingenine F, pyronaamidine, and
renieramycin T displayed the highest binding
affinity to CB1, TLR-4, EPCR, and TNFR1. Finally,
sceptrin demonstrated the strongest binding
affinity to caspase 7 and DR4. The molecular
interaction between all mentioned nine alkaloids

and the receptor involved in the apoptosis in lung
cancer cells is demonstrated in figure 2.

Dactyloquinone B, C, and D, Dysidavarone D,
Nakijinol B, Smenohaimien F, Sollasin C and
Sollasin E Were Seven Sesquiterpenes with
the Highest Affinity to Receptors Involved in the
Apoptosis of Lung Cancer Cells

Based on our in-silico analysis, it was
determined that dactyloquinone B exhibited
the highest binding affinity to several apoptotic
receptors, including caspase 9, CB2, and
mGIuR8. Dactyloquinone C demonstrated
a notable tendency to bind with caspase 8,
DR4, DR5, PPAR-y, and TLR9. Furthermore,
dactyloquinone D displayed the strongest binding
affinity to caspase-3 (table 4).

Additionally, dysidavarone D exhibited the
highest tendency to caspase 7. Nakijinol B had
the strongest in-silico tendency to Fas receptor
and PGD2R. Smenohaimien F mirrored the
highest in-silico tendency to IGFR1 and TNFR1.
Sollasin C had the strongest binding affinity
to EPCR, TGFB2R, and TLR4. Ultimately,
sollasin E showed the highest in-silico tendency
to CB1 (table 4). For a more comprehensive
understanding, detailed information regarding
the binding sites between these mentioned
sesquiterpenes and the identified apoptotic
receptors is provided in figure 3.

Pharmacological Prediction Analysis of Alkaloids
and Sesquiterpenes with the Highest Binding
Affinity to Apoptotic Receptors in Lung Cancer Cells
Drug Manufacturing Safety and
Bioavailability Assay: Based on the bioavailability
analysis of SwissADME online tool, araguspongine
C, dactyloquinone B, C, and D, dysidavarone D,
ingenine E, ingenine F, nakijinol B, pyronaamidine,
sceptrin, smenohaimien F, sollasin C, and sollasin
F have shown various favorable bioavailable
features (LIPO: lipophility, SIZE: size, POLAR:
polarity, INSOLU: solubility, INSATU: saturation,
FLEX: flexibility). In other words, remarked analysis
displayed that all of these compounds are safe to be
utilized for manufacturing curative drugs (figure 4).

Table 3: Cytotoxicity effects of alkaloids derived from marine sponges on lung cancer cells

References Compound Sources Lung cancer cells
Ki et al., 2020 1H-indole-3-carboxylic acid Gelliodes sp. A549

Zhang et al., 2016™ 3-dodecyl pyridine Haliclona sp. A549
Sirimangkalakitti et al., 2016™ Acanthodendrilline Acanthodendrilla sp. H292

Dung et al., 2019 Araguspongine C Xestospongia muta LU-1

Lhullier et al., 2019 Clerodane diterpene Raspailia bouryesnaultae A549

Ibrahim et al., 2018" Ibrahim and
Mohamed, 2017'®

Ingenine F and E

Acanthostrongylophora ingens A549

Tang et al., 2018 Pyronaamidine Leucetta chagosensis A549
Petsri et al., 2019%° Renieramycin T Xestospongia sp. H460
Kwon et al., 2018 Sceptrin Agelas kosrae A549
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Figure 2: The molecular interactions at the binding sites of the top binding conformations between selected marine sponge-
derived compounds and their respective targets. The interactions shown include 19-oxofasciospongine A with caspase 3;
araguspongine C with caspase 8, IGF1R, PGD2R, PPAR-y, TGFBR2, TLR-4, and TLR-9; hyrtiocarboline with caspase 9,
DR5, mGIuR8, and TLR-9; hyrtioerectine F with Fas receptor (FasR) and CB2; ingenine E, ingenine F, pyronaamidine, and
renieramycin T with CB1, TLR-4, EPCR, and TNFR1; and sceptrin with caspase 7 and DR4.

Table 4: Various binding affinities between each sesquiterpene and apoptotic receptor in lung cancer cells

Sesquiterpenes Receptors
69 N 9 P
> 5 5 & 3 2 e B

x T K s 8 8 8 YT 9 x 5 & o

e & F B B X g2 2 £ & 5 @ T % P 8 §

w = (=) (=) 4 o o o o o o () = = w £ o =
Arenaran A -57 -58 -55 -56 -64 -64 -65 -63 -59 -56 -79 -85 -63 -68 -83 -55 -73 -50
DactyloquinoneB -68 -82 -67 -71 -75 -79 -78 -87 -67 -82 -84 -110 -74 -76 -82 -72 -95 -6.4
DactyloquinoneC -71 -80 -71 -77 -89 -89 -86 -85 -71 -68 -86 -97 -74 -84 -80 -69 -99 -70
DactyloquinoneD -6.2 -7.3 -70 -67 -89 -84 -87 -77 -67 -69 -80 -10.2 -71 -74 -86 -71 -104 -6.3
Dysidavarone D -68 -76 -69 -70 -73 -81 -81 -91 -64 -74 -83 -94 -68 -80 -83 -69 -6.8 -6.2
llimaquinone -60 -69 -64 -70 -79 -80 -76 -75 -63 -66 -79 -71 -71 -7.7 -84 -6.7 -94 -6.0
Langconol C -6 -73 -57 -614 -75 -78 -71 -75 -56 -6.2 -62 -87 -61 -66 -6.6 -6.0 -91 -56
Langcoquinone C -64 -79 -67 -67 -69 -78 -74 -75 -60 -62 -73 -96 -69 -75 -82 -6.3 -95 -6.1
LangcoquinoneD -66 -63 -66 -66 -72 -67 -76 -71 -64 -68 -75 -70 -66 -72 -85 -6.2 -94 -6.1
Nakijinol B 72 -714 -67 -71 -81 -81 -81 -77 -68 -69 -79 -74 -74 -79 -79 -69 -10.5 -6.2
Nakijinol B -58 -71 -67 -66 -81 -75 -82 -76 -62 -68 -69 -73 -6.8 -80 -7.8 -6.7 -81 -6.0
Diacetate
Parahigginic acid -60 -68 -57 -62 -72 -74 -72 -66 -55 -60 -86 -81 -59 -7.8 -87 -65 -7.7 -55
Parahigginol B -54 -62 -51 -614 -69 -59 -62 -58 -53 -56 -62 -73 -57 -70 -79 -6.3 -75 -49
Parahigginol C -68 -68 -53 -57 -63 -60 -62 -62 -51 -55 -61 -64 -53 -67 -84 -66 -7.8 -47
Parahigginol D -60 -60 -54 -62 -70 -71 -71 -68 -59 -56 -81 -79 -6.2 -81 -87 -6.2 -77 -53
PolyfibrospongolA -64 -8.2 -66 -70 -7.7 -83 -83 -65 -65 -72 -72 -98 -70 -7.8 -85 -6.5 -97 -6.3
PolyfibrospongolB -59 -79 -62 -74 -73 -80 -78 -77 -62 -614 -71 -70 -65 -77 -81 -64 -9.2 -58
Smenohaimien F -69 -88 -r0 -67 -90 -82 -85 -78 -68 -69 -81 -10.2 -71 -79 -83 -71 -10.0 -6.4
Smenospongine -60 -68 -66 -68 -78 -r7 -75 -74 -68 -68 -79 -91 -72 -79 -75 -6.8 -97 -6.6
SmenospongineB -64 -74 -70 -67 -75 -73 -85 -85 -70 -73 -71 -92 -69 -80 -86 -64 -97 -6.3
SmenospongineC -63 -70 -66 -68 -70 -73 -81 -80 -60 -67 -74 -87 -68 -77 -76 -6.3 -97 -6.2
Sollasin A -60 -61 -55 -58 -59 -71 -65 -59 -55 -54 -66 -85 -57 -59 -89 -55 -70 -50
Sollasin B -6.2 -67 -66 -69 -71 -70 -76 -71 -6.2 -63 -82 -75 -70 -7.7 -104 -71 -82 -6.8
Sollasin C -67 -67 -67 -69 -72 -72 -75 -74 -67 -69 -80 -97 -75 -75 -109 -6.7 -85 -73
Sollasin D -62 -70 -64 -65 -71 -77 -77 -69 -60 -64 -76 -73 -68 -74 -103 -6.5 -81 -6.0
Sollasin E -50 -67 -59 -64 -66 -71 -70 -70 -58 -63 -87 -91 -61 -68 -82 -61 -79 -52
Sollasin F -59 -69 -60 -63 -72 -69 -68 -66 -60 -63 -74 -90 -6.2 -80 -75 -61 -89 -57
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Figure 3: The molecules and interactions at the binding sites of the optimal binding conformations between dactyloquinone B,
C, and D; dysidavarone D; nakijinol B; smenohaimien F; sollasin C; and sollasin E with apoptotic receptors in lung cancer cells.

The interactions illustrated involve these sesquiterpenes and the following receptors: Fas receptor, TNFR1, DR4, DR5, IGF1R,
PPAR-y, caspase-3, caspase-7, caspase-8, caspase-9, CB1, CB2, TLR4, TLR9, EPCR, mGIuR8, PGD2R, and TGFBR2.
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On the contrary, figure 4 portrays that
19-oxofasciospongine A, hyrtiocarboline,
hyrtioerectine F, and renieramycin T did not display
proper features of a bioavailable compound.

Finally, related analysis showed different
bioavailability — characteristics of mentioned
alkaloids and sesquiterpenes that demonstrated
the strongest binding affinity to apoptotic receptors
in lung cancer (table 5). Based on the analysis

A uPO LIPO
FLEX SIZE FLEX SIZE
INSATU POLAR INSATU POLAR
INSOLU INSOLU
LPO LIPO
FLEX f; SIZE FLEX SIZE
INSATU POLAR INSATU POLAR
INSOLU INSOLU
LIPO J LIPO
FLEX SIZE FLEX SIZE
INSATU POLAR INSATU POLAR
INSOLU INSOLU
M uPO N LIPO
FLEX SIZE FLEX SizE
INSATU : POLAR INSATU POLAR
INSOLU INSOLU

FLEX

INSATU

of SwissADME online tool, dactyloquinone B,
C, and D, dysidavarone D, smenohaimien F
as well as sollasin E demonstrated the highest
bioavailable score between all selected alkaloids
and sesquiterpenes with the highest binding affinity
to apoptotic receptors in lung cancer cells with the
bioavailable score of 85% (table 5). Thus, based on
the information obtained from figure 4 and table 5,
we chose these six components for further analysis.

c LIPO D LIPO
FLEX i SIZE FLEX SIZE
INSATU POLAR INSATU POLAR
INSOLU INSOLU
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)
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Figure 4: The safety analysis of the manufacturing potential of various compounds as potential drug candidates, including A)
19-oxofasciospongine A, B) araguspongine C, C) dactyloquinone B, D) dactyloquinone C, E) dactyloquinone D, F) dysidavarone D, G)

hyrtiocarboline, hyrtioerectine F (H), ingenine E (1), ingenine F (J), nakijinol B (K), pyronaamidine (L), renieramycin T (M), sceptrin (N),
smenohaimien F (O), sollasin C (P), and (Q) sollasin F. The analysis evaluates various drug safety parameters, including lipophilicit
(LIPO), molecular size (SIZE), polarity (POLAR), solubility (INSOLU), saturation (INSATU), and molecular flexibility (FLEX).
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Drug Safety and Toxicity: According to the
predictions made by the ProTox-Il online tool,
dactyloquinone B, if taken orally, would fall under
the class V toxicity category, indicating potential
harm if swallowed (figure 4). The analysis
resulted in an average similarity of 72.56% and a
prediction accuracy of 69.26% (figure 5). Further
details regarding the use of dactyloquinone B as
an oral anti-lung cancer agent are provided in
figure 5.

Furthermore, the analysis conducted
using the Way2Drug online tool indicated that
dactyloquinone B exhibits potential activities
such as anti-neoplastic, anti-eczematic,
and phosphatase inhibition, with respective
probabilities (Pa) of 89%, 81%, and 73% (figure 5).
Additionally, this analysis suggested that the
drug may have certain side effects, including
sensitization and withdrawal (figure 5). Figure 5
presents additional potential effects and side

Dactyloquinone B

Predicted LD50: 2842mg/kg

Predicted Toxicity Class: 5

Average similarity: 72.56%

Prediction accuracy: 69.26%

T -;.

Possible activity Possible adverse & toxic effects

effects associated with the use of dactyloquinone
B as a drug.

As a drug, dactyloquinone C was categorized
under class V toxicity by the ProTox-Il online tool,
indicating potential harm if swallowed (figure 5).
The analysis yielded an average similarity of
74.23% and a prediction accuracy of 69.26%
(figure 5).

Conversely, accordingtothe predictions made
by the Way2Drug online tool, dactyloquinone C is
likely to exhibit antineoplastic, anti-eczematous,
and phosphatase inhibition effects, while its
potential adverse effects include sensitization,
toxicity, and cataract formation (figure 5).

The ProTox-Il  online tool classified
dactyloquinone D as a class V toxicity when
used as an oral drug, indicating the potential
for harm if swallowed (figure 5). The analysis
yielded an average similarity of 73.39% and a
prediction accuracy of 69.26% (figure 5).

Dactyloquinone C

Predicted LD50: 2842mg/kg |

Predicted Toxicity Class: 5 |

Average similarity: 74.23% |

Prediction accuracy: 69.26% |

Possible adverse & toxic effects

Pa Pi Activity Pa Pi Activity Pa Pi Activity Pa Pi Activity
0.895..0.005 " Antineoplastic 0539 0.022  Sensitization 0924 0.005 Antineoplastic 0.557  0.020  Sensitization

0.816  0.015  Antieczematic 0504 0.104  Withdrawal 0.829 0013 Anticczematic 0514 0.077  Toxic

037350007 Eosphabaselinkibito 0509  0.113  Hypercholesterolemic 0790 0.004  Phosphatase inhibitor 0.483  0.074  Cataract

D48 Do &i‘:::;’;g}‘f;‘:s‘s‘:;[ 0351 0013 Abortion inducer 0.721 0006 Chemopreventive 0.476 0085 Nephrotoxic

0.672  0.002  Dual specificity phosphatase inhibitor 0.393 0.076 Porphyrga 0.681  0.005 Beta glucuronidase inhibitor 0.477  0.120  Withdrawal .
0.645 0.015 CYP3A4 inducer 0.424 0.107 Depression 0.694  0.018 Immunosuppressant 0.471  0.134  Hypercholesterolemic
0.675  0.050 Membrane permeability inhibitor 0.386 0.124 Cataract 0.680  0.009 Dermatologic 0.326  0.016  Abortion inducer
0.629  0.008  Antincoplastic (lung cancer) 0.264 0.015 Hypercalcaemic 0.684 0.016 Apoptosis agonist 0.428 0.126  Nausea

0.625  0.017  CYP3A inducer 0.377 0.128 Nephrotoxic 0.652  0.002 Testosterone agonist 0.374  0.073  Teratogen

0.895 0.005  Antineoplastic 0.378 0.155 Nausea 0.656  0.009 Prostate disorders treatment 0.425 0.126  Dermatitis

Dactyloquinone D

Predicted LD50: 2842mg/kg |

Predicted Toxicity Class: 5 |

Average similarity: 73.39% |

Prediction accuracy: 69.26% |

Possible adverse & toxic effects
Activity Pa Pi Activity

Possible activity
Pa Pi

0.928 0.005  Antineoplastic 0.578 0.055  Nephrotoxic

0.773  0.024  Antieczematic 0.416  0.064  Teratogen

0.734  0.005  Chemopreventive 0.396  1.045  Sensitization

0.706  0.014  Apoptosis agonist 0.343  0.014  Abortion inducer
0.705  0.016  Immunosuppressant 0.466  9.137  Hypercholesterolemic
0.689 0.006  Antineoplastic (lung cancer) 0.410  0.131  Inflammation

0.679  0.009  Dermatologic 0392 0.119  Cataract

0.671  0.002  Dual specificity phosphatase inhibitor  0.343  2.078  Embryotoxic

0.694  0.027  TP53 expression enhancer 0.389  0.127  Hepatotoxic

0.659  0.002  Testosterone agonist 0.248  0.025  Hypercalcaemic

Figure 5: The 2D structures, toxicity classifications, potential activities, and possible side effects of dactyloquinone B, C, and
D as prospective anti-lung cancer drugs. The figure includes the probability of activity (Pa) and the probability of inactivity (Pi)

or each predicted activity and toxic effect.
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Furthermore, the analysis conducted using the
Way2Drug online tool identified antineoplastic, anti-
eczematous, and chemo-preventive effects as the
most probable activities of dactyloquinone D (figure
5). Additionally, nephrotoxicity, teratogenicity, and
sensitization were determined to be the most likely
toxic effects associated with this compound (figure 5).
The respective Pa for each of these potential effects
and side effects of dactyloquinone D are presented
in figure 5.

Each of the compounds dysidavarone D,
smenohaimien F, and sollasin E demonstrated
a strong affinity towards a specific apoptotic
receptor (table 4). These compounds underwent
pharmacological prediction analysis using the
ProTox-1l and Way2Drug online tools, and the
results of this analysis are presented in figure 6.

All mentioned compounds exhibited
antineoplastic properties (figure 6), and some,
such as dysidavarone D and smenohaimien

Dysidavarone D

Predicted LD50: 2842mg/kg |

Predicted Toxicity Class: 5 |

Average similarity: 78.78% |

Prediction accuracy: 69.26% |

LA

Possible adverse & toxic effects

Possible activity
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F, showed potential as anti-lung cancer drugs
(figure 6). On the other hand, these components
were found to have different toxic effects based
on the analysis conducted using the Way2Drug

online tool, including toxicity, nephrotoxicity,
sensitization, and dermatotoxicity (figure 6).
Additionally, the ProTox-1l analysis classified

dysidavarone D, smenohaimien F, and sollasin
E into toxicity classes V, V, and 1V, respectively
(figure 6). Detailed information regarding the
pharmacological analysis can be found in figure 6.

Evaluation of the Effects of All Mentioned
Alkaloids and Sesquiterpenes on the Mechanism
of Activation of Toxicity Pathways in Normal
Cells

Table 6 presents a comprehensive list of diverse
effects associated with the use of dactyloquinone
B, C, and D, smenohaimien F, as well sollasin E
as drugs, as analyzed by the ProTox-1l online tool.

Smenohaimien F

NH,
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(e}

Prediction accuracy: 68.07% |
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% W% 6% 80%

Possible activitty Possible adverese & toxic effects

Pa Pi Activity Pa Pi Activity

0.886  0.005 Antineoplastic 0.688  0.046  Toxic

0.735  0.035 Antieczematic 0.639  0.012  Sensitization
0.718  0.032 Membrane permeability inhibitor 0.530  0.045  Teratogen

0.658 0.012 CYP2BS5 substrate 0.531 0.098  Reproductive dysfunction
0.637  0.005 Transcription factor inhibitor 0.505 0.084 Toxic. vascular
0.642  0.012 Antiprotozoal (Leishmania) 0.468  0.053  Embryotoxic
0.619  0.003 Transcription factor NF kappa B inhibitor 0351 0.049  Cytotoxic

0.635 0022 Apoplosis agonist 0398 0.118 Nephrotoxic
0.608  0.009 Antineoplastic (lung cancer) 0297  0.050 Irritation

0602 0009 Antileukemic 0239 0.031  Abortion inducer
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0.667  0.021  Phosphatase inhibitor 0.554  0.065 Hepatotoxic
0.645  0.002  Dual specificity phosphatase inhibitor 0,512 0.047 Teratogen
0.644  0.002  Testosterone agonist 0.545 0081 Dermatitis
0633 0013 Dermatologie 0475 0.051 Embryotoxic

0.639  0.022  Apoptosis agonist

0.618 0.008  Antineoplastic (lung cancer)
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0.618 0.027  Immunosuppressant
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Figure 6: The 2D structures, toxicity classifications, potential activities, and possible side effects of dysidavarone D,
smenohaimien F, and sollasin E as potential drug candidates. The figure displays the probability of activity (Pa) and the

probability of inactivity (Pi) for each predicted activity and toxic effect.
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Table 6: A comprehensive list of diverse effects associated with the use of bioactive compounds from marine sponges as

potential anti-lung cancer drugs

Compound Type Classification Target Probability
Dactyloquinone B Sesquiterpenes Toxicity end points Carcinogenicity 0.51
Immunotoxicity 0.97
Nuclear receptor Aromatase 0.56
signaling pathways
Dactyloquinone C Sesquiterpenes Toxicity end points Carcinogenicity 0.51
Immunotoxicity 0.98
Nuclear receptor Aromatase 0.56
signaling pathways
Dactyloquinone D Sesquiterpenes Toxicity end points Carcinogenicity 0.53
Immunotoxicity 0.99
Toxicity end points Cytotoxicity 0.70
Dysidavarone D Sesquiterpenes Toxicity end points Carcinogenicity 0.55
Immunotoxicity 0.98
Smenohaimien F Sesquiterpenes Toxicity end points Carcinogenicity 0.53
Immunotoxicity 0.89

These effects include the potential to induce
carcinogenicity and immunotoxicity in normal
cells (table 6). Additionally, dactyloquinone B
and C were found to impact nuclear receptor
signaling pathways, leading to the activation of
aromatase and subsequent cell toxicity (table 6).
Moreover, dactyloquinone D exhibited cytotoxic
effects, while all these five compounds showed
immunotoxic impacts (table 6). The table also
provides the Pa associated with each of these
effects.

Furthermore, the impacts of dactyloquinone
B, C, and D, smenohaimien F, as well sollasin
E on various organs, their effects on cytotoxic
pathways in normal cells (such as nuclear
receptor signaling pathways and stress response
pathways), and their toxicity endpoints are
listed in supplementary tables (S1-S6). These
tables provide a comprehensive overview of the
toxicological effects and pathways associated
with these compounds in the context of anti-lung
cancer activity.

Detailed information about the mechanism of
apoptosis induction in lung cancer cells by these
alkaloids and sesquiterpenes is presented in
figure 7.

Alkaloids are a significant group of compounds
derived from marine sponges, known for their
diverse biological activities such as anticancer,
antimicrobial, and anti-inflammatory effects.
Several alkaloids, including manzamine A,
aaptamine, and aeroplysinin-1, have been
extensively studied for their biological functions,
particularly  their anticancer properties.?®
Previous research has consistently highlighted
alkaloids derived from marine sponges as
valuable sources of bioactive compounds
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with potential anticancer properties, drawing
the attention of researchers in recent
years.® Our study reinforces this finding, as
alkaloids emerged as an attractive keyword in
investigations exploring the anticancer features
of marine sponge-derived compounds.

Sesquiterpenes, another group of marine-
derived components, have also demonstrated
remarkable anticancer effects. For instance,
ilimaquinone, extracted from Halichondria
sp., has exhibited anti-tumoral effects against
various types of cancer cells, including multiple
myeloma, colon, breast, and prostate cancer.?’
A previous study has shown that sesquiterpenes
possess anticancer activities against different
tumor types, such as eye, stomach, kidney, and
brain cancers.?® Our study highlights the growing
interest in evaluating the role of sesquiterpenes
in the anticancer properties of marine sponge-
based compounds.

Furthermore, quinones have shown their
anticancer potential when combined with other
components. These compounds have exhibited
various biological effects, including cytotoxic
effects.?® Consequently, they have emerged as
one of the most frequently studied keywords in
research exploring the anticancer impacts of
marine sponges.

Previous studies have highlighted the
importance of activating specific receptors to
trigger an apoptotic cascade in lung cancer
cells. These receptors include Fas receptor,
TNFR1, DR4, and DR5. The initiation of
this cascade involves the activation of Fas-
associated death domain protein (FADD), which
ultimately leads to the activation of caspase-3,
-6, -7, -8, and -9 and the induction of apoptosis.*®
Among alkaloids, hyrtioerectine F and between
the sesquiterpenes, nakijinol B demonstrated
the strongest binding affinity to Fas receptor).
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Figure 7: The mechanisms of apoptosis induction in lung cancer cells by alkaloids and sesquiterpenes derived from marineg]

sponges. The figure illustrates the pathways through which these compounds trigger apoptosis in lung cancer cells.

Moreover, between all chosen alkaloids and
sesquiterpenes, sceptrin, and hyrtiocarboline
showed the highest affinity to DR4 and DRS5,
respectively. While dactyloquinone C had the
highest in-silico tendency to both mentioned
receptors. Furthermore, renieramycin T and
smenohaimien F displayed the highest in-silico
tendency towards TNFR1.

Furthermore, the activation of certain
receptors such as PPAR-y can induce apoptosis
in various cells, including lung cancer cells,
through both PPAR-y-dependent and PPAR-y-
independent pathways. However, the mechanism
of apoptosis induction in lung cancer cells by
marine-derived alkaloids and sesquiterpenes
is through the PPAR-y-independent pathway.®"
In this pathway, PPAR-y activation leads to the

Iran J Med Sci May 2025; Vol 50 No 5

initiation of a caspase cascade, resulting in
apoptosis in lung cancer cells.?? Interestingly,
both araguspongine C and dactyloquinone C
exhibited high affinity to PPAR-y, suggesting that
these two components can stimulate apoptosis
in lung cancer cells by activating these receptors.

Moreover, both CB1 and CB2 receptors can
trigger apoptosis in lung cancer cells by inducing
the activation of Fas and PPAR-y receptors,
creating an apoptotic environment in these
cells.®® Molecular docking analysis revealed that
among all elected alkaloids, ingenine E, and
hyrtioerectine F displayed the strongest binding
affinity to CB1 and CB2, respectively. On the
other side, among selected sesquterpenes,
sollasin E, and dactyloquinone B had the
most tendency to CB1 and CB2, respectively.
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This finding aligns with previous studies
highlighting the anti-lung cancer properties of
these two components.

Furthermore, caspase-3, -7, -8, and -9 have
been known to play crucial roles in the apoptosis
process in various cell types, including lung
cancer cells. These apoptotic factors have
been valuable targets for the development of
anticancer drugs due to their involvement in
triggering apoptosis.** Among the alkaloids
analyzedinourresearch, 9-oxofasciospongine A,
sceptrin, araguspongine C, and hyrtiocarboline
exhibited the highest binding affinity to caspase
3,7, 8, and 9, respectively. Among the analyzed
sesquiterpenes, dactyloquinone C showed the
strongest tendency towards caspase-3 and -8,
while dactyloquinone D had the highest in-silico
affinity to caspase 3. Moreover, langcoquinone
D showed the greatest affinity to caspase-7, and
sollasin C demonstrated the highest tendency
towards caspase-9.

Our findings highlight the involvement of
various apoptotic receptors in the apoptosis
process of lung cancer cells, including TLR9,
mGIuR8, PGD2R, and TGFBR2, with their
activation promoting apoptosis.*® In our in-silico

analysis, among the alkaloids, araguspongine C
and hyrtiocarboline exhibited the highest affinity
to TLR9; hyrtiocarboline had the strongest
tendency to mGIuR8, and araguspongine C
demonstrated the highest binding affinity to
both PGD2R, and TGFBR2. While among
the sesquiterpenes, dactyloquinone C and
B showed the highest affinity to TLR9 and
mGIuR8, and nakijinol B and sollasin C
displayed the highest affinity to PGD2R and
TGFBRZ2, respectively.

Conversely, certain receptors can enhance
the survival of lung cancer cells, such as
IGFR1, which is associated with cell survival,
metastasis, and drug resistance in lung cancer.3*
Other receptors, including TLR4 and EPCR,
can also promote cell survival in lung cancer
through different pathways.*> Araguspongine C
exhibited the highest binding affinity to IGFR1,
TLR4, and EPCR (table 7), while dactyloquinone
C showed the highest affinity to IGFR1 and
TLR4, and pyronaamidine demonstrated the
highest affinity to EPCR. On the other side,
smenohaimien F showed the most tendency
to IGFR1, and sollacin C had the highest
affinity to both TLR4 and EPCR. Therefore, we

Table 7: Various binding affinities between each alkaloid and apoptotic receptor in lung cancer cells

Alkaloids Receptors
G ~ & P
> 5 3 8 3 2 2 B
© E . 0, F % & & & & _ o 3 2 8 5 8 @B
8 2 ¥ % o ®§ 8 ® & @ m ¥ £ £ 0 o o
w = (=) (=) = o o (&} (&} (&} o o - - w £ -4 -
19-oxofascio- -6.2 -6.8 -6.7 -72 -85 -7.8 -9.0 -7 -64 -79 -78 -74 -73 -79 -100 -71 -96 -64
spongine A
1H-indole-3- -52 -53 -57 -54 -58 -64 -59 -56 -49 -55 -64 -65 -67 -68 -77 -53 -61 -49
carboxylic acid
3-dodecy! -46 -53 -43 -48 -50 -6.2 -48 -49 -45 -48 -64 -65 -45 -51 -81 -49 -61 -43
pyridine
Acanthodendr -54 -57 -59 -54 -61 -60 -68 -64 -50 -54 -64 -81 -60 -65 -75 -61 -75 -54
illine
Araguspongine -71 -73 -74 -7.3 -92 -96 -87 -77 -73 -80 -84 -92 -77 -88 -83 -9.0 -10.3 -6.9
Clerodane -60 -68 -61 -65 -65 -67 -67 -68 -60 -60 -78 -94 -63 -69 -85 -6.0 -84 -55
Diterpene
Hyrtiocarboline -6.6 -72 -69 -79 -88 -81 -85 -80 -67 -81 -74 -94 -75 -88 -87 -93 -78 -6.2
Hyrtioerectine -72 -75 -67 -76 -82 -85 -85 -76 -69 -70 -87 -93 -71 -84 -99 -75 -89 -6.3
D
Hyrtioerectine -72 -70 -69 -76 -78 -87 -85 -79 -68 -72 -86 -95 -75 -83 -86 -7.3 -90 -6.3
E
Hyrtioerectine -74 -70 -69 -77 -77 -80 -85 -76 -70 -73 -89 -97 -73 -86 -88 -71 -9.2 -6.5
F
Ingenine E -73 -80 -69 -77 -81 -82 -85 -76 -71 -73 -90 -95 -71 -86 -88 -71 -92 -65
Ingenine F -6.2 -71 -62 -68 -66 -72 -69 -67 -62 -64 -84 -86 -77 -81 -86 -6.8 -79 -59
Pyronaamidine -6.3 -7.3 -66 -68 -84 -75 -82 -75 -60 -72 -75 -7.3 -65 -6.8 -104 -76 -87 -6.0
Renieramycin -6.5 -74 -73 -67 -76 -79 -76 -73 -6.2 -65 -73 -74 -6.2 -70 -7.7 -66 -85 -6.
M
Renieramycin -72 -86 -73 -66 -72 -83 -80 -78 -71 -67 -80 -72 -65 -7.8 -83 -6.8 -85 -6.
T
Sceptrin -73 -r7 -77 -74 -81 -83 -82 -81 -71 -73 -77 -93 -75 -83 -101 -73 -95 -6.8
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propose that araguspongine C, dactyloquinone
C, smenohaimien F, and sollacin C may exert
their anti-lung cancer effects by targeting these
apoptotic receptors or inhibiting IGFR1, EPCR,
and TLR4.

Based on previous surveys about the analysis
of SwissADME online tool,*® if all four criteria
(LIPO: lipophility, SIZE: size, POLAR: polarity,
INSOLU: solubility, INSATU: saturation, FLEX:
flexibility) of the selected compound were located
inside the pink hexagon, the manufacturing of
this compound as a drug, will be safe. On the
other side, figure 5 demonstrates that all four
mentioned criteria for dactyloquinone B, C, and
D, dysidavarone D, smenohaimien F as well
as sollasin E are located in pink hexagon. This
demonstrates that all of these four components
have an acceptable safety.*®

Moreover, earlier studies have mentioned
that if the amount of Consensus Log Po/w and
Log S (ESOL) for a compound is less than 5
and -10, respectively, that component has good
lyophilization and water solubility.*® Notably,
the analysis of SwissADME demonstrated that
dactyloquinone B, C, and D, dysidavarone D,
smenohaimien F, as well as sollasin E, have
a good capability for lyophilization and water
solubility because the range of their Consensus
Log Po/w and Log S (ESOL) is less than 5 and
less than -10.

Besides, all mentioned compounds
demonstrated a high gastrointestinal (Gl)
absorption. This result confirms some of the
findings of the ProTox-1l online tool, which are
displayed in figures 5 and 6. For instance, the
toxicity class of sollasin E is IV, which means it
will be harmful if swallowed. The toxicity grade
for dactyloquinone B, C, and D, dysidavarone D,
as well as smenohaimien F, is V, which means
they may be harmful if swallowed. Interestingly,
these findings are confirmed by the results of
the analysis of SwissADME (table 5). In other
words, all of the mentioned components have
a high Gl absorption, which can be harmful or
even toxic if an excessive amount of them is
used orally.

Another remarkable finding in the analysis
of SwissADME is the blood-brain barrier (BBB)
permeability of dactyloquinone B, C, and D,
dysidavarone D, smenohaimien F as well as
sollasin E. All of them can cross the BBB. These
results endorse the findings about the adverse
and toxic effects of the mentioned compounds
as a drug. In other words, dactyloquinone B, C,
D, dysidavarone D, and sollacin E have some
side effects including withdrawal, dependence,
irritation, and depression. Briefly, the probability
of some complications in the mentioned
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compounds as a drug are confirmed by the
analysis of SwissADME.

On the other side, four components including
dactyloquinone B, C, D, dysidavarone D, and
sollacin E have negative P-gp substrate (which
represents the ability of the compound to exit
from cells through attaching to the glycoproteins
of plasma membrane). This means that when
these five compounds enter the cells, they cannot
go out easily through the plasma membrane, and
their concentration in cells will not be decreased,
and cells can keep them for a long time. On the
other side, smenohaimien F has a positive P-gp
substrate, and this component as a drug will
easily flow out of cells. Thus, its concentration
in various cells will be low, and they need higher
dosages to exert their effect.?”

Another result obtained from the analysis of
SwissADME was skin permeability. Based on
surveys, the more negative the log Kp (cm/s)
is, the less skin permeant is the molecule.3®
Therefore, the log Kp for dactyloquinone B, C,
and D, dysidavarone D, smenohaimien F as well
as sollasin E was between -4 to -6. On the other
side, the analysis of all remarked compounds
with  Way2Drug online tool showed that
dactyloquinone B, C, and D, dysidavarone D,
smenohaimien F as well as sollasin E may cause
sensitization, ulcer, aphtus, and dermatitis as a
drug. Hence, the results of SwissADME conform
to the findings from Way2Drug online tool.

Furthermore, based on the analysis of
SwissADME, three components of dactyloquinone
B, C, and D, dysidavarone D, smenohaimien F
as well as sollasin E have an acceptable drug-
likeness. Besides, these six compounds have a
bioavailability score of 85%, which means that
they have a great bioavailability for manufacturing
drugs. Notably, 19-oxofasciospongine A,
araguspongine C, hyrtiocarboline, hyrtioerectine
F, ingenine E, ingenine F, nakijinol B,
pyronaamidine, and sollasin C have a good drug-
likeness according to three of four remarked
methods. They have also a bioavailability score of
55%, which is an acceptable bioavailability score,
based on previous surveys.

Finally, another fascinating result of
SwissADME analysis about selected
compounds is their synthetic accessibility (SA).
Based on prior surveys, synthetic accessibility is
defined as the ease of synthesis and obtaining
the mentioned molecule, which is scored from 1
to 10 (1 means easy to produce and 10 means
very hard to manufacture).’® Thus, based on
table 5, the SA for all selected compounds is
between 4 to 6. This means that all remarked
components have a moderate hardship in being
produced.
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Dactyloquinone B, C, and D exhibit
antineoplastic  properties  with  significant
Pa. Previous studies have highlighted their
effectiveness against various cell lines, indicating
their potential for lung cancer treatment.®
Furthermore, these compounds show additional
potential effects such as antieczematous
activity, phosphatase inhibition, apoptosis
agonist, and chemoprevention. Interestingly, the
pharmacological analysis conducted using the
Way2Drugonlinetoolrevealsthatdactyloquinone
B, C, and D have the ability to suppress the
immune system in humans. This finding aligns
with the results from the ProTox-1l online tool
analysis, which indicates a high probability (97%
to 99%) of toxic effects on normal human cells.
While dactyloquinone B, C, and D demonstrate
potent potential for inhibiting lung cancer cells,
their immunosuppressive properties may impact
their future use as anticancer drugs.

Dysidavarone D is a notable compound
derived from marine sponges that show potential
as drugs against various cancers, as indicated
by the analysis conducted using the Way2Drug
online tool. Previous studies have demonstrated
the anticancer effects of these compounds in vitro
conditions, with dysidavarone D exhibiting cytotoxic
effects on HelLa, A549, MDA231, and QGY7703
cell lines.®® Therefore, our analysis aligns with
these previous in vitro studies. Furthermore, the
analysis reveals that dysidavarone D has the
potential to be utilized as an anti-lung cancer
agent, with Pa of 60%. In conclusion, this marine-
derived compound demonstrated a striking
potential for being used as future anti-lung cancer
drug. In-vitro and in-vivo experiments are needed
to endorse this in-silico finding.

Our pharmacological prediction analysis
using the Way2Drug online tool revealed that
smenohaimien F shows potential as a future drug
with diverse activities, including enhancement
of TP53 expression. A previous study has
highlighted the role of TP53 expression in
suppressing different kinds of cancer, including
lung cancer, suggesting that increasing the
expression of TP53 could be important for
inhibiting lung cancer cells.3®

Additionally, smenohaimien F demonstrated
dual specificity phosphatase inhibition properties
with a probability of 64%. Dual specificity
phosphatases (DUSPs) promote the activity,
proliferation, and migration of lung cancer cells,
and inhibiting this factor has been shown to
enhance the immune system’s response against
lung cancer cells.*°

Furthermore, other possible effects of
smenohaimien F are displayed in figure 6.
Based on previous studies and the analysis
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from the Way2Drug online tool, smenohaimien
F appears to hold promise as a potent anti-lung
cancer compound. Although further in vitro and
in vivo research is needed to fully evaluate its
potential.

According to the pharmacological prediction
analysis conducted using the Way2Drug online
tool, sollasin E shows potential activities as a drug,
including phosphatase inhibition, anaphylatoxin
receptor antagonist, and nitric oxide synthase
(NOS2) expression inhibition with Pa of 62%,
56%, and 40%, respectively. Phosphatases,
including protein phosphatase 2A (PP2A), is
involved in the progression of chronic obstructive
pulmonary disease (COPD) to lung cancer. Thus,
early surveys have displayed that these sorts of
enzymes can facilitate cancer in the human lung.*!
Besides, based on previous surveys, the trigger
of anaphylatoxin receptor creates a favorable
microenvironment for lung cancer progression.*?
Furthermore, NOS2 can raise lung carcinogenesis
and inflammation through induction of KRAS
pathway.** Therefore, our results are in line with
the findings of prior research. However, it is
important to note that although the Pa of these
activities range from 42% to 65%, further in vitro
and in vivo studies are needed to determine the
exact impacts of sollasin E. Overall, this analysis
highlights the potential of sollasin E as a valuable
anticancer agent that has the ability to induce
apoptosis in lung cancer cells.

Based on our analysis, the potential adverse
and toxic effects of the selected alkaloids and
sesquiterpenes as drugs can be categorized into
seven groups, as listed in table 8. Additionally, a
previous study has shown that eribulin mesylate
(EM),?8 derived from the marine sponge Porifera
Halichondria okadai, is the only anticancer drug
approved by the United States Food and Drug
Administration (FDA) and European Medicines
Agency (EMA) for the treatment of metastatic
and locally advanced breast cancer. However,
EM is associated with adverse effects such
as neutropenia, leukopenia, anemia, and
febrile neutropenia in cancer patients.* These
findings are consistent with our present results.
Furthermore, our analysis using the ProTox-lI
online tool indicates that dactyloquinone B, C,
and D, as well as smenohaimien F have a high
probability (97-99%) of immunotoxic effects. EM,
E7974, and PM060184 are three agents with
anticancer effects that have been associated
with toxic effects such as neutropenia and
thrombocytopenia.?®

Despite the numerous studies conducted on
the anti-lung cancer effects of marine sponge-
derived compounds, including the present study,
there is a lack of sufficient clinical trials in this
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field.?® Although our study demonstrated the
potential anti-lung cancer properties of marine
sponge-derived compounds through in-silico
analysis and pharmacological predictions using
online tools, further in vitro, in vivo, and clinical
trials are essential to validate these findings.

Additionally, this study has provided valuable
insights into the anti-lung cancer compounds
derived from marine sponges, which can
guide researchers in the development of novel
anti-lung cancer agents. This is particularly
significant considering the limited number of
anticancer drugs approved by the FDA for
cancer treatment.?

The advantages of this study are underscored
by the explicit application of in-silico tools,
which offer significant strengths for preliminary
assessments of anti-lung cancer compounds
derived from marine sponges. Utilizing platforms
such as SwissADME, ProTox-Il, and Way2Drug
enables the evaluation of critical pharmacokinetic
properties, including bioavailability, solubility,
and toxicity profiles, thereby streamlining
the drug discovery process. Additionally, the
uniqueness of the compounds investigated,
particularly the alkaloids and sesquiterpenes,
contributes to the novelty of this research, as
these classes of marine-derived compounds
have demonstrated compelling binding affinities
to apoptotic receptors in lung cancer cells. By
clearly enumerating these strengths, we highlight
the potential for these compounds to serve as
innovative therapeutic agents, setting the stage
for further exploration and development in
clinical applications.

The limitations of this study primarily stem
from its reliance on in-silico analysis and the
inherent challenges associated with such
methods. While molecular docking provides
valuable insights into the binding affinities of
marine-derived compounds to various receptors,
it does not fully replicate the complexities of
biological systems. Consequently, the findings
regarding the anticancer properties of alkaloids,
sesquiterpenes, and quinones should be
interpreted with caution. Moreover, the study
does not include experimental validation of
the predicted interactions and effects, which
is critical for establishing the clinical relevance
of the compounds. Furthermore, the analysis
primarily focuses on a specific subset of
marine sponge-derived compounds, potentially
overlooking other bioactive constituents that
may contribute to their anticancer activities.
Future studies should aim to integrate in vitro
and in vivo experiments to substantiate the
findings and explore the broader spectrum of
marine-derived bioactive compounds.

299



Zare A, Afshar AR, Mussin NM, Kaliyev AA, Aringazina RA, Tanideh N, et al

Conclusion

Our bibliometric analysis revealed a growing
interest in the anticancer properties of marine
sponge-derived compounds, particularly in the
classes of alkaloids and sesquiterpenes. Notably,
compounds such as dactyloquinone B, C, and D,
along with dysidavarone D, smenohaimien F, and
sollasin E, exhibited exceptional binding affinities
to receptors associated with apoptosis in lung
cancer cells. The in-silico analysis using tools
such as SwissADME, ProTox-Il, and Way2Drug
further illustrated the favorable bioavailability
and potential therapeutic activities of these
compounds, alongside possible side effects.
Collectively, these findings underscore the
importance of these marine-derived agents as
promising candidates for developing novel anti-
lung cancer therapies. However, to fully harness
their therapeutic potential, comprehensive in
vitro and in vivo studies, followed by clinical
trials, are essential. This research not only paves
the way for future studies but also emphasizes
the urgent need for innovative approaches in the
fight against lung cancer.
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