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INTRODUCTION
Cancer continues to be a major financial burden on 

healthcare systems worldwide, representing one of the costliest 
diseases. It also stands as the second leading cause of death 
globally, according to the World Health Organization. The 
disease caused 10 million deaths by 2020, with a high incidence 
in low- and low-middle-income countries [1]. However, recent 
studies in the United States have shown that cancer death rates 
from leukemia, melanoma, lung cancer, and kidney cancer 
are declining [2]. Furthermore, the projected number of new 
cancer cases and deaths in the United States by the year 2023 is 
estimated to be 1,958,310 and 609,820, respectively. 

Cancer comprises a group of diseases characterized 
by display uncontrolled division (beyond the regular limits), 
invasion (direct extension and penetration of adjacent tissues), 
and sometimes metastasis (spread to other parts of the body 
through lymph or blood) [3]. Despite the diversity in the tissues 
where cancer can originate and the unique characteristics of each 
type, there is a fundamental process in cancer development that 
is shared among all forms of the disease. Among the various 
types of cancer, the most common in men include prostate, 
stomach, lung, colorectal, and liver cancers, while breast, lung, 
cervical, colorectal, and thyroid cancers are the most prevalent 
in women. [1].

Cancer treatments encompass a variety of approaches, 
including surgery, radiation therapy, and systemic treatments 
such as chemotherapy, targeted therapy, hormonal therapy, and 
immunotherapy. While these treatments have shown significant 
success in combating cancer, they often come with associated 
side effects. These adverse effects can vary depending on the 
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ABSTRACT
Due to the high incidence and mortality rates of cancer, as well as the undesirable side effects associated with 
conventional chemotherapy treatments, there is a growing focus on investigating novel chemopreventive 
pharmaceutical agents. Dihydropyrimidinone and its derivative, monastrol, have shown promising anticancer activity 
by locking bipolar mitotic spindle by targeting the mitotic kinesin-5 motor protein Eg5. Synthesis of monastrol 
derivatives and hybrids, as well as the assessment of their potential antiproliferative effects on cancer cell lines, is 
a current field of research with a high scientific output. This paper presents a comprehensive bibliometric analysis 
of published research on monastrol and their derivatives and hybrids, highlighting the growth of published studies, 
the main areas of knowledge, and the leading countries in terms of publication, among others. In addition, the 
co-occurrence of authors’ keywords networks and bibliometric networks are presented, providing an overview of 
the areas of focus in monastrol research. The main areas of knowledge in the field were (i) biochemistry, genetics, 
and molecular biology, (ii) Chemistry and pharmacology, and (iii) toxicology and pharmaceutics. Furthermore, the 
United States, China, Brazil, the United Kingdom, and Germany were the most productive countries in terms of 
the number of published studies. Finally, the results suggest that research on monastrol derivatives and hybrids has 
increased significantly, with molecular docking and cytotoxicity studies being the most prominent areas of focus.
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was successfully loaded onto mesoporous silica nanoparticles 
(MSNPs) and coated with hydrogels to achieve controlled drug 
delivery. Hanif et al. [15] tested monastrol-loaded MSNPs on 
human cervical epithelial malignant carcinoma (HeLa) cell 
lines and observed the successful delivery of monastrol into the 
cancer cells in vitro.

Monastrol has been used in medicinal chemistry 
as a scaffold for new anticancer agents, such as molecular 
derivatives or hybrids [9]. These compounds have demonstrated 
enhanced antiproliferative activity against various cancer 
cell lines compared to monastrol itself [16,17]. Monastrol 
and DHPM are obtained using the Biginelli condensation 
(Fig. 1), consisting of a reaction of an aldehyde with thiourea 
and a β-ketoester catalyzed by a strong acid [18]. Recently, 
novel synthetic methodologies have been devised, leading to 
improved yields compared to the original procedures. These 
innovative approaches involve the combination of Lewis acids 
and/or transition metal salts [19].

Synthesis and anticancer activity assessment of 
monastrol derivatives and hybrids are currently active areas of 
research, with high scientific output of new compounds so do 
their potential antiproliferative effects on cancer cell lines. As a 
result, it becomes challenging to have a comprehensive view of 
all the studies on this topic due to the vast volume of information 
available in the scientific literature. The bibliometric analysis 
is a scientometric tool that helps researchers to have a holistic 
overview of the available information on a knowledge area. 
Furthermore, a bibliometric analysis of compounds based on 
monastrol is still lacking. Therefore, the aim of this work was to 
conduct a bibliometric analysis of monastrol, their derivatives, 
and hybrids to describe and analyze the research trend and the 
main outputs of this field.

METHODS

Database selection and search strategy
Data was acquired from the Scopus database on 28 

February 2023 and retrieved the most relevant documents 
related to monastrol. The search equations were queried within 
the fields of the article title, abstract, and keywords, and were 
refined to articles and reviews as described elsewhere [20–22]. 
To cover the studies related to monastrol and their derivatives 
and hybrids, two search equations were designed as follows: 

Search equation #1: TITLE-ABS-KEY (monastrol) 
AND (LIMIT-TO (DOCTYPE, “ar”) OR LIMIT-TO 
(DOCTYPE, “re”)) AND (EXCLUDE (PUBYEAR, 2023)).

Timespan: 1999 to 2022. 
Search equation #2: (TITLE-ABS-KEY (monastrol) 

AND TITLE-ABS-KEY (hybrids) OR TITLE-ABS-KEY 
(derivatives)) AND (LIMIT-TO (DOCTYPE, “ar”) OR LIMIT-
TO (DOCTYPE, “re”)) AND (EXCLUDE (PUBYEAR, 2023)). 

Timespan: 1999 to 2022. 
Figure 2 shows a flowchart of the methodology used 

during the search. 

Data export and bibliometric indicators
The information retrieved from the database were 

abstract, keywords, and both citation and bibliographical 

treatment type and the individual patient, ranging from mild 
discomfort to more severe complications [4].

In the majority of malignancies, chemotherapy still 
stands as the foremost effective and commonly employed 
treatment. While current chemotherapy treatments, such as 
those based on 5-FU and oxaliplatin, demonstrate effectiveness 
in combating cancer, they are associated with a range of toxic 
effects, including nephrotoxicity, ototoxicity, neurotoxicity, 
cardiotoxicity, hematological toxicity, hepatotoxicity, 
gastrointestinal toxicity, and myelosuppression, among 
others. Such adverse effects often lead to dose limitations or 
discontinuation of treatment effects [5–7]. As cancer statistics 
continue to rise and the associated toxicity of conventional 
chemotherapy becomes a greater concern, intensive endeavors 
are underway to investigate and create novel pharmaceutical 
agents with potential chemopreventive properties for cancer. In 
this sense, several studies have been carried out to develop new 
synthetic alternative substances with high anticancer activity.

Dihydropyrimidinone (DHPM) is a heterocyclic 
compound that has been synthesized and studied for its potential 
as a drug candidate in various therapeutic areas. The DHPM is 
distinguished by its multifunctional scaffold, which displays a wide 
range of biological activities. [8–10] and especially anti-cancer 
activity. Monastrol (Fig. 1) is considered a DHPM derivative with 
promising anticancer activity, which was first described by Mayer 
et al. [11], and originally identified in a phenotype-based screening 
of a chemical library. DHPM and monastrol are both heterocyclic 
compounds; monastrol has a 4-methoxyphenyl group substituted 
at the 2-position of the heterocyclic ring, while DHPM has an 
acyclic substituent at this position. Monastrol triggers mitotic 
arrest at the G2/M phase by targeting the mitotic kinesin-5 motor 
protein Eg5 in mammalian cells, causing inhibition of the motility, 
therefore leading to cell apoptosis [12]. It has been demonstrated 
that this compound exhibits varying antiproliferative effects in 
breast adenocarcinoma MCF-7 cells and mammary epithelium 
HB4a cells [13]. The antiproliferative activity of this compound 
in MCF-7 cells is associated with cell cycle arrest in the M phase, 
displaying characteristics indicative of mitotic slippage without 
inducing neurotoxicity [14].

Despite its demonstrated activity in vitro, monastrol 
exhibits non-drug-like properties, such as poor solubility, low 
half-life, and limited bioavailability, which have hindered its 
further development as a therapeutic agent. To overcome these 
challenges, carrier-based nanoparticle drug delivery has emerged 
as a promising alternative approach. This approach aims to 
improve the effectiveness and patient compliance of drugs by 
enhancing their targeting capabilities. In this context, monastrol 

Figure 1. Biginelli condensation in the monastrol synthesis.
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information. Data was downloaded from Scopus, and exported 
in Excel® format. Subsequently, VOSviewer 1.6.18 was used 
for visualization and data analysis [23]. The volume and growth 
of publications, subject areas, co-occurrence keywords network 
visualization, co-occurrence keywords overlay visualization, 
leading institutions and journals, and collaboration networks 
among the countries are the bibliometric indicators that were 
evaluated. 

RESULTS

Evolution of publishing papers related to monastrol
A total of 409 records were retrieved from the Scopus 

database for the first search equation. 83.86% and 16.14% of 
them correspond to research articles and reviews, respectively. 
Figure 3 shows the growth of published studies related to 

monastrol from 1999 to 2022. In this timespan, an increase in the 
number of issued papers was observed between 1999 and 2006. 
Then, a slight decrease was perceived and the records oscillated 
around twenty documents. Furthermore, the main areas of 
knowledge of those records were: (i) biochemistry, genetics, 
and molecular biology, (ii) chemistry, and (iii) pharmacology, 
toxicology, and pharmaceutics, with 35.3, 17.6% and 17.4% of 
the records. In addition, the United States ranked first, followed 
by China, Germany, India, the United Kingdom, and Brazil as 
the leading countries in the number of publications (Fig. 4a). 

Likewise, for the second search equation, 212 records 
were retrieved from the Scopus database. Here, the scientific 
production was not uniform but since 2004 the records range 
between 6 and 18 (Fig. 3). Concerning the main areas of 
knowledge, the top three were the same as for the first search 

Figure 2. Methodological flowchart for bibliometric analysis studies.

Figure 3. Evolution of published studies related to monastrol and their hybrids 
and derivatives from 1999 to 2022.

Figure 4. Top 10 leading countries of studies related to monastrol between 1999 
and 2022. a) Studies of monastrol. b) Studies of hybrids and derivatives based 
on monastrol. 
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equation, with biochemistry, genetics, and molecular biology 
keeping its first place, but chemistry, and pharmacology, 
toxicology, and pharmaceutics exchanged their positions, 
ranked third and second, respectively. For this search, the 
United States, China, and India, followed by Brazil and the 
United Kingdom, were the leading countries in terms of the 
number of publications (Fig. 4b).

Journals, institutions, and publications with the highest 
impact

Table 1 shows the top 10 cited studies related to 
monastrol, where 8 and 2 are research papers and reviews, 
respectively. In addition, the top five leading institutions on 
this topic are displayed in Table 2. As expected, the leading 
institutions are located in the top countries previously 
mentioned. Tables 3 and 4 show the leading journals for the 

first and second search equations, respectively. As predictable, 
the searches share most of them.

In addition, Table 5 shows the top 10 cited studies for the 
second search, where 6 are research articles and four are reviews. 

Bibliometric networks of monastrol and their hybrids and 
derivatives

The co-occurrence of the author’s keywords network 
contains five clusters and 24 nodes (Fig. 5a). Among them, 
molecular docking studies, treatment of breast cancer (red, 
purple, and green clusters), anticancer activities and inhibitors 
(yellow and blue clusters) worth being highlighted. Figure 5b 
shows the topics the researchers focused on between 2008 and 
2018. Clearly, studies of molecular docking, pharmacophore, 
and cytotoxicity based on monastrol were concentrated in 2018 
(see yellow nodes in Fig. 5b). 

Table 1. The top 10 most cited studies related to monastrol between 1999 and 2022.

Title Year Journal Citations Doc.Type Ref.

Smart molecule inhibitor of mitotic spindle 
bipolarity identified in a phenotype-based 
screen

1999 Science 1613 Article [11]

Biologically active dihydropyrimidones of 
the Biginelli-type—A literature survey 2000 European Journal of 

Medicinal Chemistry 1453 Review [19]

The small molecule Hesperadin reveals a 
role for Aurora B in correcting kinetochore-
microtubule attachment and in maintaining 
the spindle assembly checkpoint

2003 Journal of Cell Biology 987 Article [24]

Cancer cells display profound intra- and 
interline variation following prolonged 
exposure to antimitotic drugs

2008 Cancer Cell 633 Article [25]

Probing spindle assembly mechanisms with 
monastrol, a small molecule inhibitor of the 
mitotic kinesin, Eg5

2000 Journal of Cell Biology 569 Article [26]

Taxanes, microtubules and chemoresistant 
breast cancer 2008

Biochimica et 
Biophysica Acta—
Reviews on Cancer

459 Review [27]

Myosin IIA regulates cell motility and 
actomyosin-microtubule crosstalk 2007 Nature Cell Biology 386 Article [28]

Examining the link between chromosomal 
instability and aneuploidy in human cells 2008 Journal of Cell Biology 359 Article [29]

Correcting improper chromosomes-spindle 
attachments during cell division 2004 Nature Cell Biology 348 Article [30]

Chromosomes can congress to the 
metaphase plate before biorientation 2006 Science 322 Article [31]

Table 2. The top 5 institutions publishing studies related to monastrol between 1999 and 2022.

Institutions, city, and country Number of publications

Harvard Medical School, Boston MA, United States 22

Universidade Federal do Rio Grande do Sul, Porto Alegre RS, Brazil 17

China Pharmaceutical University, Jiangning District, Nanjing Jiangsu, China 12

Albert Einstein College of Medicine of Yeshiva University, New York NY, United States 11

Institut de Biologie Structurale, Grenoble Auvergne-Rhone-Alpes, France 11

Rockefeller University, New York NY, United States 10
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molecular docking, pharmacophore, and cytotoxicity of their 
hybrids and derivatives during the last years, the discussion was 
concentrated on these themes. 

DISCUSSION

Derivatives and hybrids based on monastrol as potential 
anticancer agents

In Figure 8, we show some examples of the vast 
collection of monastrol hybrids and derivatives, which have 
been active against different cancer lines. A range of DHPM 
derivatives incorporating different N-heterocyclic moieties 
was successfully synthesized and subjected to cytotoxicity 
testing. Notably, Compound A displayed remarkable activity 
against NCI-H460, SK-MEL-5, and HL-60 (TB) cell lines, 
inhibiting their growth by 88%, 86%, and 85%, respectively. 
Importantly, Compound A demonstrated increased safety 

Concerning the co-occurrence of the author’s 
keywords network of studies based on hybrids and derivatives 
of monastrol, Figure 6a displayed 27 nodes within 6 clusters. 
Similar nodes are observed compared with 5a, highlighting 
molecular docking, breast cancer, DHPM, and monastrol 
analogs. Once again, molecular docking was one of those 
that concentrated the studies in 2018, along with works on 
cytotoxicity and cell cycle analysis (Fig. 6b). Interestingly, 
studies of hybrids based on monastrol also appeared as a hot 
topic between 2016 and 2018 (Fig. 6b) but with a small node, 
indicating that it is an emerging topic in this field. Furthermore, 
Figure 7 shows the countries’ collaboration networks. Clearly, 
the United States, China, India, Brazil, the United Kingdom, 
and Germany displayed the biggest nodes in this network. This 
is therefore consistent with Figure 4.

Since the bibliometric results of this work indicated 
that the studies related to monastrol have been focused on 

Table 3. The top 5 journals publishing studies related to monastrol 
between 1999 and 2022.

Journals No. of 
publications

Journal of Cell Biology 15

European Journal of Medicinal Chemistry 11

Bioorganic and Medicinal Chemistry 10

Biochemistry 9

Molecular Biology of the Cell 7

Cell Cycle, Current Biology, Journal of Biological Chemistry, 
Mini Reviews in Medicinal Chemistry, Plos One.

6

Table 4. The top 5 journals publishing studies related to hybrids and 
derivatives based on monastrol between 1999 and 2022.

Journals No. of publications

European Journal of Medicinal Chemistry 10

Bioorganic and Medicinal Chemistry 9

Mini Reviews in Medicinal Chemistry 6

Bioorganic Chemistry, Current Biology, Journal of 
Heterocyclic Chemistry 5

Bioorganic and Medicinal Chemistry Letters, 
Future Medicinal Chemistry, Journal of Biological 
Chemistry, Journal of Cell Biology

4

Table 5. The top 10 most cited studies related to hybrids and derivatives based on monastrol between 1999 and 2022.

Title Year Journal Citations Doc.Type Ref.

Smart molecule inhibitor of mitotic spindle bipolarity 
identified in a phenotype-based screen 1999 Science 1,613 Article [11]

Biologically active dihydropyrimidones of the Biginelli-
type—A literature survey 2000 European Journal of 

Medicinal Chemistry 1,453 Review [19]

Taxanes, microtubules and chemoresistant breast cancer 2008
Biochimica et 
Biophysica Acta—
Reviews on Cancer

459 Review [27]

Correcting improper chromosomes-spindle attachments 
during cell division 2004 Nature Cell Biology 348 Article [30]

Roles of polo-like kinase 1 in the assembly of functional 
mitotic spindles 2004 Current Biology 295 Article [32]

Highly enantioselective Biginelli reaction using a new 
chiral ytterbium catalyst: Asymmetric synthesis of 
dihydropyrimidines

2005
Journal of the 
American Chemical 
Society

257 Article [33]

Evidence that monastrol is an allosteric inhibitor of the 
mitotic kinesin Eg5 2002 Chemistry and Biology 255 Article [34]

Silica sulfuric acid and silica chloride as efficient reagents 
for organic reactions 2006 Current Organic 

Chemistry 251 Review [35]

Induction of apoptosis by an inhibitor of the mitotic kinesin 
KSP requires both activation of the spindle assembly 
checkpoint and mitotic slippage

2005 Cancer Cell 247 Article [36]

Mitosis-targeted anti-cancer therapies: Where they stand 2012 Cell Death and Disease 231 Review [37]
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on normal cells compared to doxorubicin, a standard 
chemotherapy agent. Further investigation of A549 cells 
treated with Compound A revealed cell cycle arrest at the 
G2/M phase and pro-apoptotic activity, verified by annexin 
V-FITC staining [18].

Monastrol derivative B showed cytotoxicity activity 
with an MG-MID value of 43.16%. This compound displayed 
antiproliferative activity against many cell lines. Compound 
B exhibited notable effects on non-small-cell lung cancer 
NCI-H522 cells with a growth inhibition rate of −42.26% and 
MDA-MB-468 breast cancer cells with a rate of −1.10% at a 
single dose-assay concentration of 10−5 M. Furthermore, cell 
cycle analysis of NCI-H522 cells treated with compound B 
revealed cell cycle arrest at the G2/M phase [38]. Conjugates of 
monastrol C, containing proline, have demonstrated promising 
in vitro cytotoxic activity against leukemia. Notably, they 
exhibited good cytotoxic potency against the SR cell line of 
the leukemia sub-panel with an inhibitory effect of 53.3%. 
Furthermore, against the HL-60 (TB) and RPMI-8226 cell 
lines, the conjugates displayed inhibitory effects of 43.2% and 
27.1%, respectively. Molecular docking studies have revealed 
that these conjugates (C) exhibit superior interactions at the 
kinesin Eg5 receptor compared to monastrol, suggesting their 
potential as potent anticancer agents. [39]. Monastrol-triazole 
hybrid D showed good cytotoxicity against cancer cell lines 

Figure 5. Bibliometric network of studies related to monastrol between 1999 
and 2022. a) Research-topic map. b) Research-topic map with time overlap. 
The nodes represent the author´s keywords while the size of the circle indicates 
their occurrences (i.e., the number of publications that have the corresponding 
term in their title or abstract). In addition, the width of the line linking them is 
proportional to the strength of the relationship between the author´s keywords, 
and the distance between them indicates the relatedness of the nodes. Note: 
minimum number of occurrences of a keyword is four. 

Figure 6. Bibliometric network of studies related to hybrids and derivatives based 
on monastrol between 1999 and 2022. a) Research-topic map. b) Research-topic 
map with time overlap. The nodes represent the author´s keywords while the size 
of the circle indicates their occurrences (i.e. the number of publications that have 
the corresponding term in their title or abstract). In addition, the width of the 
line linking them is proportional to the strength of the relationship between the 
author´s keywords, and the distance between them indicates the relatedness of the 
nodes. Note: minimum number of occurrences of a keyword is three. 

Figure 7. Bibliometric map of global collaboration network among countries 
researching hybrids and derivatives based on monastrol between 1999 and 
2022. The nodes represent the countries while the size of the circle denotes 
the number of publications. In addition, the width of the line linking them 
is proportional to the strength of the relationship between countries, and the 
distance between them indicates the relatedness of the nodes. The minimum 
number of documents in a country is one. 
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derivative (L) demonstrated a notable cytotoxic activity against 
three human cancer cell lines, namely MCF-7, HepG-2, and 
AGS, with IC50 values of 59.97 ± 1.84 µM, 62.72 ± 1.11 µM, 
and 55.39 ± 0.98 µM, respectively [45]. On the other hand, 
the pyrimidinone derivative (M) displayed cytotoxic activity 
against four cancer cell lines, including HCT-116, HeLa, HepG-
2, and MCF-7, with IC50 values ranging from 3.75 µM to 5.13 
µM. Interestingly, it demonstrated safety on the normal human 
cell line WI-38, with a selectivity index value of 13.7 on HCT-
116 cells, suggesting its potential as a promising candidate in 
cancer treatment. This compound showed arrested at the G2/M 
phase on HCT-116 cells with considerable apoptotic effect [46]. 
A 2-aminothiazolyl/benzothiazolyl derivative of 3,4-DHPMs 
(N) was active against AGS cell lines (IC50 7.06 µg/ml), being 
more cytotoxic than cis-platin (IC50 11.49 ± 1.35) [47].

Compound O, also known as LaSOM 65, exhibited 
a remarkable two-fold increase in activity against rat (C6) and 
human (U138-MG) glioma cell lines compared to monastrol. 
Furthermore, this compound demonstrated potent antitumoral 
activity against the Sarcoma 180 murine model when 
administered daily through intraperitoneal administration at a 
dose of 90 mg/kg for 7 days, resulting in a remarkable over 70% 
reduction in tumor growth [48]. Compound O showed good 
pharmacokinetic and tissue distribution and did not show signs 
of acute toxicity in an investigation in Wistar rats [49].

Molecular docking studies of monastrol derivatives and 
hybrids as a tool for anticancer drugs prospection

Molecular docking is a computational technique that 
predicts the binding mode and affinity of small molecules to a 
target protein. It is widely used in drug discovery and design to 
screen large databases of compounds and identify potential lead 

MCF-7 (breast), OVCAR-3 (ovarian), and SKOV-3 (ovarian) 
with IC50 of 22.0, 24.2, and 29.1 µM, respectively [40].

Perillyl-DHPM hybrid E exhibited promising 
antiproliferative activity against OVCAR-3 (ovarian) with a  
TGI (concentration that produces total growth inhibition, or 
cytostatic effect) value of 6.90 µM. In addition, this hybrid 
also showed activity against cell lines U251 (glioma) and 
UACC-62 (melanoma) with IC50 of 12.43 µM and 19.18 µM, 
respectively [41].

Monastrol-oxadiazole hybrids F and G exhibited 
significant activity against leukemia HL-60 (TB) and MOLT-4 
cells, with IC50 values of 56 nM and 80 nM, respectively. These 
hybrids demonstrated greater potency compared to monastrol, 
which had IC50 values of 147 nM and 215 nM for those cell 
lines. Cell cycle analysis of HL-60 (TB) cells treated with hybrid 
F and MOLT-4 cells treated with hybrid G indicated cell cycle 
arrest at the G2/M phase and pro-apoptotic activity, as evidenced 
by annexin V-FITC staining [36]. In addition, monastrol-1,3,5-
triazine hybrid H was evaluated for its anticancer activity 
against HeLa (cervical cancer), MCF-7 (breast cancer), HL-60 
(human promyelocytic leukemia), and HepG2 (hepatocellular 
carcinoma) cell lines, showing inhibitory activities of 39.7% ± 
0.81%, 41.5% ± 0.31%, 23.1% ± 0.36%, and 31.2% ± 0.82%, 
respectively. Also, this compound was tested over MCF 12A 
(normal epithelial breast cell line), which was non-toxic [43]. 

Monastrol analogs with ligustrazine moiety (I-K) 
demonstrated significant antiproliferative activity against 
three major types of human tumor cell lines: breast MCF-7, 
colon HCT-116, and liver HepG-2. The IC50 values for these 
analogs ranged between 11.3 µM and 47.6 µM, indicating 
their potential as effective agents against these cancer cell 
lines. These compounds were most potent than monastrol (IC50 
118-142 µM) [44]. The tetrahydropyrimidine-5-carboxylate 

Figure 8. Chemical structure of monastrol and their hybrids and derivatives. 
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candidates that can modulate a protein of interest. Specifically, 
several recent studies have used molecular docking to identify 
potential monastrol analogs with improved Eg5 inhibitory 
activity. Eg5 is a member of the kinesin-5 family, playing a 
crucial role in cancer development by ensuring the proper 
assembly and maintenance of the bipolar spindle during the 
mitosis process. This essential function makes Eg5 an attractive 
target for potential anticancer therapies, particularly in specific 
types of cancer [50].

Compound B showed a kinesin enzyme inhibitory 
activity with an IC50 = 1.47 μM. This structure was subjected 
to a molecular docking study using the crystal structure of 
the kinesin Eg5 enzyme to elucidate the observed outcomes. 
This study unveiled several notable attractive forces, primarily 
through hydrogen bonding, with distinct amino acid residues 
(such as Glu116 and Glu118) in the active site. These findings 
suggest that the enhanced binding interactions of compound 
B with the Eg5 enzyme could be responsible for its superior 
activity compared to monastrol [38]. For monastrol analogs 
bearing ligustrazine moiety (I-K), molecular docking 
simulations were carried out on the most potent cytotoxic 
targets within the active site of the kinesin Eg5 protein. These 
compounds exhibited significant H-bonding interactions 
with critical amino acids Glu116 and Glu118, resembling the 
native ligand monastrol. These findings highlight the essential 
role of the pyrimidine nucleus, which incorporates thio-N-
methylacetamide at position 2 and ethyl carboxylate at position 
5, in the binding characteristics. These specific modifications 
appear to be crucial for the favorable binding interactions and 
enhanced activity of those compounds compared to monastrol, 
emphasizing its potential as a promising candidate for further 
investigation in anticancer therapies targeting Eg5 [38].

Docking studies of the monastrol derivative (L) 
revealed a favorable binding affinity towards the Eg5 
enzyme, facilitated by three hydrogen bonding interactions. 
These interactions involve the ligand’s hydroxyl group 
with the oxygen carbonyl group in Glu118, the NH of 
THPM ring with the oxygen carbonyl group in Glu116, and 
the oxygen of the ester moiety with the hydroxyl group of 
Tyr211 [45]. Subsequent tests for Eg5 inhibitory activity of 
the pyrimidinone derivative M demonstrated a significant 
inhibition with an IC50 value of 12.89 µM when compared to 
monastrol (IC50 = 14.89 µM). The docking results revealed 
interactions with various amino acid residues in the binding 
site, which contributed to increased stability in the ligand-
receptor complex, resulting in improved Eg5 inhibitory 
activity. These findings suggest the potential of compound M 
as a promising Eg5 inhibitor with enhanced activity compared 
to monastrol [46]. Molecular dynamics and molecular docking 
simulations applied to 2-aminothiazolyl/benzothiazolyl 
derivatives of 3,4-DHPMs (N) were conducted for exploring 
the binding model on the allosteric site of Eg5. The presence 
of a 4-(3-bromo phenyl) substituent resulted in the most potent 
inhibitory effect on cancer cell migration. This effect could be 
attributed to the larger size and higher hydrophobicity of the 
substituent, enabling stable and balanced binding interactions 
with Eg5 [47].

CONCLUSION
Monastrol and its hybrids and derivatives have been 

a subject of increasing interest in the scientific community 
since it was first reported in 1999, given the promising results 
as potential anticancer compounds. A significant number 
of articles and reviews have been published, with a peak 
in production between 1999 and 2006, followed by a slight 
decrease and stabilization of around 20 articles per year. 
Monastrol hybrids and derivatives have displayed cell cycle 
arrest, pro-apoptotic activity, and good cytotoxic potency 
against various cancer cell lines, such as lung, breast, ovarian, 
glioma, and melanoma. In addition, the monastrol O derivative 
showed good results in a preclinical and pharmacokinetic 
study. The network analysis revealed the most frequent topics 
in the scientific literature related to monastrol, which included 
molecular docking studies, anticancer activities against 
cancer, and inhibitors. 
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