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Abstract. Background/Aim: To identify the best of three
isatin-based scaffolds in terms of anticancer activity. Materials
and Methods: Synthesis of isatin-based scaffolds was
performed through a reaction to form Schiff bases. In silico
analyses consisted of a target prediction with the Swiss Target
Prediction tool and a molecular docking by AutoDock Vina.
Anticancer activity and cytotoxicity were determined using the
WSTI viability assay. Results: Three scaffolds (IA, IB, and IC)
were synthesized and confirmed with good reaction yields. The
Swiss Target Prediction tool showed a trend towards kinases.
Molecular docking assays demonstrated higher affinity of IC
towards CDK2. Anticancer activity assays identified IC as the
most active against the cancer cell lines. Cytotoxicity results
in non-cancer cells suggested a lack of selectivity. Conclusion:
The scaffold IC was identified as the best in terms of
anticancer activity and these effects may be due to inhibition
of CDK2, as evidenced by molecular docking.

Cancer is a group of pathologies characterized by uncontrolled
proliferation that leads to the formation of tumors with the
ability of performing invasion and metastasis. The etiology of
cancer is multifactorial and includes both genetic and
environmental factors (1). According to data from the Global
Cancer Observatory (GLOBOCAN), 19.2 million new cases
and almost 10 million deaths from cancer were reported
worldwide in 2020. Furthermore, an increase of 47% is
expected in the number of new cases by 2040 (2).

Currently, chemotherapy remains the principal therapy of
choice in the treatment of most types of cancer (3). However,
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the development of short and long-term side effects, as well
as the development of drug resistance by tumors limit its
clinical efficacy (4-6). For this reason, the design and
development of new anticancer agents have become a
priority in medicinal chemistry.

The Hallmarks of Cancer, published by Hanahan and
Weinberg in 2000 (7) and 2011 (8), include a set of ten
cellular and molecular characteristics that are common in
tumors (except for invasion and metastasis only present in
malignancies) and important for their establishment, growth,
and survival. Since it was published ten years ago,
significant discoveries about cancer biology have been made
(9). However, the contribution of Hallmarks of Cancer to the
development of targeted therapy led to the design of many
new approved drugs directed to control one or more of these
hallmarks.

Many cell-cycle regulatory proteins and receptor tyrosine
kinases have been identified as key players in sustaining
proliferative signaling, evading growth suppressors, and
modifying other hallmarks. For instance, cyclin-dependent
kinases (CDK) are a family of regulatory proteins that
control cell cycle progression. In order for CDKs to control
the different cell cycle transitions, they must complex with
different cyclins that direct kinase activity towards specific
substrates. Through phosphorylation reactions, the cyclin-
CDK complexes can activate or inhibit essential proteins for
cells to advance through the cell cycle, especially towards
the S and M phases (10). In some types of cancer, the
activity of CDKs is increased, especially that of CDK2 and
CDK4/6, leading to greater cell proliferation (10). The
CDK4/6 inhibitors palbociclib and ribociclib have been
successfully implemented in the treatment of breast cancer
(11). However, the development of CDK2 inhibitors has not
shown the same progress, despite representing a potential
therapeutic target. Similarly, activation of receptor tyrosine
kinases due to the active release of growth factors by the
tumor stromal cells can lead to sustained proliferation (12).
Also, as a consequence of genomic instability, there are gain-
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of-function mutations in many receptor tyrosine kinases that
lead to activation of receptors more frequently or longer
(13). For instance, epithelial growth factor receptor (EGFR)
is commonly overexpressed in some types of epithelial
cancer, and dependence of tumors on mutated forms of
EGFR to survive has been reported (14). Erlotinib and
gefitinib are approved drugs that inhibit EGFR by binding to
the cytoplasmic kinase domain. Both drugs are competitive
inhibitors that block the binding of ATP to the kinase domain
of EGFR (14). Since their approval, non-small cell lung
cancer has been their primary indication.

Natural products represent an inexhaustible source of new
substances with anticancer potential. Indeed, much of the
current chemotherapy (> 60%), directly or indirectly, comes
from natural products (15). In recent years, indole-derived
natural products have gained relevance in medicinal
chemistry due to their inhibitory activity on receptor tyrosine
kinases (16, 17).

Isatin [1] is an endogenous by-product of the oxidative
metabolism of indole (Figure 1). In the past years, isatin and
its derivatives have shown antimicrobial, anticancer, and more
recently, neuroprotective effects (18, 19). In cancer, isatin and
its derivatives appear to inhibit a wide repertoire of molecular
targets relevant to cell proliferation and signaling pathways.
Some of these targets belong to the cyclin-dependent kinases
family and receptor tyrosine kinases.

Isatin is a scaffold that has been included in some
experimental drugs (e.g., semaxinib [2]) and in the
antiangiogenic drug sunitinib [3] used in the treatment of renal
and gastrointestinal tumors (Figure 1). Synthesis of isatin-based
scaffolds has focused mainly on the generation of Schiff bases
that incorporate different nitrogen-containing heterocycles at
positions 1, 3, or both, to generate isatin hydrazones (Figure
1). Sunitinib combines a pyrrolic component with the isatin
structure. Some heterocycles that have been used for the
synthesis of isatin hydrazones have shown a promising
antiproliferative effect in recent years including imidazole (20),
phthalazine/quinazoline/quinoxaline (21), thiazole (22), and
triazole (23). In addition to its biological relevance, the
formation of Schiff bases allows the easy and quick addition
of different structural moieties to isatin, therefore, at the
synthetic level, this also represents an advantage.

The design and synthesis of CDK2 inhibitors using isatin-
based scaffolds have been previously reported (24-26).
However, unlike the vast number of variants mentioned
previously, only a few biologically active scaffolds against
CDK2 have been identified (5, 6, and 7 in Figure 1).
However, a comparison of its anticancer activity,
cytotoxicity in non-cancer cells, and its lead likeness are not
available. For this reason, this work performed the
synthesis, in vitro cytotoxicity evaluation, and in silico
molecular docking of three isatin-based scaffolds, analogous
to 5, 6, and 7, with the aim to identify the best scaffold in
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terms of biological activity and its potential for the design
of new anticancer drugs.

Materials and Methods

General information. All reagents for chemical synthesis were
purchased from Sigma-Aldrich (Toluca, Mexico City, MX) unless
otherwise specified. The solvents used in the synthesis and purification
process were purchased from local commercial distributors. All
solvents used in reactions were reagent grade. Distilled industrial grade
solvents were used in the purification process. 'H-NMR and 13C-NMR
spectra were performed on a Bruker instrument at 400 MHz and 100
MHz, respectively, using tetramethylsilane (TMS) as internal standard
and DMSO-dg as solvent.

Chemistry
General procedure for the synthesis of isatin-based scaffolds. The
synthesis of 3-hydrazineylideneindolin-2-one (IA), 4-methyl-N’-(2-
oxoindolin-3-ylidene) benzenesulfonohydrazide (IB) and 3,3’-
(hydrazine-1,2-diylidene)bis(indolin-2-one) (IC) was carried out
through a condensation reaction between isatin and three different
raw materials: hydrazine (a), p-toluenesulfonylhydrazide (b) and 3-
hydrazineylideneindolin-2-one (c) (Figure 2). The general process
began with the dissolution of 500 mg of isatin (1 eq.) in 5 ml of
methanol (MeOH) for 5 minutes. Subsequently, 2.5 eq. of raw
material a), b) or ¢) was added. After this, the reaction was refluxed
(65°C) until exhaustion of the limiting reagent (isatin). The reaction
to form the Schiff bases was based on (27). The progress of the
reaction was monitored by thin-layer chromatography (TLC).
After completion of the reaction, according to TLC, the reaction
mixture was cooled (4°C) for one hour. After this, the mixture was
vacuum filtered and the retained solid was washed using cold
methanol (MeOH). The solid obtained was dried in an oven at 65°C.
Subsequently, the weight was recorded and recrystallized using
ethanol (EtOH). Crystals were vacuum filtered and washed using
cold EtOH. Finally, the crystals were dried in an oven at 80°C. The
chemical structure of the products was confirmed by 'H-NMR, 13C-
NMR, and HRMS.

3-Hydrazineylideneindolin-2-one (IA) (28). Yellow crystals. TH-
NMR (400 MHz, DMSO-d¢) 9 10.69 (s, 1H), 10.54 (d, J=14.5 Hz,
1H), 9.65 (d, J=14.5 Hz, 1H), 7.36 (d, J=7.56 Hz, 1H), 7.15 (td,
J=7.68, 1.1 Hz, 1H), 6.97 (td, J/=7.56,0.81 Hz, 1H), 6.86 (d, J=7.68
Hz, 1H); 13C-NMR (100 MHz, DMSO-d¢) & 163 (C=0), 139, 127,
126, 122, 121, 117, 110; HRMS calculated for CgH;N;O: m/z
161.0589; found for CgH;N30: m/z 161.0589.

4-Methyl-N’-(2-oxoindolin-3-ylidene)benzenesulfonohydrazide (IB).
Yellow crystals. 'H-NMR (400 MHz, DMSO-d®) & 12.52 (s, 1H),
11.23 (s, 1H), 7.86 (d, J=8.24 Hz, 2H), 7.43 (m, 3H), 7.34 (td,
J=7.8, 1.2 Hz, 1H), 7.04 (td, J=7.64, 0.84 Hz, 1H), 6.89 (d, J=7.8
Hz, 1H), 2.36 (s, 3H); 13C-NMR (100 MHz, DMSO-d®) & 162
(C=0), 145, 142, 137, 135, 132, 130, 128, 123, 121, 119, 111, 21
(CH3); HRMS calculated for CsH;3N303S: 315.0678; found for
C5H3N305S: m/z 315.0678.

3,3’-(Hydrazine-1,2-diylidene)bis(indolin-2-one) (IC) (28). Red
powder. 'H-NMR (400 MHz, DMSO-dg) 6 11.02 (s, 2H), 7.52 (d,
J=7.48 Hz, 2H), 7.42 (td, J=7.74, 1.18 Hz, 2H), 7.02 (td, J=7.62,
0.66 Hz, 2H), 6.92 (d, J=7.8 Hz, 2H); 13C-NMR (100 MHz,
DMSO-dg) 6 163 (C=0), 145.6, 145.2, 134, 128, 123, 116, 111;
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Figure 1. Isatin and different isatin-based scaffolds.
HRMS calculated for C;qH;(N4O,: 290.0804; found for

C,6H N, O, m/z 290.0804.

In silico assays. The three isatin-based scaffolds, IA, IB, and IC,
were subjected to target prediction analysis using the
SwissTargetPrediction tool from the Swiss Institute of
Bioinformatics (29). Those targets predicted for isatin-based
scaffolds that belonged to the kinase family were collected. After
this, molecular docking was carried out using AutoDock Vina
between three molecular targets and the isatin-based scaffolds (30).
Molecular dockings were carried out in the rigid modality, and
binding energies were recorded. The docking procedure was
validated by redocking. Finally, molecular modeling of the resulting
docking assays was carried out in University of California San
Francisco (UCSF) Chimera (31) with the aim of identifying
structural and functional differences in the types and modes of
binding of IA, IB, or IC with the molecular targets.

In vitro anticancer and cytotoxicity assays. Cytotoxicity of the
isatin-based scaffolds was determined using the WST1 viability
assay. This assay is based on the metabolic ability of viable cells to
reduce the WST1 salt into formazan by mitochondrial
dehydrogenases (32). In order to evaluate the cytotoxic effect on
cancer cells, the MCF-7 and PC-3 cell lines for breast cancer and
prostate cancer, respectively, were used. Finally, cytotoxicity in non-
cancer cells was assessed, using the monkey kidney cell line VERO.

The general procedure in every cell line began with the
trypsinization of the cells using 0.5 ml of trypsin and incubating them
at 37°C for 2 min. Subsequently, 1 ml of medium was added to the
cells and the suspension was collected in a 15 ml Falcon tube and
centrifuged at 300 x g for 10 min. The supernatant was discarded,
and the pellet was resuspended with 4 ml of medium. Cell counting
was carried out using 20 pl of this suspension in the Neubauer
chamber. An aliquot of this suspension was taken and made to a final
volume sufficient to place 5000 cells per well in a 96-well plate. The
cells were incubated for 24 h at 37°C in a humidified atmosphere of
5% CO,. At the end of the incubation period, 100 ul of the
compounds were added at the corresponding concentrations. These
were evaluated in quadruplicate. In addition, 100 pl of negative
(medium) and positive (lapatinib) controls were added. The plate with
the experimental treatments was incubated for 24 h at 37°C in a
humidified atmosphere of 5% CO,. Following this, the medium was
removed from the 96-well plate, and 100 pl of a 5% WST]1 solution
was added to each well. The 96-well plate with the WST1 was
incubated for 2 h at 37°C in a humidified atmosphere of 5% CO,.
Finally, the optical density was read on an ELISA microplate reader
ELx800 (Biotek, Winooski, VT, USA) at 450 nm (33).

The biological evaluation was divided into two stages: 1)
exploratory analysis of the three isatin-based scaffolds synthesized at
100 uM in the three cell lines mentioned above, and 2) determination
of the half-maximal inhibitory concentration (ICsy) of those
compounds that showed cytotoxicity in the exploratory analysis.
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Figure 2. Scheme of synthesis for isatin-based scaffolds. Synthesis of IA or IB (top) consisted of a condensation reaction between isatin and two
different reagents, a) hydrazine or b) p-toluenesulfonylhydrazide, to produce the corresponding products. Synthesis of IC (bottom) consisted of a
condensation reaction between isatin and c) 3-hydrazineylideneindolin-2-one (IA).

Statistical analysis. The results of the exploratory analyses were
subjected to statistical analysis using the Kruskal-Wallis test. The
IC5 results were subjected to statistical analysis using the 7-Student
test. All the statistical tests were carried out in IBM SPSS statistics
(IBM corp. Armonk, NY, USA).

Results

Chemistry. Synthesis of the isatin-based scaffolds began with
the optimization of the Schiff base formation reaction. For
this step, the generation of the IA was taken as a model
reaction to identify the best conditions of synthesis. Initially,
the isatin/hydrazine equivalent ratio was modified, altering
the reaction yield in consequence. With a 1:1 ratio, a 65%
yield was obtained; with a 1:2.5 ratio a yield of 95% was
obtained; and with a 1:13 ratio, a yield of 81% was obtained.
Furthermore, in the 1:1 ratio, the reaction time was longer
(>3 h) compared to the time of the 1:2.5 (30 min) and 1:13
(30 min) ratios. With respect to the purification step, the
efficiency of column chromatography was compared against
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Table 1. Reaction yields obtained for isatin-based scaffolds synthesis.

Isatin-based scaffold Reaction yield (%)

1A 95
1B 68
IC 95

recrystallization. However, the use of recrystallization was
quickly defined as the preferred method for purification due
to the intrinsic degradation of the scaffolds caused by the
Schiff base hydrolysis reaction induced by the acidic
behavior of silica. EtOH was selected as the solvent for
recrystallization. After this optimization process, the
remaining IB and IC scaffolds were synthesized using the
optimized reaction conditions. The reaction yields obtained
for the scaffolds using these conditions are shown in Table
I. Chemical structures of IA, IB, and IC were confirmed by
'H-NMR, '3C-NMR, and HRMS.
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Table II. Predicted targets for isatin-based scaffolds employing SwissTargetPrediction.

Isatin-based scaffold Predicted targets (common names) Targets selected for docking

1A MET, CDK2 and CDK1 GSK-3f
1B GSK-3f, JAK3, JAK2, CDK1, CDK2, EGFR, SYK, TGFfR1, MAPKS, CDK2
CHEK1, CDK5R1/CDKS5, GSK-3a, DYRKIA, CDK5, MAPKY, JAK1, EGFR

TYK?2, RAFI1, PDPK1, PRKDC, MAPK 14, GAK, ATR, AURKA, IGFIR,

PRKCA, RET, DBF4/CDC7, PTK2, and ABL1
IC MET, PTK2, CDK5R1/CDKS5, STK33, JAK1, ATR, GSK-3f3, GSK-3a, PRKDC,
ATM, LCK, SYK, CSFIR, JAK3, JAK2, BRAF, FGFR1, and CDKS5

In silico assays. The target prediction results in the Swiss
Target Prediction tool for the three isatin-based scaffolds
showed a trend in their affinity toward kinases, e.g., CDK2,
CDKI1, and GSK-3p. Based on the predictions of each
molecule and the concordance with previous reports, CDK?2,
GSK-3f, and EGFR were selected, and molecular docking
was carried out using AutoDock Vina (Table II).

Molecular docking results showed that IA possessed high
binding energies against all the molecular targets tested. The
scores went from —6.6 kcal/mol to —6.1 kcal/mol, indicating
a low affinity towards them. On the other hand, IB and IC
showed low binding energies going from —9.5 kcal/mol
to —8.2 kcal/mol. These results indicated the ability to
establish moderate or strong interactions with the tested
targets (Table III). IB and IC demonstrated a high affinity for
CDK2, obtaining the highest binding energies (9.3 kcal/mol
and —9.5 kcal/mol, respectively) of all scaffolds tested.

Molecular modeling of the IB/CDK2 complex
demonstrated the establishment of one hydrogen bond and
several Van der Waals forces between the scaffold and the
different amino acid residues at the ATP-binding site of
CDK2. The amino acid residue implicated in the hydrogen
bond was His84 (Figure 3). Similarly, IC/CDK2 complex
showed the ability of IC to establish Van der Waals forces
and two hydrogen bonds involving Leu83 and His84.

In vitro anticancer and cytotoxicity assays. Anticancer
activity of the three isatin-based scaffolds was assessed by
the WST1 cell viability assay, as previously described. MCF-
7 and PC-3 cell lines were selected in response to the high
incidence of breast and prostate cancer (2). In the exploratory
analysis (at 100 uM), a low cytotoxicity (IC5,>100 uM) for
the IA and IB scaffolds was observed in the MCF-7 and PC-
3 cell lines. Furthermore, no statistically significant difference
was observed between IA and IB compared to isatin (p>0.05).
In the case of the IC scaffold, high cytotoxicity was observed
in the MCF-7 and PC-3 cell lines with a statistically
significant difference compared to the IA and IB scaffolds
(p<0.05) (Figure 4). For this reason, we proceeded to

Table III. Binding energies (kcal/mol) for molecular docking among
selected kinases and isatin-based scaffolds.

Binding energy (kcal/mol)

Target PDB ID 1A 1B IC
CDK2/Cyclin A 2140 6.6 -93 -95
EGFR SUSL 6.1 -85 -8.2
GSK3p3 6YOR 6.1 -8.3 -89

determine the IC5( of IC in these cells, obtaining values of
1907 uM and 41.17 pM in MCF-7 and PC-3 cells,
respectively. In addition, a statistically significant difference
was detected between the IC activity compared to the positive
control lapatinib whose ICs, were 50.61 uM and 32.4 uM in
MCEF-7 and PC-3 cells, respectively (p<0.05) (Table IV).
Cytotoxicity in non-cancer cells of the three scaffolds was
evaluated by the same method in the VERO cell line. The
results obtained at concentrations of 100 uM showed that the
IA and IB scaffolds presented null cytotoxicity towards
VERO cells. Furthermore, there was no statistically
significant difference between the scaffolds and isatin
(p>0.05), but there was compared to the IC platform, which
showed high cytotoxicity at concentrations of 100 uM
(p<0.05) (Figure 4). For this reason, we proceeded to
determine its IC5, whose value was 37.78 uM, showing a
statistically significant difference compared to lapatinib
whose IC5, was greater than 100 uM (p<0.05) (Table IV).

Discussion

Synthesis of IA and IC has been reported previously (28).
At the time of writing this article, there were no reports on
the synthesis of IB. However, the synthesis of structurally
similar molecules has been reported, although with some
differences in functional groups or their structural
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Figure 3. Molecular modelling for IA/CDK2, IB/CDK2 and IC/CDK?2
complexes. A. IA showed no establishment of hydrogen bonds in the
nucleotide binding site of CDK2. B. IB established a hydrogen bond with
His84 in the nucleotide binding site of CDK2. C. IC established two
hydrogen bonds with Leu83 and His84 in the nucleotide of CDK2.
Nucleotide binding site of CDK2 was highlighted in orange and those
amino acid residues involved in hydrogen bonds were highlighted in red.

arrangements. The reaction yield reported by Bramson et
al. for this type of scaffolds was close to 100% (25); and
that reported by Eldehna et al. was 65% (34), the latter
being the closest to that obtained for the synthesis of IB
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Figure 4. Cell viability of different cell lines treated with isatin-based
scaffolds at 100 uM. Cell viability of MCF-7 (black), PC-3 (blue) and
VERO (red) cells treated with isatin, or isatin-based scaffolds are shown
with its corresponding standard deviation (SD) marks. There was a
statistically significant difference on cell viability between isatin and IA
in MCF-7 cells (green line). Also, there were statistically significant
differences on cell viability between isatin, IA and IB vs. IC in MCF-7,
PC-3, and VERO cells (red line). *p<0.05.

(68%). In the case of IC, the reaction yields obtained here
(95%) were better than those reported by Liang et al. in the
synthesis of bis-isatin dimers, whose values were between
60-85% (26).

Regarding the in silico analyses, the results obtained here
for the target prediction agreed with those reported by
Bramson et al. and Fu et al. who synthesized isatin-based
scaffolds with affinity for CDK2 and GSK3, respectively
(25, 35). Furthermore, it has been reported that molecules
structurally similar to indole, such as isatin, have affinity
towards kinases (16, 17, 36). This suggests a possible
structural homology of indole scaffolds with adenine from
ATP. On the other hand, results derived from molecular
docking showed good correlation with interactions of
previously reported CDK?2 inhibitors. Consistent with our
results, the interactions of isatin-based scaffolds analogous
to IB with Ile10, Phe85, Asp86, and Leu87 at the ATP-
binding site of CDK2 have been previously reported (25).
Indirubin derivatives, structurally similar to IC, have shown
similar interactions in CDK?2 with Ile10, Glu81, and Leu83,
leading to inhibition of the enzyme (IC5(=0.01-4 uM) (37).
Furthermore, the interactions were maintained even in the
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Table IV. Half-maximal inhibitory concentration for isatin-based
scaffolds and lapatinib in MCF-7, PC-3, and VERO cell lines.

Cell line Compound IC50+ SD
MCEF-7 IA >100 pM
1B >100 uM

IC 19.07+4.02 uM

Lapatinib 50.61£12.83 uM
PC-3 IA >100 uM
1B >100 uM

IC 41.17+4.52 uM

Lapatinib 32.39+2.13 uM
VERO 1A >100 uM
IB >100 uM

IC 37.78+1.99 uM
Lapatinib >100 uM

SD: Standard deviation.

presence of cyclin A complexed with CDK2 (38). These
results suggest that IB and IC could be CDK?2 inhibitors.

The difference between the binding energies of the IA and
IB/IC platforms is in line with that reported by Hu et al.
(2013) who showed that a simpler molecular scaffold tends
to have high molecular promiscuity, while the opposite will
occur for a more complex scaffold (39). In this way, the
binding energies of the IA scaffold could present an increase
due to a lower structural complexity that reduces the
possibility of engaging in specific interactions with
molecular targets.

In vitro anticancer results were consistent with those
observed in the molecular docking since a greater anticancer
activity of IB and IC scaffolds was expected due to their
higher binding energies towards different cell cycle
regulatory proteins such as CDK2 and CDK1. However, the
results of anticancer activity indicated that only the IC
scaffold was biologically active. In agreement with these
results, Liang et al. reported the in vitro anticancer activity
of molecules structurally similar to the IC scaffold in the
A549, HeLa, HepG2, and SGC-7901 cell lines with values
of ICsy as low as 4.23 uM up to >100 uM (26). The
mechanism of action by which the IC scaffold performs its
anticancer effect is unknown. However, it has been reported
that IC-like molecules down-regulate cyclin B1 and CDK1
(cdc2) levels in HepG2 cells (26). The results obtained in the
in silico analysis demonstrated a high affinity of IC for
CDK?2, which suggests that a possible mechanism of action
for this type of scaffolds could be the inhibition of CDK2
and the subsequent down-regulation of CDK1 and cyclin B1,
leading to the arrest of the cell cycle in the G2/M phase, as
has been previously reported (26, 40, 41). On the other hand,
the IB scaffold lacked in vitro biological activity even though
molecules with anticancer activity have been reported that
operate through the inhibition of CDK1 and CDK2 (25), or

the inhibition of carbonic anhydrase (42). The low cytotoxic
activities of the IA and IB scaffolds could be due to the
chemical stability that these molecules show towards the
cellular hydrolysis of the C=N bond. At the structural level,
the IC scaffold presents a conjugated system that gives it a
high resistance towards the hydrolysis of the C=N bond,
contrary to what was observed in IA and IB. This protection
of the conjugated Schiff-bases to the hydrolysis reaction has
been reported by Christie et al. (43).

Unfortunately, the IC scaffold showed a considerable
cytotoxic effect when evaluated in the VERO cell line,
indicating a possible lack of selectivity towards cancer cells.
Regardless of this, the anticancer activity of IC was
comparable to that of lapatinib, a well-known tyrosine kinase
inhibitor. Also, it is worth mentioning that here we only
evaluated general structures intending to identify the isatin-
based scaffold with the best anticancer potential. Furthermore,
selectivity could be improved through the addition of new
radicals, that operate as guiding groups or generate new non-
covalent bonds within the binding site of the protein, to IC as
has been described in medicinal chemistry strategies (44). An
8-fold increase in selectivity towards cancer cells has been
reported following this approach in isatin derivatives (25).

Targeted drug therapies are changing the way cancer is
treated in a positive manner. For instance, imatinib, a BCR-
ABL1 inhibitor, has improved the 8-year survival of chronic
myeloid leukemia patients in the chronic phase and
accelerated phase from 6% and less than 20% to 85% and
75%, respectively (45). Other examples of success are
represented by palbociclib and ribociclib, both inhibitors of
CDK4/6 have been approved for the treatment of breast
cancer. In light of these facts, new research must be
performed in discovering or synthesizing new scaffolds
directed to relevant targets of cancer. In the past, isatin has
been used as a scaffold for the design of anticancer drugs,
sunitinib being the most successful case. Despite the
relevance of sunitinib, other potential isatin-based drugs are
lacking. In the future, more research should be performed on
chemical modifications and the biological effects of isatin-
based scaffolds. Inhibition of CDK2 should be confirmed
through enzymatic assays and other potential biological
mechanisms should be explored through transcriptomics,
proteomics, or metabolomics assays.
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