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Abstract: The fragmentation pattern of certain isatin-based
compounds was carried out using collision-induced dissocia-
tion inside the triple quadrupole mass analyzer. These data
were used as a clue for the identification of metabolites of the
recently reported isatin-based antiproliferative agent, namely,
N′-[5-bromo-1-methyl-2-oxo-1,2-dihydro-3H-indol-3-ylidene]-
5-methoxy-1H-indole-2-carbohydrazide (1) in rat liver micro-
somes (RLMs) using liquid chromatography-tandem mass
spectrometry (LC-MS/MS). Prediction of the vulnerable sites
for metabolic pathways in compound 1 was performed by
WhichP450 module of StarDrop software. In vitro metabolites
for compound 1 were identified with the aid of rat liver
microsomes. The in silico data were utilized as a guide for the
practical work. Compound 1 was metabolized into three
(hydroxylated, reduced and O-demethylated) metabolites in
RLMs in the presence of NADPH. The chemical structures of
those metabolites were elucidated, and the metabolic path-
ways were proposed by comparing the fragmentation pattern
of the isatin–indole conjugates 1–7. The data presented in this
paper provided useful information on the effect of different
substituents on the ionization/fragmentation processes and
can be used in the characterization of isatin derivatives.

In silico toxicity assessments for the title compounds 1–7 and
for the metabolites of compound 1 were conducted utilizing
the deductive estimation of risk from existing knowledge
(DEREK) module of StarDrop software.
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1 Introduction

Cancer is a serious public health burden worldwide, and
there is an increase in the mortality rate particularly in
less economically developed countries [1]. Despite the
availability of a large number of chemotherapeutic drugs,
satisfactory management of cancer is still unmet due to
serious side effects, nonselectivity and developments of
resistance to the clinically available anticancer agents [2].
Therefore, there is an imperative need to get new
anticancer candidates with better pharmacodynamic and
pharmacokinetic profiles than the existing drugs.

Isatin and indole are privileged scaffolds because
they are incorporated in myriad compounds endowed
with various bioactivities including anticancer agents
[3–5]. In view of these premises and as a part of our
interest to develop new potent anticancer candidates, we
were inspired to synthesize the isatin-based compounds
1–7 as potent antiproliferative compounds. Compounds
1–7 exhibited the antiproliferative activity, in which
compounds N′-[5-bromo-1-methyl-2-oxo-1,2-dihydro-3H-
indol-3-ylidene]-5-methoxy-1H-indole-2-carbohydrazide
(1) and N′-[1-benzyl-5-methoxy-2-oxo-1,2-dihydro-3H-
indol-3-ylidene]-5-methoxy-1H-indole-2-carbohydrazide
(7) are the most potent congeners with average IC50
values of 5.60 and 1.69 µM in vitro, respectively, against
the tested human cancer cell lines [6].

For compounds under development for clinical use,
certain types of studies are usually performed including
fragmentation pattern and drug metabolism [7]. Drug
metabolism research has become a fundamental part of
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the drug discovery process, and it has evolved from being
complementary to be an essential part [8]. In the metabolic
profile studies, the compound is investigated to determine
its identity and the number of its metabolites. Because of
the importance of isatin–indole molecular hybrids, frag-
mentation patterns were conducted on the title isatin–
indole conjugates 1–7. These data were applied for the
identification of in vitro metabolites of compound 1 after
incubation with rat liver microsomes (RLMs).

Liquid chromatography-tandem mass spectrometry
(LC-MS/MS) has become a mainstay in the drug
metabolism research [9,10]. The use of product ions for
the identification of fragmentation pattern is another
major advantage in LC-MS/MS techniques that have
greatly facilitated the identification of related com-
pounds including drug metabolites [11].

Our research group is extremely involved in synthe-
sizing, evaluating biological activities and metabolic
profiling of potential known drugs as well as newly
developed potential future drug candidates [12–17].
Herein, we report the fragmentation pattern of the
recently reported isatin-based antiproliferative agents
1–7 with the application to metabolic profiling of
compound 1 in RLMs (Figure 1) [18,19].

In addition, an in silico study was conducted for
prediction of the vulnerable metabolic sites in compound 1.
The structural alerts in the chemical structures of compounds
1–7 and in the metabolites of compound 1 were obtained
using deductive estimation of risk from the existing knowl-
edge (DEREK) module of StarDrop software [20,21]. These
alerts could be used as a new strategy for reducing the side
effects of the newly developed bioactive compounds without
affecting their pharmacological activity by incorporating
targeted modifications to improve their safety while retaining
their efficacy. In addition, the in silico toxicity assessments of
compounds 1–7 were also performed using DEREK software.

2 Experimental

2.1 In silico prediction of compound 1
metabolites using WhichP450™ module
of StarDrop software

The vulnerable metabolic key sites in compound 1 were
identified utilizing the site lability in WhichP450™
module of the StarDrop software that was revealed by
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Figure 1: Chemical structures of compounds 1–7.
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the composite site lability (CSL). The outcomes were
presented by the pie chart that was used for indication
of the most likely CYP450 isoforms that have a principal
role in the metabolism of compound 1.

2.2 General considerations

Liquid chromatography-mass spectrometry (LC-MS/MS)
was used in the metabolic analysis using LC: Agilent 1200
series; MS: Agilent 6410 triple quadrupole (LC-MS/MS).
The column used was Agilent eclipse plus C18 (Dim 150 ×
2.1 mm), and the particle size was 3.5 µm. MS parameters
are as follows: drying gas: N2; gas temperature: 350℃;
gas flow: 12.0 L/min; nebulizer pressure: 60 psi; ion
source: ESI; capillary voltage: 4,000V; mode: positive.

2.3 Fragmentation pattern studies

Fragmentation patterns of compound 1 and its related
derivatives 2–7 were performed by the flow injection

analysis through multiple injections of 2 µg/mL solution
of each compound to tandem mass spectrometer
(Agilent 6410 triple quadrupole).

Figure 2: Proposed metabolic sites for compound 1 by the StarDrop WhichP450™ module. (Metabolic landscape indicates the lability of
C24 (in the methoxy group), C17 and C19 (in the indole moiety), and C1 (in the N-methyl group) in compound 1 is proposed to be labile for
metabolism. CYP3A4 was proposed to have the main effect in compound 1 metabolism.)

Table 1: List of compounds with their fragment ions

Compound ID m/z Substituted groups Fragment ions

R1 R2

1 427 Br CH3 174
2 459 H 4-Chlorobenzyl 174
3 477 Cl 4-Fluorobenzyl 174
4 459 Cl Benzyl 174
5 335 H H 174
6 521 Br 4-Fluorobenzyl 174
7 455 OCH3 Benzyl 174

Fragmentation of isatin-indole conjugates 1–7 yielded the same
fragmentation pattern as it gave one fragment ion at m/z = 174 that
represented the breakage of the carbohydrazide bond.
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2.4 RLMs incubations

Metabolism of compound 1 (1 µL of 1 mM stock solution)
was determined with 40 µL (1 mg/mL) of rat liver
microsomes (RLMs) in 0.08 M potassium phosphate
buffer (0.08 M KH2PO4/NaH2PO4, pH 7.4), at 37℃ for
30min, in a final incubation volume of 1 mL with freshly
prepared ice-cold MgCl2 solution (20.33mg/mL). Test tubes
containing the incubation mixtures were transferred to a
shaking water bath and allowed to stand at a temperature
of 37℃ for 5 min. The reactions were initiated by the
addition of a nicotinamide adenine dinucleotide phosphate
(NADPH)–generating system containing 0.8mM NADPH
into the reaction mixture (8.33mg/mL). The incubation
was allowed to run for 2 h. The reaction was terminated by
the addition of 2mL of ice-cold acetonitrile. The mixture
was centrifuged for 15min at 14 000 rpm, and the super-
natant was transferred to a fresh container, and the solvent
was evaporated under a stream of nitrogen. The residue
was reconstituted in 1mL with the mobile phase and
transferred to HPLC vials for analysis. All metabolic
incubation experiments were repeated three times using
controls (without RLMs or NADPH).

2.5 Metabolites characterization using LC-
MS/MS

The chromatographic analysis was carried out using
LC-MS/MS with an electrospray ionization (ESI) source.

A reversed-phase column (Eclipse plus C18: Dim 150 ×

2.1 mm with particle size 3.5 µm) was utilized for the
separation. Isocratic mobile phases consisted of A: HPLC
water containing 1% formic acid and B: acetonitrile.
A gradient program was used for the HPLC separation
at a flow rate of 0.2 mL/min for 90min to allow the
separation of very closely related metabolites. The
gradients steps involved solvent B at 5% (0–5 min),
5–60% (5–60min), 60–90% (60–70min) and 90–5%
(70–90min), with a post run time of 10 min. Nitrogen
was used as the sheath gas at a flow rate of 11 L/min,
and the capillary temperature was set at 350℃.
Nebulizer pressure was 55 psi with a collision energy of
18 eV, the capillary voltage was 4,000 V, and ESI was
operated in the positive ion mode. Compound 1 meta-
bolites were confirmed by the absence of their chroma-
tographic peaks in the control incubations.

2.6 In silico toxicological studies of
compounds 1–7 and compound 1
metabolites M1–M3 using DEREK software

DEREK software was used for screening of the structural
alerts and for predicting the toxicological side effects of
compounds 1–7 and compound 1 metabolites M1–M3.
The outcomes can be used to establish more safer
compounds in the drug design process [22,23].

Ethical approval: The conducted research is not related
to either human or animal use.

3 Results and discussion

The synthesis and the characterization of the test compounds
1–7 have been previously reported [19,24]. Compound 1
manifested an in vitro antiproliferative activity with an
average IC50 value of 5.60μM against HT-29, ZR-75 and A-
549 human cancer cell lines, while the reference drug,
sunitinib, showed an average IC50 value of 8.11 μM against
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Figure 3: continued
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Figure 3: Product ion mass spectra of compounds 2 (a), 3 (b), 4 (c), 5 (d), 6 (e) and 7 (f). (PI fragmentation of compound 1–7 gave one
fragment ion at m/z 174 that represented the breakage of the carbohydrazide bond. Compound 5 (without any substitutions) showed an
additional m/z at 146 that represented 3-iminoindolin-2-one fragment.)
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the same human cancer cell lines (6). Consequently,
compound 1 was chosen for further metabolic profiling for
the development of future potential drug candidates before
entering into clinical trials. Since mass fragmentation (MS/
MS) behavior studies are very important for elucidating the

structures of the possible identified metabolites in the field
of metabolic profiling, we therefore studied the mass
fragmentation (MS/MS) behavior of those potential drug-
like candidates 1–7.

3.1 In silico prediction of compound 1
metabolites

Metabolic landscape indicates the lability of each site in
compound 1 with respect to metabolism by CYP3A4 in
absolute terms to guide the prediction of compound 1
metabolites and also the optimization of its chemical
structure for improving its metabolic stability. The
current study indicated that C24 (in the methoxy group),
C17 and C19 (in the indole moiety), and C1 (in the

Figure 4: PI chromatogram of compound 1 showing a chromatographic peak at 52.7 min (a) and PI mass spectrum of compound 1 (b). (PI
fragmentation of compound 1 at m/z 427 gave one fragment ion at m/z 174 that represented the breakage of the carbohydrazide bond.)
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N-methyl group) in compound 1 are proposed to be
labile for metabolism. The CSL is shown in the top-right
of the metabolic landscape of compound 1 (Figure 2).

The results from WhichP450™ module, represented by
the pie chart, were utilized for indicating the most likely
CYP450 isoforms that have a major role in compound 1
metabolism (Figure 2). CYP3A4 was proposed to have the
main effect in compound 1 metabolism.

Figure 5: PI chromatogram of M1 showing a chromatographic peak at 49.1 min (a) and PI mass spectrum of M1 (b). (PI fragmentation of M1
at m/z 431 gave one fragment ion at m/z 176 that showed 2 m/z more units, which revealed the reduction metabolic reaction.)
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Table 2: Compound 1 and its related possible metabolites

Parent m/z ID Fragments Retention
time

Metabolic
reaction

427 1 174 52.7
431 M1 176 49.1 Reduction
443 M2 425, 190, 174 44.3 Hydroxylation
413 M3 160 41.9 O-

demethylation

Fragmentation of compound 1 metabolites yielded the same
fragmentation behavior.
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Figure 6: PI chromatogram ofM2 showing a chromatographic peak at 44.3 min (a) and PI mass spectrum ofM2 (b). (PI fragmentation of M2
at m/z 443 gave two fragment ions at m/z 425 and m/z 190 that showed 16 m/z more units, which revealed the hydroxylation metabolic
reaction).
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3.2 Fragmentation pattern of compounds 1–7

Compounds 1–7 were dissolved in DMSO at the concentra-
tion of 2 µg/mL and were directly injected through a
connector into the LC-MS/MS system. The flow injection

analysis was used for the optimization of mass spectrometric
parameters for the studied compounds. Fragmentation of
isatin–indole conjugates 1–7 yielded the same fragmentation
pattern (Table 1) as explained in Scheme 1. Product ion (PI)
fragmentation of compounds 1–7 gave one fragment ion at
m/z = 174 that represented the breakage of the carbohy-
drazide bond (Scheme 1). Compound 5 (without any
substitutions) showed an additional m/z at 146 that
represented 3-iminoindolin-2-one fragment (Scheme 2).
Product ion mass spectra are listed in Figure 3.

3.3 Metabolic profiling of compound 1

Mass spectrum of compound 1 manifested molecular ion
peak at m/z = 427 [M + H]+ at retention time (RT) = 52.7min

Figure 7: PI chromatogram of M3 showing a chromatographic peak at 41.9 min (a) and PI mass spectrum of M3 (b). (PI fragmentation of M3
at m/z 413 gave one fragment ion at m/z 160 that showed 14 m/z less units, which revealed an O-demethylation metabolic reaction).
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(Figure 4a). PI fragmentation of m/z = 427 gave one
fragment ion at m/z = 174 that represented the breakage
of the carbohydrazide bond (Figure 4b and Scheme 3).
Compound 1 metabolites with their fragmentation
pattern are listed in Table 2. M1, M2 and M3 chromato-
graphic peaks were not found in the control incubations
(either by omitting NADPH or RLMs).

3.3.1 Fragmentation pattern for M1 metabolite of
compound 1

Mass spectrum of M1 manifested a molecular ion peak at
m/z = 431 [M + H]+ at retention time (RT) = 49.1min
(Figure 5a). PI fragmentation of m/z = 431 gave one
fragment ion at m/z = 176 that showed 2 m/z more units as
compared with compound 1 fragments, which revealed a
reduction metabolic reaction (Figure 5b and Scheme 4).

3.3.2 Fragmentation pattern for M2 metabolite of
compound 1

Mass spectrum of M2 manifested a molecular ion peak at
m/z = 443 [M + H]+ at retention time (RT) = 44.3min
(Figure 6a). PI fragmentation of m/z = 443 gave two main
fragment ions at m/z 425 and m/z 190. Fragment ion at m/z
190 showed 16 m/z more units compared with compound 1
fragments, which revealed a hydroxylation metabolic
reaction. Fragment ion at m/z 425 showed water loss that
confirmed compound 1 hydroxylation (Figure 6b and
Scheme 5).

3.3.3 Fragmentation pattern for M3 metabolite of
compound 1

Mass spectrum of M3 manifested a molecular ion peak at
m/z = 413 [M + H]+ at retention time (RT) = 41.9min

Figure 8: Structural alerts (hydrazine and arylhydrazine) for compounds 1–7 and metabolites of compound 1 giving rise to skin
sensitization, chromosome damage and mutagenicity using DEREK software. (Skin sensitization (hydrazine moiety), chromosome damage
and mutagenicity (arylhydrazine moiety) labeled with red color using the DEREK module of StarDrop software.)

Figure 9: Structural alert (halogenated benzene) for M1 and compounds 2, 3 and 6 giving rise to hepatotoxicity and nephrotoxicity,
respectively, using DEREK software. (M1 showed hepatotoxicity due to 4-aminophenol part, while compounds 2, 3 and 6 showed
nephrotoxicity due to the halogenated benzene moiety labeled with red color using the DEREK module of StarDrop software).
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(Figure 7a). PI fragmentation at m/z 413 gave one fragment
ion at m/z 160 that showed 14 m/z less units compared with
compound 1 fragments, which revealed an O-demethylation
metabolic reaction (Figure 7b and Scheme 6).

3.4 In silico toxicity prediction using
StarDrop DEREK module

In silico toxicity assessment of the isatin–indole con-
jugates 1–7 and the metabolites of compound 1 were
carried out using DEREK software (Figures 8 and 9).
Compounds 1–7 and the metabolites M1–M3 showed skin
sensitization (due to hydrazine moiety), chromosome
damage and mutagenicity (due to arylhydrazine moiety).
Also, M1 showed hepatotoxicity due to 4-aminophenol
part, while compounds 2, 3 and 6 showed nephrotoxicity
due to halogenated benzene moiety. Table 3 presents a
complete list of the predicted toxicities for compounds
1–7 and the metabolites M1–M3 using DEREK software.

4 Conclusion

This study involves in silico, in vitro (RLMs) and
fragmentation pattern for certain isatin–indole conju-
gates 1–7. Fragmentation patterns of compounds 1–7
were studied and were used as a clue for metabolic
profiling of the potent antiproliferative agent, compound
1, in RLMs using LC-MS/MS. Compound 1 was biotrans-
formed into three possible metabolites by cleavage

reduction, hydroxylation and O-demethylation in RLMs
in the presence of NADPH. Structures of those possible
metabolites were elucidated by comparing their frag-
mentation behavior with the parent compound 1. The
StarDrop WhichP450™ module efficiently characterized
the vulnerable sites for metabolism in compound 1, and
the results are consistent with the experimental ones.
Structural alerts and the predicted toxicological para-
meters were also identified using the StarDrop DEREK
module. Further drug discovery experiments can be
performed depending on this concept allowing the
establishment of new drugs with the elevated safety
profile without affecting their pharmacological action.
This study could support the development of new potent
antiproliferative agents in the preclinical trials aiming to
get future potential drug-like anticancer candidates.
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