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A B S T R A C T   

Nerve growth factor (NGF) and its receptor, tropomyosin kinase receptor kinase type A (TrkA) is emerging as an 
important target for Glioblastoma (GBM) treatment. TrkA is the cancer biomarker majorly involved in tumor 
invasion and migration into nearby normal tissue. However, currently, available Trk inhibitors exhibit many 
adverse effects in cancer patients, thus demanding a novel class of ligands to regulate Trk signaling. Here, we 
exploited the role of TrkA (NTRK1) expression from the 651 datasets of brain tumors. RNA sequence analysis 
identified overexpression of NTRK1 in GBM, recurrent GBM as well in Oligoastrocytoma patients. Also, TrkA 
expression tends to increase over the higher grades of GBM. TrkA protein targeting hydrazone derivatives, R48, 
R142, and R234, were designed and their mode of interaction was studied using molecular docking and dynamic 
simulation studies. Ligands’ stability and binding assessment reveals R48, 2 2-(2-(2-hydroxy-4-nitrophenyl) 
hydrazineylidene)-1-phenylbutane-1,3-dione, as a potent ligand that interacts well with TrkA’s hydrophobic 
residues, Ile, Phe, Leu, Ala, and Val. R48- TrkA exhibits stable binding potentials with an average RMSD value 
<0.8 nm. R48 obeyed Lipinski’s rule of five and possessed the best oral bioavailability, suggesting R48 as a 
potential compound with drug-likeness properties. In-vitro analysis also revealed that R48 exhibited a higher 
cytotoxicity effect for U87 GBM cells than TMZ with the IC50 value of 68.99 μM. It showed the lowest percentage 
of cytotoxicity to the non-cancerous TrkA expressing MEF cells. However, further SiRNA analysis validates the 
non-specific binding of R48, necessitating structural alteration for the development of R48-based TrkA inhibitor 
for GBM therapeutics.   

1. Introduction 

Glioblastoma or Glioblastoma multiforme (GBM) is one of the most 
common malignant brain tumors, characterized with aberrant activa-
tion of numerous signal transduction pathways [1,2]. Among several 
proteins involved in key signaling pathways, receptor tyrosine kinases 
(RTKs) family proteins exerts crucial connections with many pathways 
by regulating angiogenesis, invasion, migration, proliferation, and 
apoptosis [3].The RTKs family embraces several sub-families including 

the epidermal growth factor receptors (EGFRs or ERBBs), the fibroblast 
growth factor receptors (FGFRs), the insulin and the insulin-like growth 
factor receptors (IR and IGFR), the platelet-derived growth factor re-
ceptors (PDGFRs), the vascular endothelial growth factor receptors 
(VEGFRs), the hepatocyte growth factor receptors (HGFRs), and the 
nerve growth factor receptors (NGFRs) [4]. The crucial and diverse roles 
of RTKs are evident not only in GBM prognosis, but also in many other 
cancers that occur due to gain-of-function in RTK signaling [5,6]. 

Nerve growth factor (NGF), a member of the neurotrophin family, 
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has thriving roles in mitogenesis of GBM cells via interaction with 
tropomyosin receptor kinase (Trk), also known as NGFR [7]. NGF might 
epitomize an ideal aspirant therapeutic molecule for GBM, because it 
has been characterized as a factor inducing differentiated, post-mitotic 
state in neurons [8]. Notably, Trk member proteins, TrkA, TrkB, and 
TrkC overexpressed in GBM cells [9]. NGF exerts its biological effect by 
binding to the high affinity tyrosine kinase (TrkA, p140TrkA, and 
gp140TrkA) [10,11]. NGFR, which in turn activates its cytoplasmic 
tyrosine kinase domain and causes a rapid increase in phosphorylation 
of cellular substrates. The activation of different neurotrophin–Trk 
systems can inhibit tumor cell growth [12]. The higher malignancy 
property of squamous carcinomas is associated with both increased 
proliferative activity and reduction in the rate of apoptosis [13]. 

According to the cancer genome atlas (TCGA) program, RTK 
signaling pathways were found to be the most commonly altered core 
signaling pathways in approximately 90 % of GBM tumors [14]. GBM 
was the first cancer type to be systemically analyzed using genomic 
approaches. It is important to mention that the EGFR family is a central 
target for the most prevalent genetic RTK mutations. GBM frequently 
has alterations in the PDGFR and MET tyrosine kinase pathways, 
resulting in the development of therapies targeting these RTKs for 
treatment [15]. Although there are several RTK inhibitors in clinical 
trials, their efficacy in treating GBM is still restricted. In recent literature 
reviews, there has been significant discussion about the genetic changes 
of RTK in the development of glioma, the primary targets of RTK in 
GBM, and the potential and limitations of targeted treatment [15,16]. 

Notably, the RTKs signal regulates two major downstream pathways 
Raf/MAPK/ERK 1\2 and Ras/PI3K/AKT, which plays crucial role in 
tumor angiogenesis [17]. TRK inhibitors have shown potential activity 
against the growth of TrkB over expressing neuroblastoma cells. Clini-
cally tested TRK inhibitor lestaurtinib, otherwise called as CEP-701/KT- 
5555, have shown limited effect on the patients diagnosed neuroblas-
toma [18]. Thus, it is necessary to identify patients specific TRK inhib-
itor or potential targeted TRK inhibitor for the patients expressing TrkA, 
TrkB, and TrkC. Recently, we have synthesized 23 arylhydrazones of 
active methylene compounds (AHAMCs) and showed their molecular 
interaction with TrkA. One of the top compound, 2-(2-(2,4-dioxopentan- 
3-ylidene) hydrazineyl)benzonitrile) (R234) was identified as the potent 
derivative against the growth of glioblastoma cell [19]. The R234 was 
identified as multi-kinase inhibitor which reduced the GBM cell viability 
and proliferation in-vitro. It was shown to interrupt the cell cycle at G1/ 
S phase, initiates apoptotic cell death via caspase 3/7 activation through 
the regulation of PI3K/AKT/mTOR signaling pathway in GBM. It is also 
noted that, hydrazones derivatives have shown diverse biological and 
pharmacological properties including antimicrobial, anti-inflammatory, 
analgesic, antifungal, anti-tubercular, antiviral, anticancer, antiplatelet, 
antimalarial, anticonvulsant, cardio protective, anthelmintic, anti-
protozoal [20], anti-trypanosomal [21],) antischistosomiasis [22]. 

In the previous work, we established that hydrazone derivative, 
R234 as a TrkA inhibitor with higher anti-GBM potential. We also 
noticed that the compounds 2-(2-(2-hydroxy-4-nitrophenyl) 
hydrazineylidene)-1-phenylbutane-1,3-dione (R48) and 2-hydroxy-5- 
nitro-3-(2-(2,4,6-trioxotetrahydropyrimidin-5(2H)-ylidene)hydrazi-
neyl)benzenesulfonic acid (R142) showed better interaction with the 
TrkA receptor than the other hydrazone derivatives [19]. Other research 
groups have also proven that hydrazone derivatives as a potential 
tyrosine kinase inhibitor with anticancerous effect [23,24]. The current 
study intends to correlate the pharmacodynamic of the two of the top 
hydrazone derivatives using Insilico and experimental approach. Spe-
cifically, here we built a theoretical TrkA structural model and studied 
the molecular interactions of structurally similar hydrazone derivatives 
including R48 and R142. The structure-based predictions of pharma-
cokinetic properties were also analyzed and the lead compound was 
synthesized for further evaluation. The effect of hydrazone derivatives 
against the GBM is also investigated to reveal their cytotoxicity poten-
tial. Thus, the findings of present study might open a new opportunity to 

develop a clinically potential compound as TrkA inhibitor for treating 
glioblastoma. 

2. Experimental section 

2.1. TrkA mRNA expression analysis 

GlioVis (http://gliovis.bioinfo.cnio.es/), a publicly available web 
portal for data visualization and analysis of brain tumors was used to 
explore the expression datasets of TrkA (NTRK1). Totally, 651 datasets 
as on 28/01/2023 of brain tumors were analyzed using the personalized 
parameters of TrkA expression in primary and recurrent tumors of GBM 
including oligoastrocytoma, oligodendroglioma, astrocytoma, 
Anaplastic oligodendroglioma, anaplastic oligoastrocytoma and 
anaplastic astrocytoma. The difference in the expression level of TrkA 
among the several grades of glioblastoma was also analyzed and the 
processed log2-transformed intensities from the 651 GBM datasets were 
represented as the boxplots. 

2.2. Molecular docking 

The target protein structure for the Human Nerve Growth Factor 
Receptor TrkA’s (PDB ID:1HE7) atomic coordinates was retrieved from 
the Research Collaboratory for Structural Bioinformatics (RCSB) Protein 
Data Bank [25], with the resolution of 2.00 Å [26]. Autodock 4.26 [27] 
was used for the preparation of crystal structure of the protein, where 
the PDB files was cleaned, missing side chains and loops were built, and 
the hydrogen bonds were optimized. Water molecules were also elimi-
nated to clear the binding pockets that might confound and distort the 
pose search. The structure’s energy was verified and optimized using 
OPLS 2005 force field [28]. This force field was used to add the 
hydrogen bonds and further to determine the bond length. The grid 
maps were obtained from the ligand-binding sites from the PDBsum. 
Autodock Vina [29] was used for the molecular docking where ten poses 
for each ligand was selected and saved for subsequent analysis [30]. The 
interactions between protein-arylhydrazone derivatives were plotted 
using the Discovery Studio visualizer 3.1 downloaded from www.accele 
rys.com. 

2.3. Docking simulations 

Molecular dynamics simulation was performed on the modeled 
protein-ligand (hydrazone derivatives) complexes to examine the sta-
bility and structural changes using the GROMACS 5.0 (RRID:SCR) [31]. 
The topology files necessary for hydrogen atoms and ions were assigned 
using the AMBER99SB-ILDN force field together with the correct 
geometrical parameters [32]. The ionizable atoms’ protonation state 
was chosen that correspond to pH 7.0, and the particle-mesh Ewald 
(PME) technique was used to calculate the potential energy [33]. The 
protein-ligand complexes were submerged in water, and the entire 
system was subjected to the steepest descent minimization with a 
maximum number of 50,000 steps to reduce energy consumption [34]. 
In the conventional NVT ensemble, the system was heated to 300 K in 
100 ps using the Berendsen thermostat, and then 100 ps of Parrinello- 
Rahman pressure coupling was applied in the NPT ensemble [35]. 
Using the Leap-frog technique, the manufacturing molecular dynamics 
simulations were integrated for 40 ns, while all position restraints were 
removed. The whole set of simulations was run at two distinct temper-
atures: thermophilic 320 K and mesophilic 300 K [36]. The GROMACS 
software package’s standard algorithms and analysis tools were used to 
analyze the data. 

2.4. In-silico pharmacokinetics analysis and ADME/Tox prediction 

To understand the fate of pharmacokinetics and ADME/Tox, predi-
cation of several parameters was done using the online available 
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SwissADME software (http://www.swissadme.ch/) (Daina et al., 2017). 
Additionally, small molecule pharmacokinetic properties using SMILES 
notation (https://biosig.lab.uq.edu.au/pkcsm/prediction) (accessed, 
March 2023) were performed by resorting to pkCSM [37]. The Lipinski 
violations and bioavailability score was determined in predicting the 
drug likeness of the all the compounds under investigation. Physi-
ochemical properties (HBA/HBD, TPSA), lipophilicity, water solubility, 
human intestinal absorption (HIA), blood brain barrier (logBB) perme-
ability was also determined. Metabolism of the hydrazone derivatives 
was also predicted based on the CYP models for substrate or inhibition 
such as CP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4. 

2.5. Synthesis of novel arylhydrazone derivatives 

The hydrazones R48, R142 and R234 were synthesized via Japp− -
Klingemann reaction [38–40]. The detailed scheme of synthesis of R142 
and R234 compounds are given in the supplemental file, where R234 
was used as a control compound. 

R48: yield 63 % (based on benzoylacetone), dark brown powder 
soluble in DMSO, methanol, ethanol and acetone, and insoluble in 
water. Elemental analysis: C16H13N3O5 (M = 327.3); C 58.35 (calc. 
58.72); H 4.09 (4.00); N 12.45 (12.84) %. IR (KBr): 3442 ν(OH), 3184 
ν(NH), 1624 ν(C––O), 1597 ν(C––O⋯H), 1527 ν(C––N) cm− 1. 1H NMR of 
a mixture of hydrazone-I and hydrazone-II isomers in DMSO‑d6, internal 
TMS, hydrazone-I, δ (ppm): 2.23 (s, 3H, CH3), 6.53–7.94 (5H, C6H5 and 
3H, C6H3), 111.69 (s, 1H, HO–Ar), 13.08 (s, 1H, HO-enol). Hydrazone-II, 
δ: 2.18 (s, 3H, CH3), 6.53–7.94 (5H, C6H5 and 3H, C6H3), 11.69 (s, 1H, 
HO–Ar), 14.13 (s, 1H, NH). 13C{1H} NMR (100.61 MHz, DMSO‑d6). 
Hydrazone-I, δ: 25.5 (CH3), 110.0 (C–N), 110.2 (Ar–NH–N), 113.8, 
116.3, 128.1, 128.6, 128.9, 132.6, 133.6 and 136.1 (Ar–H), 137.5 
(Ar–CO), 142.8 (Ar–NO2), 145.2 (Ar–OH), 191.5 (C––O), 192.7 
(C––O). Hydrazo-II, δ: 30.2 (CH3), 113.6, 116.3, 126.9, 128.5, 128.8, 
130.3 and 132.7 (Ar–H), 135.2 (Ar–NH–N), 135.8 (Ar–H), 137.1 
(C––N), 138.8 (Ar–CO), 143.4 (Ar–NO2), 145.6 (Ar–OH), 196.4 and 
197.6 (C––O). 

R142: yield, 62 % (based on barbituric acid), yellow powder, soluble 
in water, methanol, ethanol, and insoluble in chloroform. Anal. Calcd 
for C10H7N5O9S (M = 373.25): C, 32.18; H, 1.89; N, 18.76. Found: C, 

32.12; H, 1.90; N, 18.58 %. IR, cm− 1: 3487 ν(OH), 3399, 3043, 2834 
ν(NH), 1712 ν(C––O), 1655 ν(C––O), 1590 ν(C––O⋯H), 1560 ν(C––N). 
1H NMR (300.13 MHz, DMSO‑d6) δ: 8.10–8.30 (2H, C6H2), 11.42 (s, 1H, 
NH), 11.67 (s, 1H, NH) and 14.25 (s, 1H, NH). 13C{1H} NMR (100.61 
MHz, DMSO‑d6) δ: 110.2 and 118.4 (2Ar–H), 120.6 (Ar–NH–N––), 
130.4 (Ar–SO3H), 131.4 (C––N), 139.9 (Ar–NO2), 147.7 (Ar–OH), 
149.8, 159.6 and 162.5 (C––O). 

R234: yield 81 % (based on pentane-2,4-dione), yellow powder 
soluble in DMSO, methanol, ethanol, chloroform and acetone, and 
insoluble in water. Elemental analysis: C12H11N3O2 (M = 229); C 62.72 
(calc. 62.87); H 4.85 (4.84); N 18.76 (18.33)%. IR (KBr): 3437 (NH), 
2220 (C–––N), 1677 (C––O), 1639 (C––O⋯H), 1601 (C––N) cm− 1. ESI- 
MS: m/z: 230 [M + H]+. 1H NMR in DMSO‑d6, δ (ppm): 2.43 (s, 3H, 
free CH3CO), 2.50 (s, 3H, CH3CO in H-bond, overlapping with 
DMSO‑d6), 7.28–7.85 (4H, Ar–H), 14.35 (s, 1H, NAH). 13C–{1H} NMR 
in DMSO‑d6, δ (ppm): 26.60 (CH3), 31.31 (CH3), 99.01 (C–––N), 116.00 
(Ar–CN), 116.13 (Ar–H), 125.08 (Ar–H), 133.48 (Ar–H), 134.98 
(Ar–H), 135.19 (C––N), 143.94 (Ar–NH–N), 196.48 (C––O), 197.97 
(C––O). 

2.6. Cell line and culture condition 

Glioblastoma cell, U-87 MG (gifted by Dr. Kirsi Rautajoki, Faculty of 
Medicine and Health Technology, Tampere) and mouse embryonic 
fibroblast cells, MEF cells (gifted by Prof. Pasi Kallio, Faculty of Medi-
cine and Health Technology, Tampere) which overexpress TrkA receptor 
protein [41,42] were selected for the study. U-87 MG cell carries many 
mutations including the deletion of p14ARF and p16. It also expresses a 
wild type p53, tumor suppressor protein. MEF cell derived from E13.5 
CF1 embryos. These cell lines were grown in Dulbecco’s Modified Eagle 
Medium-high glucose (DMEM) (Biowest, #L0102-500), 1 % Penicillin, 
Streptomycin (Sigma-Aldrich, #P4333), 0.025 mg/ml Ampicillin B 
(Sigma-Aldrich, #A9528), 10 % Fetal Bovine Serum (FBS) (Biowest, 
#S181H-500). All the chemicals for the cell culture were purchased 
from Sigma-Aldrich (St. Louis, MO, USA). The cells were maintained in 
an aseptic humidified culture incubator at 37 ◦C supplemented with 5 % 
CO2 and 95 % O2. In-vitro experiments were performed with the cell 
passage number from 18 to 25 for both the cell lines. 

2.7. Cytotoxicity assay of hydrazone derivatives 

The cytotoxicity effect of hydrazone derivatives, R234, R48 and 
R142, was determined against the cell growth inhibition of U-87 MG and 
MEF cells. Firstly, the initial density of 1 × 105 cells/well of U-87 MG 
cells were seeded on a six-well plate and treated with 100 μM concen-
tration of each derivative. Temozolomide (TMZ) was used as a drug 
control and 0.1 % DMSO as a negative control. The hydrazone de-
rivatives, TMZ and 0.1 % DMSO (negative control) were incubated with 
the cells for 48 h. Treated cells were trypsinized and harvested by 
centrifugation at 153g for 10 min and pelleted cells were stained with 
trypan blue. The cells were loaded on a hemocytometer and the per-
centage of live and dead cells were measured using Countess II FL 
(Thermo Fisher Scientific, USA). The effect of all the tested conditions 
was assessed by quantifying the cell membrane integrity. However, MEF 
cells were treated with the 100 μM of the top lead hydrazone derivatives, 
TMZ and 0.1 % DMSO. The cytotoxic effect was measured as cell death 
percentage using the following Eq. (1).  

2.8. Dose dependent cell viability assay 

The U-87 MG cells were seeded with the density of 1 × 105 cells/well 
in a 6 well plates and incubated for 24 h. The cells were then treated 
with different concentrations of hydrazone derivatives, R234, R48, 
R142 and TMZ (drug control) like 10 μM, 50 μM, 100 μM, 150 μM, and 
200 μM concentrations. The DMSO (0.1 %) served as negative control. 
After 48 h post treatment, the cells were harvested by centrifugation at 
153g for 10 min. The live and dead cells were stained using trypan blue 
[43] and were counted using Countess II FL hemocytometer (Thermo 
Fisher Scientific, USA). The percentage of cell growth inhibition was 
calculated using the above-mentioned Eq. (1). The half-maximal inhib-
itory concentrations (IC50) of these compounds and TMZ were calcu-
lated using the dose response curve. 

2.9. SiRNA assay 

To validate the specificity of R48 binding with NTRK1, a SiRNA assay 
was performed using pre-designed SiRNA targeting NTRK1 (Thermo 
Fisher Scientific Inc. USA) (Cat no. AM16708). U-87 MG cells were 

Cell growth inhibition(%) =
Mean No.ofuntreated cells (DMSOcontrol) − Mean No.of treated cells

Mean No.of untreated cells (DMSO control)
× 100 (1)   
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seeded in 12 well-plate at a density of 8 × 104 cells/well. The cells at a 
confluence of ≥80 % were transfected with SiRNA at a concentration of 
50 nM using Mirus Bio™ TransIT-TKO™ SiRNA Transfection Reagent 
(Madison, WI, USA) (Cat no. MIR2154). Time series assay was per-
formed by transfecting the cells for 24 h, 48 h, and 72 h, further treated 
with 200 μM concentration of R48 and maintained in culture condition 
for 48 h. Finally, the live and dead cells were calculated with the Eq. (1) 
using trypan blue assay. 

2.10. Data and statistical analysis 

Datapoints were represented as the mean ± S.E.M and the experi-
ments were performed in triplicates with n ≥ 6 per group. The one-way 
analysis of variance (ANOVA) was used to assess the statistical signifi-
cance between different groups. Statistical significance values (P-value) 
for ANOVA corresponds to *P < 0.05. 

3. Result 

3.1. TrkA is widely expressed in GBM 

We have used 651 CGGA dataset from Gliovis to identify the 
expression hub for NTRK1 gene from different types of brain tumor. As a 
validation, we found that the expression level of TrkA was higher in 
GBM and oligoastrocytoma of both histological subtypes than the other 
brain tumor types (Fig. 1A). Also, the recurrence malignant GBM 
showed higher expression of TrkA than the other types (Fig. 1B). To 
classify the TrkA expression among different grades of GBM, we also 
stratified the expression for Grade II, III and IV. Grade IV showed pro-
nounced expression of TrkA followed by grade III and II. These data 
revealed that TrkA expression gradually increases as the disease pro-
gresses from diffusive to infiltrative and finally to infiltrative rapid 
growing malignant tumor (Fig. 1C). 

3.2. Hydrazone derivatives interaction with human receptor tyrosine 
kinase 

To comprehend the potential binding affinity of human TrkA protein 
for the three different hydrazone derivates, R48, R142, and R234 
(Fig. 2A) molecular docking was performed. The target protein 1HE7 co- 
crystallized with glycerol served as control for the point of comparison. 
The best docking score was computed using Autodock Vina and the 

binding energy of the protein-ligands was − 7.62, − 8.14, and − 8.98 
kcal/mol for R48, R142, and R234, respectively (Fig. 2B). The 
comparative analysis revealed that R48 had the highest binding affinity 
for TrkA with the maximum binding for the hydrophobic residues, Ile, 
Phe, Leu, Ala, and Val. Other two hydrazone derivates, R142 and R234 
was also observed to interact best with TrkA protein, and thus consid-
ered as the potential TrkA inhibitors. 

Further, we have investigated the protein-ligand complex in-
teractions and stability of these three chosen complexes using atomic 
molecular dynamics simulations. Ligand induced alteration in the pro-
tein structure can be assessed through MD simulation. The root mean 
square deviation (RMSD) of the selected complexes reveals the stability 
of the protein-ligand complex. The minimal RMSD variation <0.5 nm 
suggest limited motion of the system, and in the Fig. 3A, it was identified 
that R234 exhibits stable throughout the simulation. Ligand R48 also 
remained stable throughout most of the simulation course, however, 
there observed considerable fluctuation >1. Overall, out of 40-ns 
simulation the RMSD value for R234 was found to be significantly 
low. The lesser RMSD values (>1 nm) show that reliable binding 
conformation was obtained throughout the simulation. Although there 
was a little fluctuation in the RMSD value, consistent binding still exists 
(R142). Mostly, protein-ligand interactions are often stabilized by 
hydrogen bonding, hydrophobic, and electrostatic interactions. Trajec-
tory data was imported in the Gromacs tool to analyze the number of 
hydrogen bonds in terms of distance (3.5 Å) and HBD/HBA angle (30◦) 
(Fig. 3B). R48 forms stable hydrogen bonds (>3) with the protein than 
the other two protein-ligand complexes maintaining the complex sta-
bility. Since, R48 appears to form relative number of stabilizing con-
tacts, RMSD estimations and hydrogen bond numbers between protein 
and ligand support the conclusion that TrKA can form stable complex 
with R48. 

3.3. Hydrazone derivatives possess ADMET properties 

The investigation and optimization of pharmacokinetic properties of 
these three hydrazone derivates were performed using Swiss ADME 
web-based software and presented in the Table 1. Smiles were generated 
to perform the ADMET analysis. All the three hydrazone derivatives 
showed good water solubility. The intestinal absorption was effective 
and high for R48 and R234. According to the Lipinski rule of five (RO5), 
R48 and R234 have molecular weight <500 g/mol, topological polar 
surface area (TPSA) ≤ 140 Å, log P value <5 and hydrogen bond donor 

Fig. 1. TrkA as a biomarker in histological subtypes of GBM. (A) TrkA (NTRK1) expression profile across all primary tumor samples. (B) Recurring tumor samples (C) 
GBM grade II, III and IV from the CGGA dataset. 
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(HBD)/hydrogen bond acceptor (HBA) < 5/10. R48 is found to be an 
inhibitor of CYP2C9, a crucial feature for drug interaction and as well an 
indicator representing its metabolism in liver. Thus, out of all these three 
derivatives, R48 and R234 possess good distribution and excretion 
properties. 

3.4. R48 targets TrkA expressing GBM cells 

TrkA targeting hydrazone analogs, R48 was synthesized according to 
the scheme (Fig. 4) and synthesis of R142, and R234 were reported in 
the Supplemental file. Purity of all the derivatives were identified by the 
melting point, NMR data, elemental analysis and mass spectrometry 
measurements (Supplemental file). Cytotoxicity activity of the TrkA 

targeting hydrazones derivatives were carried out in TrkA expressing 
GBM cells with 100 μM concentration of R234, R48, R142 compounds 
(Fig. 5A). TMZ was used as the positive control and DMSO as the 
negative control. We have observed 53.5 %, 27.5 % and 44 % of cell 
growth inhibition for R48, R142 and R234, respectively. The highest 
cytotoxicity was noted for R48 followed by R234 and R142. Compara-
tively, all the three derivatives showed higher and significant cell death 
than the positive control, TMZ. To evaluate the IC50 concentration of all 
the derivatives, dose dependent cytotoxicity analysis of R234, R48, 
R142 in GBM cell line, U-87 MG was performed. Broader concentrations 
such as 10 μM, 50 μM, 100 μM, 150 μM and 200 μM concentration of 
hydrazone derivatives were chosen for the study. As the concentration 
increases, there observed an increased percentage of growth inhibition 

Fig. 2. Structure activity relationship of hydrazone derivatives: a) Structure of R48, R142 and R234 B) Interaction of R48, R142 and R234 with TrkA receptor.  

Fig. 3. Molecular dynamics simulation of hydrazone derivatives. A) The graph showing the RMSD data of all the ligand-protein complexes (R48, R142 and R234 
interaction with TrkA receptor) at 40 ns duration of simulation. B) The graph representing the number of hydrogen bond interactions. 
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of GBM cells. The IC50 concentration of R48, R142 and R234 was found 
to be 68.99 μM, 125 μM and 106 μM, respectively (Fig. 5B). It was well 
correlated with the previous in-silico data, that R48 found to exhibit 

higher cytotoxicity effect after 48 h of treatment in U-87 MG cells. 
Phase-contrast microscopic images also revealed the presence of cellular 
structural changes with shrunken cell population in R48 treated cells 

Table 1 
ADMET analysis showing pharmacokinetic properties of these three hydrazone derivates. 

Fig. 4. Synthesis scheme of R48: Scheme shows the sequential steps of Japp-Klingemann synthesis of hydrazone analog R48. Synthesis scheme of R142 and R234 
were reported in the supplementary file. 
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than the untreated cells (Fig. 5C). Thus, R48 being the top lead com-
pound was tested for its effect on the TrkA expressing normal cell line, 
MEF. R48 showed <1 % cell growth inhibition than the TMZ (Fig. 5D), 
which indicated the specific cytotoxicity activity of R48 in the GBM 
cells. R48, the top lead compound was tested for its effect on MEF, a 
normal cell line expressing TrkA, and showed <1 % cell growth inhi-
bition compared to TMZ (Fig. 5D). This data suggest that R48 exerts 
specific cytotoxicity to only GBM cells. However, the specificity of R48 
targeting TrkA in GBM cells needs to be validated and hence, further 
SiRNA analysis was performed. 

3.5. SiRNA assay uncovers off-target effect of R48 induced cytotoxicity 

TrkA-specific SiRNA assay was employed to investigate the speci-
ficity of R48 binding to the TrkA receptor as described in method sec-
tion. Cells were exposed to 200 μM of R48 for 48 h after SiRNA 
transfection for varying time, 24 h, 48 h and 72 h. There observed a 
greater cytotoxicity by TrkA-specific SiRNA than the R48-TrkA-specific 
SiRNA in U-87 MG cells. Prolonged transfection of SiRNA also showed 
similar trend in exerting cytotoxicity (Fig. 5E). This might be due to the 
off-target activity of R48 in inducing the GBM cell death, thus warrants 
further empirical investigation. 

4. Discussion 

Cancer treatment remains a major health problem worldwide, which 
demands screening of novel bioactive compounds and investigation on 
their mechanism of action. Among several impediments in developing 
cancer treatment, drug resistance is the major obstacle. To overcome 
this challenge, many research groups have developed potential synthetic 
compounds using advanced strategies. Notably, sixteen coumarin 
hydrazide–hydrazone derivatives were synthesized that have shown 
potent anti-tumor activity against pancreatic carcinoma cells and he-
patic carcinoma cells. These derivatives have also induced apoptosis via 
caspase 3/7 and cell cycle arrest. Similarly, novel synthetic quinoline 
hydrazones showed higher cytotoxicity on human promyelocytic leu-
kemia, breast cancer cells and prostate cancer cells. These derivatives 
were also identified as a potent EGFR inhibitor [44]. Specifically, 
compound (E)-N′-((2-(4-fluorophenoxy)quinolin-3-yl)methylene)-2-(2- 
methyl-5-nitro-1H-imidazol-1-yl)acetohydrazide showed EGFR 
pathway inhibitory activities through EGFR/HER-2 kinases inhibition. 
This analog has induced cytotoxicity against the growth of adenocarci-
noma human alveolar basal epithelial and liver cancer cells. Recently, 
we have synthesized and evaluated the biological activity of 23 aryl-
hydrazones of active methylene compounds (AHAMCs) against the 
growth of GBM cell lines. Compound R234, 2-(2-(2,4-dioxopentan-3- 
ylidene)hydrazineyl)benzonitrile, was identified as EGFR inhibitor. 
R234 was found to be a negative modulator of RTKs (NGFR), which also 

Fig. 5. TrkA targeting novel hydrazone induced cell death in GBM cells. A) Cytotoxicity assay of R234, R48, R142 in U-87 MG cell line at 100 μM concentration. Live 
and dead cell percentage was measured by the Trypan Blue exclusion method. B) Dose dependant cytotoxicity analysis of R234, R48, R142 with varying concen-
tration of 10 μM, 50 μM, 100 μM, 150 μM and 200 μM for 24 h C) Phase contrast image of U-87 MG cells treated with DMSO and R48. D) Cell growth inhibition of R48 
and TMZ in TrkA expressing MEF cells line. E) R48-TrkA-specific siRNA induced cytotoxicity assay for varying time, 24 h, 48 h and 72 h and cell growth inhibition 
(%) was analysed using trypan blue assay. Datapoints and error bars represent mean ± S.E.M (n = 4 per group). *P < 0.05 per one-way ANOVA. 
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affected the PI3K/AKT/mTOR signaling pathway in GBM cells [19]. 
NGF has been found to promote either mitogenesis or differentiation 

and maintenance, depending on how the cell line interacting with TrkA 
receptors [45]. The biological and pharmacodynamics characteristics of 
the hydrazone derivative under evaluation shown their versatility in the 
anti-GBM behavior via tyrosine kinase (TrKA) inhibition. Among the 
studied analogs, R48 acyl derivatives expressed better anti-GBM activ-
ity. Compound R48 showed most effective inhibition (IC50 = 68.99 μM) 
by binding into the active pocket of TrkA receptor with minimum 
binding energy (− 7.62 kcal/mol). It was also observed that the IC50 
value of R234 was calculated as 107 μM in U8 while it is lower, 68.99 
μM, for R48 compound suggesting that R48 as potential compound in 
inhibiting GBM. Additionally, in-silico analysis suggests that the binding 
energy between TrkA and selected compounds was − 7.62, − 8.14, and 
− 8.98 kcal/mol for R48, R142, and R234, respectively. This free energy 
and the magnitude of the binding affinity between the TrkA- R48 suggest 
the direct interaction potency of the compound than the known TrkA 
inhibitor R234. R48 was identified to have interactions with hydro-
phobic residues, Ile, Phe, Leu, Ala, and Val residues of TrkA. Compar-
atively, the in-silico analysis revealed that among all the tested 
compounds, R48 had stronger and stable interaction between the TrkA. 
However, in-vitro analysis has shown the off-target effect of R48 with 
TrkA receptor in inducing the GBM cell death. This challenge with 
selectivity could be attributed to TrkA’s strong homology with TrkB and 
TrkC in the ATP binding site, or due to mutations in the ATP active site 
[46]. Based on our findings, R48 is thought to have intriguing in-silico 
interactions with TrkA, but more structural alterations of R48 are 
needed to prove its potential as a TrkA inhibitor, with significant im-
plications for future GBM therapeutics. 
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