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Abstract
Renal cell carcinoma (RCC) is the most fatal tumor in the urinary system. Resistance development and unmet effective
responses, request new anticancer agents with better therapeutic index. Ten new imino-thiazolo-quinoxaline derivatives
(5a-j) were synthesized and preliminary evaluated for downregulation of Vascular Endothelial Growth Factor Receptor-2
(VEGFR-2) activity taking sorafenib as a reference drug. Compounds 5d & 5h showed potent inhibition to VEGFR-2
activity at IC50 89.35 nM & 60.64 nM, respectively, then they both were further evaluated in-vitro against urinary bladder
cancer cell line T-24 taking sorafenib as a reference drug. Compound 5h displayed nearly anticancer activity to sorafenib
against T-24 cell line in all concentrations tested except at concentration 10 µM where it highly suppressed cell viability to
6.71 % compared to 15.15% of sorafenib. Compound 5h was then evaluated for its ameliorative efect against radiation
induced renal tissue injury. Assessment of pro-angiogenic (VEGFR-2), pro-fibrotic (transforming growth factor-beta 1
(TGF-β1)) and apoptotic (caspase-3) markers, as well as histopathological examinations were performed on kidney of
irradiated mice. Results showed ability of compound 5h to downregulate VEGFR-2 activity and its cytotoxic effect against
RCC, in addition to mitigation of radiation induced renal tissue injury. Ethyl imino-thiazoloquinoxaline carboxylate
derivative 5h showed a potential cytotoxic activity against RCC and could be considered a promosing alleviative candidate
when employed post radiotherapy regimen.
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Introduction

The most prevalent type of kidney cancer, renal cell
carcinoma (RCC), develops from the tubular epithelium.
The incidence of kidney cancer in men is higher than that
in women, with peak age at 60–70 years [1]. Treatment
landscape for RCC has evolved dramatically, including;
targeted therapeutics, immune-checkpoint inhibitors and/
or radiotherapy. RCC is perceived to be a radioresistant
malignancy as local renal tumor control was achieved but
with exposure to high dose of ionizing radiation, and is
often restricted due to damaging response observed in the
surrounding normal tissues [2]. Ionizing radiation indu-
ces damage of the DNA double strand, persuading a
molecular cascade of inflammation, cellular senescence
and endothelial cell death may occur, leading to apoptosis
and interstitial fibrosis [3]. Recent occurrences in the
RCC microenvironment, disease biology and resistance
mechanisms, formed the basis for attempts to combine
radiotherapy with targeted anti-angiogenic therapeutics
such as tyrosine kinase inhibitors (TKIs) for better ther-
apeutic outcomes [4].

As one of the hallmarks of cancer, angiogenesis plays a
vital role in tumor development and proliferation, and has
long been a prospective therapeutic target in RCC [5].
Sorafenib (Nexavar)® is an orally active multi-kinase inhi-
bitor of tumor-cell proliferation and angiogenesis. It targets
several subtypes of tyrosine kinase, including vascular
endothelial growth factor receptor (VEGFR) and platelet-
derived growth factor receptor (PDGFR), which are crucial
pro-angiogenic factors in most tumors. In December 2005,
sorafenib has been considered the first targeted chemical
drug licensed by FDA for treatment of advanced RCC [6].
Sorafenib administration was reported to have many side
effects that negatively affecting the patients’ quality of life,
in addition to resistance development [7]. Since then, other
tyrosine kinase inhibitors targeting VEGFR and PDGFR
have been approved for the treatment of RCC, such as
bevacizumab, sunitinib, axitinib, cabozanitinib, lenvatinib,
and pazopanib [8]. A potential new approach for long term
management of RCC is combination therapy [9] where
more than one drug is used and the dual targeting strategy
which targets more than one receptor is applied [10].
Despite the fact that targeted therapies are now the standard
treatment option for renal cancer, some of RCC patients are
primarily resistant to them, showing neither clinical benefits
nor disease stabilization [11, 12].

There is always an urgent need for exploring new RCC
candidates with improved efficacy and selectivity to

counteract resistance development, limited durable
responses and hazards side effects. Quinoxaline is an
eminent moiety for its versatile spectrum of biological
activities [13]. It is well known that these compounds
could compact infectious and non-infectious diseases [14],
in addition to their anti-cancer properties [15, 16]. They
are also considered as potent VEGFR-2 inhibitors com-
pared to sorafenib [17].

Based on the aforementioned background, and in con-
tinuation to our work in exploring new anticancer entities
targeting VEGFR-2 [18], the current study was constructed
to design and synthesize a novel series of imino-
thiazoloquinoxaline derivatives targeting VEGFR-2 and
to assess its potential cytotoxic activity against RCC. The
efficacy of the most potent compound was then evaluated
for its ability to attenuate normal tissue injury induced after
irradiation by analyzing its in-vivo capacity to suppress the
apoptotic and fibrotic markers, as well as the angiogenic
factor VEGFR-2.

Rationale and design

Downregulating VEGFR-2 signaling cascade is verified as
the most proficient mechanism of action for novel che-
motherapeutics in advanced RCC [19, 20]. Recently, many
drugs are approved by FDA as controlling VEGFR-2
enzyme and inhibiting angiogenesis. Axitinib (Inlyta ®); one
of the recent 3rd generation approved drugs in RCC treat-
ment exerting activity against TKIs, c-Kit and PDGRG-β.
Clinical trials proved its efficacy compared to sorafenib
with better PFS [21]. However, cardiotoxicity, hypertension
and fatigue were the most prominent side effects leading to
axitinib discontinuation [22]. Despite emergence of such
drugs as promising angiogenesis inhibitors with much
improvement in RCC patients’ outcomes and survival rates,
cancer resistance develops due to downstream activation of
signaling pathway. In addition, the adverse effects caused
by these therapeutics are more hazardous, affecting nega-
tively patients’ health. There is always a need to explore
new therapeutics.

Quinoxalines are attractive targets for exploring new
VEGFR-2 inhibitors and selective RCC drugs [23]. The
following four major pharmacophoric features are needed to
occupy four regions in the active binding site of VEGFR-2 in
order to downregulate its activity [24]; 1-Heteroaromatic ring
to occupy the hinge region. 2- central aromatic linker to
occupy the Gatekeeper region. 3- Hydrogen bond donor-
hydrogen bond acceptor (HBD-HBA) to interact with Glu
883 and Asp 1044 in DFG domain. 4- Terminal lipophilic
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moiety to occupy the allosteric lipophilic pocket. According
to the above mentioned verdicts, along with applying bioi-
sosteric modification approach, series of thiazoloquinoxaline
derivatives was designed and synthesized comprising
required fragments for VEGFR-2 downregulation, taking
axitinib as an example (Fig. 1). For occupying the hinge
region, quinoxaline ring acts as the heteroaromatic moiety,
expecting to offer more binding interactions than pyridine
ring. This comes in accordance with Yu et al. [25] who
reported that substitution of sorafenib pyridine ring and urea,
contributed in more kinase targeting effect. Thiazole ring is
the central aromatic linker in our designed compounds, to
occupy the gate keeper region, such that 1,3-substituted ring
was reported to show superior activity in VEGFR-2 inhibi-
tion [26]. Thiazole ring and / Or its substitutions along with
central imine, supposed as HBD-HBA pharmacophore,
aiming to form H- bonds for inhibitory activity against

VEGFR-2. Finally, the terminal phenyl ring is nominated to
occupy the allosteric lipophilic pocket [24].

Results and discussion

Chemistry

The novel synthesized compounds were prepared according
to the pathways described in Scheme 1, the phenyl iso-
thiocyanate (1) was refluxed with different substituted
amines; methylamine, ethylamine, allylamine, propyl
amine, isopropyl amine, butyl amine, isobutyl amine, ethyl
carbamate, cyclohexyl amine and benzyl amine 2 (a-j),
respectively, in ethanol for 8 h and yielded the reported
thiourea derivatives 3 (a-j), respectively. [27–30]. Then by
further reaction of compounds 3 (a-j) with 2,3-dichlor-
oquinoxaline (4) in ethanol for 8 h gave the target com-
pounds 5 (a-j), respectively in good yields. Scheme 1.

All the assigned structures for the target compounds
5 (a-j) were confirmed by IR, 1H NMR, 13C NMR, mass
spectra and microanalytical data. Their structures were
characterized by the disappearance of the characteristic
C= S and NH bands and signals of the intermediate com-
pounds 3 (a-j) in all the spectral data. In addition to
appearance of new bands for the C=N in the IR spectra of
compounds 5 (a-j) at range 1645–1688 cm−1. Also dis-
appearance of NH signals in 1H-NMR spectra exchangeable
with D2O. Moreover, the presence of some characteristic
signals in the 1H-NMR spectra for compounds 5 (a-j) as
exhibition of singlet signal at δ 3.88 ppm for the methyl
protons of compound (5a). Triplet upfield signals were
displayed at δ 1.51 and 1.11 ppm assigned for the methyl
group of compounds (5b) and (5d), respectively. Doublet
signals were exhibited at δ 5.19 and 1.28 ppm attributed to
the N-CH2 group of (5c) and the two methyl groups (5e),
respectively. Also the appearance of triplet signals at δ 1.23
and 1.29 ppm for the methyl protons of (5f) and (5h),
respectively. Doublet signals were revealed at δ 1.12, 1.13
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ppm for the two methyl groups (5g). Multiplet signals were
displayed at range 1.19–2.98 ppm for the protons of the
cyclohexane ring (5i). Singlet signal at 4.81 ppm assigned
for the CH2-phenyl (5j).

Additionally, the 13C-NMR spectra for compounds
5 (a-j) showed the appearance of signals at range
136.11–136.85 ppm for the newly formed N= C-S. Exhi-
bition of signals at δ 145.68–150.69 ppm for the C-N,
156.05–159.04 ppm for C=N. Displaying of most down-
field signals at range 161.16–163.34 ppm ascribed for
N= C-N. This showed that the NH and C= S groups of the
thiourea in compounds 3 (a-j) were incorporated by cycli-
zation to form the 5-membered thiazole ring in compounds
5 (a-j). Moreover, the mass spectra and microanalytical data
of compounds 5 (a-j) were in agreement with their postu-
lated structures.

Pharmacology/biology

In-vitro studies

The selectivity of the newly synthesized compounds
towards VEGFR-2 was assessed and compared to that of
sorafenib as a reference drug. The results were expressed as
50% inhibition concentration value (IC50, determined in
triplicate) as shown in Table 1.

Compound ethyl carboxylate derivative 5h offered the
maximum inhibitory activity followed by propyl derivative
5d with IC50 value 60.64 and 89.35 nM respectively,
compared to that of sorafenib (IC50= 51.41 nM). This
comes in accordance with El-Adl et al. [31] who reported
that ethyl carboxylate derivative was the most potent in
VEGFR-2 inhibition among a series of different derivatives
within the same study. Also, Abuelizz et al. [32] reported

that propyl derivative was very potent among other deri-
vatives at inhibiting VEGFR-2.

Thereafter, compounds 5h and 5d were selected to be
evaluated for their in-vitro cytotoxic activity against RCC
(T-24) by SRB assay method. The cytotoxic efficacy of the
two compounds was compared to that of sorafenib. The
data demonstrated the cell viability (surviving fraction) and
drug concentration was shown in Table (2). Notably,
compound 5h exhibited a potent cytotoxic activity against
renal cell line with IC50= 4 μM, which is nearly
equivalent to that of sorafenib (IC50= 4.43 μM), while
compound 5d displayed IC50 > 100 μM. RCC is a notor-
iously hypervascularized tumor that is prone to distant
metastasis. RCC is characterized by the loss of von Hippel-
Lindau tumor suppressor protein, resulting in up-regulation
in the tumorigenic hypoxia-responsive gene transcription
of VEGF and PDGF. These factors promote angiogenesis
as well as tumor proliferation by activating tyrosine kinase
receptors VEGFR and PDGFR [5, 33]. Herein, the newly
synthesized Ethyl 2-(phenylimino)thiazolo[4,5-b]qui-
noxaline-3(2H)-carboxylate 5h counteracted the pro-
angiogenic VEGFR-2 activation and confers a cytotoxic
impact on the renal cell line. This comes in accordance
with Hajri et al. [34], who reported synthesis of quinoxa-
line ethyl carboxylate series which demonstrated sub-
stantial antiproliferative activity. Accordingly, compound
5h was selected to investigate its impact on the renal tissue
of irradiated mice.

In-vivo studies

Radiation toxicity to healthy tissue limits the applied doses
of radiotherapy and thereby, limits its therapeutic success
[3]. In normal tissue, radiation triggers a molecular cascade
leading to persistent alterations in the microenvironment,
comprising features of hypoxia, angiogenesis, apoptosis,
and fibrogenesis [35]. Accordingly, in-vivo study was car-
ried out to explore the potential of compound 5h to interfere
with such detrimental cascade and to maintain normal renal
function post irradiation exposure. According to the

Table 1 In-vitro VEGFR-2 inhibitory activity

Compound VEGFR-2 IC50

(nM)a

5a 349.60 ± 15

5b 168.70 ± 7.52

5c 269.05 ± 12.03

5d 89.35 ± 3.40

5e 181.62 ± 8.12

5f 201.30 ± 9.00

5g 191.06 ± 8.54

5h 60.64 ± 2.70

5i 94.73 ± 4.23

5j 156.02 ± 6.70

Sorafenib 51.41 ± 2.30

aIC50 values are the mean ± S.D (standard deviations) of three
experiments

Table 2 In-vitro anticancer activity of compounds 5h, 5d and sorafenib
against T-24 (urinary bladder cancer) cell line

Concentration (μM) Sorafenib Compound 5h Compound 5d

Viability% Viability % Viability %

0.01 101.60 ± 0.74 98.14 ± 1.02 98.77 ± 0.13

0.1 99.49 ± 1.58 98.20 ± 0.88 99.24 ± 1.56

1 96.13 ± 3.08 98.38 ± 0.94 98.78 ± 0.08

10 15.15 ± 0.31 6.71 ± 1.10 98.32 ± 0.69

100 0.55 ± 0.16 0.43 ± 0.12 92.29 ± 2.11

Data are expressed as mean ± S.D (standard deviations) of three
experiments
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previous experimental and clinical trials, the mechanism of
action of VEGFR-TKIs pathways provides a strong ratio-
nale for its combined use post- radiotherapy [4]; ionizing
radiation up-regulates the expression of growth factors in
tumor cells, promoting tumor angiogenesis and prolifera-
tion, thereby contributing to the protection of tumor blood
vessels from radiation-mediated cytotoxicity and subse-
quently to tumor radioresistance [36, 37].

In the current study, mice exposed to 8 Gy of radiation,
exhibited a state of acute kidney injury and renal bio-
chemical changes, as demonstrated by the assessed bio-
chemical parameters and histopathological examinations.
As shown in Table 3, irradiation of mice elevated the serum
urea by nearly 5-fold and increased the serum creatinine by
33%, which revealed considerable impairment of renal
function [38]. Notably, oral administration of sorafenib
decreased the serum urea and creatinine levels by 76% and

18%, respectively, while treatment with compound 5h
prominently reduced them by 87% and 28%, respectively,
as compared to the IR group.

Such results of renal function are consistent with that of
the histopathological examinations (Fig. 2); tissue sec-
tions of normal group (Fig. 2A) showed normal histolo-
gical structure characterized by circumscribe glomeruli
with normal structure of capillary tufts and bowman’s
capsule. Renal tubules of both proximal and distal con-
voluted tubules showed intact epithelial lining and regular
arrangement (score 0). On the other side, tissue sections
of IR group (Fig. 2B) showed atrophy of glomeruli with
shrinkage of capillary tufts, degeneration of renal tubular
epithelial lining appeared in form of swelling and granu-
larity of its cytoplasm, intra-tubular albumin eosinophilic
casts, focal aggregation of mononuclear cells mainly
lymphocytes and macrophages, and interstitial edema
with tubular epithelial cell necrosis and apoptosis
<75% (score 4).

The group exposed to radiation and treated with sor-
afenib (Fig. 2C) revealed moderate histological changes in
renal tubular epithelial lining appeared in form of swelling
of tubular epithelial lining with intra-luminal albuminus
casts and tubular epithelial cells showed degeneration,
necrosis and apoptosis <25% (score 2), while, the IR group
treated with compound 5h (Fig. 2D) showed mild histo-
logical changes in renal tubular epithelial lining appeared
in form of mild swelling and granularity of its cytoplasm
with cystic dilatation of some tubules. Intra-tubular albu-
minus eosinophilic casts without significant necrosis or
apoptosis were seen (score 1). These results revealed that
the newly synthesized compound 5h highly alleviates

Table 3 Effect of compound 5h and sorafenib on the kidney functions
of irradiated mice

Groups /
parameters

Urea Creatinine

Normal 5.57 ± 0.72 0.605 ± 0.018

Irradiated (8 Gy) 33.25# ± 2.58 0.805# ± 0.027

IR+ Sorafenib
(50 mg/kg)

8.01* ± 0.98 0.661* ± 0.031

IR+ Compound 5 h
(50 mg/kg)

4.42* ± 0.24 0.577* ± 0.032

Values are expressed as mean values ± SEM
#Significant different (p < 0.05) compared to normal group
*Significant different (p < 0.05) compared to irradiated group

A B 

C D

Fig. 2 Photomicrograph of renal
tissue section (H&EX200) of
(A) normal group showed intact
structure of glomeruli (star) with
regular arrangement of tubular
epithelial lining (arrow) (B)
irradiated (IR (8 Gy)) group
showed focal aggregation of
mononuclear cells (star) with
tubular epithelial cell necrosis
(arrow) (C) IR+ sorafenib (50
mg/kg) treated group showed
swelling of tubular epithelial
lining with apoptotic cells
(arrow) (D) IR+ compound 5h
(50 mg/kg) treated group
showed mild swelling of tubular
epithelial lining with cystic
dilatation of some tubules
(arrow)
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radiation-induced harm features. To validate such ameli-
orative effect, the molecular apoptotic, angiogenic and
fibrotic markers were then estimated in kidney tissue.

Radiation-induced tissue injury is initially marked by the
direct cytotoxic action of reactive oxygen species (ROS) on
the DNA that led to endothelial cell damage, vascular per-
meability and edema, with subsequent infiltration and
accumulation of macrophages. The induced DNA damage is
thought to be the main contributor in triggering the apop-
tosis cascade that results in tissue destruction [39]. Expo-
sure to radiation was reported to induce imbalance between
the pro-and anti-apoptotic proteins, leading to activation of
the apoptosis cascade in renal cells [40]. Herein, the data
showed in Fig. (3) revealed that exposure to radiation
increased the apoptotic protein caspase-3 concentration in
kidney by nearly 1-fold, as compared to the normal group.
This was in line with the study of Özyurt et al. [41] as they
reported that irradiation exposure enhanced the release of
the apoptotic factor caspase-3 in kidney and bladder tissues
which led to tissue damage. Treatment with sorafenib sup-
pressed the caspase-3 by 12%, yet, it did not show a sig-
nificant difference from the IR group, while compound 5h
significantly suppressed the kidney content of caspase-3 by
22%, thus exerting an anti-apoptotic effect.

In response to the apoptosis of vascular endothelial cells
triggered by radiation, endothelial cells surviving factors
such as VEGF was stimulated as a self-protecting factor,
however, accumulation of radiation damage and endothelial
cells death perpetuate a non-healing tissue response [35]. In
this context, the current study assessed the potential of
compound 5h to suppress the VEGFR-2 activation in renal
tissue after radiation exposure. Our results showed that
exposure to radiation up-regulated VEGFR-2 expression by
nearly onefold, as compared to the normal group (Fig. 4).
Such results were in agreement with the study of El-Gazzar

et al. [18], which postulated that irradiation exposure
upsurges VEGFR-2 protein expression in hepatic tissue. On
the other side, oral administration of sorafenib suppressed
the VEGFR-2 content in kidney by 16%, while treatment
with compound 5h offered a higher percentage of inhibition
(30%), as compared to the IR group (Fig. 4).

Mechanistically, the increased oxygen consumption
due to radiation activation of macrophages contributes to
the development of hypoxia which further up-regulates the
production of the pro-angiogenic VEGF and pro-fibrotic
transforming growth factor-beta (TGF-β), which in turn
stimulates tissue angiogenesis and fibrogensis [35, 42]. It
was clear that angiogenesis and fibrogenesis have some
common pathological mechanisms and pathways, and
thereby anti-angiogenic therapies were considered as a tar-
get therapy for fibrosis [43].

Development of renal fibrosis is a dose limited compli-
cation of radiotherapy; the sustained activation of macro-
phages and myofibroblast after radiation exposure seemed
to be crucial to renal fibrosis as both inflammatory cells
synthesize and secrete the pro-fibrotic TGF-β1. Besides,
radiation-induced apoptosis of vascular endothelial cells
lowered the amount of intrinsic cells responsible for
appropriate renal function and hastening the fibrosis process
[44]. In the current investigation, this was demonstrated as
exposure to radiation boosted the production of the TGF-β1
by nearly onefold, as compared to normal group (Fig. 5).
Similarly, the study of Mostafa et al. [45] reported that
irradiation stimulated the renal TGF-β1/smad signaling
pathway and precipitated nephritis in rats.

The current results showed that oral administration of
sorafenib suppressed the elevated kidney content of TGF-β1
by 30%, while treatment with compound 5h highly sup-
pressed it by 43%, indicating a significant difference from
sorafenib treated group and revealing its capabililty to
hamper the process of renal fibrosis.
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Remarkably, the in-vivo studies revealed the super-
iority of ethyl imino-thiazoloquinoxaline carboxylate
derivative 5h as promising approach to guard against
radiation-induced kidney harm. This comes in allignment
with the study of Ghorab et al. [46], who reported
synthesis of ethyl carboxylate series with radioprotective
and anticancer effect.

Molecular docking

In silico evaluation using molecular docking was performed
in order to confirm and interpret the preliminary VEGFR-2

inhibition results for the newly synthesized compound 5 h.
MOE software was used with human VEGFR-2 (PDB:
1ASD). Docking study was performed for the most active
compound Ethyl 2-(phenylimino)thiazolo[4,5-b]-quinoxaline-
3(2H)-carboxylate (5h), within the active binding site of
VEGFR-2 in order to have more perception about the binding
mode, taking into consideration main pharmacophoric fea-
tures required for binding in order to downregulate VEGFR-2
activity as reported by Lee et al. [24].

It could be noticed that structure of Ethylcarboxylate
derivative 5h occupies mainly the catalytic site of VEGFR-
2 receptor, which potentially could be reason for its
selectivity. It fits through the following binding interactions
(Fig. 6), with scoring energy −6.273 compared to −7.792
of axitinib (supplementary): Quinoxaline ring occupies
hinge region. Pyrimidine of the quinoxaline occupied the
gatekeeper region as central aromatic linker. At the same
time, it forms arene binding interaction with Asp 1044 in
DFG domain (HBD-HBA pharmacophore). Sulfur of
thiazole ring forms additional main H- bond with Glu 885
in DFG domain. Thiazole ring forms arene interaction with
Leu 889. Terminal phenyl ring occupies the allosteric
lipophilic pocket.

Conclusion

In this work, ten new imino-thiazolo-quinoxaline deriva-
tives (5a-j) were synthesized and structurelly verified. The
newely obtained compounds (5a-j) were evaluated in-vitro

Fig. 6 2D and 3D binding interactions of compound 5h into VEGFR-2 (PDB: 4ASD)

Fig. 5 Effect of compound 5h (50 mg/kg) and sorafenib (50 mg/kg) on
the concentration of TGF-β1 in kidney tissue of irradiated mice.
Values are expressed as mean values ± SEM. # Significant different
(p < 0.05) compared to normal group. *Significant different (p < 0.05)
compared to irradiated group. ▲Significantly different (p < 0.05)
compared to sorafenib group
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as VEGFR-2 inhibitors. The most potent compounds 5d &
5h were subjected for assessment against RCC cell line.
Accordingly, compound 5h showed a potent cytotoxic
activity and was then evaluated for its conservative effect
against radiation induced renal damage. Compound 5h was
found to diminish the elevated apoptotic, angiogenic and
fibrotic mediators in irradiated mice. Collectively, the cur-
rent study revealed the potential dichotomous impact of the
newly synthesized Ethyl 2-(phenylimino)thiazolo[4,5-b]
quinoxaline-3(2H)-carboxylate (5h) as down regulator to
VEGFR-2 activity and a cytotoxic agent against RCC. Also,
compound 5h has salutary impact in lowering radiation-
induced deletrious effects on renal tissue, showing its pro-
mising role when employed post radiotherapy regimen.

Experimental

Chemistry

General

Uncorrected melting points were recorded using a Stuart
melting point device (Stuart Scientific, Redhill, UK) and
were transported in open capillary tubes. The infrared (IR)
spectra of the substances were captured using an FTIR
Shimadzu spectrometer (Shimadzu, Tokyo, Japan). TMS
was utilised as an internal Standard and DMSO-d6 as the
solvent for recording 1H NMR and 13 C NMR spectra
with a Bruker (400 MHz for 1H NMR and 100 MHz for
13 C NMR) spectrometer (see supplementary data). On
the HP Model MS-5988, mass spectra were conducted
(Hewlett Packard, Palo, Alto, California, USA). For
acquiring the results of the microanalyses, a Carlo Erba
1108 Elemental Analyzer (Heraeus, Hanau, Garmany)
was employed. In order to check the completion of the
reaction, pre-coated SiO2 gel (HF254, 200 mesh) alumi-
num plates (Merk, Daemstadt, Germany) were employed
as the TLC.

General procedure for synthesis of N-(3-substituted-
thiazolo[4,5-b]quinoxalin-2(3H)-ylidene)aniline 5(a–j)

A mixture of phenylisothiocyanate 1 (0.54 gm, 0.004 mol)
and the appropriate substituted amines 2 (a–j) (0.004 mol)
was refluxed in ethanol for 5 h in the presence of 5 drops
triethylamine to give the 1-substituted-3-phenylthiourea
derivatives 3 (a–j) [25–28], respectively. which were
then refluxed with 2,3-dichloroquinoxaline 4 (0.79 gm,
0.004 mol) in ethanol for 8 h. The reaction mixture was
cooled, then the precipitated solid was filtered, washed with
ethanol, dried and crystallized from dioxane to afford
compounds 5(a–j), respectively.

N-(3-Methylthiazolo[4,5-b]quinoxalin-2(3H)-ylidene)ani-
line (5a) Yield 72 %; m.p.; 161–163 °C; IR (KBr,cm−1):
3094 (CH arom.), 2945, 2835 (CH aliph.), 1653 (C=N);
1H NMR (DMSO-d6, δ, ppm): 3.88 (s, 3H, CH3), 6.46 (d,
2H, 2CH, J= 8.00 Hz), 6.94 (t, H, CH, J= 8.36 Hz),
7.06–7.22 (m, 6H, Ar-H). 13C NMR (DMSO-d6, δ, ppm):
31.24 (CH3), 123.08 (2), 124.38, 127.01, 127.87, 129.59,
129.92, 130.61 (2), 136.85 (N=C-S), 137.73, 140.89,
148.77 (C-N), 157.46 (C=N), 162.82 (N=C-N). MS (m/
z): 292 (M+). Analysis calculated for: C16H12N4S (292): C,
65.73; H, 4.14; N, 19.16, found: C, 65.42; H, 4.33;
N, 19.39.

N-(3-Ethylthiazolo[4,5-b]quinoxalin-2(3H)-ylidene)ani-
line (5b) Yield 81 %; m.p.; 172–174 °C; IR (KBr,cm−1):
3083 (CH arom.), 2952, 2839 (CH aliph.), 1677 (C=N);
1H NMR (DMSO-d6, δ, ppm): 1.51 (t, 3H, CH3,
J= 1.72 Hz), 4.81-4.89 (m, 2H, CH2), 7.27 (d, 2H, 2CH,
J= 16.48 Hz), 7.50 (t, H, CH, J= 8.28 Hz), 7.74–7.98
(m, 6H, Ar-H). 13C NMR (DMSO-d6, δ, ppm): 13.84
(CH3), 44.84 (CH2-CH3), 121.26 (2), 124.40, 126.01,
127.98, 129.64, 129.84, 130.50 (2), 136.46 (N=C-S),
137.60, 139.93, 147.52 (C-N), 159.04 (C= N), 163.34
(N=C-N). MS (m/z): 306 (M+). Analysis calculated for:
C17H14N4S (306): C, 66.64; H, 4.61; N, 18.29, found: C,
67.03; H, 4.73; N, 18.03.

N-(3-Allylthiazolo[4,5-b]quinoxalin-2(3H)-ylidene)ani
line (5c) Yield 76 %; m.p.; 202–204 °C; IR (KBr,cm−1):
3063 (CH arom.), 2915, 2830 (CH aliph.), 1664 (C=N); 1H
NMR (DMSO-d6, δ, ppm): 5.19 (d, 2H, N-CH2,
J= 2.36 Hz), 5.73-5.81 (m, 2H, CH2), 5.90-5.98 (m, H,
CH), 7.40-7.87 (m, 9H, Ar-H). 13C NMR (DMSO-d6, δ,
ppm): 46.84 (CH2-CH), 119.69 (CH=CH2), 123.34 (2),
126.28, 126.41, 129.90 (2), 129.98, 130.37 (CH=CH2),
133.50 (2), 136.11 (N=C-S), 136.35, 136.51, 148.47 (C-N),
158.45 (C=N), 161.82 (N= C-N). MS (m/z): 318 (M+).
Analysis calculated for: C18H14N4S (318): C, 67.90; H,
4.43; N, 17.60, found: C, 67.74; H, 4.71; N, 17.38.

N-(3-Propylthiazolo[4,5-b]quinoxalin-2(3H)-ylidene)aniline
(5d) Yield 84 %; m.p.; 192–194 °C; IR (KBr,cm−1): 3089
(CH arom.), 2910, 2812 (CH aliph.), 1645 (C=N); 1H
NMR (DMSO-d6, δ, ppm): 1.11 (t, 3H, CH3, J= 15.08 Hz),
1.83–1.95 (m, 2H, CH2-CH3), 4.26 (t, 2H, N-CH2,
J= 7.00 Hz), 7.17 (d, 2H, 2CH2, J= 7.48 Hz), 7.42-7.66
(m, 7H, Ar-H). 13C NMR (DMSO-d6, δ, ppm): 11.63 (CH3),
21.21 (CH2-CH3), 42.74 (CH2-CH2-CH3), 120.77 (2),
126.28, 126.41, 129.90, 129.98, 130.37, 133.50 (2), 136.11
(N=C-S), 136.35, 136.51, 148.49 (C-N), 156.25 (C=N),
163.32 (N=C-N). MS (m/z): 320 (M+). Analysis calculated
for: C18H16N4S (320): C, 67.47; H, 5.03; N, 17.49, found:
C, 67.22; H, 4.85; N, 17.16.
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N-(3-Isopropylthiazolo[4,5-b]quinoxalin-2(3H)-ylidene)ani-
line (5e) Yield 87 %; m.p.; 223–225 °C; IR (KBr,cm−1):
3078 (CH arom.), 2905, 2818 (CH aliph.), 1680 (C=N); 1H
NMR (DMSO-d6, δ, ppm): 1.28 (d, 6H, 2CH3,
J= 13.72 Hz), 2.41–2.47 (m, H, N-CH), 7.52–8.04 (m, 9H,
Ar-H). 13C NMR (DMSO-d6, δ, ppm): 20.89 (2) (2 CH3),
55.54 (CH3-CH-CH3), 121.04 (2), 123.47, 123.68, 126.40,
129.91, 130.01, 130.44 (2), 136.21 (N=C-S), 136.32,
136.65, 145.68 (C-N), 156.31 (C=N), 162.85 (N=C-N).
MS (m/z): 320 (M+). Analysis calculated for: C18H16N4S
(320): C, 67.47; H, 5.03; N, 17.49, found: C, 67.76; H,
4.71; N, 17.21.

N-(3-Butylthiazolo[4,5-b]quinoxalin-2(3H)-ylidene)aniline
(5f) Yield 81 %; m.p.; 175 - 177 °C; IR (KBr,cm−1): 3080
(CH arom.), 2885, 2810 (CH aliph.), 1688 (C=N); 1H
NMR (DMSO-d6, δ, ppm): 1.23 (t, 3H, CH3, J= 16.20 Hz),
1.26 - 1.38 (m, 2H, CH2-CH3), 1.69 - 1.79 (m, 2H, CH2-
CH2-CH3), 4.01 (t, 2H, N-CH2, J= 7.08 Hz), 7.43 – 7.88
(m, 9H, Ar-H). 13C NMR (DMSO-d6, δ, ppm): 12.78 (CH3),
20.81 (CH2-CH3), 28.52 (CH2-CH2-CH3), 41.07 (N-CH2-
CH2), 122.03 (2), 123.52, 126.33, 129.88, 129.98, 130.38,
132.07 (2), 136.15 (N=C-S), 136.31, 136.58, 149.04 (C-N),
157.16 (C=N), 161.89 (N=C-N). MS (m/z): 334 (M+).
Analysis calculated for: C19H18N4S (334): C, 68.23; H,
5.42; N, 16.75, found: C, 68.05; H, 5.73; N, 16.97.

N-(3-Isobutylthiazolo[4,5-b]quinoxalin-2(3H)-ylidene)aniline
(5g) Yield 77 %; m.p.; 187 -189 °C; IR (KBr,cm−1): 3055
(CH arom.), 2925, 2815 (CH aliph.), 1655 (C=N); 1H
NMR (DMSO-d6, δ, ppm): 1.12 (d, 6H, 2CH3,
J= 3.24 Hz), 2.13–2.20 (m, H, CH), 4.16 (d, 2H, CH2-N,
J= 8.96 Hz), 7.28 (d, 2H, Ar-H, J= 7.88 Hz), 7.54 (t, H,
Ar-H, J= 6.40 Hz), 7.73-7.99 (m, 6H, Ar-H). 13C NMR
(DMSO-d6, δ, ppm): 20.56 (2) (2 CH3), 24.14 (CH3-
CH-CH3), 54.39 (N-CH2-CH), 123.74 (2), 126.32, 126.40,
129.91, 130.01, 130.44, 133.95 (2), 136.22 (N=C-S),
136.31, 136.65, 150.69 (C-N), 157.55 (C=N), 161.97
(N=C-N). MS (m/z): 334 (M+). Analysis calculated for:
C19H18N4S (334): C, 68.23; H, 5.42; N, 16.75, found: C,
67.94; H, 5.57; N, 16.93.

Ethyl 2-(phenylimino)thiazolo[4,5-b]quinoxaline-3(2H)-car-
boxylate (5h) Yield 92 %; m.p.; 194 - 196oC; IR
(KBr,cm−1): 3055 (CH arom.), 2910, 2840 (CH aliph.),
1670 (C=N); 1H NMR (DMSO-d6, δ, ppm): 1.29 (t, 3H,
CH3, J= 7.08 Hz), 4.12 (q, 2H, CH2, J= 13.76 Hz), 7.24 –

7.30 (m, 3H, Ar-H), 7.63 – 7.84 (m, 6H, Ar-H). 13C NMR
(DMSO-d6, δ, ppm): 14.66 (CH3), 60.96 (CH2-CH3),
122.20 (2), 124.73, 124.92, 129.90, 130.02, 130.44, 130.77
(2), 136.20 (N=C-S), 136.32, 136.63, 149.56 (C-N), 155.42
(C=O), 156.05 (C=N), 161.16 (N=C-N). MS (m/z): 350
(M+). Analysis calculated for: C18H14N4O2S (350): C,

61.70; H, 4.03; N, 15.99, found: C, 61.54; H, 4.16;
N, 16.26.

N-(3-Cyclohexylthiazolo[4,5-b]quinoxalin-2(3H)-ylidene)ani-
line (5i) Yield 89 %; m.p.; 239–241 °C; IR (KBr,cm−1):
3077 (CH arom.), 2896, 2813 (CH aliph.), 1667 (C=N); 1H
NMR (DMSO-d6, δ, ppm): 1.19–1.32 (m, 6H, 3CH2-
cyclohexane), 1.68–1.74 (m, 4H, 2CH2-cyclohexane),
2.89–2.98 (m, H, CH-cyclohexane), 7.58–7.88 (m, 9H, Ar-
H). 13C NMR (DMSO-d6, δ, ppm): 26.41 (2) (2 CH2-
Cyclohexane), 26.65 (CH2-Cyclohexane), 30.74 (2) (2 CH2-
Cyclohexane), 64.31 (N-CH2-Cyclohexane), 124.76 (2),
126.33, 126.40, 129.94, 130.02, 130.42, 131.38 (2), 136.16
(N=C-S), 136.38, 136.65, 148.77 (C-N), 156.62 (C=N),
161.87 (N=C-N). MS (m/z): 360 (M+). Analysis calculated
for: C21H20N4S (360): C, 69.97; H, 5.59; N, 15.54, found:
C, 70.28; H, 5.31; N, 15.72.

N-(3-Benzylthiazolo[4,5-b]quinoxalin-2(3H)-ylidene)aniline
(5j) Yield 94 %; m.p.; 260–162 °C; IR (KBr,cm−1): 3086
(CH arom.), 2916, 2839 (CH aliph.), 1685 (C=N); 1H
NMR (DMSO-d6, δ, ppm): 4.81 (s, 2H, CH2), 7.41–7.49
(m, 3H, Ar-H), 7.59–7.95 (m, 11H, Ar-H). 13C NMR
(DMSO-d6, δ, ppm): 49.62 (CH2), 124.12 (2), 125.95,
126.31, 126.62, 126.87 (2), 127.91, 128.05, 129.73 (2),
129.92, 130.02 (2), 136.20 (N=C-S), 136.33, 136.64,
137.83, 148.76 (C-N), 157.39 (C=N), 162.16 (N=C-N).
MS (m/z): 368 (M+). Analysis calculated for: C22H16N4S
(368): C, 71.71; H, 4.38; N, 15.21, found: C, 71.47; H,
4.54; N, 15.42.

Pharmacological/biological assays

In-vitro studies

VEGFR-2 enzyme inhibition assay The in-vitro VEGFR-2
(KDR) kinase activity was measured for all compounds
using VEGFR-2 ELISA kit (BPS Bioscience, CA, USA)
according to manufacturer’s instructions. The results were
expressed as IC50. According to the results obtained,
compounds 5h and 5d, showing the highest inhibitory
effect, were selected to be employed in the evaluation of in-
vitro cytotoxic activity against RCC cell line.

Estimation of anti-cancer activity against transitional cell
line

Cell culture T-24: Urinary bladder cancer (transitional cell
carcinoma) was obtained from Nawah Scientific Inc.,
(Mokatam, Cairo, Egypt). Cells were kept in McCoy’s media
supplemented with 100mg/mL streptomycin, 100 units/mL
penicillin, and 10% heat-inactivated fetal bovine serum at
37 °C in a humidified, 5% (v/v) CO2 atmosphere.
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Cytotoxicity assay SRB assay was used to determine cell
viability. In 96-well plates, aliquots of 100 L cell suspension
(5x103cells) were incubated in incomplete media for 24 h.
Another aliquot of 100 L media containing drugs at various
concentrations was given to the cells. Cells were fixed 72 h
after drug exposure by replacing media with 150 µL of 10%
TCA and incubating at 4 °C for 1 h. After removing the
TCA solution, the cells were washed five times with dis-
tilled water. Aliquots of 70 µL SRB solution (0.4%w/v)
were added and incubated for 10 min in a dark place at
room temperature. Plates were washed three times with 1%
acetic acid and air-dried overnight. The protein-bound
SRB stain was then dissolved in 150 µL of TRIS (10 mM),
and the absorbance was measured at 540 nm using a
BMGLABTECH®-FLUOstarOmega microplate reader
(Ortenberg, Germany). The experiment was carried out in
triplicate. The data was calculated as a percentage of cell
viability, and the concentration required to inhibit cell via-
bility by 50% (IC50) was calculated. According to the
present results, compound 5h showed a potent cytotoxix
activity againt renal tumor cells and was selected to be more
validated by in-vivo study.

In-vivo study

Animals

Male albino Swiss mice weighing 25–30 g, were sourced
from the animal breeding facility of the National Center for
Radiation Research and Technology (NCRRT). Animals
were acclimatized for at least one week before experiment
in the animal facility of NCRRT. They were allowed to
feed on laboratory chow and water ad libitum. The in-vivo
study was performed according to the guidelines set by the
Research Ethics Committee at the NCRRT (permit num-
ber: 4 A/ 22).

Irradiation

Animals received an acute dose of 8 Gy as whole body
irradiation [47, 48]. Irradiation was carried at the NCRRT
using the Gamma Cell-40 biological irradiator with a
Cesium137 source (Atomic Energy of Canada Ltd; Sheridan
Science and Technology Park, Mississauga, Ontario,
Canada). The radiation dose rate was 0.33 Gy/min.

Experimental design

To monitor the safety of compound 5h before induction of
the main experiment, a group of mice (n= 6) administered
compound 5h orally at an equivalent dose to that of the
sorafenib for the same time interval of the main experiment
and no mortality rate was recorded.

After that, mice were randomly allocated into 4 groups
(n= 6), Group I: mice received saline and served as nor-
mal group, Group II: mice were exposed to radiation at a
dose level of 8 Gy [IR] and received saline. This group
served as irradiated control group, Group III: irradiated
mice received sorafenib (50 mg/kg) [IR+ sorafenib] as a
reference drug [49], Group IV: irradiated mice received
compound 5h [IR+ compound 5 h] at an equivalent dose to
that of the sorafenib. Treatments were orally administered
daily for 3 consecutive days, starting 1 h after irradiation.

The experiment was terminated three days after irradia-
tion and mice were sacrificed by decapitation under ure-
thane anesthesia. The blood samples were collected; serum
was separated by cooling centrifugation at 4000 rpm at 4 °C
for 10 min and stored at −80 °C for later use in estimating
kidney functions. Afterward, kidneys were dissected,
washed with saline, and homogenized in ice-cold PBS
(PH 7.4) using Glas Col® homogenizer (Terre Haute, IN,
USA). The homogenate were centrifuged at 4000 rpm at
4 °C for 10 min and the supernatants were then stored at
−80 °C to be employed for biochemical tissue analysis.
Kidneys from each group were kept in 10% formalin for
further use in histopathological evaluation.

Assessment of kidney functions

Serum urea and creatinine were estimated via colorimetric
method using commercially available kits (Biodiagnostic,
Cairo, Egypt). The analysis was carried out according to the
manufacturer’s instructions and the absorbance of each
sample was measured using Unicam 8625 UV/V spectro-
photometer (Cambridge, UK).

Assessment of Kidney total protein

The kidney protein content was measured using Lowry
et al. [50] technique with bovine serum albumin as the
reference protein.

Assessment of pro-angiogenic, pro-fibrotic and apoptotic
markers

The concentrations of VEGFR-2 (pro-angiogenic), TGF-
β1 (pro-fibrotic) and caspase-3 (apoptotic) were estimated
in kidney tissue by ELISA technique. Commercially
available kits for the determination of VEGFR-2 was
purchased from Elabscience (Texas, USA, Catalog no:
E-El-R01053), that for TGF-β1 was purchased from Cell
Sciences (Massachusetts, USA, Catalog no: 670.070.128)
and that for caspase-3 was purchased from Cusabio
Technology LLC (Houston, USA, Catalog no: CSB-
E07264r). The analysis was carried out according to the
manufacturer’s instructions. An ELISA plate reader
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Dynatec MR5000 (Guernsey, Channel Island, UK) was
employed to measure the absorbance of each sample.
Values are expressed as ng/mg protein.

Histopathological examinations

Kidney tissue samples were fixed in 10% formol saline
before being trimmed, washed, and dehydrated in increasing
grades of alcohol. The dehydrated specimens were then
cleared in xylene, embedded in paraffin blocks, and sectioned
at a thickness of 4-6 m. For histopathological examination
using an electric light microscope, the tissue sections were
deparaffinized with xylol and stained with hematoxylin and
eosin (H&E) [51]. Adobe Photoshop was used to capture and
process the images (version 8). Histopathological examina-
tions were carried out in blind fashion. The frequency and
severity of kidney lesions were evaluated semi-quantitatively
using a scale of 0 to 5, based on the severity of tubular cell
necrosis, apoptosis, and degeneration [52].

Statistical analysis

All data were expressed as mean values ± standard error of
the mean (SEM). The Kolmogorov-Smirnov test was used
to confirm data normality, and all data had a normal dis-
tribution. One-way analysis of variance (ANOVA) was
used to compare different groups, followed by the Tukey-
Kramer multiple comparison test. Graph Pad prism 5 was
used for statistical analysis (Graph Pad Software Inc, San
Diego, California, USA). A p value less than 0.05 was
deemed significant. For figure representation, Microsoft
Excel programme was used.

Molecular docking

The molecular docking study for compound 5 h’s structure
was carried out using the Molecular Operating Environment
(MOE) software, version 2014.090. The energy of the
compound was minimised using the HamiltonianForce
FieldMMFF94x. The partial charges of the forcefield
were computed. The conformational stochastic of com-
pound 5 h was analysed using the default settings. The
X-ray crystal structure of VEGFR-2 in complex with sor-
afenib as ligand (PDB ID: 4ASD) was obtained from
http://www.rscb.org/pdb. The Protein Data Bank (pdb)
protein-ligand complex was prepared for docking. After
threedimensional protonation of the enzyme, the system
was optimised. Protein repeated chains and co-crystallized
water molecules were removed. The binding pocket was
determined and isolated, and the backbone was then hidden.
The results were validated by redocking the sorafenib
ligand. MOEDOCK was used to determine the most stable
conformers’ flexible docking of the ligandrigid receptor.

The alpha triangle placement method and London dG as a
function were used for scoring. Using the same scoring
function, forcefield refinement was applied to the obtained
poses. 50 of the most stable docking models of the ligand
with the highest scored conformation were retained.
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