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Abstract

Reactive oxygen species (ROS) play an integral role in the pathogenesis of most diseases. 

This work presents the design and synthesis of fourteen new diiodoquinazolinone derivatives 

bearing benzenesulfonamide moiety with variable acetamide tail and evaluation of their ability to 

activate nuclear factor erythroid 2-related factor 2 (Nrf2) using its classical target NAD(P)H: 

quinone oxidoreductase 1 (NQO1) in Hepa1c1c7 murine hepatoma cells. The N-(2-chloropyridin-

3-yl)-2-((6,8-diiodo-4-oxo-3-(4-sulfamoylphenyl)-3,4-dihydroquinazolin-2-yl)thio) acetamide 17 

was the most potent NQO1 inducer (CD=25 µM) with free radical scavenging activity (IC50 = 28 

µM) and in vivo median lethal dose (LD50) of 500 mg/Kg. The possible radioprotective activity of 

compound 17 was evaluated in (7 Gy) irradiated mice. Compound 17 showed a reduction in 

radiation induced oxidative stress as evidenced by the lower levels of ROS, malondialdehyde 

(MDA) and NQO1 in liver tissues. Moreover, compound 17 showed improvement in the complete 

blood count (CBC) of irradiated mice and decreased mortality over 30 days following irradiation. 

Additionally, docking studies inside the Nrf2-binding site of Kelch-like ECH associated protein 1 

(Keap1), the main negative regulator of Nrf2, confirmed that 17 revealed the same interactions 

mailto:mmsghorab@yahoo.com
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with the key amino acids as those of the co-crystallized ligand. This study identifies 17 as a novel 

antioxidant that protects against the harmful effect of radiation.

Keywords: Iodinated quinazolinones; sulfonamide; NQO1; ROS; radioprotective activity; docking.

Oxidative stress usually results from either excessive reactive oxygen species (ROS) 

production, impaired antioxidant system, mitochondrial dysfunction, or a combination of them. 

Under normal physiological conditions, ROS may have both signaling and damaging roles.1 The 

excessive production of ROS promotes apoptosis, stimulates inflammation processes and 

pathological angiogenesis.2 The generation of ROS can be due to exposure to heavy metal ions, 

ultraviolet, or ionizing radiation, or as a product of the respiratory chain in mitochondria, 

enzymatic and photochemical reactions.3 Exposure to ionizing radiation is a double-edged sword, 

as it has many useful applications in medicine, but at the same time can lead to deleterious 

biological effects on normal cells.4 Most of these biological effects are created by the formation of 

ROS directly or indirectly through aqueous radiolysis, which in turn causes DNA damage.5, 6 DNA 

double-strand breaks are the most severe types of DNA damage that lead to mutations and 

tumorigenesis.7 These outcomes have provoked researchers to develop potent and safe 

radioprotective agents with antioxidant properties that could mitigate damage caused by radiation. 

Despite this, many established radioprotectors are avoided because of their high toxicities.8, 9 

     Considerable evidence has shed light on the vital role of nuclear factor erythroid 2-related 

factor 2 (Nrf2) as it is a central transcription factor in cellular defense. Once oxidative stress 

augmented in cells, Nrf2 is stabilized and translocated to the nucleus, where it binds antioxidant 

response elements (ARE) and activates transcription of enzymatic antioxidants such as NAD(P)H 

quinone oxidoreductase 1 (NQO1), glutathione-S-transferase (GST) and heme oxygenase 1 (HO-

1).10, 11 Collectively, the Nrf2 transcriptional targets afford protection against multiple diseases.12, 

13 NQO1 is one of the vital antioxidant enzymes that is controlled by Nrf2 and an increased level 

of ROS after irradiation.14, 15 Thus, compounds that activate Nrf2 and induce transcription of its 

target genes are indirect antioxidants.16

    Quinazolinone is a privileged scaffold with a broad spectrum of anticancer,17-19 

antimicrobial,20-22 anti-inflammatory,23, 24 anticonvulsant,25 and antioxidant activities.26, 27 

Sulfonamides are still of high interest in the field of medicinal chemistry owing to their diverse 

biological activity. Their activity as antimicrobial, anti-inflammatory, anticancer and antioxidants 
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is well recognized.28-34 Moreover, iodine has been reported to have a higher antioxidant potential 

than ascorbic acid.35 Iodine is an electron donor that can quench ROS as OH• and H2O2,36 thus 

increasing the total antioxidant status in the body.37

    Molecular hybridization has proven to successfully develop selective drug targets with 

reduced side effects and drug resistance. Within that framework, and inspired by the structural 

properties of these pharmacologically active groups, we aimed to synthesize new multi-target 

agents through structural variation and study their structure-activity relationship (SAR).38

    Damaging normal cells is considered the major obstacle during cancer radiotherapy, as the 

killing effect of irradiation is extended to cancer cells and adjacent normal cells. This initiates our 

concern about finding new safe compounds that could be used as radioprotector. In this context, 

the present work aims to study the antioxidant profile of some newly synthesized sets of iodinated 

quinazolinones bearing sulfonamide moiety. We have explored the effect of changing the 

acetamide terminal by varying halogenated or heterocyclic tail to evaluate their antioxidant and 

radioprotective activity. The indirect antioxidant potential was estimated by the NQO1 inducer 

activity assay. The direct antioxidant activity of all the newly synthesized compounds was assessed 

by measuring its free radical scavenging activity in vitro using DPPH assay and compared to 

reference standard antioxidant, ascorbic acid. The most potent antioxidant and NQO1 inducer 

compound was 17. Thus, it was selected to measure its acute toxicity in vivo. The aim of the present 

study was extended to evaluate the alterations in the redox and hematopoietic systems caused by 

gamma-irradiation in mice under whole-body irradiation, as well the effects of 17 supplementation 

before irradiation. Moreover, molecular docking was carried out inside the Nrf2-binding site of 

the Kelch-like ECH associated protein 1 (Keap1) to investigate the possible binding mode and key 

interactions.

The synthetic approaches for the preparation of the target compounds were described in 

Scheme 1. The intermediate 4-(6,8-diiodo-2-mercapto-4-oxoquinazolin-3(4H)-yl) 

benzenesulfonamide 4 was prepared by coupling of 2-amino-3,5-diiodobenzoic acid 3 with 4-

isothiocyanatobenzenesulfonamide 2.39 The reaction of 4 with 2-chloro-N-substituted acetamide 

in dry acetone and anhydrous K2CO3 yielded the appropriate N-(substituted)-2-((6,8-diiodo-4-oxo-

3-(4-sulfamoylphenyl)-3,4-dihydroquinazolin-2-yl)thio) acetamide 5-18 (scheme 1). The 

structure elucidation was carried out by different spectroscopic techniques. IR spectra of 5-18 

revealed NH and CO bands in their particular regions. 1H-NMR spectra of 5-18 showed two 
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singlets of the acetamide moiety, one of them is assigned to the CH2 group and appeared in the 

range of 4.29 to 4.37 ppm, while the other is due to the NH and was displayed between 9.76 to 

10.91 ppm. 13C-NMR spectra of 5-18 exhibited two signals in the range of 159.57-163.02 ppm and 

164.13-176.14 ppm attributed to the (CS) and (CO), respectively. IR of 8-10, 17 and 18 revealed 

C-Cl bands in the range of 741 to 760 cm-1.
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Scheme 1: Synthesis of the iodinated quinazolinones 4-18.

Evaluation of NQO1 in vitro inducer activity
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As described in the introduction, Nrf2 is an inducible transcription factor, which regulates 

the expression of numerous cytoprotective genes. NQO1 is a classical Nrf2 target and its induction 

is recognized as a marker of Nrf2 activation. Furthermore, a quantitative and highly sensitive 

bioassay that measures the enzyme activity of NQO1 in murine Hepa1c1c cells is widely used as 

a screen for the identification of Nrf2 activators.40 Notably, to ensure the continuous regeneration 

and prevent depletion of NADPH, in addition to the menadione substrate, the assay buffer includes 

an NADPH regenerating system, namely glucose-6-phosphate, glucose-6-phosphate 

dehydrogenase and NADP. We began by NQO1 inducer activity assessment as a marker of Nrf2 

activation. The data represented in Figure 1A, B and C and Tables 1, 2 and 3 revealed that the 2-

chloropyridin-3yl derivative 17 was the most potent in this series. The 4-fluoro 7, the 2,4,6-

trichloro 10, the 2,4-dibromo 12 and the 4-iodo 13 were all essentially inactive. In contrast, the 4-

bromo derivative 11 showed a moderate dose-dependent inducer activity (CD=40 µM). The 

introduction of another bromine at the 2-position (compound 12) was not in favor of activity as 

compared to the 4-bromo derivative 11. Interestingly, the bioisosteres 17 and 18 demonstrated a 

significant difference in activity. Whereas compound 17 had the highest potency and low toxicity 

among the compounds in this study (CD=25 µM), the activity of its other positional isomer 18 was 

lower, and its toxicity was higher. On the other hand, unsubstituted pyridines (14 and 15) showed 

lower antioxidant activity than their chlorinated homologues 17 and 18. Some compounds were 

toxic at high concentrations, so the NQO1 data were not recorded. The most toxic compound was 

14, at concentrations above 5 µM. 
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Table 1. NQO1 inducer activity of compounds 5, 6, 10, 12 and 15.

Compound no.Conc. 5 6 10 12 15
0.2 1.05 1.01 1.00 1.01 1.00
0.5 1.06 1.04 1.02 1.00 0.99
0.9 1.11 1.07 1.06 1.00 1.00
1.9 1.12 1.06 1.04 1.02 0.99
3.75 1.13 1.10 1.02 1.09 1.03
7.5 1.23 1.21 1.00 1.08 1.07
15 1.80 1.31 1.00 1.13 1.19
30 NR 1.47 1.02 1.17 1.35

CDa NR NR NR NR NR

Figure 1A. Concentration dependence NQO1 inducer 
activity of compounds 5, 6, 10, 12 and 15.
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Table 2. NQO1 inducer activity of compounds 7 and 16-18.

Compound no.Conc. 7 16 17 18
0.4 0.98 1.04 0.99 0.94
0.8 1.00 1.00 0.98 0.99
1.6 0.99 1.02 1.00 0.98

3.125 0.99 1.06 1.09 1.09
6.25 1.00 1.15 1.17 1.50
12.5 1.06 1.31 1.38 1.70
25 1.13 1.65 2.13 NR
50 1.19 1.89 2.65 NR

CDa NR NR 25 NR

Figure 1B. Concentration dependence NQO1 inducer 
activity of compounds 7 and 16-18.
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Table 3. NQO1 inducer activity of compounds 8, 9, 11, 13 and 14. Figure 1C. Concentration dependence NQO1 inducer 
activity of compounds 8, 9, 11, 13 and 14.
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Compound no. Conc. 8 9 11 13 14
0.313 1.06 1.01 1.02 1.02 0.96
0.625 1.04 1.03 1.01 1.02 0.94
1.25 1.03 1.05 0.99 1.03 0.83
2.5 1.04 1.07 0.94 1.04 0.76
5 1.19 1.08 1.02 1.05 0.51
10 1.26 1.10 1.15 1.04 NR
20 1.26 1.25 1.42 1.07 NR
40 1.26 1.30 1.93 1.12 NR

CDa NR NR 40 NR NR
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NR: Not Recorded
a CD values are the means of three independent experiments, each with eight replicate wells, and SD for each data point was within 5% of the value.
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Evaluation of free radical scavenging activity

Many inducers of Nrf2 are also direct scavengers of reactive oxygen species. Recently, 

many quinazolinones bearing sulfonamide were tested by DPPH assay and they revealed a 

remarkable free radical scavenging power.6 Additionally, numerous studies have shown that iodine 

has antioxidant activity with higher potency than ascorbic acid.35, 41 Due to the high electron 

density around the iodine nucleus, it can quench ROS, such as OH• and H2O2.36 The antioxidant 

activity of the most NQO1 inducer compound 17 was determined as a measurement of radical 

scavenging using the DPPH radical assay, IC50 (concentration that scavenges 50% of the free 

radical) calculated and compared to that of ascorbic acid as well as all other newly synthesized 

compounds (Table 4). It was found that 17 has scavenging power (IC50=28 µM) higher than that 

of ascorbic acid (IC50=128 µM). Compound 17 has several free radical scavenging active groups 

as NH2, heterocyclic moieties and iodine. These findings are consistent with the present work 

(NQO1 in vitro inducer activity). Accordingly, compound 17 was further selected to evaluate its 

antioxidant and radioprotective activity in vivo.  

Table 4. Free radical scavenging activity using DPPH assay for the newly synthesized compounds 

in comparison to ascorbic acid.

Compound no. IC50  µM*

4 57.13 ± 0.09
5 98.85 ± 0.10
6 59.44 ± 0.06
7 157.82 ± 0.08
8 56.49 ± 0.48
9 59.79 ± 0.08
10 160.73 ± 0.06
11 49.27 ± 0.24
12 37.78 ± 0.14
13 55.56 ± 0.07
14 85.03 ± 0.11
15 164.60 ± 0.20
16 112.17 ± 0.18
17 28.00 ± 0.11
18 30.50 ± 0.04

Ascorbic acid 127.77 ± 0.03

* Each value indicates the mean ± S.E (n=3).
IC50 values were calculated using non-linear regression analysis.

 Determination of acute toxicity and evaluation of radioprotective effect of compound 17 in vivo 
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Lethal dose fifty (LD50) was determined for the most promising compound 17 to evaluate 

its acute toxicity in albino mice. The value was found to be 500 mg/Kg (i.p.) bodyweight.

For assessment of the radioprotective effect of compound 17, mice were classified into four 

groups, group 1 acted as normal control, group 2 was exposed to 7 Gy of gamma radiation as a 

one-shot, group 3 was injected i.p. with compound 17 (1/10 LD50 = 50 mg/kg), daily, for five 

consecutive days, and group 4 received compound 17 for five days prior to irradiation (7 Gy). 

Three days after irradiation, five mice were randomly selected for evaluating their hepatic and 

hematopoietic systems. The residual mice in all groups were observed over 30 days to estimate 

bodyweight and survival rate changes.

Gamma irradiated mice showed a significant decline in red blood cells (RBCs), white blood 

cells (WBCs), hemoglobin (HGB), hematocrit (HCT) % and platelet (PLT) compared with control 

mice (Table 5). Irradiation effects on blood picture in the current study are in accordance with 

Vasudeva et al. and Mekkawy et al.42, 43 Irradiation has a well-documented impact on 

hematopoietic cells.44 The decrease in erythrocyte count could be due to a decline in their 

production, increased destruction and/or hemorrhage due to failure of thrombopoiesis and 

apoptosis of lymphocytes.45 It was reviewed that; gamma irradiation causes a severe decrease in 

PLT count due to PLT aggregation. Moreover, it also decreases WBCs and RBCs counts as well 

as HCT%.46 The underlying cause of the increased RBCs lysis by irradiation appears to be due to 

reduced erythropoietin production.47 The cellular elements of the blood are susceptible to oxidative 

stress because their plasma membranes contain a high percentage of polyunsaturated fatty acids.48 

Therefore, the decrease in WBCs and RBCs recorded might be due to radiation-induced lipid 

peroxidation and damage to their cell membranes. The reduction in HGB content and HCT % 

could also be due to the induction of changes by radiation in the erythrocyte membrane and 

emphasizes the formation of free radicals. The effect of free radicals on erythrocyte membrane 

may contribute to the eventual leak of hemoglobin out of the cells. Also, the decrease in HCT% 

might result from erythropoiesis failure, destruction of mature cells.49, 50 Pre-treatment with 17 

showed amelioration in blood picture of irradiated mice. As shown in the current work, 17 has a 

potent free radical scavenging effect in vitro. Also, it has been recently reported that 

quinazolinones bearing sulfonamide have a radiomodulatory effect in vivo through scavenging 

ROS.6 Thus, we conclude that 17 could protect hematopoietic cells from the damaging effect of 
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gamma radiation. However, still more studies are needed to establish its mechanism of action on 

the hematopoietic system.

Gamma radiation induced hepatic oxidative stress in the mouse liver as shown by a 

significant increase in levels of Nrf2 (23%), NQO1 (192%), ROS (39%) and malondialdehyde 

(MDA) (86%) as compared to non-irradiated mice (Figure 2). Treatment with compound 17 

improved the hepatic antioxidant capacity in irradiated mice, as evidenced by the upsurge of Nrf2 

level (15%). It decreased levels of NQO1 (37%), ROS (23%) and (MDA) (32%) as compared to 

the irradiated group. 

Ionizing radiation is established to induce oxidative stress through the generation of ROS, 

resulting in an imbalance in the pro-oxidant/antioxidant status of the cells,51-53 which in sequence 

leads to lipid peroxidation and increases MDA levels.54, 55 Similar to a previous report by Chen et 

al., Nrf2 expression levels were increased in response to ionizing radiation, confirming the critical 

role of this nuclear factor in the antioxidant cell response.56 The present study also demonstrated 

that gamma irradiation (7 Gy) could activate Nrf2 to increase the antioxidant enzyme NQO1 to 

respond to ROS production. Nrf2 is targeted for degradation by Keap1 and Cullin 3 (Cul3) under 

unstressed conditions, which mediate Nrf2 ubiquitination. Under oxidative stress after gamma 

irradiation, Keap1 is inactivated, Nrf2 is stabilized, translocated into the nucleus, where it binds to 

antioxidant response elements (ARE) and initiates transcription of many antioxidative genes, 

including NQO1.57 

NQO1 is a cytosolic obligatory 2-electron quinone reductase in mammalian systems. It is 

highly inducible and plays multiple functions in cellular adaptation to oxidative stress. Other 

documented roles of NQO1 include its ability to act as a plasma membrane redox system 

component as it generates antioxidant forms of ubiquinone, vitamin E and superoxide reductase; 

also, it acts as an intracellular generator of NAD+ for enzymes including poly (ADP-ribose) 

polymerase (PARP) and sirtuins.58 In agreement with the NQO1 induction by compound 17 in 

cells (Table 2 and Figure 1B), the hepatic NQO1 levels were higher in mice treated with compound 

17 (Figure 2B). The lack of concomitant increase in the levels of Nrf2 in this group of mice (Figure 

2A) is most likely a reflection of the transient nature of Nrf2 upregulation, which usually peaks 

around 3 hours post-inducer exposure.59 By contrast, NQO1 has a long half-life, and its 

upregulation can be detected even at 72 h after inducer treatment.60 Thus, in the group of mice 
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treated with the compound, but not exposed to irradiation, the NQO1 levels serve as a marker of 

the compound activity in inducing NQO1.

Interestingly, the levels of NQO1 were significantly increased three days post-irradiation. 

This increase is most likely the result of Nrf2 activation due to excessive ROS production. Indeed, 

NQO1 gene expression is induced in response to UV radiation, ionizing radiation, xenobiotics, 

antioxidants, oxidants and heavy metals.61-63 Thus, we speculate that the increase in NQO1 levels 

in the livers of irradiated mice is a reflection of oxidative stress, the occurrence of which is 

evidenced by the increased levels of ROS (Figure 2C) and MDA (Figure 2D). The significant 

decrease in NQO1 levels following compound 17 supplementation to irradiated mice indicates that, 

in addition to Nrf2, other factors have a role in regulating NQO1 under oxidative stress conditions 

and further suggests that the compound contributes to the alleviation of oxidative stress. This 

conclusion is supported by the decrease in ROS and MDA levels in the group of irradiated mice 

that received the compound compared to their irradiated vehicle-treated counterparts. Although 

beyond the scope of this study, it is worth mentioning that in addition to its role in protecting 

against oxidative stress, compound 17, through induction of NQO1, may facilitate the repair of 

DNA damage caused by irradiation exposure, because the increased NQO1 activity will generate 

NAD+ for enzymes, such as poly (ADP-ribose) polymerase (PARP), which is responsible for 

mediating multiple DNA damage repair pathways.64 

Molecular docking of 17 inside the Nrf2-binding site of Keap1 was performed to confirm 

this mode of action. It was found that 17 binds in the same manner as that of the co-crystallized 

ligands. We conclude that compound 17 acts as a radioprotector through decreasing ROS and 

MDA levels by two mechanisms: first, by direct quenching of ROS as it contains sulfonamide, NH 

group and iodine. Second, by acting as Nrf2 and NQO1 inducer. It was also noted that 17 act as 

an NQO1 inducer (in vitro and in vivo). It seemed that NQO1 level was decreased in 17 + 

irradiation group as it may be consumed in trapping ROS, as evidenced by the lack of increased 

ROS and MDA in this group. At the same time, NQO1 is highly inducible and plays multiple 

functions in cellular adaptation to oxidative stress. Herein, the decrease in ROS and MDA levels 

decreases oxidative stress, so the NQO1 induction was affected.

Importantly, treatment with compound 17 alone or five days before irradiation did not 

affect the liver weight compared to control animals (Figure 3) and showed radioprotection by 
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improving both survival and preventing loss of bodyweight of the animals over a period of 30 days 

after irradiation, compared to irradiated animals (Figure 4).

Table 5. Effect of compound 17 on RBCs, WBCs, HGB, HCT % and PLT in normal and irradiated 

mice

Parameters
Groups

RBC
(×106/UL)

WBC  
(×103/UL)

HGB
(g/dl)

HCT
%

PLT  
(×103/UL)

Control 7.17 ± 0.15 2.54 ± 0.16 10.75 ± 0.63 33.45 ± 1.82 1135.0 ± 91.52

Compound 17 6.13* ± 0.25 2.08 ± 0.21 8.54* ± 0.47 26.86 ± 1.41 1030.0 ± 85.43

Irradiation 5.89* ± 0.27 0.40* ± 0.03 7.28* ± 0.24 23.05* ± 0.98 500.3* ± 49.73

Compound 17
+

Irradiation
6.37 ± 0.091 1.34* # ±0.19 9.90# ± 0.70 25.83 ± 2.37 956.8 #± 91.54

The results were expressed as mean ± S.E. (n=5). *: significantly different from control group, #: significantly different 

from irradiated group at p ˂ 0.05. 
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Figure 2. Effect of compound 17 on hepatic (A) Nrf2, (B) NQO1, (C) ROS and (D) MDA levels 

in non-irradiated (control) and irradiated mice after three days of irradiation. *: significantly 

different from control group, #: significantly different from irradiated group at p ˂ 0.05. 

Contro
l

Compound 17

Irr
ad

iat
ion

Compound 17
+Ir

rad
iat

ion
0

2

4

6

8

R
el

at
iv

e 
liv

er
 w

ei
gh

t  
%



15

Figure 3. Effect of compound 17 on relative liver weight in non-irradiated (control) and irradiated 

mice after three days of irradiation. There were no significant differences between groups.
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Figure 4. A) Percent survival and B) Bodyweight monitoring of control, irradiated, compound 17 

and compound 17 + irradiated mice through 30 days after irradiation. The results were expressed 

as mean ± S.E. (n=15). Statistical analysis was carried out by Kaplan-Meier method followed by 

the Mantel–Cox test for survival analysis. Bodyweight changes between groups were analyzed by 

two-way ANOVA followed by Bonferroni's post test. *: significantly different from control group, 

#: significantly different from irradiated group at p ˂ 0.05. 
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Molecular docking

Keap1 acts as a repressor protein for Nrf2 through its ubiquitination under physiological 

conditions. Molecular docking was performed to determine the ability of the promising compound 

to block the Kelch domain of Keap1, leading to low cytoprotective gene levels, thus antagonizing 

its activity.65 The Kelch domain of the Keap1 binding site is formed of five subpockets: P1-P5. P1 

and P2 are positively charged and encompass the arginine triad essential for selectivity and 

stability of the complex (Arg 483, Arg 415 and Arg 380). P1 is formed of Arg 415, Arg 483, Ser 

508, Ile 461, Gly 462 and Phe 478 residues. P2 contains Arg 380, Ser 363, Asn 382 and Asn 414. 

P3 is neutrally charged and composed of Ser 602, Ser 555, Gly 509, Ala 556, Gly 571 and Gly 

603. P4 is formed of Tyr 572, Gln 530 and Tyr 525, while P5 contains Phe 577 and Tyr 334.66 

Compound 17, the most potent NQO1 inducer in this series, was docked in the active site of 4IQK 

protein. The 4IQK represents the Nrf2-binding site of the Kelch domain of Keap1 attached to the 

co-crystallized ligand, N, N'-naphthalene-1,4-diylbis(4-methoxybenzenesulfonamide). The 

validated native ligand displayed cation-π interaction with Arg 415, π-π interaction with Tyr 

525 and hydrogen bonds with Ser 508, Ser 602 and Ser 555, as reported 65, with energy score 

S= -10.11 Kcal/mol and RMSD= 0.681 Å. Docking of compound 17 revealed cation-π 

interaction with Arg 415, π-π interaction with Tyr 334 and hydrogen bonds with Arg 483, 

Ser 602 and Ser 508, with S= -12.86 Kcal/mol and RMSD= 1.331 Å (Figure 5). As reported 

earlier, the cation-π interaction is the key binding linkage and common among antagonists. 

Also, variable side chains can form other interactions or push quinazoline ring to adopt 

another conformation that favors its binding with the active site.67 Superimposition of 

compound 17 and the co-crystallized ligand showed that the quinazoline ring and 

sulfonamide group of 17 adopt the same orientation as naphthalene and sulfonamide of the 

native ligand (Figure 6). In conclusion, compound 17 having the highest NQO1 inducer activity 

(CD=25 µM) in this series, showed the same binding interactions compared to the native ligand, 

giving a possible correlation between these interactions and the observed higher potency, it could 

probably bind to Keap1 and disrupt its interaction with Nrf2. 
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Figure 5. 2D & 3D docking poses of compound 17 displaying cation-π interaction with Arg 

415, π-π interaction with Tyr 334 and hydrogen bonds with Arg 483, Ser 602 and Ser 508.
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Figure 6. Overlap of compound 17 (red) over the co-crystallized ligand (magenta) in the active 

site of 4IQK.

This study presents the synthesis of 6,8-diiodoquinazolinone derivatives bearing 

sulfonamide moiety 5-18 with varying halogenated or heterocyclic acetamide tail and their 

evaluation as cytoprotective NQO1 inducers. The most potent inducer in this study was the N-(2-

chloropyridin-3-yl)-2-((6,8-diiodo-4-oxo-3-(4-sulfamoylphenyl)-3,4-dihydroquinazolin-2-yl)thio) 

acetamide 17, which caused dose-dependent induction of NQO1 with a CD value of 25 µM in 

Hepa1c1c7 murine hepatoma cells and low toxicity, LD50=500 mg/Kg in mice. Compound 17 has 

a direct free radical scavenging activity (IC50 = 28 µM using DPPH assay), which is more potent 

than ascorbic acid. Treatment with compound 17 before gamma irradiation (7 Gy, single dose) 

decreased oxidative stress at the third day of irradiation, as shown by the decline in MDA, ROS 

and NQO1 levels and upsurge of the levels of Nrf2 in liver tissues, in addition to modulation of 

blood picture in irradiated mice. Compound 17 revealed improved survival rate and bodyweight 

of mice 30 days following irradiation. Molecular docking of 17 inside the Nrf2-binding site of 

Keap1 confirmed that it binds in the same manner as that of the co-crystallized ligand. Thus, 

compound 17 could be considered as a promising antioxidant and radioprotector.
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Highlights
 New iodinated quinazolinone scaffolds bearing sulfonamide were synthesized.
 Compounds 5-18 were evaluated in vitro for their NQO1 inducer activities.
 Compound 17 acts as a direct antioxidant by scavenging ROS and inhibiting radiation-

induced oxidative stress. 
 Compound 17 showed improvement in the complete blood picture and decreased 

mortality in irradiated mice.
 Molecular docking of 17 revealed key interactions inside the Nrf2-binding site of Keap1.

Declaration of interests

☒ The authors declare that they have no known competing financial interests or personal relationships 
that could have appeared to influence the work reported in this paper.

☐The authors declare the following financial interests/personal relationships which may be considered 
as potential competing interests: 



24

M.M. Ghorab


