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Objective: The study investigated the effect of newly synthesized be,
tion. According to evidence, ethanol consumption may cause a sevefl insult to thegentral nervous system (CNS), resulting in mental
retardation, neuronal degeneration, and oxidative stress. Targeting n
preventing ethanol-induced neurodegeneration.

Methodology: Firstly, the newly synthesized compount ubjec lecular simulation and docking in order to predict

ligand binding status. Later, for in vivo observations, adult Dawley rats were used for studying behavioral and oxidative

stress markers. ELIZA kits were used to analysg

expression.
Results: Our findings suggested that t enzymes were associated with elevated levels of TNF-o, NF-B, IL-1,

IL-18, Caspase-1, and NLRP3 in t d group. Furthermore, ethanol also caused memory impairment in rats, as measured

molecular simulation studies further supported our hypothesis that the synthetic compounds Ca and
Cb had an excellent i i ath proper bond formation with their targets (TNF-a and NLRP3).

expressioghp : i@t enzymes, and the inflammatory cascade.

Keywd@is be derfvatives, ethanol, neuroinflammation, neurodegeneration, oxidative stress, NLRP3 inhibition

Introducti®
Neurodegenerative diseases represent a more significant hazard to humans, more precisely to the elderly population.'
Despite the high prevalence, limited or no disease-modifying therapy (DMT) is available to manage these disorders, thus
emphasizing a considerable translational gap from drug development to in vivo experimentation and clinical trials.*
Several heterocyclic moieties such as benzimidazole showed favorable biological activities due to the innate structural
diversity, which offers structure modulation to a greater extent. Many benzimidazoles are available as potential clinical
drugs against many diseases, for instance, omeprazole and many antimicrobial agents such as albendazole and
flubendazole.* Furthermore, many benzimidazoles are screened for their potential anti-inflammatory,” antiviral®
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antiproliferative, and anthelmintic properties.” Likely, these compounds exhibited potent free radical scavenging proper-
ties as demonstrated in several reports,g’g which can be attributed to neuroprotection in Parkinson’s,10 Alzheimer’s,'" and
other memory impairment models.'>' In this context, the beneficial effects of benzimidazole against multiple neuro-
degenerative’s targets have been recently reviewed.'® Previously reported mechanistic studies showed that benzimidazole
mediates anti-inflammatory effects by inhibiting NF-kB.">

We employed ethanol to generate neuroinflammation, neurodegeneration, and behavioural abnormalities as a model of
memory impairment. Moreover, mounting evidence suggests that ethanol consumption may produce a severe insult to the
central nervous system (CNS), resulting in negative consequences in the brain and is a main cause of birth abnormalities,
mental retardation, and neurodevelopmental problems. Several mechanisms for ethanol-induced neuronal degeneration
have been researched and postulated; the most well-known process is the formation of enhanced reactive oxygen species

(ROS), which increases oxidative stress and, as a result, leads to neuronal degeneration.'® Neuroinf] is the next,

which is induced by oxidative stress, also affects neuronal function.'*!” The influx of in
dysfunction has been suggested to accelerate neurodegeneration due to elevated reactj
and NLRP3 inflammasome activation in neurodegenerative and other inflam
to upregulate the expression of NLRP3, pro-interleukin-1p (pro-IL-1

stimulating toll-like receptors (TLRs).'®?' After priming, the NLR

by using synthetic benzimidazole as potentlal neuroprotectlve
analogs of benzimidazole, performed its structural ai

neuroinflammation. The results will additionally add an

the treatment of memory impairment such as Al

Materials and Methods

Chemicals and Reagents
Daejung (South Korea) and Alfa

3,3-Diamind C @dase (DAB), and avidin—biotin complex (ABC) were purchased from Santa Cruz
). 1-Chloro-2,4-dinitrobenzene (CDNB), hydrogen peroxide (H202), trichloroacetic acid (TCA),
formalin, thiobarbi®&gpc acid (TBA), N-(1-naphthyl), ethylenediamine dihydrochloride, 5,5’-dithio-bis-(2-nitrobenzoic
acid; DTNB), and glutathione (GSH) were procured from Sigma-Aldrich (St. Louis, MO, USA). Primary antibodies,
such as mouse anti-p-NF-kB (sc-271908) and mouse anti-TNF-a (sc-52B83), and mouse anti-COX2 (SC-514489), were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). A secondary antibody was procured from Abcam,
UK. Elisa kits for p-NF-«B (Cat # SUB28069) were procured from Shanghai Yuchun Biotechnology, China, while 1L-18
ELISA kit (Cat# E-ELR0567) and TNF-A (Cat# E-EL-R0019) were purchased from Elabscience China. Rat NLRP3
Elisa kit (ab277086) was procured from Abcam, UK, while COX-2 kit (Cat # 30205Ra) was purchased from Nanjing
Pars Biochem CO., LTD.

Biotechnology
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Synthesis of Benzimidazole Derivatives (Ca and Cb)

The new benzimidazole derivatives were synthesized following a three-step reaction, as shown in Figure 1 In the first
step, the benzimidazole moiety was generated by the reaction of phenylenediamine with different aldehydes in the
presence of sodium metabisulfite.”? In the second step, acetanilide was added to chlorosulfonic acid and stirred at room
temperature to generate 4-acetamidobenzene-1-sulfonyl chloride.”® Finally, the newly synthesized benzimidazoles (0.01
mmol) were treated with 4-acetamidobenzene-1-sulfonyl chloride in the presence of sodium hydroxide to produce the
final compounds.**

Docking Study

Proteins were downloaded from the PDB database. Compounds were first drawn by Chem Draw and then converted to

marks are shown in Table 1.

Molecular Dynamic (MD) Simulation Analysis
Desmond, a package of Schrodinger LLC, was used to perform M s. Docking studies were
performed to determine the initial stages of protein and ligand compl simulations. These molecular

docking studies provide an initial prediction of the binding stat static conditions. Simulations were

conducted to predict the status of ligand binding. Protein Pg#aration Wizard or WMaestro was used to preprocess the
mplexes. The system builder tool was used
ic box was selected as a TIP3P transferable

R
R NH S—OH N
I ©: N\
. CH N
- \=0
> S
NH R
la=H
Ib = OCH,
NH
General Scheme HSC\\<
0
CH,
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> ) <
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Figure | General scheme for the synthesis of new benzimidazole acetamide derivatives. (A) N-[4-(2-phenyl-1H-benzimidazole- |-sulfonyl) phenyl] acetamide (Ca) (B) and
N-{4-[2-(2-methoxyphenyl)- |H-benzimidazole-| sulfonyl] phenyl} acetamide (Cb).

Journal of Inflammation Research 2022:15 hetps: 3875

Dove:


https://www.dovepress.com
https://www.dovepress.com

Ullah et al

Table 1 Grid Formation for Molecular Docking

Protein Center_x Center_y Center_z Size_x Size_y Size_z

SFIA 35.6756 24.9639 217.8091 76.4994210672 76.4190421867 99.0218721008
7)RA —13.6879 71.6059 27.0007 71.6928297997 67.4812873459 71.3257006216
6NPY 105.631 104.4466 104.6186 105.028896103 78.0204025269 88.8880636597
3F62 9.9729 6.879 12.9244 48.7415888596 53.7797821236 59.9433585453

intermolecular interaction potential of 3 points. For the simulation, an OPLS 2005 force field was used. Counter ions
were added to neutralize the models. And, 0.15 M salt solution of NaCl was added to mj
conditions. An NPT ensemble with a temperature of 300 K and pressure of 1 atm was selectcg

hysiological

simulation. The models were relaxed before the simulation studies. The stability of the
calculating the RMSD of both the protein and the ligand, and the trajectories were
Desmond trajectories were analyzed. RMSD, RMSF, and protein-ligand were
analysis.?®

Animals and Drug Treatments
Adult male Sprague Dawley rats weighing 200-300 g and aged 10
ed by the Research and Ethical
S), Riphah International University,
al Resources, Commission on Life
Sciences University, National Research Council (199
n=10/group. Group I: saline group (normal saline was
itoneally), Group II: disease group (ethanol
treatment group (10 mg/kg of compound C;

standard group (donepezil at 3mg/k i , 101lowed by ethanol injection for 11 days). The ethanol and
on previously reported literature.'*?” The cortex and hippocampus
ed at —50°C or preserved in 4% paraformaldehyde. Histological
study of tissue was perfo the tissue in paraffin and sectioned into thin coronal sections (4 um) using

a rotary microtome as

water surface in Wgtarget quadrant. Training sessions were conducted for 3 days to determine the escape latency. The

training sessions wer€ carried out two times a day with a lag period of 25 min between each trial. During the probe test,
the platform was removed and each animal was dropped opposite to the target quadrant. Time spent in the target quadrant

was considered as a measure of the extent of memory function and impairment.

Y-Maze Test

The Y-maze apparatus consisted of a black painted wooden piece about 50-cm tall, 20-cm thick, 10-cm wide at the
bottom, and 10-cm wide at the top. Each individual rat was placed in the center of the maze and allowed to move freely
(up to 8 min). The entry of rats into the alternate arm was considered to be a spontaneous alternation, while the entry of
rats into the adjacent arm set was denoted as a total number of arm entries. The percentage (%) of alternation behavior
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Figure 2 Experimental design.
was calculated as the number of successful entri ¢ different arms/total number of arm entries — 2x100.
A greater percentage of alternation behavior showed al working memory and vice versa.?®

Oxidative Enzyme Analysi

phosphate buffer to yield a final volume of 3 mL. The absorbance was
otometer at 412 nm, where phosphate buffer and DTNB solution were used as

reader (BioTS@ELx808, Winooski, VT, USA). GST activity was expressed in units of pumol of CDNB conjugate/min/mg of

protein.

Lipid Peroxide (LPO) Assay

Another major oxidative stress marker is lipid peroxide (LPO), which is measured using a colorimetric technique (thiobarbi-
turic acid reactive substances).”’ A mixture of 200 uL of supernatant, 200 pL of 100 mM ascorbic acid, 580 pL of 0.1 M PBS
(pH 7.4), and 20 pL of ferric chloride was formulated. The mixture was then maintained for 1 hour at 37 °C in a water bath.
One thousand liters of 0.66% thiobarbituric acid (TBA) and 1000 L of 10% trichloroacetic acid (TCA) were added to the
reaction mixture to stop the process. These sample tubes were then incubated in a water bath for another 20 minutes, then
soaked in ice-cold water for a time before being centrifuged at 3000g for 10 minutes. Finally, the concentration of TBARS was
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determined by measuring the absorbance of the resultant mixture at 535 nm using an adequate blank. (nM/min)/mg protein
was used to compute the TBARS concentration.

Determination of Nitric Oxide (NO)

The Griess reagent reaction technique, with minor modifications, was used to quantify nitric oxide (NO) in tissue
homogenate.*® Fifty mcroliters of normal saline, 50 uL of Griess reagent (0.2% NEDD-naphthyl ethylenediamine
dihydrochloride, 2% sulfanilamide in 5% phosphoric acid), and 50 pL of previously homogenized and diluted super-
natant layer of brain tissue lysate were combined in a test mixture. The resultant mixture was incubated for 30 minutes at
37 °C. The absorbance of this solution at 540 nm was measured using a microplate reader. A standard sodium nitrite
solution was also used to calibrate the absorbance coefficient.

Enzyme-Linked Immunoassay (ELISA)

were treated with antibodies contained in the package, absorbance values were
concentrations in picograms per liter (pg/mL) were converted to total protein ¢
total protein). All procedures were repeated three times.'

Morphological Analysis
Following behavioral studies, animals were euthanized to collect
for morphological analysis. The tissue was first sliced into 3—4
blocks and cut into thin 4um sections by a microtome,

Hematoxylin and Eosin (H&E) Staining
Starting from dewaxing/deparaffinization and tha tep using a gradient alcohol series, which was ended by
rinsing slides in distilled water. Slides werg hematoxylin and eosin, as discussed.>*> Finally, slides

y a light microscope (Olympus, Japan).

y re treated with a secondary antibody for 2 hours the next day. The slides were then
stained with '8 ¥kit and allowed to dry for 1 hour. Finally, the slides were stained for 5 minutes with DAB
solution, rinsed Wh water, dipped in xylene and 100% ethanol, then coated with a mounting medium. The slides were
air-dried for at least§pday before being photographed with an Olympus microscope and analyzed with ImageJ software.
The slides were examined at 10x and 40x magnifications, with five randomly overlapping sections chosen to determine

the number of labeled neurons in the cortex and hippocampal regions.

Statistical Analysis

The data are presented as mean + SEM. Data were analyzed by one-way analysis of variance (ANOVA) followed by
a post hoc Bonferroni multiple comparisons using GraphPad Prism 6 software. Immunohistochemical data were analyzed
using ImageJ software (Image] 1.30). The symbol $ indicates a significant difference relative to saline, € shows
a significant difference relative to the ethanol group. The value of P < 0.050 considered as level of significance.
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Results

Spectral Analysis of Compound Ca

Yield: 59%; m.p: 155°C; Rf=0.71 (ethyl acetate: pet ether, 1:7); Fourier-transform infrared spectroscopy (FTIR): 3455 (NH),
3100 (CH, sp2), 2870 (CH, sp3), 1660 (NH, amide), and 1560 (C=C, aromatic). Proton nuclear magnetic resonance (HNMR)
(DMSO-d6, 8 ppm): 2.12 (CH3, s, 3H), 7.31-7.5 (m, Ar-H, 4H), 7.55 (d, 2H, J = 7.6 Hz), 7.6 (Ar-H, d, 2H, J = 7.0 Hz), 7.7
(Ar-H, d, 2H, J = 7.0 Hz), 7.8 (Ar-H, d, 2H, J =8.0 Hz), 7.65 (Ar-H, t, 1H, J = 8.0 Hz), and 9.10 (N-H, s, 1H).

Spectral Analysis of Compound Cb

Yield: 55%; m.p: 172°C; Rf=0.67 (ethyl acetate: pet ether, 1:7); FTIR: 3450 (NH), 3090 (CH, sp2), 2865 (CH, sp3), 1660
(NH, amide), and 1560 (C=C, aromatic). HNMR (DMSO-d6, 6 ppm): 2.16 (CH3, s, 3H), 7.31-7.5 (m, Ar-H, 4H), 7.58 (d,
2H,J=7.6 Hz), 7.64 (Ar-H, d, 2H, ] =7.0 Hz), 7.2-7.9 (Ar-H, dd, 4H, J=7.0 Hz), 3.91 (CH3, s, R 10 (N-H, s, 1H).

Docking Studies and Molecular Dynamic (MD) Simulation
We performed docking studies and molecular dynamics (MD) simulations of our s
(DNP) used as standard here against TNF-a (PDB ID: 7JRA), COX2 (PDB: 5F1A

to predict the ligand binding status. The MD simulation was performed
-0, Ca-NLRP3, Cb-NLRP3, and DNP-NLRP3 for 50 ns, and results
(Figure 4), root mean square fluctuations (RMSF) (Figure 5), hy
The RMSD is estimated based on the atom
. Throughout the simulation, monitoring the

reveals complex stability, and its value up to 3A indicates st
selection once all protein frames are aligned on the reference
protein’s RMSD can provide insight into its structura D plots (Figure 4) show that both protein and
in the protein’s binding pocket in the simulation
process. The RMSD of a ligand is shown in this plot, en the protein—ligand complex is first aligned on the

nd heavy atoms is measured. The RMSD plot of the complexes

tomic Contact Energy Values (kcal/nol) Formed by
onepezil Against TNF-a, COX-2, NLRP3, and IL-18

Cox-2 NLPR3 IL-18
-9.9 -9.1 =79
-83 -84 -6.7
—8.8 —8.8 —6.9

Table 3 Best Pose Dock Analysis, Showing the Number of Hydrogen Bonds Formed by
the Interaction of Ca, Cb, and Donepezil with TNF-0, COX-2, NLRP3, and IL-18

Compounds Tnf o Cox-2 NLPR3 IL-18

Number of conventional hydrogen bonds

Ca | 3 | 3
Cb 2 | 4 3
Donepezil | | | 3
Journal of Inflammation Research 2022:15 hetps: 3879
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Donepezil Donepezil

>

3D analysis

A5 5a &% 6a B
4a an - ) o aIn 4b B e s

2D analysis
)
»

Best Pose

TNF-a

()

3D analysis

2D analysis

Best Pose

NLRP3

Figure 3 Docked poses of protein TNF-a (A), COX2 (B),
and |d, 2d, 3d represent 2D interactions of Ca, Cb, and

with average RMSD v
coupled to the ljg

and D-TYRI151 (Figllre 6B). DNP shows a value >0.8 for residue D-TYR151 (Figure 6C). On the other hand, NLRP3
produces interaction fractions of value >0.4 for all ligands, whereas two residues are involved for Ca (Figure 6D, A-GLY 696,
B-GLU135), while one residue for Cb (Figure 6E, A-LYS696) and one for DNP (Figure 6F, B-GLU135). These complexes
also indicated a convincing interaction of amino acids using different bonds. The protein and ligand timeline interaction is
represented as graphs for Ca-TNF-o complex (Figure 7A), Cb-TNF-a complex (Figure 7B), DNP-TNF-a complex
(Figure 7C), Ca-NLRP3 complex (Figure 7D), Cb-NLRP3 complex (Figure 7E), DNP-NLRP3 complex (Figure 7F).
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Figure 4 Representative RMSD panels of the Ca, Cb et proteifPNF-a and NLRP3 over different nanoscale times. The left and the right y-axis indicated
a change in the RMSD value of the target protei Y erent nanoscale times. (A) Ca-TNF-a complex, (B) Ca-NLRP3 complex, (C) Cb-TNF-a
complex, (D) Cb-NLRP3 complex, (E) DNP- omplex.

of our test compounds on cognitive deficits, we performed MWM and Y-maze tests as
dent spatial learning.”®>° In the hidden-platform test of MWM, ethanol-treated rats

To determine the
these tests assess

_ e memory, a probe trial was conducted 24 h after the last acquisition period. Figure 8B shows
by each group of rats in different quadrants, while Figure 8C indicates percent time in the target quadrant.
Increased tim&@ment in quadrants other than the target quadrant shows impaired spatial learning, as observed in the
ethanol group (Figure 8B and C, $$p<0.01). After treatment, the animals displayed significantly improved spatial
memory and learning with 10mg/kg Ca and Cb (Figure 8B and C, €p < 0.05). Additionally, a Y-maze test (Figure 8D)
was conducted to assess the percentage of spontaneous alternation behavior in rats. Ethanol-treated animals demonstrated

the time sp

a significant behavior deficit as shown by the fewer percentage of alternation in the Y-maze. On the other hand, the
compounds significantly enhance the percentage of alternation compared to the ethanol-alone injected mice. Using H&E
staining, we investigated morphological alterations in the cortical and hippocampus regions to further verify our concept.
The saline group had spherical, well-demarcated intact cells with basophilic cytoplasm and no nuclear condensation or
distortion (Figure 8E). Swollen, flattened, atrophied, and karyolitic neurons with pyknotic nuclei were observed in the
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Figure 5 Representation of RMSF for the Ca, Cb, D - Desie tware package. (A) Ca-TNF-a complex, (B) Ca-NLRP3 complex, (C) Cb-TNF-o

complex, (D) Cb-NLRP3 complex, (E) DNP-TNF- plex, (F P-NLRP3.

pyknotic nuclei (Figure
hological damages, as indicated by an increase in the number of intact neurons and
and DG: €p < 0.05).

significantly ameliora,
cell count (Figure 8E,

Effect q

Cb oWthe Endogenous Enzyme Level
We observed [

#ige in the antioxidant profile between the saline and ethanol-administered rats. In the ethanol
e reduction in GST and GSH levels (Figure 9A and B, $$P<0.01) was demonstrated associated with
a significant elevatf@pin the activity of LPO (Figure 9C, $$P<0.01 and NO levels (Figure 9D, $$P<0.01). Ca and Cb
reversed the effect of ethanol and normalized the antioxidant enzyme levels of GSH (€p < 0.05), GST (€p < 0.05) while
reducing the elevated level of LPO and NO as shown in Figure 9C and D (€p < 0.05).

group, a considd

Ca and Cb Downregulated Inflammatory Cascade
Inflammatory mediators play a significant role in memory impairment. Therefore, we investigated whether Ca, Cb could
influence neuroinflammation. The protein level of p-NF«B, COX-2, and TNF- a were determined in the cortex and hippocampus

3882 e Journal of Inflammation Research 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Ullah et al

Ca Cb DNP

TNF-a
Fract
< F
||
1
o
2
|

0.4

Interacuons rracuon

" I I I a g o
N B Rhanie_fak _ 1| _
SISO PRSPPI OLINI PO I R - R R R R 00
DAY EYOTSK YOS AN R EVE IR YN VS N NSNS SR Y VG S SR YR B VR N U N PP PP PP D OPO DD PP PP DS P
AR SO o A P U U TR I ' ¥ LN VE YN Y IS IO SIS VIO RV S G0 S0 S IR SRS G S LIS S 2
FEFEF I FESEFETTTILS P& c&"‘\ DARCAR ST ‘fq F OGS F S ROt S S
1 Hrbonds 1 Hydrophobic Ilonic I Water bridges| H-bonds i Hydrophobic M lonic M Water bridges|

D | E i F I
™0 0 @
o s e
[ " w
- C 5 v
z0 = H
e I AJ;.ll_-_-.ll_I_*_ll__;_lg =
R T O PP PP FE RSP PRI ETEEEECIPELIPS
FEEELELELLLELESELITSSSES EIIPE LR Q.00 FOEOOEEEFEEEEEee e IOIEPT S e gy M NS HEE e
D00 LUANVAS 20 LI KDL L2 KDY 2K A AN AAR LAY A L0} 57 Q7 N D7 D7 K7 N N 07 7 AT R 57 87 A7 07 67 N 0T ) 67 &7 07 &7 J7
v”@vd\»&v"i"vv"yfﬁt‘iﬁ%\ﬁbv‘%v‘{v{"y\f’yv&v&v"yv”‘ »"Vv"?Sv‘*%;"?"‘o"h@\ad‘e";&& FEPEEE VAvyvg EEAECEEEE KK & A\ ««Q\ @1&\\0& FIT LS @-«@6 i
ARSI I IS INTY
- B . 0 . P K N & d
H-bonds 1 Hydrophobic Mllonic I Water bridges | H-bonds 1 Hydrophobic Milonic M Water bridges | e v-* & v\‘?; o Qo‘ & é‘@y &
Figure 6 Interactions of drugs with receptor proteins. (A) Ca-TNF-a complex, (B) Cb-TNF-a compl, Cb-TNF-a complex, (E) Cb-NLRP3
complex, (F) DNP-NLRP3 complex.
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Figure 7 Timeline r entation of the interactions and contacts (H-bonds, hydrophobic, ionic, and water bridges) the top panel of each image shows the total number of

specific contacts the prétein makes with the ligand throughout the trajectory. The bottom panel of each image shows which residues interact with the ligand in each
trajectory frame. (A) Ca-TNF-o comple,x (B) Cb-TNF-a complex, (C) DNP-TNF-a complex, (D) Cb-TNF-a complex, (E) Cb-NLRP3 complex, (F) DNP-NLRP3 complex.

using ELISA. The level of these proteins was significantly elevated in the ethanol group relative to the saline group (Figure 10A,
CandE, $$p<0.01). Ca and Cb treatment resulted in a substantial decrease in the level of p-NF«B (Figure 10A, €p<0.05), COX-
2, and TNF- a (Figure 10C and E €p<0.05). To further validate, we performed immunohistochemistry analysis of p-NF«xB
(Figure 10B), TNF-A (Figure 10D), and COX-2 (Figure 10F), and similar results were replicated. Furthermore, we also
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investigated NLRP3 and IL-18 expression, and our results demonstrated that Ca and Cb significantly reduced the expression level
of these proteins relative to the ethanol group (Figure 10G and H, €p<0.05). Western blot analysis demonstrated that the IL-1[3
and Caspase-1 expression level in the ethanol-treated group was significantly high compared to that in the saline-treated group
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TNF-o exhibited cytoplas brain tissues. (E) COX2 protein expression as quantified by ELISA with (n=5/group). (F) Immunohistochemistry results

for COX2 in the cgasica

compared

(Figure 11, $$pg1). Ca and Cb decreased the expression of IL-1f and Caspase- 1, which was significantly low compared to the
ethanol-treated group €€p<0.01.

Discussion

The benzimidazole core has been reported in many pharmaceutical formulations in recent years due to its high
pharmacological activities.’> More interestingly, these molecules have a diverse application and are marketed as potential
candidate drugs against various disorders and are recently reviewed.**® Keeping in view the pharmacological impor-
tance, including its safety records and BBB penetration, we have synthesized a new series of benzimidazole derivatives
that can target multiple steps of the inflammatory cascade. For this purpose, a multi-reaction scheme was adopted with
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ophysiology owing to the complex brain nature, and for this reason, several clinical
asily permeate the BBB and target several intracellular proteins and ion
channels.*’~"
We pred i erent derivatives of benzimidazoles and evaluated their potential anti-inflammatory
ompounds exhibited free radical scavenging and antioxidant properties, attenuated
neuroinflamma®@a in the memory impairment model. Furthermore, benzimidazole derivatives can target multiple
Alzheimer’s biom¥ers to execute the neuroprotective actions.'® We previously demonstrated that benzimidazole
mediates anti-inflammatory effects by inhibiting inflammatory cytokines,'> which is consistent with other findings.'”
In this study, we examined whether the newly synthesized derivatives can modulate ethanol-induced memory
impairment and cognitive deficits. Furthermore, we demonstrated the neuroprotective effects of benzimidazole
against inflammasome (NLRP3). To further support our notion, we performed molecular simulation studies, and
both synthetic compounds Ca and Cb exhibited an excellent binding affinity with targets (TNF-a and NLRP3).
Ethanol provokes behavioral deficits as several studies ruled out the link of ethanol to dementia and Alzheimer’s

disease.’”** This is because ethanol can lead to irretrievable loss of white matter*' and sometimes gray matter.**
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Compound Ca and Cb therapy improved memory in ethanol-treated rats by reducing escape latency during the trial
session and boosting the percentage of spontaneous alternation behavior in the Y-maze test.

Furthermore, there is a definite link between increased ROS and inflammatory pathway activation.*’ Many
studies have found a link between the activation of inflammatory pathways and the accumulation of oxidative stress
with ethanol consumption.**** Elevated oxidative stress affects brain tissues due to the higher oxygen demand and
fewer antioxidant enzymes.*>*' Thus, successful therapeutic approaches should control the neuroinflammation and
attenuate oxidative stress via stimulating the antioxidant enzymes. Several studies reported benzimidazole deriva-
tives’ antioxidant and anti-inflammatory activities.'""'*** GSH and GST are essential endogenous antioxidants
that help to eliminate free radicals. Benzimidazole derivatives are effective ROS inhibitors via activating GSH and
inhibiting LPO.**-** Pretreatment using selected benzimidazole significantly increased the combat of the brain
against ethanol-induced oxidative stress.

Neuroinflammation triggers ROS release, which is responsible for oxidative stress g

inflammatory disorders, particularly age-related diseases, such as Alzheimer’s

The cellular damage and lipid peroxidation are caused by the generation

helps to alleviate not only inflammation but also cognitive deficits.>
immune system>® comprised multiprotein complex assembled j
response.”’ Among the various types of the inflammasome, t ensively studied in neurodegenera-

tive disorders.>® Several compounds have been screened and
3

¢ of development as potential inhibitors of
NLRP3 inflammasome activation.*

The involvement of oxidative stress and ROS is
disorders, including ethanol-induced neurodegener pewise, oxidative stress can exacerbate dementia as the
brain has limited antioxidants combating capacity.”®
consumption.”® Our results attest to thogdl 1 rted data that ethanol administration induces an imbalance
between endogenous antioxidant subg nts, thereby stimulating ROS production and activating the

neuroinflammatory cascade. Furt ally used neuroprotective drugs currently have potential ROS

ameliorating effects in patien ActivatiS@of pro-inflammatory mediators like COX-2 and p-NFB, as well as other
interleukin-1 (IL-1b), and TNF-a, have been implicated in neuronal

ive scenarios, including ethanol-induced neurodegeneration.®’ COX2 inhibitors

tives are promoted by their free radical scavenging activity, augmentation of endogenous
antioxidant [@teins (GST, GSH), and amelioration of LPO and other pro-inflammatory mediators (Figure 10).
Furthermore, tM€re is a direct link between increased ROS and activation of the inflammatory pathway.®'
Compared to the saline group, the ethanol group showed a significant decrease in GSH and GST levels, indicating
an increased level of ROS production in the cortex and hippocampus. Our results supported the hypothesis that
benzimidazole derivatives can reduce ethanol-induced neuronal toxicity by regulating the expression of cytokines,
antioxidant enzymes, and the inflammatory cascade. The present study outlined the protective effects of novel
benzimidazole analogs by targeting the NLRP3 inflammasome, which plays a role in neuroinflammation

(Figures 11 and 12).
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