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ABSTRACT: Alzheimer’s disease is the most common pro-
gressive neurodegenerative mental disorder associated with loss
of memory, decline in cognitive function, and dysfunction of
language. The prominent pathogenic causes of this disease involve
deposition of amyloid-β plaques, acetylcholine neurotransmitter
deficiency, and accumulation of neurofibrillary tangles. There are
multiple pathways that have been targeted to treat this disease. The
inhibition of the intracellular cyclic AMP regulator phosphodies-
terase IV causes the increase in CAMP levels that play an
important role in the memory formation process. Organometallic
chemistry works in a different way in treating pharmacological
disorders. In the field of medicinal chemistry and pharmaceuticals,
zinc-based amide carboxylates have been shown to be a preferred
pharmacophore. The purpose of this research work was to
investigate the potential of zinc amide carboxylates in inhibition of phosphodiesterase IV for the Alzheimer’s disease management.
Swiss Albino mice under controlled conditions were divided into seven groups with 10 mice each. Group I was injected with
carboxymethylcellulose (CMC) at 1 mL/100 g dose, group II was injected with Streptozotocin (STZ) at 3 mg/kg dose, group III
was injected with Piracetam acting as a standard drug at 200 mg/kg dosage, while groups IV−VII were injected with a zinc scaffold
at the dose regimen of 10, 20, 40, and 80 mg/kg through intraperitoneal injection. All groups except group I were injected with
Streptozotocin on the first day and third day of treatment at the dose of 3 mg/kg through an intracerebroventricular route to induce
Alzheimer’s disease. Afterward, respective treatment was continued for all groups for 23 days. In between the treatment regimen,
groups were analyzed for memory and learning improvement through various behavioral tests such as open field, elevated plus maze,
Morris water maze, and passive avoidance tests. At the end of the study, different biochemical markers in the brain were estimated
like neurotransmitters (dopamine, serotonin and adrenaline), oxidative stress markers (superoxide dismutase, glutathione, and
catalase), acetylcholinesterase (AchE), tau proteins, and amyloid-β levels. A PCR study was also performed. Results showed that the
LD50 of the zinc scaffold is greater than 2000 mg/kg. Research indicated that the zinc scaffold has the potential to improve the
memory impairment and learning behavior in Alzheimer’s disease animal models in a dose-dependent manner. At the dose of 80
mg/kg, a maximum response was observed for the zinc scaffold. Maximum reduction in the acetylcholinesterase enzyme was
observed at 80 mg/kg dose, which was further strengthened and verified by the PCR study. Oxidative stress was restored by the zinc
scaffold due to the significant activation of the endogenous antioxidant enzymes. This research ended up with the conclusion that the
zinc-based amide carboxylate scaffold has the potential to improve behavioral disturbances and vary the biochemical markers in the
brain.

■ INTRODUCTION
Alzheimer’s disease is the most prevalent kind of dementia,
accounting for 55 to 60% of all cases.1 Alzheimer’s disease is a
growing neurodegenerative disorder of the brain that causes
memory loss and is accompanied by signs and symptoms as well
as behavioral changes.2 Memory loss is the first symptom of this
illness. Dementia, often known as forgetfulness, is the generic
term for the loss of cognitive and memory abilities that
significantly disrupts everyday activities. Mixed dementia, levy

bodies, vascular dementia, Alzheimer’s disease, frontal temporal

dementia, and Parkinson’s disease are all frequent kinds of
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dementia.3 The usage of acetylcholinesterase inhibitors is
widespread. Acetylcholinesterase reduction is the depletion in
enzyme activity in Alzheimer’s disease that prevents the
breakdown of acetylcholine (ACh), which is present in the
AD brain.4 Many hypotheses have been proposed in relation to
pathogenic variables in Alzheimer’s disease. Reduced choliner-
gic activity, detection of proteins such as amyloid-β (Aβ), and
neurofibrillary tangles (also termed as tau proteins) in neuronal
areas of the nervous system are examples. Consequently,
medications, largely by inhibiting β-secretase (BACE-1), boost
the intensity of acetylcholine (ACh), reducing the development
of harmful Aβ peptides, and are being considered for the
development of anti-AD therapies. Since an anticholinergic is
indeed a simple and effective indicator of incursion from the
perception of pharmacology, it may be utilized.5

Neurofibrillary twists (NFTs) are hyperphosphorylated tau
proteins that are found in many areas of the brain and are native
in filament form. Inside nerves, the proteins (tau) perform a
crucial function as mitotic spindle-stabilizing mediators in
normal circumstances. However, in Alzheimer’s patients,
abnormal hyperphosphorylation of tau proteins occurs, resulting
in microtubule breaking and subsequent expansion in brain
regions.6 Natural ingredients have been used to treat
Alzheimer’s disease in various scientific trials. Tau base proteins,
according to recent research, are an effective drug for offering
relief to patients with Alzheimer’s disease, and they have also
been recommended as a therapeutic approach for the condition.
Different natural therapies produced from creatures including
algae, plants, and invertebrates have been shown to be active in
tau-related tests.7 Researchers were interested in ethnobotanical
plants for the treatment of neurological diseases. Many plants
have developed active proteins with the potential to be used in
the creation of medication.8 According to overwhelming
evidence, brain tissues in Alzheimer’s disease patients are
subjected to peroxidation during the illness’s progression.
Protein oxidation, lipid oxidation, DNA oxidative stress, and
glycoxidation, among other forms of osmotic damage or harm,
are all implicated in the prognosis of Alzheimer’s disease.9 Nerve
cell death, synaptic injury, the creation and buildup of Aβ
plaques formed from intracellular NFTs and APP processing
made of accumulated hyperphosphorylated tau proteins inside
the brain, astrocyte multiplication, and microglial activation are
all symptoms of Alzheimer’s disease.10 Due to their therapeutic
character, synthetic chemicals, together with medicinal plants,
have played an important part in the treatment of many ailments
throughout history. Despite the fact that an allopathic system of
medicine provides a radial therapy for Alzheimer’s disease, the

universe is moving toward investigating the use of synthetic
medications for Alzheimer’s disease treatment. Pharmacological
actions related to various functional groups and substituents
such as anticancer, antiseptic, analgesic, antiviral, and anti-
cholinergic actions have been observed in numerous manufac-
tured pharmaceutical compounds.11 None of the present
Alzheimer’s derangement curative therapies (medications)
postpone or prevent the weakening and loss of neurons that
produce Alzheimer’s indicators and lead to death.12 Donepezil,
Galantamine, Memantine, Rivastigmine, Memantine paired
with Donepezil, and Tacrine have all been authorized by the
US Food and Drug Administration (FDA) for the management
of Alzheimer ailment. (Tacrine has been withdrawn in the
United States.) Organometallic chemistry involves the class of
compounds that contain at least one or two interacting bonds
between the carbon atom and the metallic element like silicon,
iron, cobalt, nickel, zinc, boron, etc.13 These types of
compounds have the capacity to perform a number of
pharmacological and nonpharmacological functions. These
types of compounds have been utilized since the beginning to
treat multiple illnesses like viral, bacterial, leishmanial, and other
contagious infections.14 This field had been a magical discovery
after the synthesis of cisplatin, the anticancerous drug that
proved the antitumor behavior of these types of compounds.
Zinc, copper, and iron have been found with improved
pharmacological importance in our body, and lack of any one
of these can lead to decreased immunity and development of
bizarre and diminished ability of a person toward a normal body
working.15 A number of zinc-based scaffolds have been reported
to be used in medicinal chemistry for a longer period of time as
therapeutic moieties.16 These metal scaffold derivatives were
applied for treatment of cancerous diseases to recover from
inflammation, for the management of diabetes mellitus and
microbial diseases, and in the therapy of specific conditions, such
as Huntington’s disease, heart diseases, and genetic diseases,
among others. The use of metal complexes as an effective
therapeutic entity shows that it is possible to minimize toxicity at
the cellular level by selecting a suitable ligand.17

Zinc has been involved in a number of biological functions in
the human body like preservation of metabolism, DNA
functioning, signal transduction, and cell growth.18 As the size
and charge on the zinc metal are compatible with proteins in the
human body, it is utilized by a variety of proteins to stabilize the
structure.19 The proteins that consume zinc are mostly
transcription factors and enzymes that have high molecular
weight. Zinc is responsible for speeding up enzymatic reaction in
immunological processes such as the wound healing process and

Table 1. Cholinesterase Inhibitory Potential of the Zinc-Based Scaffold and Standard Druga

compound concentration (μg/mL) % AChE activity IC50 (μg/mL) % BChE activity IC50 (μg/mL)
zinc-based scaffold 1000 88.58 ± 1.12** 26.5 78.76 ± 0.71* 44.60

500 81.65 ± 1.34* 71.23 ± 1.83*
250 74.31 ± 2.15ns 66.42 ± 0.43**
125 67.56 ± 1.73*** 60.56 ± 1.06**
62.5 62.44 ± 0.58* 55.80 ± 1.50***

Galantamine 1000 94.40 ± 0.03 7.80 82.33 ± 1.20 4.06
500 85.03 ± 2.16 76.33 ± 0.95
250 80.90 ± 1.11 72.67 ± 0.91
125 76.44 ± 0.28 70.00 ± 0.17
62.5 71.22 ± 0.47 68.60 ± 0.04

aRepresentation of data as mean ± standard error of the mean; significant differences from the positive control as follows: superscript ns,
nonsignificant; *P < 0.05, **P < 0.01, and ***P < 0.001; n = 3.
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DNA functioning. In pregnant women, zinc is also needed for
the normal growth of fetus. Thus, lack of this important mineral
can result in genetic alteration, delayed sexual maturity, delayed
or impaired wound healing, chronic diarrhea, skin rashes,
behavioral issues, etc.20 On the basis of the scientific evidence on
the role of zinc in biological activities, this study was designed to
find out the anti-Alzheimer potential of the newly synthesized
zinc scaffold as zinc is necessary for many body functions
including cognitive abilities.

■ RESULTS
In Vitro Assays. Cholinesterase Assays. Table 1 shows the

results of acetylcholinesterase and butyl cholinesterase inhib-
ition by various doses of the zinc-based scaffold, and
Galantamine dose-dependently inhibited the AChE enzyme
with the IC50 value range of 26.5 to 7.80 μg/mL correspond-
ingly. Likewise, the zinc-based scaffold causes BChE enzyme
inhibition, giving IC50 values of 44.60 and 4.06 μg/mL (Table
1).
Formulas for AChE and BChE inhibition by a compound

involve V =ΔAbs/Δt, % enzyme activity =V/Vmax × 100, and %
enzyme inhibition = 100 − % enzyme activity (V (sample)
represents the reaction rate with an inhibitor, and Vmax (control)
represents the reaction rate without inhibition). Values of
control include the absorbance on a UV−Visible spectropho-
tometer as A-1 = 0.734 and A-2 = 0.884.
ABTS Free Radical Scavenging Activity. In this type of assay,

the zinc-based scaffold displayed % ABTS inhibition values of
82.33 ± 1.20, 76.33 ± 0.95, 72.67 ± 0.91, 70.00 ± 0.17, and
68.60± 0.04 with an IC50 value of 4.06 μg/mL at concentrations
of 1000, 500, 250, 125, and 62.5 μg/mL, respectively. The %
ABTS inhibition of the zinc-based scaffold was compared with
that of the positive control, which was ascorbic acid and revealed
a concentration-dependent reaction. Ascorbic acid showed
91.90 ± 0.96 inhibition at a concentration of 1000 μg/mL
against ABTS with an IC50 value of 3.23 μg/mL as tabulated in
Table 2. The formula for the scavenging free radical by a
compound is % radical scavenging, = A − B/A × 100, where A is
the control absorbance and B is the sample absorbance.
DPPH Free Radical Scavenging Potential. The DPPH free

radical scavenging, potential values of the zinc-based scaffold
were 93.10± 0.60, 87.58± 0.63, 83.76± 0.71, 75.44± 0.58, and
68.10 ± 0.90 with the IC50 value of about 5.34 μg/mL in the
concentrations of about 1000, 500, 250, 125, and 62.5 μg/mL,
respectively (Table 2). Ascorbic acid indicated 94.40 ± 0.03
inhibition at the concentration of about 1000 μg/mL against

DPPH with the IC50 value of 5.80 μg/mL. The formula for the
scavenging free radical by a compound is % radical scavenging, =
A − B/A. × 100, where A is the control absorbance and B is the
sample absorbance (the control value is A = 0.723).
Hydrogen Peroxide Free Radical Scavenging Potential.

The H2O2 free radical scavenging, potential values of the zinc-
based scaffold were 78.08 ± 1.04, 71.45 ± 0.90, 66.58 ± 0.63,
61.40 ± 0.20, and 56.80 ± 0.90 with the IC50 value of about
35.10 μg/mL in the concentrations of about 1000, 500, 250, 125,
and 62.5 μg/mL, respectively. Ascorbic acid indicated 95.23 ±
0.22 inhibition at the concentration of about 1000 μg/ mL
against H2O2 with the IC50 value of 13.72 μg/mL (Table 2).
The formula for the scavenging free radical by a compound is

%radical scavenging = A − B/A × 100, where A is the control
absorbance and B is the sample absorbance (the control value is
A = 0.723).
Zinc-Based Scaffold Effects on Acute Toxicity. The zinc-

based scaffold was observed at the doses of about 50, 100, 200,
300, and up to 2000 mg/kg. Behavioral properties of the zinc-
based scaffold were notable for the individual mice at about 0,
30, 60, and 120 min, 24, 48, and 72 h, and 1 week after the I/P
administration of the drug as given in Table 3. During a study, no

acute toxicity was detected at any stage, as measured by distinct
mortality, respiratory discomfort (cyanosis or gasping), changed
reflex behaviors, and the absence of convulsions. After 30 and 60
min of administration/injection, the fleeing behavior and
spontaneous activity in four of the six animals/mice were
stronger than previously at dosages of around 10 and 50 mg/kg.
There was most likely an enhancement in allergic reaction
(measured as aggressive behavior during treatment and a

Table 2. Free Radical Scavenging Potential Activities of the Zinc-Based Scaffolda

sample con. (μg/mL) % DPPH activity IC50 (μg/mL) % ABTS activity IC50 (μg/mL) % H2O2 activity IC50 (μg/mL)
zinc-based scaffold 1000 93.10 ± 0.60ns 5.34 82.33 ± 1.20*** 4.06 78.08 ± 1.04*** 35.10

500 87.58 ± 0.63ns 76.33 ± 0.95*** 71.45 ± 0.90***
250 83.76 ± 0.71ns

125 75.44 ± 0.58ns 72.67 ± 0.91*** 66.58 ± 0.63***
62.5 68.10 ± 0.90ns 70.00 ± 0.17*** 61.40 ± 0.20***

68.60 ± 0.04*** 56.80 ± 0.90***
ascorbic acid 1000 94.40 ± 0.03 5.80 91.90 ± 0.96 3.23 95.23 ± 0.22 13.72

500 85.03 ± 2.16 87.08 ± 0.47 89.45 ± 0.90
250 80.90 ± 1.11 82.40 ± 0.20 83.90 ± 0.60
125 76.44 ± 0.28 77.61 ± 0.43 77.00 ± 0.30
62.5 71.22 ± 0.47 75.45 ± 0.90 72.90 ± 0.45

aRepresentation of data as mean ± standard error of the mean; significant differences from the positive control as follows: superscript ns,
nonsignificant; *P < 0.05, **P < 0.01, and ***P < 0.001; n = 3.

Table 3. Analysis of Acute Toxicity of Animals after
Administration of the Synthesized Zinc Scaffold

group animals zinc scaffold (mg/kg)

1 8 5
2 8 25
3 8 50
4 8 100
5 8 200
6 8 300
7 8 400
8 8 500
9 8 1000
10 8 2000
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substantial rise in irritation), and the escape performance in the
same animals/mice was also higher. At a dosage greater than 500
mg per kg, five of the six animals/mice were found to be drowsy.
At 24 h to 1 week following the administration/injection, all of
the animals/mice seemed normal, with no noticeable changes in
their behavior, activity, or appearance.
Behavioral Studies on Animals. Open Field Test (OFT).

When the synthesized zinc-based chemical moiety was analyzed
for open field test, this compound gave satisfactory outputs at
the given dose of 80 mg/kg with a prominent decline in the
latency time of animals in comparison with the control

(positive) group and Streptozotocin-treated group. Afterward,
when this compound was analyzed further, it displayed the dose-
dependent upsurge in locomotor activities, for example,
increasing the dose results in an increase in freezing time, with
a decrease in the number of crossings. Animals prefer to spare
more time in the central radius compared with the time spent on
the periphery. This enhancement of time was due to the effect of
the chemical moiety on the testing animals. Results are
elaborated in Table 4.
Elevated Plus Maze Test (EPMT). The transfer latency (TL)

on the second day demonstrated that the learnt task or memory

Table 4. Results of Open Field Testing by the Zinc-Based Scaffold and Standard Controlsa

treatment group latency time (s) rearing (no.) freezing time (s) no. of crossings
time spent in the
periphery (s)

time spent in the center
(s) defecation

zinc scaffold (10 mg/
kg)

4.6 ± 0.6 4.4 ± 0.4 134 ± 1.5* 18.2 ± 1.4 158 ± 0.9 3.1 ± 0.7 no

zinc scaffold (20 mg/
kg)

3.7 ± 0.2* 10.2 ± 0.6 102 ± 0.9* 31.0 ± 1.6 147 ± 0.6 5.4 ± 0.4* yes

zinc scaffold (40 mg/
kg)

2.1 ± 0.1* 14.6 ± 0.2* 80 ± 1.4* 38.2 ± 1.1* 107 ± 0.5* 7.7 ± 0.7* no

zinc scaffold (80 mg/
kg)

1.0 ± 0.0*,#,α 16.2 ± 1.4*,#,α 52 ± 1.8*,#,α 47.1 ± 1.1*,α 98 ± 1.2*,# 9.1 ± 0.9*,#,α yes

control 2.9 ± 0.3 9.2 ± 0.8 72 ± 1.4 39.7 ± 0.7 123.2 ± 1.3 7.3 ± 0.4 yes
Streptozotocin 6.2 ± 0.6# 2.6 ± 0.2# 156 ± 1.7# 16.2 ± 1.2# 161.2 ± 1.1# 2.7 ± 0.1# yes
Piracetam 2.2 ± 0.4* 6.2 ± 0.4 82 ± 0.7* 29.3 ± 1.1 122.6 ± 1.6 6.4 ± 0.5* yes
aRepresentation of data as mean ± standard error of the mean; significant differences from the disease control: ns, nonsignificant; *P < 0.05; n =
10; #P < 0.05 vs control; αP < 0.05 vs piracetam.

Figure 1. Structure of the synthesized zinc scaffold.

Figure 2. Effect of the zinc-based scaffold at variable doses on transfer latency (s) in the elevated plus maze test. Representation of data as mean ±
standard error of the mean; significant differences from the disease control as follows: **P < 0.01 and ***P < 0.001; n = 10.
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had been retained. Compared to the positive control group, all of
the young animals/mice treated with the zinc-based scaffold at
dosages of 10, 20, 40, and 80 mg/kg (I/P) showed a dose-
dependent drop in the TL on the second day, indicating a
substantial improvement in memory. These concentrations of
the zinc-based scaffold (10, 20, 40, and 80 mg/kg, I/P) also
created amajor progress in the cognition or memory (P < 0.001)
of the older mice (Figure 2). Before training, a positive control
was given, and it significantly increased (P < 0.01) the transfer
latency (TL) on the second day, showing impairment in
cognition or memory, as evaluated by the time it took for the
mouse or animal to shut its arms with all four legs. On the first
day, TL made a note of each animal’s training session. The
animal/mouse was given another 2 min to explore the raised
plus labyrinth before being returned to its home cage. The
mouse’s ability to retain this learnt job (memory) was assessed
for 24 h after the first day, which is known as the trial day.
Improvement in cognition or memory was indicated by a
significant decrease in the TL value range of the retention.
Results are tabulated in Table 5.

Effect of the Zinc-Based Scaffold in the Morris Water Maze
Test (MWMT). Morris water maze test was proved extremely
useful in revealing problems with dimensional remembrance and
learning. The enactment of all groups of mice increased
throughout the experimental phase, as seen by the reduction
in escape latency over the course of many days. The mean
latency changed significantly between the training and treatment

days, but there was no collaboration between the preparation
day and the groups, suggesting that differences between the
groups were reliant on treatment. Results indicated that the zinc-
based scaffold group at the concentration of 80 mg/kg via I/P
injection displayed significant reduction of the escape latency
time of animal as compared to the Streptozotocin-induced
group (Figures 3−5). The drug at the same dose levels indicated
significantly increased crossing number and north quadrant time
spent in comparison with the Streptozotocin-induced group
values. On both days, this group also displayed an upsurge in
escape latency (Table 6).
Passive Avoidance Test (PAT). The retention latency time

increased in all experimental groups except the Streptozotocin
group, according to the findings. Following a 23 day chronic
dosing schedule, these observations were gathered on the 24th
day. When the findings of the zinc-based scaffold provided at
different doses were compared to the first day training data, a
significant increase in animal retention latency time was seen.
Figure 6 displays the pattern of results at different doses of the
testing compound.
Measurement of Biochemical Markers. The synthesized

chemical moiety was found to have a prominent effect on the
levels of biochemical markers. Levels of these endogenous
antioxidants including CAT, SOD, and GSHwere increased to a
significant range (P < 0.05) inside the brain of animals that were
treated with the zinc scaffold at the dose of 80 mg/kg in
comparison with the Streptozotocin group. This synthesized
chemical compound increased the endogenous antioxidant
levels to a considerable amount that appeared above the normal
level, while the control drug Streptozotocin gave a significant
decline in antioxidant levels. When specifically considering the
zinc carboxylate affecting MDA levels, it could not reach a
significant level (P > 0.05) compared with the control
Streptozotocin-treated group. The nitrile concentration ap-
peared more interesting as it gave prominent results. The zinc
scaffold at the dose regimen of 80 mg/kg gave significant values
(P < 0.05), with decreased levels compared with the positive
control Streptozotocin. Further in this case, interestingly, the
zinc scaffold at the dose of 20mg/kg gave the levels of nitrile as it
appeared in the case of Piracetam-treated groups. All the values
of biochemical markers are tabulated in Table 7. After treatment
with the zinc scaffold, acetylcholinesterase levels seemed to be
reduced, indicating larger amounts of acetylcholine neuro-

Table 5. Elevated PlusMaze Test Values with Entries in Open
and Closed Armsa

drug treatment groups open arm time spent closed arm time spent

control group 9.2 ± 1.3 153 ± 1.1
Streptozotocin group 5.1 ± 1.5# 192 ± 1.6#

Piracetam (200 mg/kg) 8.8 ± 0.7* 156 ± 1.4*
zinc scaffold (10 mg/kg) 6.3 ± 1.1* 173 ± 0.3*
zinc scaffold (20 mg/kg) 7.5 ± 0.2* 165 ± 1.5*
zinc scaffold (40 mg/kg) 8.2 ± 1.4* 143 ± 1.4*
zinc scaffold (80 mg/kg) 9.5 ± 0.9* 133 ± 0.9*

aRepresentation of data as mean ± standard error of the mean;
significant difference from the disease control as follows: *P < 0.05; n
= 10; #P < 0.05 vs control.

Figure 3. Effect of the zinc-based scaffold at altered dosage levels on escape latency (s) in theMorris water maze test. Representation of data as mean±
standard error of the mean; **P < 0.01 and ***P < 0.001, n = 10, in comparison with first day and the Streptozotocin-treated groups.
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transmitters inside brain cells, which enhanced memory loss and
forgetfulness.
Estimation of Neurotransmitters. After performing all the

tests, it was estimated that the zinc scaffold at the dose regimen
of 20, 40, and 80 mg/kg gave significant results (P < 0.05) with
the increase in levels of dopamine, serotonin, and noradrenaline
in comparison with the control group Streptozotocin. Research
has shown that the upsurge in the levels of neurotransmitters is
related to the improvement of short-term and long-term

memory and uplifting of the learning behavior with positive
results. All the results are shown in Figure 7.
Computational Studies. To better understand the behavior

of the synthesized chemical moiety when interacting with
acetylcholinesterase and butyrylcholinesterase enzymes, com-
putational studies were performed. The zinc scaffold gave
excellent results by showing the binding energies of −8.8 and
−8.5 kcal/mol for AChE and BChE, respectively. These binding
energies showed that zinc-based ligands have the promising
potential to behave as enzyme inhibitors. Figure 8 shows the
three-dimensional and two -dimensional images of acetylcho-
linesterase interaction with the synthesized compound. It
displayed one conventional hydrogen bond with Asp72 along
with π−π stacked interaction with TrpA84 and Tyr121. Other
important types of interactions were π−anion interaction with
Asp72 and the carbon hydrogen bond with Gln69, Tyr70, and
Asn85 with bond lengths of 3.41, 3.68, and 3.28 Å, respectively.
In analyzing the zinc scaffold interaction inside the

butyrylcholinesterase enzyme, results are elaborated in Figure
9. The amide linkage inside the ligand gave excellent binding
with Gly107 through a conventional hydrogen bond. Another
hydrogen bond appeared with Tyr74 that interacted with the
methoxy group, supporting the bonding energies. The π−sigma
interaction was found with Val69 with a bond length of 4.91 Å.
Other amino acid residues that appeared in the interaction
included Ser78, Val83, Phe132, and Thr133 with bond lengths

Figure 4.Outcomes of the zinc scaffold at altered dose levels on crossing numbers in the MWM test. Representation of data as mean ± standard error
of the mean; *P < 0.05, n = 10, in comparison with the Streptozotocin-induced group.

Figure 5. Effect of the zinc-based scaffold at changed dose levels on the period consumed (s) in the Morris water maze test. Representation of data as
mean ± standard error of the mean; *P < 0.05, n = 10, in comparison with the Streptozotocin-treated group.

Table 6. Time Spent in Open and Closed Arms of the Morris
Water Maze Testa

treatment group
time spent in open arm

(s)
time spent in closed arm

(s)

control 9.2 ± 1.3 153 ± 1.1
STZ 5.1 ± 1.5# 192 ± 1.6#

Piracetam (200 mg/kg) 8.8 ± 0.7* 156 ± 1.4*
zinc scaffold (10 mg/
kg)

6.3 ± 1.1* 173 ± 0.3*

zinc scaffold (20 mg/
kg)

7.5 ± 0.2* 165 ± 1.5*

zinc scaffold (40 mg/
kg)

8.2 ± 1.4* 143 ± 1.4*

zinc scaffold (80 mg/
kg)

9.5 ± 0.9* 133 ± 0.9*

aRepresentation of data as mean ± standard error of the mean; *P <
0.05, n = 10, compared with the Streptozotocin-treated group; #P <
0.05 vs control.
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of 3.13, 5.46, 5.44, and 3.32 Å, respectively. The two-
dimensional visualization is shown in Figure 9.
Protein Analysis by ELISA. Enzyme-linked immunosorbent

assays were utilized to determine the behavior of the synthesized
zinc scaffold against the tau proteins and amyloid-β proteins.
These were performed through specific ELISA kits, which
showed that the synthesized chemical moiety at the dose
regimen of 20, 40, and 80 mg/kg decreases the levels of these
proteins within the brain cells of testing animal models, which in
turn increases the cognitive behavior and activities of
experimental animals (Figure 10).
Histopathological Studies. Histopathological studies in-

volve the study and diagnosis of diseases at the tissue level
involving examination through microscopic parameters. They
are liable for making tissue diagnosis and treatment of patients at
the tissue level. When the zinc-based scaffold chemical moiety
was studied at histopathological levels, it was indicated that this
compound displayed a minute change at a lower dose of 20 mg/
kg, while increasing the dose led to an increase in protective
effects through decreased neurodegeneration and the number of
unhurt cells in line. The comparison of the testing drug was
made with the positive control Piracetam that promoted the
cognitive behavior and enhanced the acetylcholine neuro-
transmitter levels. The results of these pathological studies are
elaborated in Figure 11.

AChE Analysis through RT-PCR. The zinc-based scaffold has
a prominent role in the reduction of the acetylcholinesterase
level, which in turn increases the level of acetylcholine. This was
notified through the mRNA expression of acetylcholinesterase
that declined up to 1.45 ± 0.33 at the dose of 40 mg/kg in
comparison with that of the disease control Streptozotocin-
induced group (2.85 ± 0.16). The primers that were involved in
acetylcholinesterase analysis are listed in Table 8. This reduction
was increased with the increase in the dose of the testing
chemical moiety, which indicated that this compound has a
prolonged effect with the increase in concentration in a dose-
dependent manner. Results are elaborated in Figure 12.

■ DISCUSSION
Alzheimer’s disease (AD) is a cumulative neurodeteriorating
illness that is associated with the advanced stage of dementia.2,21

It initially involves behavioral fluctuations, cognitive dysfunc-
tions, emotional variation, and sleep abnormalities, which later
move to advancements like organ failure, malnutrition, necrosis,
and ultimately, neuronal cell death.3 For induction of
Alzheimer’s disease in experimental animals, a persistent dose
of Streptozotocin was injected through the intracerebroven-
tricular route, which results in the impairment of metabolic
activities and malfunctioning of the brain due to the increase in
oxidative stress.5 Ultimately, due to these parameters, adenosine

Figure 6.Representation of data as mean± standard error of the mean; ***P < 0.001, n = 10, in comparison with the Streptozotocin-treated group; #P
< 0.05 in comparison to the control group.

Table 7. Levels of Biochemical Markers after Treatment with the Synthesized Zinc Scaffolda

treatment group
GSH (μg/mg of

protein)
CAT (μmol/min/mg

of protein)
SOD (μg/mg of

protein)
MDA (μmol/mg

of protein)
nitrite (μg/mg of

protein)
protein (μg/mg
of protein)

AChE
(μmol/min/mg of

protein)

control 25 ± 0.3 152 ± 0.3 44 ± 0.3 0.17 ± 0.6 3.5 ± 0.05 462 ± 0.6 1.7 ± 0.02
Streptozotocin 19 ± 0.05# 98 ± 0.5# 25 ± 0.4# 0.23 ± 0.3# 4.6 ± 0.03# 392 ± 1.5# 2.5 ± 0.4#

Piracetam (200
mg/kg)

21 ± 0.3* 116 ± 0.3* 42 ± 0.3* 0.18 ± 1.4* 3.5 ± 0.05* 465 ± 1.2* 1.6 ± 0.5*

zinc scaffold (10
mg/kg)

20 ± 0.5 109 ± 0.7* 29 ± 0.1* 0.38 ± 0.6#,α 3.7 ± 0.08* 444 ± 0.6* 1.8 ± 0.3*

zinc scaffold (20
mg/kg)

25 ± 0.1* 117 ± 0.4* 36 ± 0.4* 0.36 ± 0.3#,α 3.5 ± 0.03* 482 ± 2* 1.7 ± 0.04*

zinc scaffold (40
mg/kg)

26 ± 0.07* 123 ± 0.6* 39 ± 0.1* 0.37 ± 0.3*,#,α 3.4 ± 0.05* 628 ± 2.3*,#,α 1.3 ± 0.1*

zinc scaffold (80
mg/kg)

27 ± 0.02*,α 127 ± 0.08*,α 42 ± 0.2* 0.37 ± 1.2*,α 3.2 ± 0.04* 658 ± 2*,#,α 0.7 ± 0.05*,α

aData are presented as mean ± SEM, n = 10; *P < 0.05 was given compared with the Streptozotocin-treated group; #P < 0.05 vs control; αP < 0.05
vs positive control.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.2c03058
ACS Omega 2022, 7, 26723−26737

26729

https://pubs.acs.org/doi/10.1021/acsomega.2c03058?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03058?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03058?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.2c03058?fig=fig6&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.2c03058?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


triphosphate levels decrease, causing cholinergic deficits inside
the brain cells. Furthermore, this decrease in adenosine
triphosphate levels increases the formation of reactive oxidative

species, deposition of amyloid-β plaques, the release of
mediators of inflammation, and deposition of neurofibrillary
tangle phosphorylated proteins inside brain cells.6 Accumulation

Figure 7. Effect of the zinc scaffold in mouse brain neurotransmitter levels. Representation of data as mean± standard error of the mean; *P < 0.05, as
compared with the Streptozotocin-treated group. (A) Serotonin, (B) dopamine, and (C) noradrenaline.

Figure 8. 3D and 2D images of the synthesized compound with the acetylcholinesterase enzyme.

Figure 9. 3D and 2D images of the synthesized compound with the butyrylcholinesterase enzyme.
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of oligomers is also harmful to cells especially in the brain of an
Alzheimer’s disease patient where they penetrate the cell
membrane, initiating a series of pathological reactions ending
in cell death. Due to these reasons, the scrutinizing of new
molecule effects in memory impairment is important. Organo-
metallic compounds are always a point of attraction for
researchers as they provide a more realistic approach for
scientists to discover new drugs.8 Zinc is one of trace elements
that, in minute quantities, provide effective pharmacological
effects. It is involved in anticancerous, anti-ulcer, anti-
inflammatory, antimicrobial, antifungal, antileishmanial, and
other important biological activities. The synthesized com-
pound zinc scaffold was tested via in vitro test and proved to be
effective compared with standard positive controls.10 Molecular
docking studies were employed through AutoDock Vina

interlinked with PyRx software that provides binding affinities
inside the active site and binding pocket of targeted proteins.26

This synthesized chemical moiety was tested for behavioral
assessment through animal models that were designed for
Alzheimer’s disease. An open field test was first conducted to
examine the locomotor activity of the tested animals as well as
their anxiolytic and exploratory responses.29 In comparison to
the Streptozotocin group, the results from the open field test
showed that the zinc scaffold at the greatest level of dose, 80mg/
kg, increased anxiolytic behavior and exploration with greater
locomotor activity. Anxiety has been linked to a reduction in
cognitive reserve in studies. There was a link between anxiolytic
activity and a drop in cognitive expression according to these
research studies. Anxiety, according to some research, is the
outcome of oxidative stress damage and inflammation in the

Figure 10.The amounts of (A) amyloid-β and (B) tau proteins in the brains of mice were calculated. In comparison to the STZ-treated group, ***P <
0.001 was given in comparison to STZ treated group.

Figure 11. Histopathological characteristics of zinc scaffold-, Piracetam-, and Streptozotocin-treated groups.

Table 8. List of Primers Utilized in RT-PCR

primer primer sequence

acetylcholinesterase forward sequence: A G G ACG AGGGCTCC T AC
T T T

reverse sequence: C A R G G C A T C T C T C A GG T
G G G

GADPH (glyceraldehyde dehydrogenase 3-
phosphate)

forward sequence: G G A G T CC CC A T CC C A A C
T C A

reverse sequence: GCCCATAACCCCCACAAC
A C
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central nervous system.12 Neuronal death to cells due to
oxidative stress and neuronal dysfunction provoked by
Alzheimer’s disease-linked Aβ proteins gave a major contribu-
tion toward the pathogenesis of this neurodegenerative
disorder.13 Therefore, prevention of antioxidant-based detri-
mental free radical consequences gave an important neuro-
protective approach. Although there has been multiple
experimental evidence about the neuroprotective potential of
antioxidants, the clinical justifications about the protective
behavior are still a dilemma. The free radical scavenging
potential of natural and synthesized compounds constitutes an
important consideration for the treatment of Alzheimer’s
disease.22 Two-directional association between anxiety and
amyloid plaques leads to changes in the behavior of test
models.22 Increased anxiety in persons with Aβ plaques gave an
immediate decrease in the cognitive routine. Animals that spent
more time in the center area had lower anxiety levels than those
that spent less time there.23 One of the behavioral evaluation
tests, the raised plus maze test, resulted in a higher anxiety score.
It was further demonstrated by a drop in entry counting and a
decrease in time spared in an open arm, both of which imply
anxiety levels. In comparison to the Streptozotocin group, the
zinc carboxylate scaffold showed extremely significant data such
as a P < 0.001 decrease in latency transfer and a P < 0.05 increase
in the counting of open arm entries and time spared in open
arms at 80 mg/kg dosing regimen.26 Using a water maze test, the
effect of the synthesized chemical moiety on spatial memory was
investigated. This exam was used to assess spatial learning. It
belongs to the best established model for the assessment of
memory and learning. In contrast to day one and medication-
induced illness groups, the zinc scaffold at a dose level of 80 mg/
kg significantly (P < 0.05) demonstrated that the enhanced
quantity of crossovers and additional time spared in the targeted
north quadrant, as well as escape latency, dramatically declined
(P < 0.001). The step-down passive avoidance test was used to
estimate long-term memory based on the sort of learning that
was employed to prevent step-down behavior in order to avoid
punishment. In comparison to the first day and Streptozotocin-
treated groups, zinc carboxylate at 80mg/kg dosage resulted in a
significant (P < 0.001) increase in retention delay.
At 80 mg/kg dosage, the levels of catalase, glutathione,

superoxide dismutase, and proteins were considerably in-
creased.35 As a result, there is a drop in nitrite levels, which
indicates a reduction in oxidative stress, which leads to improved

memory. At all zinc scaffold doses, the quantity of
malondialdehyde, a lipid peroxidation indicator, rose. Acetyl-
cholinesterase levels were significantly (P < 0.05) and
dependently reduced with this synthesized zinc scaffold, and
the decrease in acetylcholinesterase levels could be attributed to
the indirect cholinergic effect of the zinc scaffold, which leads to
an increase in acetylcholine levels by inhibiting acetylcholines-
terase.27 The effect of the zinc-based chemical moiety on
memory improvement could be through the acetylcholine
binding to the nicotinic receptors nAChRs inside brain cells,
which raises the cytoplasmic levels of calcium and stimulates the
intracellular calcium-dependent processes like gene expression
and neurotransmitter release that were linked to the
improvisation of memory and also learning improvement. The
mechanism by which the zinc scaffold inhibits the acetylcholi-
nesterase activity was further elaborated by in silico molecular
docking studies.26 By forming the ligand−receptor interaction
complex and modeling conformations, these computational
studies provide the understanding of the behavior of drug
modulation. The molecular docking strategies are simulation-
based strategies that account for the structural reorganization of
movable side chains and residues at the receptor’s active site
upon ligand binding, as well as precise ligand placement into the
receptor’s binding site to avoid false positive results due to
receptor flexibility. The zinc scaffold was shown to have a higher
binding affinity for acetylcholinesterase than the standard,
suggesting that the experimental suppression of acetylcholines-
terase was effective. The hydrophobic and hydrophilic
interactions of the zinc chemical moiety with a range of key
amino acid residues that are critical for acetylcholinesterase
activity justify its higher binding affinity.25 The majority of
Piracetam anticholinesterase activity-preserving residues were
involved in a variety of zinc chemical moiety-interacting
residues, although the form of bonding was varied. As a result,
the chemical compound’s higher binding affinity for acetylcho-
linesterase, as well as its diverse contacts and bonding pattern,
may support its experimental inhibition of acetylcholinesterase
over Piracetam. The levels of neurotransmitters such as
noradrenaline and serotonin were shown to be lower when
Streptozotocin was injected intracerebroventricularly in one of
the scientist’s prior studies.29 A dip in brain glucose levels and
energy expenditure might be the cause of the decrease in
neurotransmitter titer. People with Alzheimer’s illness showed
reduced levels of noradrenaline, serotonin, and 5-HT according

Figure 12. Representation of data as mean ± standard error of the mean; *P < 0.05, **P < 0.01, and ***P < 0.001 were given in comparison to the
Streptozotocin group.
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to another study. The protein kinase or cyclic adenosine
monophosphate noradrenaline triggered the activation of a
circuit. Compared to the Streptozotocin group, the zinc scaffold
at an 80 mg/kg dosing schedule resulted in a substantial P < 0.05
increase in dopamine, serotonin, and noradrenaline levels.31

Zinc compounds have been discovered to boost the amount of
cyclic adenosine monophosphate, adenosine triphosphate, and
cyclic adenosine monophosphate in the presence of an adenylyl
cyclase enzyme, resulting in the creation of cyclic adenosine
monophosphate.32 The cyclic AMP activates protein kinase A,
which phosphorylates the cAMP response element binding
protein CREB. Memory improvement has been implemented in
this way.

■ MATERIAL AND METHODS
Chemicals. Phosphate buffer saline (PBS), DPPH, ABTS,

hydrogen peroxide (H2O2), toluene, pyridine, Piracetam
(GlaxoSmithKline), Streptozotocin, sodium hydroxide, acetyl-
cholinesterase, butyrylcholinesterase enzymes, dopamine, and
noradrenaline were purchased from Sigma-Aldrich and utilized
without further purification. Magnesium chloride, dextrose,
monobasic sodium phosphate, and monobasic potassium
phosphate were purchased in purified form through Riedel-de
Haen, United States. The synthesized chemical moiety was
obtained from the King’s College London, School of Cancer and
Pharmaceutical Sciences, United Kingdom, after the complete
spectroscopic analysis and confirmation of the structure. The
structure of the synthesized compound is given in Figure 1.

■ EXPERIMENTAL ANIMALS
Male and female fully grown Swiss albino mice, with a weight of
25−40 g and aged 6−8 weeks, were obtained from the
Department of Pharmacy, University of Malakand, Chakdara,
Lower Dir, Pakistan. These experimental animals were kept for
12 h in light and 12 h in the dark under standardized conditions
with the temperature maintained at 25 ± 1 °C and moisture of
40−50%. Experimental procedures were carried out during 4 am
to 8 pm. These albino mice were permitted free access to their
food and water.23

Approval by the Ethical Committee. All the animals and
protocols for the experimental design were implemented after
the approval from the ethics committee of the Pharmacy
Department, University of Malakand, Chakdara, Lower Dir,
KPK. Testing animals were kept under light and humidity
conditions that were approved by the ethical committee with the
number UOM/REC/2022/041.24

Experimental Grouping of Animals. The experimental
animals were split up into seven groups with 10 mice in each.
Group I: vehicle control group receiving carboxyl methyl
cellulose (CMC), i.e., 1 mL/100 g intraperitoneally; group II:
group receiving 3 mg/kg Streptozotocin (STZ) intraperito-
neally; group III: positive control group receiving 200 mg/kg
Piracetam intraperitoneally; group IV: 10 mg/kg zinc scaffold
intraperitoneally; group V: 20 mg/kg zinc scaffold intra-
peritoneally; group VI: 40 mg/kg zinc scaffold intraperitoneally;
group VII: 80 mg/kg zinc scaffold intraperitoneally. Except for
the control group, all groups received 3 mg/kg Streptozotocin
(STZ) via intracerebroventricular injection unilaterally on the
first and third days of this experiment by utilizing a stereotaxic
device apparatus. Until the 23rd day of the treatment regimen,
all groups received their respective doses, which were designed
on the basis of human dosing by the conversion formula. Doses

to the animals were given according to the weight of animals.
Signs of morbidity and mortality were tested and verified on the
daily basis.

In Vitro Assays. Acetylcholinesterase Assay. Ellman’s
experiment was used to investigate the enzyme inhibitory
activity of substances using acetylcholinesterase extracted from
electric eel and butyrylcholinesterase separated from equine
serum. This procedure depends upon the formation of the 5-
thio-2-nitrobenzoate anionic radical. Results were finalized by
the formation of a yellowish color due to 5,5-dithio-bis-
nitrobenzoic acid. After all the procedures, the samples were
analyzed through spectroscopic analysis at 412 nm. The positive
control was selected as Galantamine, which provided
acetylcholinesterase and butyrylcholinesterase enzyme inhib-
ition at the maximum level.25

DPPH Radical Scavenging Assay. All the synthesized
compounds were tested for the free radical scavenging activity
using the free radical DPPH scavenging potential using the
DPPH method as in reported research works. Various
synthesized compound dilutions were poured to the 0.004%
methanolic solution of DPPH. The absorbance was measured at
517 nm using a UV spectrophotometer after 30 min.26

ABTS Free Radical Scavenging Assay. The antioxidant
capacity of the testing sample was investigated using ABTS free
radical scavenging assay.27 This assay is based on the ability of
antioxidants to scavenge ABTS radical cations, which results in a
decrease in IR absorbance at 734 nm.
Hydrogen Peroxide Scavenging Assay. The H2O2 scaveng-

ing activity of the sample was determined using the method
described previously in reported procedures. The absorbance
was measured at 230 nm.28

Acute Toxicity Test. Acute toxicity test was performed to
evaluate possible toxicity at higher doses. Effects were
monitored for first 4 h, and then mortality was observed after
24 h.29

In Vivo Studies. Following the administration of test samples,
behavioral tests were carried out to determine locomotor activity
(exploratory behavior) such as grooming and raising of the
animals.30

Behavioral Assessments. Open Field Test. The apparatus
open field that consisted of an area of 40× 40 cmwith a height of
36 cm was used for the testing of locomotor and exploratory
behavior.31 The square area of this apparatus has 16 squares,
centralized by 4 subsquares highlighted with color green. At the
start of the test, the mouse was placed in it and was observed for
300 s. The mouse right away moved toward the boundary
highlighted as red, and the period to move from the midpoint to
margins was noted down. This time is called latency time. In this
examination, the number of interchanges and the period spent
from the midpoint to the boundary were recorded. Other
measurements observed in this test were brought up, i.e.,
jumping and movements made by an individual mouse to the
gateway were perceived.32

Elevated Plus Maze Test (EPMT). An elevated plus maze
apparatus consists of two 25× 5 × 0.5 cm open arms diagonal to
each other and two 25 × 5 × 16 cm closed arms. Open arms are
perpendicular to closed arms with a 5 × 5 × 0.5 cm center
platform. The elevation of the apparatus was 50 cm from the
floor. This test was carried out at the end of second week of
treatments. The response of the mouse was noted for 5 min. The
mouse was positioned at one of the open arm ends facing toward
the central side, and the latency time was calculated. This time
period accounted for the duration it took to enter in any of the
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closed arm within 1.5 min. Furthermore, the retention of
memory was observed within 1 day. The time spent by the
mouse and the amount of accesses in any of the arms were also
noted in this test.33

Morris Water Maze (MWM) Test.This test was used to assess
the mental representation of an animal with its environment and
for spatial memory.34 The main component of this setup is a
round pool, about 6 feet in width and 3 feet in depth. The pool
was filled with water that was made cloudy with powdered
nonfat milk with a temperature maintained at 23 ± 1 °C. This
setup consists of north, south, east, and west quadrants. A
platform that is 10 cm in diameter was placed in the center of any
quadrant so that the test animal can stay on that platform.21 The
test was carried out during 15th to 19th drug treatment days. All
test animals were trained so that they could allocate the probe
and practice to stay on it for half a minute after finding the
position of the probe within 1 min. After all training sessions, the
Morris water maze test was performed without a platform and
animals were observed for 3 min. The escape latency time was
measured for each of the testing animal.35

Passive Avoidance Test. This test was used to analyze the
cognitive behavior of the mouse. This test measures the basic
ability of an animal to learn and memorize the presence of a
stimulus. This apparatus has a wooden platform with a dual
compartment; one is white, while the other is dark. Animals were
placed in a white compartment, and doors were opened for
assessment in the dark compartment. The time period to enter
the dark compartment was recorded. When the animal entered
the dark area, doors were allowed to close and an electric shock
of 1−2 s was given (0.2−0.5 mA). On the result day, the time
was noted when the animal entered the dark compartment with
all its four paws. This time was called the retention latency, and
an increase in retention latency was the indicator of the memory
retention and cognitive improvement.36

Measurement of Biochemical Parameters. Brain
Homogenate Preparation. On the 24th day of treatments, all
treated animals were anesthetized with 3−5% isoflurane diluted
in oxygen. Animals were sacrificed by cervical dislocation, and
the brain was extracted and washed with NaCl (0.9%). Tissue
homogenates were prepared in 0.1 M phosphate buffer having
pH 7.4 with 1/10 ratio. This homogenate was centrifuged at
6000 rpm at 4 °C for 10 min. The supernatant was collected for
further biochemical and ELISA assays.
Estimation of the Glutathione Level. In 1mL of supernatant,

10% trichloroacetic acid (1 mL) was added to precipitate the
protein, and 4 mL of phosphate solution and 0.5 mL of 5,5-
dithiobis-2-nitrobenzoic acid (DTNB) were added to the
supernatant. The absorbance was observed at 412 nm. The
glutathione level was estimated as μg/mg of protein by using the
following formula:

= × ÷

×

X D B

V

glutathione level 0.00314/0.0314 (f) (t)

(a)

where X represents the absorbance at 412 nm, D(f) is the
dilution factor, B(t) represents the homogenate of brain tissue,
and V(a) is the aliquot volume, i.e., 1 mL.37

Catalase ActivityMeasurement.The supernatant (0.05mL)
of tissue homogenate and phosphate buffer with pH 7.0 (1.95
mL) were added and mixed well. One milliliter of 30 mM
hydrogen peroxide was poured to the mixture, and the alteration
in absorbance was measured at 240 nm. The values were
observed as μmol of hydrogen peroxide per milligram of protein

per minute. This activity was calculated through the following
formula:

= × ×E VCA O. D. / protein (mg)

where CA represents the catalase activity, O.D. represents the
change in absorbance every minute, and E represents the
extinction coefficient of H2O2 (0.071 mmol4/cm).

38

Superoxide Dismutase (SOD) Estimation. In this method,
0.1 M potassium phosphate buffer with pH 7.4 (2.8 mL), tissue
homogenate (0.1 mL), and pyrogallol (0.1 mL) were mixed
thoroughly. This pyrogallol is one of the known oxidizing agents
that were used to work under alkaline conditions with
generation of oxygen. Superoxide dismutase quickly reduced
the oxygen to superoxide anionic radicals.39 The resultant
mixture absorbance was recorded at 325 nm using a UV
spectrophotometer. The superoxide dismutase level was
estimated through the slope equation Y = 0.0095X + 0.1939.
Malondialdehyde Activity (MDA) Estimations. In 1 mL of

supernatant, 1 mL of thiobarbituric acid (4 mM) was added.
This mixture was cooled on an ice bath for 15 min. After cooling,
the mixture was centrifuged at 3500 rpm for 10−12 min. The
absorbance was measured at 532 nm after collection of the
supernatant with final results elaborated in μmol/mg.39 Final
calculations were performed through the following equation:
MDA concentration = Abs(532) × 100 × V(t)/163.8 × W(t)

× V(u)where Abs(532) represents the absorbance at 532 nm,
V(t) indicate the 4 mL mixture volume, 163.8 indicates the
molar coefficient, W(t) indicates the weight of the dissected
brain, and V(u) indicates the 1 mL bulk of aliquot.
Nitrile Level Estimation. Considering the calculations of all

parameters, the level of nitrile was confirmed by the Griess
reagent. The procedure involves the mixing of brain
homogenate and Griess reagent in an equal concentration
with an incubation period of 10 min. Absorbance of the reaction
mixture was observed at 546 nm. Following the regression
equation of slope, the nitrile levels were estimated as Y =
0.003432X + 0.0366.40

Protein Content Evaluation. To perform this procedure,
three solutions were prepared and designated as solution A,
solution B, and solution C. Solution A was prepared by taking
2% Na2CO3 in 0.1 N of NaOH. Solution B consists of 1%
sodium potassium tartrate in water, and solution C involves
0.5% copper sulfate in water. Afterward, two reagents were
prepared. Reagent 1 contains solution A (48 mL), solution B (1
mL), and solution C (1 mL), while reagent 2 consists of Folin-
phenol reagent and water with a ratio of 2:1. Determination of
protein contents was carried out by addition of 0.2 mL of tissue
homogenate to 4.5 mL of reagent 1 followed by incubation for
10 min with addition of 0.5 mL of reagent 2 with re-incubation
for 30 min.41 Final calculations were carried out through
absorbance measurement at 660 nm with the slope of regression
line as Y = 0.0000757X + 0.0000476.
Acetylcholinesterase Activity Estimation. This assay was

performed to determine the acetylcholinesterase activity. Tissue
homogenate (0.4 mL) was poured in 2.6 mL of 0.1M solution of
phosphate buffer with pH 8 along with 100 μL of DTNB
followed by absorbance observation at 412 nm. Within this
solution, 20 μL of acetylcholine iodide was poured and the
absorbance was observed again at 2 min interval for 10 min.42

The deviation in absorbance was calculated through the formula
R = 0.000574× ΔA/co, where R indicates the rate, i.e., substrate
moles hydrolyzed per minute, ΔA indicates the absorbance
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change per min, and co represents mg/mL of the real
concentration of the tissue expressed.
Estimation of Neurotransmitters. Aqueous Phase

Preparation. Five milliliters of HCl-butanol-containing homo-
genate was prepared and centrifuged for 20 min at 2000 rpm.
Heptane (2.5 mL) along with 0.31 mL of 0.1 M HCl was added
and recentrifuged for 10 min in two phases. Experimentation
was performed at 0 °C. One phase containing the organic
portion was wasted, and 0.2 mL of the watery phase was utilized
to estimate the level of serotonin, dopamine, and noradrenaline.
Serotonin Level Estimation. For the estimation of serotonin,

0.25 mL of o-phthaldialdehyde (OPT) and 0.2 mL of
homogenate were mixed and heated for 10 min at 100 °C.
The absorbance was observed at 440 nm after the temperature of
the sample reached the ambient level. For the blank, 0.25 mL of
HCl was added without the OPT. The serotonin level was
analyzed by utilizing the serotonin regression of the line
equation.43

Estimation of Dopamine and Noradrenaline Levels. To
estimate the levels of dopamine and noradrenaline, the following
procedure was carried out. HCl (0.05 mL, 0.4 M) was added to
0.2 mL of watery phase of tissue homogenate with 0.1 mL of
ethylene diamine tetraacetic acid (EDTA) and sodium acetate.
Afterward, 0.1 mL of 0.1 M iodine solution in ethanol was
poured to oxidize the mixture. This oxidation reaction was
turned off with addition of 0.1 mL of sodium sulfate followed by
the addition of 0.1 mL of acetic acid and heating at 100 °C for 6
min. The sample was permitted to cool down, and the
absorbance was estimated at 350 and 450 nm for dopamine
and noradrenaline, respectively.39 To perform the reverse-order
oxidation, the blank was synthesized by adding reagents, i.e.,
sodium sulfate before iodine solution. Final calculations were
carried out using the following regression line equations: for
dopamine, Y = 0.2331X + 0.0164, and for noradrenaline, Y =
0.1008X + 0.2508.

■ COMPUTATIONAL STUDIES
Molecular docking MD studies were performed to investigate
the binding affinities of the zinc-based scaffold with
acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE) enzymes utilizing AutoDock Vina 1.2. interlinked
with PyRx software, which has the authenticity to perform the
computational studies. The three-dimensional models of
proteins of acetylcholinesterase and butyrylcholinesterase were
downloaded from the Protein Data Bank (https://www.rcsb.
org) as 1EVE and 1POI, respectively, and saved in PDB format.
Modification of these protein models was performed through
removal of cocrystallized ligands and water of crystallization.
The synthesized chemical moiety zinc scaffold was sketched in
ChemDraw 20.0 software and saved as a MOL file. This saved
file was reopened in Discovery Studio Visualizer Bio Via, and
modification of structures was performed and saved in PDB
format. At this stage, both the structure of proteins and
synthesized chemical moiety were ready to be docked, which
was performed in AutoDock Vina. The grid box was selected,
and the docking procedure was performed. Results were
elaborated in Discovery Studio Visualizer and further explained
through Pymol and Ligplot software.44

■ PROTEIN ANALYSIS BY ELISA
The analysis of proteins was carried out by using ELISA kits for
estimation of amyloid-β and tau proteins. These 1−40 Aβ and

tau proteins in complexation with HRP conjugates were added
along with TBM solution. The reaction was stopped with the
help of a stop solution. A color change was noticed at 450 nm.39

Protein levels were estimated by the standard curve. 1−40 Aβ
amyloid levels (pg/mL) were observed through the following
mentioned regression line Y = 0.00397X + 0.1504, and the tau
protein levels were estimated using Y = 0.0008508X + 0.7008.

■ HISTOPATHOLOGICAL STUDIES
After performing the behavioral assessments and other
experimental steps, animals were sacrificed and brain tissue
was preserved in 10% formaldehyde solution. Brain tissue
fixation was performed in wax blocks, and tissue sections were
cut at 40 μm utilizing a digital microtome. Olmos stain was used
to identify the color at 100× magnifying power after cutting the
brain sections.45

■ ACHE ANALYSIS THROUGH RT-PCR
For PCR analysis, the brain tissues were treated with triazole
solution and RNA was extracted. For RNA transcription to
cyclic DNA, a reverse transcription kit was used. Afterward,
polymerase chain reaction studies were performed under the
conditions that the procedure was done at 95 °C for 300 s along
with 40 cycles with a moderate 60 °C temperature, which was
varied further for 20 s to 72 °C. The expression of mRNA of
acetylcholinesterase was identified by the internal control
GAPDH and PCR.46

■ STATISTICAL ANALYSIS
GraphPad Prism software version 5 was used to perform
statistical analysis. Every value was taken as triplicate and
represented as mean ± standard error of the mean. Values were
taken as a probability with *P < 0.05 as mildly significant levels,
**P < 0.01 as moderately significant levels, and ***P < 0.001 as
highly significant levels.

■ CONCLUSIONS
This research was carried out to analyze the zinc-based scaffold
as a neuroprotective agent. This research work was concluded
with the outcome that the zinc scaffold improved the memory
impairment in a dose-dependent manner. After in vitro
assessment of this synthesized chemical moiety for the
acetylcholinesterase enzyme inhibition potential, DPPH,
ABTS, H2O2 free radical scavenging potential, and acute toxicity
test, in vivo activities were performed. Behavioral assessments
include open field test, elevated plus maze test, Morris water
maze test, and passive avoidance test, which showed the
improved leaning behavior of testing animals after admin-
istration of the zinc derivative. Furthermore, estimation of
biochemical parameters was carried out including brain
homogenate formation, glutathione level estimation, catalase
activity estimation, superoxide dismutase estimation, malon-
dialdehyde activity, nitrile level estimation, and protein content
evaluation. Neurotransmitter levels including serotonin, dop-
amine, and noradrenaline levels were also analyzed after zinc
derivative estimation. Docking studies were performed, which
displayed the improved interaction of the synthesized chemical
moiety at the binding site of acetylcholinesterase and
butyrylcholinesterase enzyme. Protein analysis through ELISA
and histopathological studies also supported the results. This
research ended up with the results that the zinc scaffold
improved the learning function of the testing animal model brain
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and a maximum response was observed at the dose regimen of
80 mg/kg.
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