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ABSTRACT

Background: Epidemiological and clinical trial data suggest that NSAIDs can be used formanaging
Alzheimer's disease. This research area began with the observation of reduced incidence
and progression of Alzheimer's disease in arthritic patients who are on NSAID medication.
Objectives: This study focuses on the mutual prodrug of Mefenamic acid and Etodolac with
Sesamol for treating Alzheimer's disease. Materials and Methods: The mutual prodrugs of
NSAIDs with Sesamol were synthesized using the Steglich esterification method. These hybrids
were characterized through various spectrometric and physicochemical methods, followed
by pharmacological evaluation. Results: The hybrids demonstrated improved aqueous and
organic solubility along with enhanced lipophilicity. In antioxidant activity tests, the Mefenamic
acid prodrug had an IC,  value of 101.80, comparable to Ascorbic acid (IC,, of 102.90), while the
Etodolac prodrug had an IC value of 97.62, indicating higher activity than the benchmark. The
increasing Log p-value (Mefenamic acid prodrug- 3.63 and Etodolac prodrug- 3.72) shows that
the synthesized Prodrugs are more lipophilic hence can permeate the BBB easily. Behavioral
studies on Albino mice showed cognitive improvements in Alzheimer's disease-induced brains.
Microscopic examination of the treated mice brain tissue revealed normal histology compared to
the control group. Conclusion: These findings suggest that the prodrug strategy may enhance
BBB transport characteristics and provide a neuroprotective effect on the brain, offering a
promising treatment for Alzheimer's disease in arthritic patients.

Keywords: Alzheimer’s disease, Antioxidants, Mutual prodrug, Mefenamic acid, Etodolac,
Sesamol, Neurodegenerative disorder.

Correspondence:

Dr. Shebina Pareed Rasheed
Department of Pharmaceutical
Chemistry, Al Shifa College of Pharmacy,
Perinthalmanna, Malappuram-679325,
Kerala, INDIA.

Email: shebinaniz@gmail.com

Mr. Pattilthodika Suhail

Department of Pharmacology, Al Shifa
College of Pharmacy, Perinthalmanna,
Malappuram-679325, Kerala, INDIA.
Email: ptsuhl@gmail.com

Received: 05-11-2025;
Revised: 29-12-2025;
Accepted: 16-02-2026.

INTRODUCTION

Neurons are the building block of the nervous system which
includes the brain and spinal cord.! There are 100 billion
neurons in a healthy adult responsible for the conduction
of signals creating the cellular basis of sensations, emotions,
movements, skills, thoughts, and memories,” and are normally
not replaced themselves if it gets damaged. So, the treatment for
Neurodegenerative Disorders (NDs) like Alzheimer's, Parkinson's
disease, Huntington disease, Amyotrophic lateral sclerosis, and
Prion disease is still a question in the world of Research.’* In
our study, we concentrated on the most prevalent, destructive,
and incurable disorder among the NDs called Alzheimer's
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Disease (AD). AD is a cumulative destructive disorder with
two major pathologies, hyperphosphorylated tau protein found
in neurofibrillary tangles and beta-amyloid plaques.'®!* The
accumulation of plaques may cause neuronal death while the tau
tangles will block the entry of nutrients and essential molecules."
Only very few FDA-approved drugs (rivastigmine, galantamine,
donepezil, memantine, and memantine combined with
donepezil) are available for the treatment of AD and are dealing
with the symptoms rather than the major cause of the disease.'*'®

For the past 30 years of research in the field of AD suggested
the influence of NSAIDs.*** The characteristic features of AD
comprise microglial accumulation, activation of the complement
cascade, and cytokine-mediated acute phase response.’**
NSAID:s can influence the inflammatory responses by inhibiting
the cyclooxygenase enzymes (both COX-1 and COX-2) and also
by upregulating Peroxisome Proliferator-Activated Receptor
gamma (PPARy).”% PPARy, a ligand-activated transcription
factor coming under the category of nuclear receptor family
which can regulate anti-inflammatory response, mitochondrial
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activation in response to various intracellular and extracellular
stimuli, and AP degradation.”** Although PPARYy is a well-known
receptor, its role in the treatment of AD is recently focused
on. Besides the influence on PPARy, NSAIDs are identified as
y-Secretase Modulators (GSMs). GSMs can influence APP and
thereby controls the AB1-42 population 2>

Even though we have enough evidence to connect both NSAIDs
and AD and the clinical application is still uncertain. The reason
behind this uncertainty is thought to be the low lipophilic profile
of NSAIDs to cross the Blood-Brain Barrier (BBB).**3** 90% of the
therapeutic agent aimed to target CNS fails to enter on account
of the occurrence of the Blood-Brain Barrier (BBB).>® As the
substrate swing in between the CNS and systemic circulation is
regulated by the blood-brain barrier, design a molecule having
high permeability for the management of AD is crucial.

Sesamol, a naturally occurring phenolic compound found in
sesame oil and seeds, has antioxidant and anti-inflammatory
properties. It may have neuroprotective effects, potentially aiding
in treating AD by preserving neuronal function and preventing
damage.” It also initiates caspase cascades and induces
apoptosis in cancer cells via pathways controlled by receptors
and mitochondria.”® However, research on its specific effects
on Alzheimer's is still in its early stages. More comprehensive
studies, including clinical trials, are needed to determine its
efficacy, optimal dosage, and safety for human use. Sesamol has
been well investigated for its potential as a therapeutic agent,
with substantial evidence indicating its role as a metabolic
regulator beneficial for the prevention of cancer, inflammation,
hepatotoxicity, and oxidative stress from free radicals.”

A prodrug concept is an optimistic approach in the field of
research in AD as this technique will help to enhance the
lipophilicity of moiety.” By conjugating an antioxidant to the
NSAID, the whole moiety will act as a Mutual prodrug. To enhance
the brain availability of NSAIDs and to take the advantage of
neuroprotective effect of Sesamol to reduce the oxidative stress,
and neuroinflammation associated with AD, mutual prodrug of
NSAIDs with antioxidant has been designed.

MATERIALS AND METHODS

Materials and Instruments

Mefenamic acid and Etodolac were purchased from T'CI Chennai,
Sesamol, Sigma Aldrich USA, N,N'-Dicyclohexylcarbodiimide
(DCC) and (4-washed Dimethylaminopyridine) DMAP were
from Loba Chemie, anhydrous Dichloromethane (DCM)
was from Nice Chemicals, Kochi. The IR spectrophotometer
(Shimadzu 8201 PC) at Al Shifa College of Pharmacy in
Perinthalmanna, Kerala, was used to record the infrared spectra.
NMR spectrophotometer (Bruker Advance II 400 spectrometer)
at SAIF Punjab University Chandigarh was used to record 'H
and "C NMR spectra. The samples were prepared in CDCI, with
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Tetra Methyl Silane (TMS) as an internal standard, and the results
are in parts per million (ppm). IIT Ropar, Chandigarh, used a
mass spectrophotometer (Q-Tof Micro Waters) to record mass
spectra.*'*

Experimental
General method

To the stirred mixture of 10 mmoL of carboxylic acid (mefenamic
acid/Etodolac) in 10 mL of anhydrous Dichloromethane (DCM),
110 mg of 4-dimethylaminopyridine (DMAP) and 10 mmol
of sesamol were added. The temperature was maintained at
0-8°C, N,N'-Dicyclohexylcarbodiimide (DCC) was added to the
above reaction mixture, which was mixed for 5 min at the same
temperature and subsequently for 3 hr at 20-25°C. Thereafter,
the precipitated urea was removed by filtration, washed with
ethanol, and the filtrate was subjected to evaporation. The
filtrate was dissolved in DCM and then extracted with saturated
NaHCO, solution and then dried over MgSO,. Evaporation
removes the solvent, and recrystallisation isolates the ester.
Before recrystallisation, the excess amount of sesamol present
in the product was washed off with alcohol.**¢ The compound
was characterized by TLC (Hexane: Ethyl acetate (2:1)), melting
point, solubility, Infrared spectroscopy (IR), Proton (*H) NMR,
Carbon 13 (¥C) NMR, and mass spectrometry (Figures 1 and 2).

Determination of Partition Coefficient

The partition coeflicient of drug and Prodrug between n-octanol
saturated with phosphate buffer of pH 7.4 was determined using
the shake flask technique. A measured quantity of 100 mg of
sample was added to 20 mL of n-octanol. To the above solution,
20 mL of phosphate buffer was added. In a separating funnel, the
materials were firmly shaken at room temperature. To separate
the organic and aqueous layers, set aside for 20 min. The aqueous
layer is removed. Each drug and Prodrug's resulting solution was
examined, and the absorbance of the solutions was determined
by UV spectroscopic method.*”*

Protein Binding Studies

The protein binding of drug and Prodrug was investigated
in this work using the equilibrium dialysis technique in
Phosphate-Buffered Saline (PBS) of pH 7.4. A beaker was filled
with 100 mL of a solution of synthesized Prodrugs (10 g/mL) in
phosphate buffer. The dialysis tube's opening end was tied with
an egg membrane, in which egg albumin (6%) was taken up and
dipped into the solution taken in the beaker. The entire system
was mounted on a magnetic stirrer and rotated at a slow rate. The
temperature was kept at 37+0.5°C. 1 mL of the PBS comprising
medication solution was exchanged with 1 ml of fresh PBS
every 1 hour. The concentration of the withdrawn samples was
determined using a UV spectrophotometer after they were
diluted further with 1 mL phosphate buffer.**
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Blood Brain Barrier Permeability Assay (PAMPA)
The Parallel Artificial Membrane Permeation Assay (PAMPA)

technique was used in early drug research to predict the passive,
transcellular permeation of drugs through the blood-brain
barrier. Stock solutions of drug samples in DMSO were prepared
at a concentration of 10 mM and stored at 0°C until needed. In
order to achieve a final sample concentration of 0.01-0.1 mM and
restrict the DMSO concentration to 1% (v/v), the buffer at pH
7.4 was used to dilute the stock solution before it was added to
a 96-well filter plate. The final dilutions were added to the donor
wells in 270 pL, and 200 uL of pH 7.4 buffer was added to the
acceptor well. The donor plate, which has an aqueous donor
with an analyte on the bottom, an aqueous receiver on top, and
a synthetic lipid membrane in the centre, was placed correctly
on top of the acceptofilterer plate to form a sandwich. The test
material diffuses from the donor well and enters the acceptor well
through the lipid membrane. The sandwich was allegedly intact
when it was penetrated. To determine the drug concentration in
the donor, receiver, and reference wells, UV spectrometry was

used.>*?

Stability in different buffer solutions

Prodrugs were tested hydrolytically in both Simulated Gastric
Fluid (SGF) at pH 1.2 and Simulated Intestinal Fluid (SIF) at pH
7.4 at 37£0.5°C to evaluate the stability in different conditions.
The semipermeable membrane was secured to a glass cylinder
with open ends on both sides. Each compound (100 mg) was
weighed and placed in a glass cylinder that had been dipped into
the various buffer solutions at room temperature for one inch. At
half-hour intervals, the sample from the beaker was withdrawn,
and the same quantity of buffer solution from the batch solution
was transferred to the beaker. UV Spectrometer was used to
determine concentration. The procedure was repeated for a total
of eight hr.**2%

Antioxidant Assay (DPPH scavenging assay)

The Kato technique was used to measure hydrogen donating
activity in the presence of a stable DPPH radical. 0.05 mL of
the test sample (10 mM) dissolved in methanol was added to a
methanolic solution of DPPH (100 M, 2.95 mL). After shaking
the reaction mixture, the absorbance was evaluated at 517 nm. As
a control, ascorbic acid was utilized. The amount of discoloration
shows how effective the test chemicals are in scavenging free
radicals.**® The following formulae were used to calculate the
ability to scavenge the DPPH radical:

L . Control Absorbance — Sample Absorbance
% Antiradical activity = Control Absorbance x 100
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Pharmacological evaluation
Experimental Animals

Six groups of albino mice were randomly assigned, each with five
mice, consisting of a control and a standard group. The mice were
kept in acrylic cages at standard climatic environments of 25°C,
comparative humidity of 45-55%, in a fully-ventilated room with
a 12:12 hr light: dark cycle, and nurtured ad libitum with standard
rat food and water. Before the trial, all animals were given a week
of acclimatization. All investigations with animals were held as
per the rules of Institutional Animal Ethics Committee (IAEC),
Department of Pharmacology, Al Shifa College of Pharmacy,
Perinthalmanna, Kerala.

Grouping and induction of neurotoxicity

The aluminum-induced model resulted in neurotoxicity. The oral
dose of aluminium chloride (100 mg/kg/day) for three months
caused neurodegeneration.” All animals were distributed into six
groups, each with five animals. The first group receives CMC and
acts as a control group. Only Aluminum chloride was given to
the second group. Mefenamic acid (50 mg/kg), Etodolac (2 mg/
kg), Mefenamic acid prodrug (3 mg/kg), and Etodolac prodrug
(0.174 mg/kg) were given orally to the third, fourth, fifth, and
sixth groups, respectively.

Behavioral study

Behavioral investigations can assess movement, exploration, and
anxiety all at the same time. The open-field test and the marble
burying test are the two behavioral tests that are employed.

Open field test

The mice were exposed to an open field apparatus twice (40
cmx50 cmx60 cm), separated by 24 hr. To investigate probable
mobility qualities, the equipment's linoleum floor was split into
12 equal squares by chalk lines. In both sessions, the animals were
placed in the back left square and allowed to walk around freely
for 5 min before being counted for head dips, line crossings, and

rearing.”*®

Marble burying test

In this experiment, mice were kept in separate plastic cages
(21x38x14 cm) with 5 cm thick sawdust bedding. 30 clean glass
marbles with a diameter of 10 mm were equally distributed on the
bedding. After 30 min of exposure to the marbles, the mice were
removed and the marbles that had not been buried were counted.
If sawdust-covered two-thirds of a marble's surface area, it was
considered buried. As a locomotion index, the total number of
marbles buried was considered.®*®!

Statistical analysis

In a statistical investigation, the pharmacological activity of the
produced Prodrugs on animals was evaluated using a one-way
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Analysis of Variance (ANOVA). The significance was determined
using the Dunnet's-test, and the experimental results were
reported as mean SEM.

Histopathological studies

The mice were sacrificed by cervical dislocation after being
anesthetized with Ketamine IV infusion. After opening the skull
and dissecting the forebrain, the brains were extracted without
causing any damage. The materials were fixed in formalin for 48
hr after being rinsed with normal saline and treated separately for
histological examinations. Paraffin slices of 5 m thickness were
obtained and treated in an alcohol-xylene series before being
stained with hematoxylin and eosin dye. Microscopically, the
slices were evaluated for histological abnormalities, particularly

in the cortex.%>%3

Evaluation of Physicochemical Properties

The physicochemical properties (logP, TPSA, number of hydrogen
bond donors and acceptors, BBB) of new molecules were
evaluated with the help of the online software SwissADME.®*¢

RESULTS

The synthesis of mutual Prodrugs of Mefenamic acid and Etodolac
was carried out successfully according to the synthetic protocol.
The structures of synthesized compounds were displayed in
Figure 1. The anticipated structures were confirmed with the help
of various spectral data such as IR, NMR, and Mass.

Chemistry

The synthetic route of prodrugs (both mefenamic acid Etodolac)
was shown in scheme 1 and scheme 2. Figure 3 depicts the
mechanism through which the ester prodrug is synthesized.
Synthesis involves steglish esterification method, formation of
an ester group between carboxylic acid of drug and hydroxyl
group of an antioxidant. The coupling reaction was carried out
in presence of Dicyclohexylcarbodiimide (DCC) and 4-Dimethyl
Aminopyridine (DMAP). The intermediate O-acylisourea
formed as a result of the reaction between NSAID and DCC
converted to active amide in the presence of DMAP. The active
amide thus reacted with an alcohol to give ester.

Mefenamic acid-Sesamol prodrug: Pale yellow colour product
with yield-76% mp-103-105°C, Rf-0.93, UV Absorbance A__
(nm): 246 (SGF), 260 (SIF), 249 (PBS) IR (KBr, cm™): 3323 cm!
(NH Stretching), 3076 cm™ (Aromatic CH), 2914 cm™ (Aliphatic
CH), 1697 cm™" (Ester C=0). 'H NMR (400 MHz, CDCI,):
8=2.15, 2.31 (s, 6H) CH,, 6.008 (s, 2H) O- CH,-O, 6.64-8.16 (d,
10H Ar.H), 7.32 (t, H Ar.H), 9.16 (s, H) NH *C NMR (500 MHz,
CDCl,): 6=13.99-20.58 (2 CH,), 104.17-148.15 (18C, Ar C),
101.74 (O-C-0), 167.68 (C=0) Mass (m/z): 362 (M*).

Etodolac-Sesamol prodrug: White colour product with yield-71%
mp-117-120°C, Rf-0.81, UV Absorbance A__ (nm): 253 (SGEF),
265 (SIF), 260 (PBS) IR (KBr, cm™): 3374 cm™ (NH Stretching),
3056 cm™! (Aromatic CH), 2962 cm™, 2903 cm™ (Aliphatic CH),
1731 cm™ (Ester C=0) '"H NMR (400 MHz, CDC13): 6=0.91, 1.29
(t.6H) CH,, 2.83, 2.89 (m,4H) CH,, 2.16 (m, 2H) ring CH,, 3.15

e

SCHEME 1
DCC/DMAP
- (0} -
?1. HO 0> ll-f:)"C for 5 minutes
20°C next 3hrs
0~ "OH

MEFENAMIC ACID SESAMOL

SCHEME 2

DCC/DMAP

PRODRUG

ETODOLAC

SESAMOL

C O g
0 "
HO o 0-57C for S minutes

20°C next 3hrs

PRODRUG

Figure 1: Synthesis scheme of prodrug.
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(d, 2H) ring CH,, 4.01 (m, 2H) CH,-CO, 5.99 (s, 2H) O- CH,-O,
6.45, 6.78, 7.01, 7.38 (d, 6H Ar.H), 6.53 (s, H Ar.H), 8.78 (s, H)
NH “C NMR (500 MHz, CDC13): 6 =13.74-7.66 (2 RCHS) 24.45,
30.79 (2 RCHZ) 148.15-103.58 (12ArH), 22.4-74.75 (3C Cyclo
hexanone ring), 43.13 (1C, CH,-C=0), 171.80 (1C, C=0), 101.83
(1C, O-CH,-O) Mass (m/z): 408.17 (M+).

Solubility study

The synthesized prodrugs showed low solubility in water, 0.1 M
HCl, and 0.1 M NaOH. Acidic medicines like mefenamic acid
and etodolac have solubility in 0.1 M HCL. According to the data,
prodrugs have higher organic solubility than parent drugs. The
solubility of prodrugs in organic solvents including ether, ethanol,
and acetone ranges from modest to high, implying increased
lipophilic behavior.

Evaluation of Partition Coefficient

The Log P values of Prodrugs were shown to be higher in
comparison with parent drugs. According to the findings, the
majority of the Prodrugs were partitioned into the organic phase.
When compared to the original medication, the synthesized
Prodrug has a higher partition coefficient, indicating that
the molecule is more lipophilic. This might play a role in the
compound's increased absorption through the lipoidal cell
membrane of BBB. The Mefenamic acid prodrug has a log P
value of 1.35 which is more than the parent drug (0.33) while the
prodrug of Etodolac has a value of 1.43 which is also more than
that of the parent drug (0.56).

Protein binding study

When compared to parent medicines, the Prodrugs demonstrated
much-reduced protein binding (Table 1). This might be
advantageous in terms of Prodrug availability for hydrolysis in
various body fluids.

Parallel Artificial Membrane Permeability Assay
(PAMPA)

The prodrugs' Blood-Brain Barrier (BBB) penetration is
assessed using the PAMPA assay. The PAMPA demonstrated
that the prodrugs exhibited a noteworthy permeability and CNS
bioavailability, with a Pe value exceeding 6.0x10¢ cm/s. For CNS
medication delivery to be effective, brain penetration is essential.

The PAMPA-BBB test was utilised in this investigation to evaluate
the brain penetration of Prodrugs. The compound's effective
permeability (Log Pe) and the equation were used to calculate
the permeation rate. Compounds with a Pe value greater than
4.0x10°¢ cm/s were classified as potentially permeable (CNS+),
while molecules with a Pe value less than 2.0x10°¢ cm/s were
classified as possibly non-BBB permeable (CNS-).

Stability in different buffer solutions

The hydrolysis tests were done in simulated gastric fluid with a
pH of 1.2 to represent the state of the stomach, and simulated
intestinal fluid with a pH of 7.4 to represent the state of the
intestine. Figure 3 shows the results of a comparative study of
the Prodrugs in simulated fluids. The quantity of Mefenamic
acid regenerated on hydrolysis of the corresponding prodrug in
SIF was 76 %, while the extent of Etodolac regenerated was 84
%, according to the findings. The lowest reversal was found at
stomach pH (SGE pH 1.2), suggesting that produced Prodrugs
are stable in gastric pH, both fasting and fed. At higher pH values,
i.e., in SIF representing the intestine, the percentage reversion
was significantly greater, making the free medication accessible
for absorption in the intestine. Slow hydrolytic release of both
prodrugs in higher pH suggests the slow and sustained release of
parent drugs from corresponding prodrugs.

The drug hydrolysis profiles of the Prodrugs were fitted to
zero-order and first-order kinetic models as stated in the method,
and the results suggest that the first-order kinetic model has a
good correlation. As a result, the first-order release rate constant
K and associated t, , values for the Prodrugs were obtained and
are shown in Figure 3. The kinetic studies revealed that all of the
Prodrugs showed first-order kinetics, with the Prodrugs't ,being
higher than that of the parent drug.

DPPH Scavenging assay

The antioxidant capabilities of the newly synthesized compounds
were assessed using the 2,2-Diphenyl-1-Picrylhydrazyle (DPPH)
radical scavenging test, as well as the antioxidant properties of a
standard antioxidant, Ascorbic acid, in comparison research with
the synthesized compounds. A solution of the purple-colored
DPPH radical was combined with the test chemical for the
DPPH assay, and the reduction in absorbance was measured
spectrophotometrically.

Table 1: Protein binding of Parent drugs and Prodrugs.

Drug Initial amount of the Amount of drug Amount of drug Percentage
drug(mg) bound (mg) unbound (mg) (%)
Mefenamic acid 10 8.91 1.09 89.1
Etodolac 10 9.84 0.16 98.4
Mefenamic acid prodrug 10 6.213 3.78 62.13
Etodolac prodrug 10 7.57 2.43 75.7
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This technique is predicated on the DPPH radical being scavenged
from the antioxidant, resulting in a reduction in absorbance at
517 nm. The percent inhibition value was calculated using the
absorbance obtained which is tabulated in Table 2. Calibration
curves were produced using percent inhibition values which were
used to calculate the IC, value for Prodrugs and the standard,
Ascorbic acid. Mefenamic acid prodrug has an IC_ of 101.80,
which is equivalent to Ascorbic acid (102.90), while ES has an
IC,, of 97.62, which indicates that it has greater activity than the
benchmark.

Evaluation of Physicochemical Properties

Cheminformatics was used to predict the physicochemical
properties of newly synthesized molecules. SwissADME an
online software was used to determine the Topological Polar
Surface Area (TPSA) and other characteristics. Table 3 lists
the characteristics of both parent drugs and prodrugs. A TPSA
value of 50-80 A° indicates better BBB penetration. All of
the synthesized compounds had better penetration than the
parent compound, according to the findings. The synthesized
compounds have a higher log p (octanol/water system) value
than the original medication. The increasing Log p-value shows
that the synthesized Prodrugs are more lipophilic hence can
permeate the BBB easily.

The SwissADME data also revealed the number of atoms, volume,
number of hydrogen bond acceptors number of hydrogen bond
donors, and number of rotatable bonds. The number of hydrogen
bond acceptors is less than 10 number of hydrogen bonds is fewer

than 5, and the number of rotatable bonds is less than 10. The
produced molecules follow all of these approaches.

The BOILED-Egg model represented in Figure 4, predicts the GI
absorption and BBB permeability of new compounds. The white
portion of the Boiled Egg model reflects the high likelihood of GI
tract passive absorption, while the yellow region (yolk) indicates
the strong chance of BBB permeability. Both molecules have
better polarity as well as lipophilicity, hence better absorption as
well permeability.

Pharmacological evaluation
Behavioral Study

The Open field test and the Marble burying test were used
to track behavioral characteristics. Tables 4 and 5 show the
monitored data and head dipping, rearing, and line crossing were
used to measure cognitive function in exploratory behavioral
investigations. When compared to CMC-treated mice, oral
treatment of aluminium chloride
neurotoxicity (control group). The neuroprotective activity of the
parent drug-treated mice did not improve significantly. However,
when compared to the parent drug, all of the Prodrugs exhibited
an improvement in habituation memory. The Etodolac-Sesamol
Prodrug outperformed the Mefenamic acid-Sesamol Prodrugs in
terms of activity.

substantially increased

The marble-burying test provides behavioral data that may be
used to evaluate locomotion. When compared to the control
group, the aluminium chloride-induced group had reduced
motility. However, the synthesized antioxidant mutual Prodrugs

Table 2: Percentage Antiradical activity of prodrugs.

Concentration
(ng/mL) Mefenamic acid prodrug
15 18.88
30 31.91
60 44.22
120 67.36
240 89.89

% Antiradical activity

Etodolac prodrug Ascorbic Acid
15.69 22.23
27.92 30.67
42.48 40.34
59.43 56.98
90.69 86.17

Table 3: Properties of the compounds from SwissADME.

Properties Mefenamic acid

TPSA 49.33 A°
LogP 2.27
Heavy atom 18
Rotatable bonds

Violations

H bond Acceptors

H bond Donors 2
Aromatic Heavy atom 12
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Etodolac Mefenamic acid Etodolac prodrug
prodrug

62.32 A° 56.79 A° 69.78 A°

2.23 3.63 3.72

21 27 30

4

0 0

3

2 1

9 18 15
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Figure 2: Mechanism of esterification mediated by Dicyclohexylcarbodiimide.

Table 4: Effect of synthesized Prodrugs on Open Field Exploration.

Group Open Field Exploration (counts/5 min)
Head dips Rearing Line crossing

Group 1 CMC 10+0.447 24+0.836 32+0.483
Group 2 AlCl3 1+0.000* 6£0.316* 12+0.836*
Group 3 AICL+Mefenamic acid 4+0.836° 15+0.800° 24+0.000°
Group 4 AICL+Etodolac 3£0.707¢ 13+0.663¢ 20+0.225¢
Group 5 AICL+Mefenamic acid prodrug 7+0.5474 19+0.316¢ 28+0.707¢
Group 6 AICL +Etodolac prodrug 9+0.836° 22+0.707¢ 31+0.924¢

The results are expressed as the mean SD of five animals. ANOVA statistical significance is shown by superscripts, followed by Dunnet's test. * p<0.001 denotes the importance of the difference

between groups 2 and 1. * p<0.05 denotes the difference between groups 3 and 2. < The significant comparison of Group 4, 5, 6 with Group 3 is represented, p<0.05, ¢ p<0.01, and ¢ p<0.001.

treated groups outperformed the parent drug-treated group in
terms of activity. Etodolac in combination with sesamol prodrugs
had more action than Mefenamic acid in combination with
antioxidant prodrugs. The following Table 5 depicts the outcome
of marble burying. The values are expressed as the mean SD of
six animals.

Histopathological studies

The results of histopathology of mouse brains from the CMC
(Control), the negative control group, Mefenamic acid prodrug,
the prodrug of Etodolac, Mefenamic acid, and Etodolac treatment
groups were examined and which is depicted in Figure 5. In
the cerebellum of control animals injected with CMC, the cell
arrangement and architecture are normal. The astrocytes and glial
cells are normal, and the cerebellum is normal. The architecture
of cells in the brain exhibited some substantial change in the
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brain sections of parent drug-treated groups such as Etodolac
and Mefenamic acid. The section shows abnormal astrocytes and
glial cells. The brain architecture of the negative control group
exhibited larger nuclei and deviations from normal and a few
giant astrocytes are seen. There are diffuse and focal collections of
lymphocytes and plasma cells. Some areas show necrosis. Similar
changes are seen in the cerebellum also. The animals treated with
prodrugs exhibited Normal astrocytes and glial cells. There are no
signs of stromal edema and the cerebellum is found to be normal.

DISCUSSION

Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) are commonly
used as neuroprotective agents in treating neurodegenerative
disorders due to their role in inflammatory processes. However,
their low brain accessibility hinders their therapeutic use.
To improve their use, regular dosages and targeted drug
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PERCENTAGE RELEASE OF MEFENAMIC ACID AND
ETODOLAC ON HYDROLYSIS IN SGF, SIF
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Figure 3: First-order kinetic plots of prodrugs in SGF and SIF.

delivery through prodrug-based drug design are crucial in the

pharmaceutical industry.'*2

The study introduces Mutual Prodrugs, a method to improve
brain accessibility by temporarily hiding the acidic group of
NSAIDs like Mefenamic acid and Etodolac. These prodrugs
were created by conjugating Mefenamic acid and Etodolac with
Sesamol using Steglish esterification techniques. Thin-Layer
Chromatography (TLC) confirmed the purity of both the
synthesized prodrugs and their parent drugs, as indicated by a
single spot on the chromatogram. Prodrugs, which have greater
aqueous and organic solubility than parent drugs, are lipophilic
and have increased lipophilicity, potentially contributing to
increased drug absorption across the lipoidal cell membrane in
the brain.

The prodrug formulated with sesamol exhibited increased
anti-inflammatory action and demonstrated a sustained release
profile using the carrageenan-induced paw oedema technique.
Numerous investigations shown that carrageenan induces
paw oedema. The oedema caused by carrageenan elicited an
immediate and localised inflammatory response.®

Prodrugs are characterized to ensure they have the anticipated
characteristics and are more readily available for hydrolysis in
various bodily fluids.”” In vitro hydrolysis tests were conducted in
SGF (pH 1.2) and SIF (pH 7.4) to simulate the state of the stomach
and duodenum. The lowest reversion was found at stomach pH
(1.2), indicating that produced Prodrugs are stable in gastric pH,
both fasting and fed. The kinetic experiments determined the
rate of hydrolysis and the t, , values, with both Prodrugs having
first-order kinetics and a higher t, , than the parent drug. The
DPPH test and the percent antiradical activity of synthesized
prodrugs were shown to be more active in the biochemical
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Table 5: Effect of synthesized Prodrugs on marble-burying test.

Group Number of marbles
buried (5 mi)
Group 1 CMC 25+0.924
Group 2 AlICL, 8+0.582f
Group 3 AICL+Mefenamic  16+0.550¢
acid
Group 4 AICIl +Etodolac 15+0.789"
Group 5 AICL+Mefenamic  20+0.581'
acid prodrug
Group 6 AICL +Etodolac 22+0.581
prodrug

The statistical significance determined by ANOVA using Dunnet's test is shown
by the superscript. The significance of the difference between the negative control
and group 1 is represented by f p<0.01. ¢ p<0.05 denotes the importance of the
difference between groups 3 and 2. The importance of 4, 5, 6 in group 3 is repre-
sented by " p<0.05, ! p<0.01, and ' p<0.001.

investigation. Recent advancements in pharmaceutical sciences
and biotechnology have greatly expanded the number of drugs
under development for treating AD. However, the BBB remains
a major functional and structural hurdle for drugs targeting
specific brain areas. One potential method to enhance drug
delivery for AD is the implementation of a prodrug strategy.®”°
Therefore, utilizing prodrug designs that leverage endogenous
transporters and enzymes within the BBB may offer improved
treatment options for AD.®7

The topological polar surface area, which was discovered through
molinspiration, is an essential metric for predicting the transport
characteristics of medicines. Synthesized Prodrugs have
Topological Polar Surface Areas (TPSA) ranging from 50 to 80

Ac. The TPSA value with the lowest measurement indicated the
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Figure 5: Histopathological studies of the cerebellum. Mefenamic acid prodrug treated group has shown sections that show

normal astrocytes and glial cells, the stroma shows edema and inflammatory cell infiltrate and the cerebellum shows small

foci of necrosis and inflammatory reaction than the Mefenamic acid treated group (yellow arrow). While the Etodolac prodrug

treated group shows normal astrocytes and glial cells. Stroma shows edema and inflammatory cell infiltrate. Cerebellum also

shows edema, a small area of necrosis, and a collection of inflammatory reactions than the Etodolac treated group (blue
arrow).

highest transport efficiency through lipoidal membranes, such as
the BBB.

A pharmacological study was conducted to validate the actions
of synthesized Prodrugs by monitoring behavioral characteristics
and brain histology. The study used the Marble burying test to
track the behavioral characteristics of rats who showed cognitive
impairment due to neurodegeneration after receiving aluminium
chloride orally. The study demonstrated the efficacy of prodrugs
against neurodegenerative diseases, with the synthesized
prodrug-treated groups outperforming the parent drug-treated
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group in terms of activity. The study also found that both
Prodrugs showed normal cortical cells in the cerebral cortex of
control rats, indicating a protective effect. The neuroprotective

effect was observed in all Prodrug-treated animals.

CONCLUSION

As a result, the novel prodrugs produced outperformed the
original drug in terms of lipophilicity, brain targeting efficiency,
drug targeting index, relative efficiency, and concentration
efficiency. Based on the findings, it can be inferred that the
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prodrug strategy might achieve the objective of enhancing BBB
transport characteristics while also having a neuroprotective
impact on the brain. With this background, it would be useful to
focus future studies on the clinical features of antioxidant-based
NSAID prodrugs to produce a powerful prodrug that is more
stable, soluble, and bioavailable and has a greater neuroprotective
impact. To confirm, we must carry out additional assessments.
The positive results can be due to prodrugs due to a combination
of antioxidant and anti-inflammatory actions of sesamol and
NSAIDs, respectively. The combination of the anti-inflammatory
and antioxidant properties of NSAIDs and sesamol may
account for the favourable outcomes. Numerous literary works
substantiate the notion that neuroinflammatory conditions and
oxidative stress play a role in the progression of neurodegenerative
diseases.
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SUMMARY

The novel prodrugs outperformed the original drug in terms
of lipophilicity, brain targeting efficiency, drug targeting index,
relative efficiency, and concentration efficiency. This suggests that
the prodrug strategy could enhance BBB transport characteristics
and have a neuroprotective impact on the brain. Future studies
should focus on antioxidant-based NSAID prodrugs for
more stable, soluble, and bioavailable prodrugs with greater
neuroprotective impact.
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