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Parul Institute of Pharmacy, are highlighted, making it a valuable resource for researchers,
Parul University, Vadodara, chemists, and healthcare professionals seeking a detailed

391760, Gujarat, India. understanding of this important pharmaceutical compound. The

provided information discusses various aspects of Indomethacin, a
non-steroidal anti-inflammatory drug. It covers the history, chemical structure, mechanism of
action, pharmacokinetics, adverse effects, contraindications, and medical uses of
Indomethacin. Molecular docking gives an idea about the binding affinity of indomethacin
towards various protein structures; and shows binding affinity ranging from -6.5 kcal/mol to -
9.6 kcal/mol, validation protocol, and method of docking also covered. Additionally, the
article outlines numerous analytical methods for the determination of Indomethacin,
including colorimetry, UV-Vis spectroscopy, fluorimetry, HPLC, LC-MS, and various
electrochemical methods. The charts summarize the distribution of these analytical methods

for Indomethacin determination.
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1. INTRODUCTION

1.1 Inflammation

1.1.1 The Latin verb "Inflammare,” which meaning to burn, is where the word
"inflammation” comes from. Any kind of injury to the human body has the potential to cause
a number of chemical changes in the damaged area. At first, inflammation was thought to be
a single illness resulting from abnormalities in body fluids. As far as current knowledge is
concerned, inflammation is a normal reaction to a disruption or illness. Warmth, redness,
swelling, discomfort, and decreased function are the main signs of inflammation. Generally
speaking, inflammation is a continuum of stages that fall into three categories: the acute,
transient phase, the delayed, sub-acute phase, and the chronic, proliferative phase. Increased
vascular permeability causes inflammatory fluids to accumulate in the first phase, causing
local edema. As the body's reaction to real or imagined injury, inflammation is typified by
pain, warmth, redness, and swelling in the area that is impacted. Normally, inflammation
functions as a defensive response, working to eliminate the initial agent of damage (toxins or
bacteria) as well as the debris left behind by the injury (dead tissues and cells). However, if

the inflammatory response is overstimulated or directed improperly, it can become harmful
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on its own and cause organs, tissues, and cells to perish. Some of the most common and
debilitating illnesses, including rheumatoid arthritis, Crohn's disease, lupus, psoriasis, asthma,

and chronic bronchitis, are examples of such inappropriate or pathological inflammation.*!

Inflammation is the natural defense mechanism of our bodies against tissue damage caused
by physical injury, harmful chemicals, or microbial agents. This process involves a
coordinated interplay of various factors that influence blood vessels, attract cells, and
promote cell growth at different stages. Anti-inflammatory agents have multiple potential
targets for interventions, but corticoids, such as glucocorticoids, are the most effective in
suppressing the inflammatory response. However, it's important to note that corticoids only
provide relief without addressing the root cause of inflammation, which means that the
underlying condition persists, albeit with subdued symptoms. The use of corticoids can also
lead to an increased susceptibility to infections due to the compromised microorganism-
killing capacity of defensive cells. Additionally, they hinder the healing process and
formation of scars, and in some cases, peptic ulcers may perforate without exhibiting
symptoms. Therefore, caution must be exercised to avoid indiscriminate use of corticoids due

to the potential risks involved.

In addition to corticosteroids, Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) are also
used to treat inflammation. NSAIDs work by inhibiting the production of prostaglandins
(PGs) or specifically targeting cox-2. However, this inhibition of PG production can have
negative effects like damage to the gastric mucosa, bleeding, and impaired platelet function.
It can also cause delayed or prolonged labor, asthma, and anaphylactoid reactions in some

people. Additionally, cox-2 inhibition may increase cardiovascular risks.

Inflammation is recognized as a fundamental physiological defense mechanism that enables
the body to shield itself against infections, burns, toxic substances, allergens, and other
harmful stimuli. When inflammation becomes uncontrolled and persistent, it can contribute
as an underlying factor in many chronic illnesses.’®”) Despite its protective function, the
intricate processes and mediators involved in the inflammatory response can either trigger,
sustain, or exacerbate various diseases (Sosa et al.,, 2002). Currently available anti-
inflammatory drugs are associated with significant side effects. Hence, there is a pressing
need for the development of potent anti-inflammatory drugs with fewer adverse effects.
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1.1.2 Causes
Burns, chemical irritants; frostbite, toxins; infection by pathogens; physical injury (blunt or
penetrating); immune reactions due to hypersensitivity; ionizing radiation; trauma; foreign

bodies, including splinters, dirt, and debris.

1.1.3 Types

There are two primary types of inflammation: acute and chronic. The body's first reaction to
damaging stimuli is known as acute inflammation, which is characterized by an increased
flow of plasma and specific white blood cell types—qgranulocytes in particular—from the
bloodstream into the damaged tissues. This inflammatory response is further amplified and
matured by a sequence of biochemical reactions that involve the immune system, the local
vascular system, and different cells inside the damaged tissue. Chronic inflammation is
defined as an extended period of inflammation that results in a progressive change in the cell
composition at the site of inflammation. Because of the continuous inflammatory activity, it
IS characterized by a process of tissue destruction and healing occurring simultaneously.

Inflammation can be classified into two primary types - acute and chronic. The initial
response of the body to injury or damage is known as acute inflammation. This response is
characterized by an increased flow of plasma and specific white blood cell types, particularly
granulocytes, from the bloodstream into the affected area. The immune system, the local
vascular system, and different cells within the damaged tissue further amplify and mature this
inflammatory response through a sequence of biochemical reactions. Chronic inflammation is
defined as an extended period of inflammation that leads to a gradual change in the cellular
composition of the affected area. This type of inflammation is characterized by continuous

inflammatory activity and a process of tissue destruction.

Acute inflammation represents a natural and essential reaction by the body to any form of
injury. Essentially, it occurs when the body's immune system ramps up its activity.
Inflammation is the intricate biological process responsible for combatting potentially

harmful conditions brought about by foreign organisms.
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Table 1: Comparison between Acute and Chronic Inflammation.

Comparison between Acute and Chronic Inflammation

Characteristics

Acute

Chronic

Causative agent

Bacterial Pathogens, injuredtissues

Persistent acute inflammationdue to non-
degradable pathogens, viral infection, persistent
foreign bodies, or autoimmune reactions

Major cells
involved

Neutrophils are the primary
responders, while eosinophils and
basophils respond to helminth
worms and parasites. Mononuclear
cells, including monocytes and
macrophages, are also involved in
the response.

Mononuclear cells, including monocytes,
macrophages, lymphocytes, and plasma cells, as
well as fibroblasts, are all types of cells that are
classified based on their nucleus structure.
Mononuclear cells, including monocytes,
macrophages, lymphocytes, and plasma cells, as
well as fibroblasts, are all types of cells that are
classified based on their nucleus structure.

Primary mediators

Vasoactive amines,eicosanoids

IFN-y and other cytokines,growth factors, reactive
oxygen species, hydrolyticenzymes

Onset Immediate Delayed

Duration Few days Up to many months, or years

Outcomes )I_utlon, abS(.:eSS formation,chronic Tissue destruction, fibrosis,necrosis
inflammation

2. Introduction to Indomethacin

2.1 History

Indomethacin, a non-steroidal anti-inflammatory drug, was uncovered and synthesized by the
research team at Merck Sharp and Dohme Laboratories. This medication possesses the ability
to reduce inflammation, lower fever, and provide pain relief. Indomethacin has proven to be a
valuable treatment option for patients dealing with moderate to severe conditions such as
rheumatoid arthritis, ankylosing spondylitis, osteoarthritis, acute painful shoulder (bursitis
and/or tendinitis), and acute gouty arthritis. More recently, it has also demonstrated
effectiveness in treating neonates with a patent ductus arteriosus and in patients experiencing
acute cystoid macular edema following cataract surgery. Indomethacin is used worldwide and
is available in various forms, including formulations designed for extended activity. The
discovery of this compound has opened up new avenues for the medical management of

debilitating diseases.

2.2 Structural form

Indomethacin (abbreviated as INDO) is a compound derived from indole-acetic acid,
specifically known as [1-(4-chlorobenzoyl)-5-methoxy-2-methylindol-3-yl] acetic acid. It
was granted a patent in 1961 and received approval for medical use in 1963.1* The

structural representation of indomethacin is provided in Scheme 1.
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Scheme 1: Synthetic Procedure For Indomethacin.

In 2005, Magedov and his team developed a new method for producing a chemical
compound called INDO. The process began with 4-methoxyaniline (1), which was then
transformed into 4-methoxybenzenediazonium chloride (2) using diazotization. This was
further converted into sodium 4-methoxybenzene-diazosulfonate (3), which was then
transformed into sodium 2-(4-methoxyphenyl)-1-hydrazosulfonate (4) using zinc dust. The
team then mixed compound 4 with 4-chlorobenzoyl chloride, creating sodium 2-(4-

chlorobenzoyl)-2-(4-methoxyphenyl)-1-hydrazosulfonate (5).

The final step involved converting hydrazine 5 into INDO, but for this, an acidic substance
was required that served two purposes. Firstly, it had to remove the sulfonate protection from
the nitrogen atom, creating a hydrazone when combined with levulinic acid. Secondly, it had
to catalyze the Fisher reaction without removing the 4-chlorobenzoyl group. The team

achieved this using formic acid as the catalyst (see Scheme 1).
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2.3 Mechanism of Action
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Figure: 1 Lipid Formulations and Bioconjugation Strategies for Indomethacin
Therapeutic Advances - Scientific Figure on ResearchGate. Available from:
https://www.researchgate.net/figure/The-mechanism-of-action-of-

indomethacin_figl 350069598 [accessed 28 Oct, 2023]

2.4 Pharmacokinetic characteristics
Orally, indomethacin is readily absorbed; however, its absorption through the rectal route is
gradual but consistent. 90% of it is partially digested and 90% binds to plasma proteins in the

liver to inactive substances and discharged via kidney. Plasma half-life is two to five hours.
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Absorption: Indomethacin is efficiently absorbed, taking two hours to reach peak plasma

concentrations. The bioavailability is over 100 percent.

Distribution: Indomethacin is easily able to pass across the blood-brain barrier due to its

high lipid solubility. In synovial fluid, indomethacin likewise reaches a high concentration.

Metabolism: Indomethacin is metabolized by enterohepatic circulation. Demethylation and
deacylation are the processes that break down indomethacin. O-desmethyl-indomethacin, O-
deschlorobenzoyl-indomethacin, and their conjugates with glucuronides are the main

metabolites.

Excretion: Renal tubular secretion excretes around 60% of the supplied indomethacin in
urine, while biliary secretion excretes the remaining 40% in feces. Because of enterohepatic
circulation, indomethacin's elimination half-life, which is roughly 7 hours, can vary greatly
(1.5 to 16 hours).>*!

2.5 Adverse Effects

The most frequent side effects include nausea, dizziness, headaches, and dyspepsia. It is
important to understand that indomethacin is used to treat a variety of headache conditions,
and that headaches are among the most frequent side effects.

Indomethacin has been known to trigger hypersensitivity events, such as urticaria,
angioedema, and anaphylaxis. As was already noted, prostaglandins are produced by COX-1
to preserve the stomach mucosa, and indomethacin is a non-selective COX inhibitor.
Constipation, diarrhoea, nausea, and dyspepsia (indigestion) can occur when this mechanism
is inhibited. Peptic ulcer development, however, is the most serious adverse effect of
indomethacin on the stomach. Depending on where they are located, peptic ulcers can cause
mid-epigastric discomfort that is either eased or made worse by food. Similarly, gastric ulcers
cause pain that is made worse by food.[”? Additionally, indomethacin can have an impact on

the liver, leading to jaundice and increased liver enzymes.®!

2.6 Contraindications

Pregnant women, children, drivers, people with mental health issues, epileptics, and those
with kidney condition should not use it.®! Because of prominent adverse effects, When more
tolerable nonsteroidal anti-inflammatory drugs (NSAIDs) are not working to treat illnesses

like ankylosing spondylitis, acute exacerbations of destructive arthropathies, psoriatic
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arthritis, acute gout, or rheumatoid arthritis, indomethacin is used as a backup medication.
When better-tolerated NSAIDs are not working to treat illnesses like ankylosing spondylitis,
acute exacerbations of destructive arthropathies, psoriatic arthritis, acute gout, or rheumatoid
arthritis, indomethacin is used as a stand-by medication. Indomethacin may help treat fever
related to cancer that is resistant to other antipyretics. It has been the most widely used
medication for the medical closure of patent ductus arteriosus; in most cases, closure is
achieved with three 12-hour intravenous injections at a dose of 0.1-0.2 mg/kg. Bartter's
syndrome exhibits a significant response to various inhibitors of PG production as well.l’!

2.7 Uses

Given its severe adverse effects, indomethacin is reserved for treatment in cases of severe
rheumatoid arthritis, acute exacerbations of degenerative arthropathies, psoriatic arthritis,
acute gout, or ankylosing spondylitis that do not respond to better-tolerated nonsteroidal anti-
inflammatory medications. When various antipyretics fail to relieve a cancer-related fever,
indomethacin may be able to assist. For the medical closure of patent ductus arteriosus, it has
been the most commonly utilized medicine; three 12-hour intravenous injections at a dose of
0.1-0.2 mg/kg are typically required to accomplish closure. Additionally, a notable response

to several PG synthesis inhibitors is seen in Bartter's syndrome.!

3 MATERIALS AND METHODS

3.1 Selection of Ligand

With the aid of Discovery Studio 2021, ligand was generated for validation purposes. In this
co-crystal ligand was isolated from deleting protein and preserved as lignad.mol2 was then
opened in AutoDockTools-1.5.6 ligand to give them torsion before being finally saved as
pdbgt. Additionally, indomethacin was made with ChemDraw 21.0.0, and energy was
reduced with Chem3D 21.0.0. FIGURE-2 mentions co-crystal ligands.

3.2 Selection of Protein

The crystallographic structure of COX2 and indomethacin is available under Code ID 4COX
(Mus musculus) at 2.90 (A).® Additionally, COX2 is complexed with SC-558 and
flurbiprofen under code 1CX2, 3PGH (Mus musculus) with resolutions of 3.00 (A) and 2.50
(A) respectively.®® The crystal structures of Celecoxib, 5c-S, SC-75416, 23d-(R) are
available under Code ID 3LN1, 3LNO, 3MQE, 3NTG (Mus musculus) with resolutions of
2.40 (A), 2.20 (A), 2.80 (A), and 2.19 (A) respectively.[’™ The structures of Naproxen and 6-
methylthio naproxen are available under Code ID 3NT1 and 3NTB (Mus musculus) with
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resolutions of 1.73 (A) and 2.23 (A) respectively."™ Finally, the crystal structure of
Rofecoxib is available under Code ID 5KIR (Homo sapiens) with a resolution of 2.70 (A).['?
All of these structures can be obtained from the online Protein Data Bank (PDB)

(https://www.rcsh.org/).

3.3 Computation preparation

3.3.1 Preparation of ligand

Here, we used Indomethacin as a standard inhibitor. The 2D structure of indomethacin was
drawn by ChemDraw 21.0.0 software and this was further converted into the 3D structure
with the help of Chem3D 21.0.0, which was used for converting indomethacin to its three-
dimensional structure. Indomethacin was optimized by energy minimization using the MM2

method!™ by using a short key (Ctrl + M) and saved in mol2 format.!™!

3.3.2 Preparation of Protein

Here, we used various protein structures as mentioned above. The general procedure for the
preparation of protein is, In the first step downloaded protein was opened in Discovery Studio
2021 Client (Accelrys Inc, San Diego, CA, USA). after that choose Receptor — Ligand
Interaction module then select inbuilt ligands like indomethacin, SC-558, flurbiprofen, for
4COX, 1CX2, 3PGH (Mus musculus) (Kurumbail et al. 1996) respectively, Celecoxib, 5c-S,
SC-75416, 23d-(R) for 3LN1, 3LNO, 3MQE, 3NTG (Mus musculus)”™® respectively and for
5KIR (Homo sapiens)l’? Rofecoxib. Attributes were copied from that and pasted at the
configuration file after that deleted this inbuilt ligand and save file in the format of Protein
Data Bank (.pdb). after this AutoDockTools-1.5.61"! was used for converting pdb to pdbgt
format. For that in the first step water was removed and polar hydrogen and Kollman charges

were added. After that, it was shaved in (.pdbqt) format.
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Figure 2: Co crystal ligand of various PDB ID’s.

3.4 Docking Study
Molecular docking was performed to investigate how the indomethacin could potentially bind
to the active sites of the target PDBs, using AutoDock Vina 1.5.6.1"]

3.4.1.1 General Process for Validation and Docking

The protein was subjected to a validation process involving several steps. Initially, the ligand
was removed from the protein structure and prepared for the docking study, and save in the
format of mol2. After that with the help of AutoDockTools-1.5.67% conversion of the
structure into a pdbqt extension file for we were performed a few steps, in fist step ligand was
opened in ADT after that went to Ligand - Torsion Tree - Choose Root - Detect Root >
Aromatic Carbon > Aromaticity Criterion here Cutoff Angle must be 7.5 - Output - save
as Ligand. pdbqgt. Subsequently, additional preparations were made for the protein, the all-
inbuilt ligand molecules were deleted after that save in the form of Protein.pdb this much
preparation was done by Discovery Studio 2021 Client (Accelrys Inc, San Diego, CA, USA).
further preparations were carried out for the protein in ADT. These included removing water
molecules, adding polar hydrogen, and assigning Kollman charges after that go to Grid ->
macromolecule - Choose - Protein - Select molecule - “-contains no non-bonded
atoms” This message shown then click ok after this protein was automatically saved inside
the directory folder. Now for grid generation original downloaded protein data bank file was
loaded to Discovery studio 2021 Client after that we selected the inbuilt ligand where we

were supposed to bind our targeted molecule then right clicked = Attributes of ligand -
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copy XYZ -> pasted it to the configuration file, the format for configuration file was

mentioned FIGURE:3 saved it config.txt by named.

receptor = 4COX.pdbqt

ligand = Ligand.pdbqt

center_x = 24.7
center y=22.33

center_z=15.23

size_x =40
size y=40

size_z =40
out = OUTPUT pdbqt

exhaustiveness = 8

Figure 3: Configuration file.

To run Autodock Vina The script was downloaded from (https://vina.scripps.edu/downloads/)
then we went to This PC—> Program file (x86) - The Scripps Research Institute > Vina >
copied all three files and pasted into a working folder. After that, The AutoDock Tool Vina
was run via the command prompt using the following command.

“vina.exe --config conf.txt --log log.txt”

This Docked conformer and previously saved ligand in the form of .pdbqt both were opened
in Discovery studio 2021 Client and RMDS was calculated. For RMSD we performed the
following steps Loaded both ligands - select standard ligand - structure > RMSD - set
reference, then again followed till four steps, and then last, we clicked on Heavy atoms.
RMSD was automatically calculated.

Figure 4: Using AutoDock software, the binding mode of a potent COX-2 inhibitor was

validated.: in red, the crystallographic pose; in green, the top-ranked docking
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solution.[a] Indomethacin (PDB ID 4COX); [b] SC-558 (PDB ID 1CX2), [c] flurbiprofen
(PDB ID 3PGH); [d] celecoxib (PDB ID 3LN1); [e] 5¢c-S (PDB ID 3LNO); [f] SC-75416
(PDB ID 3MQE); [g] 23d-(R) (PDB ID 3NTG); [h] Naproxen (PDB ID 3NT1); [i] 6-

methylthio naproxen (PDB ID 3NTB); (j) Rofecoxib (PDB ID 5KIR).

Table 2: shows the validation results of all test protein.

Receptor Grid box
coordinate | Grid
RMSD | Affinity IC50 Amino acid (size) box
Ligand (A) | (kcal/mol) | (nM) residues X size
Y (A)
z
4COX 120-Arg, 355-Tyr, Center_
349-Val, 523-Val, 40 x
indomethacin | 0-882 -10.6 0.48%¢1 | 527-Ala, 385-Tyr, | 24.848720 | 40 x
387-Trp, 384-Leu, | 22.294640 | 40
90-His, 522-Met | 15.125640
1CX2 120-Arg, 355-Tyr,
359-Leu, 349-Val, Center
523-Val, 353-Ser, ~ | 40x
69 527-Ala, 526-Gly,
scssg | 0827 | 110 9.31%l 285-Tyr 387_Tr3” 54.263071 40 x
1.528071 | 40
381-Phe, 384-Leu, 16.496500
90-His, 352-Leu, '
513-Arg, 518-Phe
3PGH 120-Arg, 352-Leu, | oot | 30
. 0.390 -8.9 100 | 349-val, 527-Ala, ' 30 x
flurbiprofen 355-Tyr, 531-Leu 22.225056 30
’ 15.052389
3LN1 31Tyr, 345-Leu, Center
509-Val, 339-Sser, - 40 x
. 0873 | -123 | 0070 | DI3-AIdSTI-TYr | 5 gae577 | 40 x
celecoxib 373-Trp, 370-Leu, 22983615 | 40
499-Arg, 75-His, | [ -r o0
504-Phe '
3LNO 335-Val, 341-Tyr, Center_
513-Ser, 509-Val, 40 x
- 1.086 -9.3 9.8 | 512-Gly, 508-Met, | 26.556211 | 40 x
338-Leu, 371-Tyr, | 23.798000 | 40
504-Phe, 516-Ser | 15.337789
SMQE 513-Ala, 335-val, | M- |
70 341-Tyr, 509Val,
sc7sa16 | 23| 91 5.0 1 So8-Met. 371-Tyr, 11%%3‘;21% 3§0x
512-Gly. e
-59.329318
3NTG 0.8089 | -10.0 28" 371-Tyr, 373-Trp, Center | 30 x
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338-Leu, 509-Val, 30 x
230-(R) 513-Ala, 335-Val, | 26.728500 | 30
504-Phe, 106-Arg, | 21.487542
517-Leu, 345-Leu. | 17.161375
3NT1 120-Arg- 355-Tyr, Center_
531-Leu, 527-Ala, 30 x
Naproxen 0.3611 -9.2 60" | 349-Val, 526-Gly, | -40.698706 | 30 x
352-Leu, 385-Tyr, | -51.500412 | 30
523-Val, 387-Trp. | -22.399706
3NTB 120-Arg- 355-Tyr, Center
531-Leu, 527-Ala, - 30 x
6-methylthio | 0.2744 | -8.8 670" ggg-t/al, g%%?'y -58.677412 | 30 x
naproxen 523-Veu, YNl 45111000 | 30
Val, 387-Trp, | 15 411529
381-Phe. !
5KIR 518-Phe, 517-lle, Center_
90-His, 192-Gln, 30 x
Rofecoxib | 09017 | 102 1t 352-Leu, 527-Ala, | 23.206000 | 30 x
349-Val, 355-Tyr, | 1.318136 | 30
523-Val, 353-Ser. | 34.258864

3.4.1.2 General Process for Docking of Indomethacin

Indomethacin was prepared as we mentioned earlier in the Preparation of ligand, this
prepared ligand was loaded to the ADT and the same procedure was followed which we had
mentioned in the general process for validation. and for protein, the validated protein was
simply copied to a working folder. and configuration file also copied. Then to run AutoDock
Vina simple command was used. The docking result, including binding affinities (Kcal/mol)
for indomethacin, were recorded. And interaction was visualized by Discovery Studio 2021
Client.

Table 3: shows Docking result of indomethacin in all protein.
Receptor Affinity (kcal/mol)
4COX -8.4

Amino acid residues

120-Arg, 524-Glu, 523-Val, 90-His, 89-Val,
100-Trp, 93-Leu, 112-lle, 119-Ser.

120-Arg, 359-Leu, 116-Val, 531-Leu, 527-
Ala, 349-Val, 352-Leu, 522-Mat, 518-Phe,
387-Trp, 523-Val, 513-Arg, 355-Tyr.
120-Arg, 123-Leu, 524-Glu, 523-Val, 90-His,
355-Tyr, 89-Val, 115-Tyr.

513-Ala, 517-Leu, 345-Leu, 99-Met, 102-Val,
373-Trp, 371-Tyr, 338-Leu, 509-Val, 504-Phe,
75-His, 341-Tyr, 339-Ser.

341-Tyr, 355-Val, 345-Leu, 102-Val, 99-Met,
517-Leu, 513-Ala, 371-Tyr, 373-Trp, 338-
Leu, 509-Val, 75-His.

1Ccx 28 -8.0

3PGHI®e -8.0

3LN1% 9.2

3LNOf®% -6.5
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3MEQI™ 83 106-Arg, 517-leu, 513-Ala, 509-Val, 499-Arg,
' 338-Leu, 335-Val, 371-Tyr, 75-His, 102-Val.
[70] i 106-Arg, 105-Ser, 101Tyr, 74-Val, 341-Tyr,
3NTG 7.2 78-Leu, 102-Val, 77-lle, 98-lle, 85-Trp.
120-Arg, 523-Val, 355-Tyr, 86-Pro, 83-Lys,
3NT1M -8.0 119-Ser, 89-Val, 93-Leu, 116-Val, 112-1le,
100-Trp.
3NTBL -7.8 120-Arg, 89-Val, 90-His, 123-Leu, 524-Glu.
120-Arg, 527-Ala, 349-Val, 355-Ryr, 531-
5KIR -9.6 Leu, 359-Leu, 110-Val, 387-Trp, 523-Val,
518-Phe, 352-Leu, 192-Gln.

3.5 ADMET Calculation

The introduction of a drug molecule to the market is contingent upon both its efficacy and
safety. Analyzing its absorption, distribution, metabolism, excretion, and toxicity (ADMET)
profile is one way to look at these characteristics.[’® 8! ADMET properties of indomethacin

was estimated by online SwissADME (http://www.swissadme.ch/) server listed in Table — 3.

The input section of the SwissSADME server includes a molecular sketcher that uses Marvin,
a JavaScript program from Chemaxon (https://chemaxon.com/). With this program, users can
import, sketch, and edit 2D chemical structures, then turn them into a list of molecules.
Additionally, SMILES notation can be entered into the structure through editing in a
conventional text format. The screened structure is assessed for a number of factors, such as

absorption properties, toxicity, and interactions with metabolizing enzymes.t’”)

Table 4: The ADMET properties of indomethacin was computed by Swiss ADME.

Gl BBB P-gp CYP1A2 | CYP2C19 | CYP2C9 | CYP2D6 | CYP3A4 | Log k,
Absorption substrate | inhibitor | inhibitor | inhibitor | inhibitor | inhibitor | cm/s
High Yes No Yes Yes Yes No No -5.45

3.6 Rule of five

The flexibility, molecular size, and hydrophobicity of a compound can significantly influence
how it behaves within a living organism. Achieving optimal bioavailability requires striking a
suitable equilibrium between permeability and solubility characteristics.’® The evolution of
molecular characteristics of compound was conducted using the Molinspiration online server,

accessible at (https://www.molinspiration.com/).

Table 5: The molecular properties of indomethacin was computed using Molinspiration.

TPSA MW nON | nOHNH | nRotb
68.54 357.79 5 1 4

nviolation
0

nAtoms
25

miLogP
3.99
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3.7 RESULT AND DISCUSSION

3.7.1 Docking simulation study

The original crystallographic structure of the COX-2 inhibitor indomethacin was matched
with the molecular superposition approach to validate its validity (PDB ID 4COX/ Mus
musculus), SC-558 (PDB ID 1CX2/ Mus musculus), flurbiprofen (PDB ID 3PGH/ Mus
musculus), celecoxib (PDB ID 3LN1/ Mus musculus), 5¢-S (PDB ID 3LNO0/ Mus musculus),
SC-75416 (PDB ID 3MQE/ Mus musculus), 23d-(R) (PDB ID 3NTG/ Mus musculus),
Naproxen (PDB ID 3NT1/ Mus musculus), 6-methylthio naproxen (PDB ID 3NTB/ Mus
musculus) and Rofecoxib (PDB ID 5KIR/ Mus musculus) the best classified slot position
obtained were compared. The outcomes, depicted in FIGURE-4, illustrate the alignment of
the suggested binding modes for our inhibitors within the active site of COX-2 (refer to
FIGURE-4). The superposition results in an overlap RMSD of 0.882 (A) for indomethacin
(PDB ID 4C0OX), 0.827 (A) for SC-558 A (PDB ID 1CX2). 0.390 (A) for flurbiprofen (PDB
ID 3PGH), 0.873 (A) for celecoxib (PDB ID 3LN1), 1.086 (A) for 5¢-S (PDB 1D 3LNO),
1.211 (A) for SC-75416 (PDB ID 3MQE), 0.80 (A) for 23d-(R) (PDB ID 3NTG), 0.361 (A)
for naproxen (PDB ID 3NT1), 0.274 (A) for 6-methylthionaproxen (PDB ID 3NTB) and
0.901 (A) for Rofecoxib (PDB ID 5KIR). These measurements fall below the widely
accepted tolerance threshold of 2.0 (A), as documented by and®? This affirms the

validation of our molecular docking process.®!

The binding affinities of indomethacin with different protein 1D can be compared (see the
TABLE-3). The standard indomethacin structure shows binding affinity -8.4 (kcal/mol) with
in 4COX PDB ID with amino acid interactions like 120-Arg, 524-Glu, 523-Val, 90-His, 89-
Val, 100-Trp, 93-Leu, 112-lle, 119-Ser. This same compound shows binding affinity -8.0
(kcal/mol), -8.0 (kcal/mol), -9.2 (kcal/mol), -6.5 (kcal/mol), -8.3 (kcal/mol), -7.2 (kcal/mol), -
8.0 (kcal/mol), -7.8 (kcal/mol), -9.6 (kcal/mol) with in PDB ID 1CX2, 3PGH, 3LN1, 2LNO,
3MQE, 3NTG, 3NT1, 3NTB, SKIR respectively.
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FIGURE:5 Best binding pose and interaction of indomethacin in various Protein (a)
PDB ID 4COX; (b) PDB ID 1CX2; (c) PDB ID 3PGH; (d) PDB ID 3LN1; (e) PDB ID
3LNO; (f) PDB ID 3MEQ.

Interaction similarity % of Indomethacin with compared to the co crystal ligand SC-558 for
PDB ID 1CX2 was found to be 76.92% with the common interactions 120-Arg, 359-Leu,
527-Ala, 349-Val, 352-Leu, 518-Phe, 387-Trp, 523-Val, 513-Arg, 355-Tyr. Indomethacin
shows common interactions 513-Ala, 345-Leu, 373-Trp, 371-Tyr, 509-Val, 504-Phe, 75-His,
339-Ser comparison with celecoxib with in PDB ID 3LN1.Futhermore 341-Tyr, 355-Val,
371-Tyr, 338-Leu, 509-Val interactions were found in PDB ID 3LNO with compared to 5c-S.
Other interactions for difference PDB IDs were mentioned in TABLE - 3.

Indomethacin shows Salt Bridge interaction as 120-Arg with -OH group of carboxylic acid,
n-Sigma interaction with indole moiety as 527-Ala, 349-Val, 523-Val. -OCHj; group shows
two types of interaction which are n- alkyl and Carbon Hydrogen bond with 90-His and 352-
Leu respectively. Halogen atom of molecule which show various w-alkyl interactions with
384-Leu, 522-Met, 381-Phe, 387-Trp. Benzene rig which shows n-n shaped interaction with
385-Tyr. Oxygen of carbonyl group which shows Conventional Hydrogen Bond within PDB
ID 4COX.[°®]
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In PDB ID 1CX2 indole ring of indomethacin shows n-Sigma interaction with 523-Val and
pi-Alkyl interactions with 527-Ala and 352-Leu, benzene ring shows maximum pi-Alkyl
interactions with 359-Leu, 531-Leu, 116-Val, 349-Val and important interaction as pi-Cation
with 120-Arg. Other interactions are 355-Tyr and 513-Arg as Conventional Hydrogen Bond.
(see FIGURE:5)

Within PDB ID 3PGH indole ring if indomethacin shows n-Cation interaction with 120-Arg
and pi-sigma interaction with 89-Val. -OCH3; group which show Alkyl interaction with 355-
Tyr, 90-His, 523-Val. Other interactions are 123-leu, 155-Tyr. (See FIGURE:5)
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Figure 6: Best binding pose and interaction of indomethacin in various Protein (a) PDB
ID 3NTG; (b) PDB ID 3NT1; (c) PDB ID 3NTB, (d) PDB ID 5KIR.

Indomethacin shows good binding affinity and interaction with Protein structure under PDB
ID 3LN1 4 Methoxy substitution on benzene ring shows pi- Alkyl interactions with 345-Leu,
102-Val, 99-Met, 517-Leu, 335-Val. Carbonyl oxygen which shows Conventional Hydrogen
Bond With 341-Tyr. (see FIGURE:5)

Furthermore 341-Tyr, 355-Val, 371-Tyr, 338-Leu, 509-Val interactions were found in PDB
ID 3LNO with compared to 5c-S. In PDB ID 3MEQ 106-Arg, 517-leu, 513-Ala, 509-Val,
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499-Arg, 338-Leu, 335-Val, 371-Tyr, 75-His, 102-Val interaction was observed in which
513-Ala, 335-Val, 371-Tyr are the similar to the co crystal ligand SC-75416. In PDB ID
3NTG one common interaction was observed that is 106-Arg. Important interaction 120-Arg
was observed in the PDB ID 3NTL1 and other interactions were 523-Val, 355-Tyr, 86-Pro, 83-
Lys, 119-Ser, 89-Val, 93-Leu, 116-Val, 112-1le, 100-Trp observed. Indomethacin that shows
two common interactions in both PDB ID 3NT1 and 3NTB was 120-Arg and 89-Val. It was
observed that indomethacin that show interaction in the COX-1 PDB ID 5KIR also which are
120-Arg, 355-tyr, 531-Leu, 527-Ala.

Indomethacin interaction with other protein structure under different PDB IDs and shows
different types of interaction as mention above TABLE-3. Most of this interaction which
match with the interaction of inbuilt co crystal ligand see TABLE-2. 2D representation of
interaction of indomethacin (see FIGURE:6).

3.7.2 ADMET Study

ADMET characteristics play a crucial role in identifying and developing potential therapies.
The probability of clinical success can be increased by selecting drug candidates based on
both pharmacological properties and ADMET screening. The ADMET parameters of the
indomethacin compound were estimated using the SwissADME servers.®? Crucial
physicochemical, pharmacokinetic, and drug-related parameters are offered by this freely
accessible web tool. These include drug-likeness, lipophilicity, solubility, pKa, permeability,
absorption, bioavailability, penetration of the blood-brain barrier, interactions with
transporters, penetration of the skin and eyes, binding of plasma proteins, metabolic
processes, drug-drug interactions, volume of distribution, clearance, and half-life for one or
more molecules. Crucial physicochemical, pharmacokinetic, and drug-related parameters are
offered by this freely accessible web tool. These include drug-likeness, lipophilicity,
solubility, pKa, permeability, absorption, bioavailability, penetration of the blood-brain
barrier, interactions with transporters, penetration of the skin and eyes, binding of plasma
proteins, metabolic processes, drug-drug interactions, One or more molecules were analyzed
for their volume of distribution, clearance, and half-life. The SwissADME web tool was used
to thoroughly investigate the parameters, including the impact of the compounds on p-
glycoprotein efflux and inhibition, as well as cytochrome P450 (CYP450) enzymes. It is
worth noting that all parameters were thoroughly analyzed.®®® ADMET result of
indomethacin is shown in TABLE-4.

www.wipr.net | Vol 12, Issue 20,2023. |  1SO 9001:2015 Certified Journal | 1041



Nagani et al. World Journal of Pharmaceutical Research

3.7.3 Rule of Five

During the study of indomethacin, Lipinski's rule of five was applied. The molinspiration
server was used to calculate additional physical and chemical features of the substance.[”® To
determine the hydrogen bonding capability, the number of nitrogen and oxygen atoms in the
chemical structure was taken into account. Moreover, the TPSA, which is the surface area
covered by polar atoms, and the count of rotatable bonds were also computed for the
candidate compounds. See TABLE-5.

4. Analytical methods for the determination of ‘INDOMETHACIN’
Table-6.

CONDITIONS AND CHARACTERISTIC
METHOD SAMPLE METHOD PARAMETERS REFERENCE

INDO Max. Absorption: 470 Nm; Temperature: 30°C

Colorimetry Cansules (5 Min), 50°C (20 Min); And Solvent: Glacial [
P Acetic Acid
. Max. Absorption: 510 Nm; Temperature:

UV-Vis Spectroscopy | Pharm. Prep. | 3 0"\ dréjolvent: Naoh (1 M)p [10]
UV-Vis Spectroscopy | Pharm. Prep. K/I/IZ?HaAnzTOmUOH: 284.65 Nm; Solvent [

i Max. Absorption: 320 Nm; Solvent: Methanol; [12]
UV-Vis Spectroscopy | Pharm. Prep. And Hydrotropic Agent: Niacinamide (2 M)
UV-Vis Spectroscopy | Pharm. Prep. 1(\(/)[alxl.\gbsorptlon: 228 Nm And Solvent: KOH [13]
UV-Vis Spectroscopy | Pharm. Prep. 1(\(/)Ialx1.\gbsorptlon: 235 Nm And Solvent: Naoh [14]

Max. Absorption: 320 Nm And Hydrotropic
UV-Vis Spectroscopy | Pharm. Prep. | Mixture: Sodium Caprylate (10%), Sodium
Benzoate (10%), And Niacinamide (10%)

[15]

Max. Absorption: 320 Nm And Hydrotropic
UV-Vis Spectroscopy | Pharm. Prep. | Mixture: Sodium Acetate (5%), Sodium
Citrate (5%), And Urea (10%)

[16]

w Max. Absorption: 266 Nm And Solvent: [17]
UV-Vis Spectroscopy | Pharm. Prep. Ethanol (50%)
UV-Vis Spectroscopy | Pharm. Prep. z\ga}sxl.\gbsorptmn: 319 Nm And Solvent: Naoh [18]
Solvent: Naoh (0.1 M) And
Fluorimetry Pharm. Pre Hexadecyltrimethylammonium Bromide [19]
Combined With SIA -7TeR- 1 (20 Mm); FR: 0.8 MI-Min—1; Ex: 278 Nm,
Em: 358 Nm
Fluorimetry Ulrjirr:l:n Solvent: Methanol (40%); FR: 1.5 Ml-Min—1; [20]
Combined With SIA Pham’] Prep Ex: 283 Nm, Em: 371 Nm
Fluorimetr Solvent: Methanol And Phosphate Buffer (Ph
y Pharm. Prep. | 7.2); FR: 1.0 MI-Min—1; Ex: 278 Nm, Em: [21]

Combined With SIA

378 Nm
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Fluorimetry Pharm. Prep Solvent: Naoh (0.1 M); FR: 1.7 Ml-Min—1; [22]
Combined With FIA ' " | Ex: 184.9 Nm, Em: 253.7 Nm
Phosphorimetry Pure !NDO Solvent: Naoh (0.05 M); Ex: 297 Nm, Em: 23]

Solution 450 Nm
Solvent: Hel (0.1 M); MIP Column: 15 Mm %
_ _ Human 4 Mm; Monomer: Methacrylic Acid; y
Chemiluminescence | |4 Adsorption Time: 50 S, FR: 1.5 M1-Min—1, [24]
Washing Time: 80 S With Formaldehyde;
Reaction Time: 30 S
Solvent: Ethanol (50%); FR: 100 M1-S—1
Chemiluminescence (Dete_ction), 60 M1-S—1 (Aspiration); Aspirated )
Combined With Sia | Pharm. Prep. | Solution: Ce(Iv) (15 Mm) In H2S04 (50 Mm), [25]
Tris(2,2"-Bipyridyl) Ruthenium(Ii) (0.5 Mm),
And Sodium Acetate (0.4 M), INDO
o \Sls\;?;erles Solution: Sulfur And Nitrogen Codoped
Chemiluminescence ples, Carbon Quantum Dots, HsPO4 (4 M), INDO, [26]
Human 5
And Kmnog (5 x 10 ° M)
Plasma
Table-7.
CONDITIONS AND CHARACTERISTIC
METHOD SAMPLE METHOD PARAMETERS REFERENCE
Solvent: Methanol; MP: Nitrogen; Column
GC_MS Human Serum | Pressure: 34473.79 Pa; Column: Zebron ZB-_I (1_5 M [27]
And Plasma X 0.25 Mm x 0.25 um); T R: 8.8 Min; Vaporization
Temperature: 40°C; Electron Impact Mode, 280°C
HPLC Solvent: Me.thanol; MP: Acetonitrile—Water (51:49);
(Equine Equine Serum FR: 1 Ml-Mlq—I; Column:.Cl& Beckman (2'50 Mm [28]
serum) x 4.6 Mm) With 5 um Particles; T R: 13.4 Min; UV
Detection (254 Nm)
Solvent: Methanol; MP: Acetonitrile—Phosphoric
Acid (50:50); FR: 0.6, 1.2 MI-Min—1; Columns:
HPLC Pharm. Prep Zorbax SB-Phenyl (75 Mm x 4.6 Mm) With 3.5 um [29]
(Pharm. prep.) ' ' Particles And Zorbax SB-CN (150 Mm x 4.6 Mm)
With 5 um Particles; T R: 3.6 Min; UV Detection
(237 Nm)
Solvent: Methanol; MP: 60% Acetonitrile In 0.02 M
HPLC godﬂumhAceﬁatg B:ffgr, lﬁfjlislt\?[(lj 1‘\? Phls.g Lfsing
. . rthophosphoric Acid; : ‘Min—1; Column: [30]
E)T;;g;f Porcine Plasma C18 Res Elut Reversed-Phase Column (150 Mm x
4.6 Mm) With 5 um Particles; T R: 3.6 Min; UV
Detection (320 Nm)
HPLC Solvent: Metha_nol; MP: Methanol-Water—
(Plasma of Plasma Of Orthopho_sphorlc Acid (70:29.5:9.5); FR: a
premature Premature 1.5 MI-Min—1; Colurgn: Hypersil QDS C18 Column
neonates) Neonates (125 Mm x 4 Mm) With 5 pm Particles; T R:
2.9 Min; UV Detection (270 Nm)
HPLC Human Urine, Solvent: Methanol; MP: Methanol-Water—Acetic [32]
(Human urine, | Pharm. Prep. Acid (67:33:0.1); FR: 1 MI-Min—1; Column:
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Pharm. prep.)

Nucleosil RP-C18 (250 Mm x 4.6 Mm) With 5 um
Particles; T R: 7.2 Min; Chemiluminescence
Detection

HPLC
(Human
plasma)

Human Plasma

Solvent: Ethanol (96%); MP: Acetonitrile—Water
(63:37), Adjusted To Ph 2 With Orthophosphoric
Acid; FR: 0.8 M1-Min—1; Column: Silica Gel
Column Prodigy RP C18 (150 Mm x 4.6 Mm) With
5 um Particles, Equipped With 0.5 Mm Prefilter And
A Guard Column ODS C18; T R: 6.27 Min; UV
Detection (270 Nm)

[33]

HPLC
(Pharm. prep.)

Pharm. Prep.

Solvent: MP; MP: Orthophosphoric Acid—
Methanol-Acetonitrile (40:20:40); FR: 2 M1-Min—1;
Column: Lichrosorb C18 (250 Mm x 4.6 Mm) With
5 um Particles; T R: 7.42 Min; UV Detection

(240 Nm)

[34]

HPLC
(Pharm. prep.)

Pharm. Prep.

Solvent: Methanol; MP: Sodium Phosphate Buffer,
Ph 7.0 And Acetonitrile (35:75); FR: 1 MIl-Min—1,
Column: Lichrosorb C8 (250 Mm x 4.6 Mm) With
5 um Particles; T R: 6.96 Min; UV Detection

(230 Nm)

[35]

HPLC (Rabbit
blood plasma)

Rabbit Blood
Plasma

Solvent: Methanol; MP: 0.8 Ml Phosphoric Acid
Mixed With 600 M1 Methanol And Volume Made
Up To 1,000 Ml With Water; FR: 1.5 M1-Min—1;
Column: Hypersil BDS C18 (250 Mm X 4.6 Mm)
With 5 um Particles; T R: 13.83 Min; UV Detection
(240 Nm)

[36]

HPLC
(Pharm. prep.)

Pharm. Prep.

Solvent: MP; MP: Ethyl Acetate; FR: 1 MI-Min—1;
Column: Lichrosphere RP C8 (250 Mm x 4 Mm)
With 5 um Particles; T R: 2.44 Min; UV Detection
(318 Nm)

(37]

HPLC
(Pharm. prep.)

Pharm. Prep.

Solvent: Methanol; MP: Methanol-Orthophosphoric
Acid (70:30); FR: 1.5 M1-Min—1; Column: Luna
C18 (2) 100 R (250 Mm x 4.6 Mm) With 5 um
Particles; T R: 11.29 Min; UV Detection (254 Nm)

(38]

Solvent: MP; MP: Acetonitrile-Phosphate Buffer,

HPLC (Rabbit Rabbit Plasma Ph 4.6 (35:65); FR: 1 M1-Min—1; Column: Kromosil [39]
plasma) C18 (250 Mm x 4.6 Mm) With 5 pm Particles; T R:
3.31 Min; UV Detection (260 Nm)
HPLC Solvent: Methanol; MP: Methanol-Water
(Human Human Serum (Gradient), Ph 4.5; FR: 1 MI-Min—1; Column: C18 [40]
serum and And Plasma (250 Mm x 4.6 Mm) With 5 Mm Particles; T R:
plasma) <3.5 Min; UV Detection (254 Nm)
Solvent: Methanol; MP: Acetonitrile-Phosphate
HPLC (Pure Pure Mixture Of Buffer (65:35); FR: 1 MI-Min—1; Column: Gemini
mixture of Drugs RP-C18 Column (250 Mm x 4.6 Mm) With 5 pm [41]
drugs) Particles Equipped With Gemini C18 Precolumn;
Room Temperature; UV Detection (320 Nm)
Solvent: Methanol; MP: Methanol-Acetonitrile—
HPLC [42]

(Pharm. prep.)

Pharm. Prep.

Sodium Acetate Buffer Ph 3 (10:50:40); FR:
1 Ml-Min—1; Column: Zorbax Eclipse Plus C18
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(100 Mm x 4.6 Mm) With 3.5 um Particles; T R:
3.767 Min; UV Photo Diode Array Detection
(254 Nm)

HPLC
(Pharm. prep.)

Pharm. Prep.

Solvent: Methanol; MP: Acetonitrile-Sodium
Acetate Buffer, Ph 5 (60:40); FR: 1.4 M1-Min—1;
Column: XTERRA® MS C18 (250 Mm X 4.6 Mm)
With 5 um Particles; T R: 7.751 Min; Temperature:
25°C; UV Detection (275 Nm)

[43]

LC-MS

Pharm. Prep.

Solvent: Methanol; MP: Acetonitrile And 20 Mm
Ammonium Acetate Solution (5:1), Ph 7.4; FR:

1 M1-Min—1; Column: Shimpack GLC-CN

(150 Mm x 4 Mm) With 5 um Particles; T R:

<5 Min; Vaporization Temperature: 200°C;
Detection: M/Z 355.8; APCI; Negative lon Mode;
430-450°C

[44]

LC-MS/MS

Rabbit Plasma
And Uterine
Tissue

Solvent: Methanol; MP: Methanol-Acetonitrile—
Water—Formic Acid (45:45:10:0.5); FR:

0.5 MI-Min—1; Column: Diamonsil C18 (150 Mm x
4.6 Mm) With A Phenomenax C18 Guard Cartridge
(4 Mm x 3 Mm), Both With 5 um Particles;
Temperature: 20°C; Detection: M/Z 358 —— 111;
APCI; Positive lon Mode; 450°C

[45]

LC-MS/MS

Rat Plasma

Solvent: Methanol; MP: Formic Acid—Acetonitrile
(25:75); FR: 0.6 M1-Min—1; Column: Atlantis Dc18
Column (50 Mm x 4.6 Mm) With 3 um Particles; T
R: 1.79 Min; Room Temperature; Detection: M/Z
357.7 —— 139.1; ESI; Positive lon Mode; 400°C

[46]

LC-MS/MS

Human Plasma
And Urine

Solvent: Methanol; MP: Formic Acid—Acetonitrile
(47:53); FR:1 Ml-Min—1; Column: Waters
Symmetry C18 Column (150 Mm x 4.6 Mm) With
5 um Particles Fitted With A Phenomenex C18
Guard Column (4 Mm x 3 Mm); T R: 8.6 Min;
Detection: M/Z 358 —— 139; ESI; Positive lon
Mode; 200°C

[47]

MEKC

Human Plasma

Carrier: Tris Buffer, Ph 8 With Sodium
Octanesulfonate; Uncoated Fused-Silica Capillary
(312 Mm x 0.075 Mm); Separation Voltage: 10 Kv;
Temperature: 25°C; UV Detection (254 Nm,
Cathode At The Detection Side), p E: —1.76 %
10—4 Cm2-V—1-S—1; Migration Time: 5.94 Min

(48]

DPV

Pharm. Prep

Solvent: Acetonitrile; Working HMDE (0.4 Mm®);
Reference Electrode: Ag/Agcl; Auxiliary Electrode:
Platinum Wire; Potential Range: —0.903 To —1.6 V;
Scan Rate: 10 MV'Sil; Pulse Amplitude: =50 Mv;
Pulse Time: 40 Ms

[49]

DPV

Pharm. Prep.
And Human
Plasma

Solvent: Water; Working MWCNT-IL Modified
Carbon Ceramic Electrode, Reference Electrode:
Saturated Calomel; Auxiliary Electrode: Platinum
Wire; Potential Range: 0-0.9 V; Scan Rate:

50 My-S™

[50]
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Solvent: Water; Working MWCNT-IL Modified
Pharm. Prep. Carbon Ceramic Electrode, Reference Electrode:
DPV And Human Saturated Calomel; Auxiliary Electrode: Platinum [1]
Plasma Wire; Potential Range: 0-0.9 V; Scan Rate:
50 My-S™*
Solvent: Water; Working GCE Modified With Gold
Pharm. Prep. Nanorods-Graphene Oxide Nanocomposite
Human Uriné Incorporated Carbon Naqo_tube Paste; Referer]ce -
SWV And Blood Electrode: Ag/Agcl; Auxiliary Electrode: Platinum [52]
Plasma Wire; Pote_rlmal Range: 0.2—0.9 V; Scan Rate:
100 Mv-S 7; Pulse Amplitude: —50 Mv; Pulse Time:
40 Ms
Pharm. Prep., Solvent: Water With Alkali; Working GCE Modified
DPV Human Urine With Mwents; Reference Electrode: Ag/Agcl; 53]
And Blood Auxiliary Electrode: Platinum Wire; Potential
Serum Range: 0.2—1.4 V; Scan Rate: 50 Mv-S™"
Solvent: Phosphate Buffer (0.1 M); Working GCE
Human Urine Modified With Mwecnts, Nhnps, And MCM-41
DPV And Blood Molecular Sieve; Reference Electrode: Ag/Agcl; [54]
Serum Auxiliary Electrode: Platinum Wire; Potential
Range: —0.1-0.9 V; Scan Rate: 10-100 Mv-S™*
Solvent: Phosphate Buffer (0.1 M); Working Gold
Human Urine Electrode Modified With Cdsnps And Mwecnts;
DPV And Blood Reference Electrode: Ag/Agcl; Auxiliary Electrode: [59]
Serum —; Potential Range: 0-0.8 V; Scan Rate: 180—
600 Mv-S™
Solvent: Water; Working GCE Modified With Gr-
Nio; Reference Electrode: Saturated Calomel;
Auxiliary Electrode: Platinum Wire; Potential [56]
DPV Pharm. Prep. Range: 0.6—1.1 V; Scan Rate: 100 MV'S_l;
Amplitude: 0.05 V; Pulse Width: 0.05 S; Pulse
Period: 0.5 S
Solvent: Methanol And Dimethyl Formamide;
Differential Working HMDE (9 Mm?); Reference Electrode:
pulse Rat Plasma Ag/Ag.cI; Auxiliary Electrode: Platinum Wire; [57]
polarography? Potential R?nge: From 0 To —1.6 V; Scan Rat§:
59.5Mv-S ~; Pulse Amplitude: 0.1 V; Pulse Time:
0.01S
Solvent: Water With Alkali; Working Carbon lonic
Liquid Electrode Modified With Tio, Nanoparticles;
DPV Human Plasma | Reference Electrode: Ag/Agcl; Auxiliary Electrode: (58]

Platinum Wire; Potential Range: 0—1 V; Scan Rate:
100 My-S™

DPV

Pharm. Prep.

Solvent: Methanol; Working Boron-Doped
Diamond Electrode; Reference Electrode: Ag/Agcl;
Auxiliary Electrode: Platinum Plate; Potential
Range: —0.5-1.3 V; Scan Rate: 10 Mv-S™"; Pulse
Amplitude: 50 Mv; Pulse Time: 20 Ms; Potential
Step: 5 Mv

[59]

Potentiometry

Pure Mixture Of

Solvent: Acetonitrile; ISE: Glass Electrode;

[60]
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Drugs

Reference Electrode: Ag/Agcl

Potentiometry | Pharm. Prep.

Solvent: Ethanol; ISE: Liquid Membrane (lon-Pair:
Rhodamine B-INDO; Plasticizer: Dibutyl Phthalate;
PVC; Solvent: Cyclohexanone); Reference
Electrode: Ag/Agcl; Slope: 60 Mv-Decade
Response Time: 3-5 S

[61]

Potentiometry | Pharm. Prep.

ISE: Liquid Membrane (lon-Pair:
Tetraethylammonium 1-(P-Chlorobenzyl)5-
Methoxy-2-Methyl-3-Indolylacetate; Plasticizer:
Dibutyl Phthalate; PVC; Solvent: Tetrahydrofuran);
Reference Electrode: Ag/Agcl; Slope:

59.8 Mv-Decade *; Response Time: 12'S

[62]

ELISA Water

Solvent: Methanol; Conjugate Preparation:
Anhydride Ester Method; Conjugate: Goat Anti-
Rabbit 1gg-Horseradish Peroxidase; Absorption:
450 Nm

[63]

ELISA Human Serum

Conjugates: INDO-Keyhole Limpet Hemocyanin;
INDO-Ovalbumin, INDO-Horseradish Peroxidase;
Conjugate Preparation: N-Hydroxysuccinimide
Active Ester Procedure; Absorption: 450 Nm

[64]

5. Statistical

Representation

of Distribution of Analytical

Indomethacin Determination

5.11 CHART I

Analytical Method Distribution For

W uv

LC-M5
W Phosphorimetry W GC

B Voltammetry
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5.1.2 CHART Il

CHART DISTRIBUTION AS PER THE SAMPLE AND
METHOD DEVELOPED

Pharm. prep.

Pure INDO solution
Pharm. prep.

uman urine, Pharm. prep.
Pharm. prep.

INDO capsules|

Pharm. prep.

U

CONCLUION

In conclusion, this article provides a thorough exploration of Indomethacin, shedding light on

its history, structure, how it works in the body, and its potential side effects. It discussed the

binding affinity of indomethacin towards active site of protein and also discusses the various

methods scientists use to measure Indomethacin. This information is valuable for researchers

and healthcare professionals.
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