SOLID STATE MODIFICATION BY
CO-CRYSTALLIZATION OF SELECTED DRUG

A Thesis submitted to Gujarat Technologica University
for the Award of

Doctor of Philosophy
in
Phar macy

Ms. Shah Priyal Kalpeshkumar
Enrollment No. 199999901528

Under supervision of

Dr. Anuradha K. Gajjar

Professor and HOD,

Department of Pharmaceutical Chemistry and Quality Assurance
L. M. College of Pharmacy, Ahmedabad — 380009
Gujarat, India

GUJARAT TECHNOLOGICAL UNIVERSITY

AHMEDABAD

[October 2024]



SOLID STATE MODIFICATION BY
CO-CRYSTALLIZATION OF SELECTED DRUG

A Thesis submitted to Gujarat Technological University
for the Award of

Doctor of Philosophy
in
Phar macy

Ms. Shah Priyal Kalpeshkumar
Enrollment No. 199999901528

Under supervision of

Dr. Anuradha K. Gajjar

Professor and HOD,

Department of Pharmaceutical Chemistry and Quality Assurance
L. M. College of Pharmacy, Ahmedabad — 380009
Gujarat, India

GUJARAT TECHNOLOGICAL UNIVERSITY

AHMEDABAD

[October 2024]



©
[Shah Priyal Kalpeshkumar]



DECLARATION

| declare that the thesis entitted “SOLID STATE MODIFICATION BY CO-
CRYSTALLIZATION OF SELECTED DRUG” submitted by me for the degree of
Doctor of Philosophy is the record of research work carried out by me during the period
from January 2019 to May 2023 under the supervision of Dr. Anuradha K. Ggjjar and this
has not formed the basis for the award of any degree, diploma, associate ship, fellowship,
titlesin this or any other University or other institution of higher learning.

| further declare that the material obtained from other sources has been duly acknowledged
in the thesis. | shall be solely responsible for any plagiarism or other irregularities if

noticed in the thesis.

QMM 08 Oct-24

Signature of the Research Scholar: Date:

Name of Research Scholar: Ms. Shah Priyval Kalpeshkumar

Place: Ahmedabad



CERTIFICATE

| certify that the work incorporated in the thesis “SOLID STATE MODIFICATION BY
CO-CRYSTALLIZATION OF SELECTED DRUG” submitted by Ms. Shah Priyal
Kalpeshkumar was carried out by the candidate under my supervision/guidance. To the
best of my knowledge:

(1) the candidate has not submitted the same research work to any other institution for any
degree/diploma, Associate ship, Fellowship or other similar titles (ii) the thesis submitted
isa record of original research work done by the Research Scholar during the period of
study under my supervision, and (iii) the thesis represents independent research work on

the partof the Research Scholar.

\

Signature of Supervisor: W Date:

Name of Supervisor: Dr. Anuradha K. Gajjar

Place: L. M. College of Pharmacy, Ahmedabad




Course-work Completion Certificate

This is to certify that Ms. Shah Priyal Kalpeshkumar enrolment no. 199999901528 is
a PhD scholar enrolled for PhD program in the branch Pharmacy of Gujarat
Technological University, Ahmedabad.

(Please tick the relevant option(s))

[ 1 Shehasbeen exempted from the course-work (successfully completed during
M.Phil Course)

[ ]  She has been exempted from Research Methodology Course only (successfully
completed during M.Phil Course)

] Shehas successfully completed the PhD course work for the partial

requirement for the award of PhD Degree. Her performance in the course work is as

follows-
Grade Obtained in Research Grade Obtained in Self Study
M ethodol ogy Course
(PHOO1) (Core Subject) (PH002)
BB AB

\

Supervisor’s Sign: W(

(Dr. Anuradha K. Gajjar)

Vi



Originality Report Certificate

It is certified that PhD Thesis titled “SOLID STATE MODIFICATION BY CO-
CRYSTALLIZATION OF SELECTED DRUG” by Ms. Shah Priyal Kalpeshkumar has

been examined by us.

We undertake the following:

a

Signature of the Research Scholar:

Thesis has significant new work / knowledge as compared already published or are
under consideration to be published elsewhere. No sentence, equation, diagram, table,
paragraph or section has been copied verbatim from previous work unless it is placed
under quotation marks and duly referenced.

The work presented is original and own work of the author (i.e. there is no plagiarism).
No ideas, processes, results or words of others have been presented as Author own
work.

There is no fabrication of data or results which have been compiled / analyzed.

There isno falsification by manipulating research materials, equipment or processes,
or changing or omitting data or results such that the research is not accurately
represented in the research record.

The thesis has been checked using Turnitin software (copy of originality report
attached) and found within limits as per GTU Plagiarism Policy and instructions issued

from timeto time (i.e. permitted similarity index <10%).

MM 08 Oct-24

Date:

Name of Research Scholar: Ms. Shah Priyal Kalpeshkumar

Place: Ahmedabad

\

Signature of Supervisor: (W Date: 08 Oct-24

Name of Supervisor: Dr. Anuradha K. Gajjar

Place: L. M. College of Pharmacy, Ahmedabad

Vii



REPORT of % SIMILARITY BY TURNITIN

CORIGIMALITY REPOHT

0. By A Dy

SIMILARITY INDEX INTERMET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURLES

www.ijpsonline.com

Intermet Source

2%

s3-ap-southeast-1.amazonaws.com

Internet Source

1w

www.frontiersin.org

Intermet Source

1w

1w

Submitted to Suamandeep Vidyapeeth
University

Stdent Paper

1w

"Pharmaceutical Manufacturing Handbook",
Wiley, 2008

Publication

1w

www.science.gov

Intermet Source

H r:::::r;?uitzi.nim.nih.guv
6

1w

\

Signature of Supervisor: @% Date: 08 Oct-24

Name of Supervisor: Dr. Anuradha K. Gajjar

viii




PhD THESI S Non-Exclusive Licenseto
GUJARAT TECHNOLOGICAL UNIVERSITY

In consideration of being a PhD Research Scholar at GTU and in the interests of the
facilitation of research at GTU and elsewhere, |, Ms. Shah Priya Kalpeshkumar having

(Enrollment No. 199999901528) hereby grant a non-exclusive, royalty free and perpetual

license to GTU on the following terms:

a)

b)

f)

9)

h)

)

K)

GTU is permitted to archive, reproduce and distribute my thesis, in whole or in part,
and/or my abstract, in whole or in part (referred to collectively as the “Work”)
anywhere in the world, for non-commercial purposes, in al forms of media;

GTU is permitted to authorize, sub-lease, sub-contract or procure any of the acts
mentioned in paragraph (a);

GTU is authorized to submit the Work at any Nationa / International Library, under
the authority of their “Thesis Non-Exclusive License”;

The Universa Copyright Notice (©) shall appear on al copies made under the
authority of this license;

| undertake to submit my thesis, through my University, to any Library and Archives.
Any abstract submitted with the thesiswill be considered to form part of thethesis.

| represent that my thesis is my original work, does not infringe any rights of others,
including privacy rights, and that | have the right to make the grant conferred by this
non-exclusive license.

If third party copyrighted material was included in my thesis for which, under the
terms of the Copyright Act, written permission from the copyright owners is required,
| have obtained such permission from the copyright owners to do the acts mentioned in
paragraph (a) above for the full term of copyright protection.

| understand that the responsibility for the matter as mentioned in the paragraph (g)
rests with the authors / me solely. In no case shall GTU have any liability for any acts/
omissions / errors / copyright infringement from the publication of the said thesis or
otherwise.

| retain copyright ownership and mora rights in my thesis, and may deal with the
copyright in my thesis, in any way consistent with rights granted by me to my
University in this non-exclusive license.

GTU logo shal not be used /printed in the book (in any manner whatsoever) being
published or any promotional or marketing materials or any such similar documents.

The following statement shall be included appropriately and displayed prominently in
X



the book or any material being published anywhere: “The content of the published
work further is part of the thesis submitted in partial fulfilment for the award of the
degree of Ph.D. in Solid State Modification by Co-Crystallization of Selected Drug of

the Gujarat Technological University”.

[) I further promise to inform any person to whom | may hereafter assign or license my
copyright in my thesis of the rights granted by me to my University in this
nonexclusive license. | shall keep GTU indemnified from any and all claims from the
Publisher(s) or any third parties at all times resulting or arising from the publishing or
use or intended use of the book / such similar document or its contents.

m) | am aware of and agree to accept the conditions and regulations of Ph.D. including all
policy matters related to authorship and plagiarism promise to inform any person to
whom | may hereafter assign or license my copyright in my thesis of the rights granted

by me to my University in this non exclusive license.

n) | am aware of and agree to accept the conditions and regulations of PhD including all

policy matters related to authorship and plagiarism.

(i

Signature of the Research Schola Date; 08 Oct-24

Name of Research Scholar: Ms. Shah Priyal Kalpeshkumar

Place: Ahmedabad

\\
Signature of Supervisor: W Date 08 Oct-24

Name of Supervisor: Dr. Anuradha K. Gajjar

Place: L. M. College of Pharmacy, Ahmedabad

Sedl



ThesisApproval Form

The vivavoce of the PhD Thesis submitted by Ms. Shah Priyal Kalpeshkumar
(Enrollment No. 199999901528) entitled “SOLID STATE MODIFICATION BY CO-
CRYSTALLIZATION OF SELECTED DRUG” was conducted
0] o (day and date) at Gujarat Technological
University.

(Pleasetick any one of the following option)

N/ The performance of the candidate was satisfactory. We recommend that he/she be
awarded the PhD degree.

[ ] Any further modifications in research work recommended by the panel after 3 months
from the date of first vivavoce upon request of the Supervisor or request of
Independent Research Scholar after which viva-voce can be re-conducted by the same

panel again.

[ ] The performance of the candidate was unsatisfactory. We recommend that he/she
should not be awarded the PhD degree.

(The panel must give justifications for rejecting the research work)

\
Dr. Anuradha K. Ggjjar Dr. Vandana B. Patravale
Name and Signature of Supervisor with Seal 1) (External Examiner 1) Name and Signature

Dr. VarshaB. Pokharkar
2) (External Examiner 2) Name and Signature

Xii



ABSTRACT

A significant percentage of drugs, around 60-70 %, fall under BCS Class II,
indicating their poor solubility. The cocrystal formation presents a promising
solution to enhance drug solubility by modifying the crystal structure, thus
potentially improving bioavailability. Fimasartan Potassium Trihydrate (FPT) is
an antihypertensive molecule classified as BCS-II, presenting low solubility and
high permeability. To address the solubility and bioavailability chalenges
associated with such compounds, cocrystal technology was employed in this
study. A cocrystal of FPT with L-Proline (FPT-LP) was successfully obtained
using the solvent evaporation method at a stoichiometric ratio of 1:2. The
scalability of this technique was demonstrated through the Supercritical Fluid
Extraction method for technology transfer and scale up. In silico studies employed
encompassed in-silico cocrystal screening, the pKa rule, cocrystal structure
anaysis, Hirshfield Surface Analysis (HSA), and Surface Electrostatic Potential
(SEP). This reveadled the binding mechanism of FPT and the tendency of
coformers to form cocrystals. This involves intermolecular hydrogen bonding
(amino-nitro) and m-m stacking. The developed cocrystals were characterized
comprehensively using various techniques like FTIR, SEM, TEM, DSC, PXRD,
SCXRD, RP-HPLC, and U.V. visible spectrophotometer. The relative crystallinity
study showed that the developed cocrystals are crystaline (66.98 %). The
solubility studies showed eight fold increase in the solubility of FPT-LP compared
to FPT. In-vivo studies were conducted on rats using the LC-MS/MS method that
demonstrated a remarkable 88.88 % increase in bioavailability of FPT-LP
compared to FPT. The developed cocrystals were successfully formulated into
capsule dosage form, exhibiting drug release of 99.95 % within 60 minutes in
phosphate buffer-6.8. Stability studies were conducted via Dynamic Vapor
Sorption, Photostability and Accelerated stability studies for FPT-LP cocrystal
and the developed capsule formulation which confirmed the stability of the
cocrystal. Additionally, In-vitro In-vivo correlation (IVIVC) anaysis showed a
direct point-to-point relationship between % Drug Release and Absorption Rate
(Level-A correlation). The development of this cocrystal offers substantial
benefits to society by enhancing drug bioavailability, and decreasing the FPT
dose. It aso provides advantages to the industry through a facile and scalable



manufacturing method. Moreover, the work is protected under patent, ensuring
regulatory advantages.

Keywords: Fimasartan; L-Proline; co-crystallization; bioavailability; supercritical
fluid extraction; IVIVC; cocrystal; capsule
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CHAPTER-1

I ntroduction

The recent trend states that approximately 40 % of currently marketed drugs and
up to 70 % of compounds currently under development follows
Biopharmaceutical Classification System (BCS) Class Il — that is low solubility
and high permeability. The amount of drug reaching the systemic circulation
becomes insufficient with low solubility hence lesser amount of drug reaches the
site of action, leading to poor bioavailability. Various solubility enhancement
approaches that include physical and chemical modification of drug and other
methods like particle size reduction, nano suspension technology, salt formation,

cocrystal formation etc. have been tried to overcome these issues.*
1.1 Phar maceutical Solids - States

The Active Pharmaceutical Ingredients (APIs) mostly are formulated as oral solid
dosage forms, in the form of capsules and tablets as they offer a number of
advantages like formulation strategy, scale up, low cost of production, stability
and better patient compliance.* The solid state of an API is of critical importance
during the development of an oral dosage form. This has a larger impact on the
physical stability, hygroscopicity, dissolution rate, solubility which ultimately
leads to increased bioavailability. Solid states of API can exist as crystalline forms
(polymorphs, hydrates, solvates, cocrystals, and salts) and amorphous forms(Fig-
1.1).2 Crystalline forms are the solids that exist as a three-dimensional long-range
order in which the structural units or unit cells are regularly repeated indefinitely in
three dimensional space. Each crystal can be further classified on the basis of
dimensions and the individual angles of the unit cell.® Crystal Polymorphs is the
ability of acompound to exist as more than one distinct crystal form that has same
chemical composition but different internal packing structures.* Polymorphism is
further categorised as. packing, conformational, tautomeric and synthon
polymorphism.® Solvates, are crystalline solids containing any solvent molecule
incorporated into the crystal structure, either in stoichiometric or non
stoichiometric amounts. These are also termed as pseudo polymorphs. If water is
incorporated as the solvent molecule, it is termed as hydrate®. The presence of
solvates exhibitsdifferences in the dissolution rate and solubility in comparison to
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the non-solvated form of adrug. The API itself often has an alkaline/acidic group,
and the addition of a suitable acid/alkali material may result in the salt formation.’

Solid forms

v\
L - A

Crystalline solid

Amorphous solid
/ (glass)
A e
' single L, " Muli- L
<§:ompanen€> ?DHI])GIIGIII:(‘
7 system [ I system T
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m Solvate/hydrate Salt Cocrystal
Polymorph II

Figure-1.1: Solid State forms of a drug substance*

1.2 Cocrystalsasa Solid Form

1.2.1 Cocrystal definition

The term cocrystal was first coined by Etter. He also stated the hydrogen bonding
rules for the formation of organic crystal, ®° while, Desiraju was the first to give
the supramolecular synthon concept of hydrogen bond formation in crystal
structures.’® In 2004, the new era of crystal engineering and cocrystal formation
began which showed that the crystalline materials are capable of altering the
physicochemical properties of APIs without atering the physiological
properties.™* Duggirala and coworkers differentiated the cocrystals obtained from
the physical mixture and different types of coformers on the basis of the
molecular and ionic nature of the coformer.**The term cocrystal (or cocrystal) is
defined as crystalline materials composed of two or more different molecules,
typically active pharmaceutical ingredient (API) and cocrysta formers
(coformers), in the same crystal lattice in a specific stoichiometric ratio (Fig-1.2)*

co-crystal
former co-crystal with new
pure API structure properties

/5 N N LT, £, £
N /N h_A & 4
N\ A A A

Figure-1.2 Cocrystal Formation?
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1.2.2 Structural diversity of cocrystals

The Cocrystals can either be in the form of weak acid, base and /or even neutral
theoretically be formed from weakly acidic, basic or even neutral molecules.*
The coformers for the formation of cocrystal can either be an API or excipient.
Hence, a single API can form variety of cocrystals with unique structural and
physical properties. Cocrystals also exhibit diversity in stoichiometric ratios i.e.
the drug and the coformer can be present in different ratios like 1:1, 1:2, 2:1 and
so on® For example U-maeic acid cocrystals were prepared with the
stoichiometric ratios like 2:1, 1:1, and 1:2.'° Studies show that during the
formation of cocrystals the API tend to crystallize as hydrates and as solvates*’
The crystal engineering strategy shows structural diversity of cocrystals that helps
in improving the variety of drug solid forms. This feature offers opportunities for
tuning various properties of the drug. The structural diversity of multicomponent
crystals can be predicted by computational methods.*®

1.3 Applications of Cocrystals

The physicochemical properties altered by the formation of cocrystal stands out
from all the advantages that exist in the stable crystalline form.*® The vital factor
that plays an important role in altering the physicochemical properties is the
coformer.?® The cocrystals can aso be for non-ionizable APIs and for complex
drugs with varied functional groups.?* The most important advantage for the
formulation of cocrystals is the shortening of the drug development timeline of
APIs with higher yield and lower costs. The developed pharmaceutical cocrystals
are structurally different from their APl and hence have the option of patenting
existing APl cocrystals as a new crystal form. There are various examples of
pharmaceutical cocrystals available as marketed formulations. Suglat® a diabetes
mellitus-2 formulation (Ipragliflozin — L-Proline cocrystal) increases the stability
against hydrate formation, manufactured by Astellas Pharma and Kotobuki
Pharmaceutical. Entresto® by Novartis, is used for reducing the risk of heart
fallureis aValsartan-Sacubitril cocrystal that leads to improved pharmacokinetics
and bioavailability of Vasartan. Steglatro® is a medication for type-2 diabetes
mellitus (Ertugliflozin - Z-Pyroglutamic acid cocrystal) which gives improved
stability. Depakote® is a cocrystal of Vaproic acid — Vaproate sodium, used to
treat epilepsy that has more solid phase stability and less hygroscopicity.
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Lexapro® is a medicine for depression (Escitalopram-Oxalate cocrystal) that
improved stability. Viagra® by Pfizer is used for the treatment of erectile
dysfunction, that comprised of sildenafil citrate — acetyl salicylic acid.* Various
physicochemical properties of drugs like melting point, tabletability, solubility,
stability, bioavailability, permeability may be altered by the formation of a

pharmaceutical cocrystal.

Melting Point: The findings states that the melting point of cocrystals and
coformers are interrelated, but the melting point and solubility are not linearly
correlated.” So, to stabilize the thermolabile API, coformer with high melting
point should be selected. This results in higher melting point of the cocrystal
without altering the solubility.?®

Tabletability: The cocrystal formation may directly affect the crystal packing,
tabletability and compaction, which are important parameters in the
preformulation study. In some cases, cocrystals have higher tabletability than

either pure drug or coformers.®*

Example. The paracetamol cocrystals (with oxaic acid) showed better
compaction behavior than that of a pure drug. Resveratrol cocrystal with 4-
aminobenzamide and isoniazide as coformers showed enhanced tabletability

properties.?

Solubility: Solubility isamajor challenge for formulation scientist as 40% of the
new drugs developed are practically insoluble in water. Various techniques are
used to increase the solubility such as salt formation, solid dispersion, particle

size reduction, cocrystallization and so on.?

Example: The ketoconazole drug showed less solubility in comparison to
ketoconazole cocrystals (increased by 100 folds) while its salt formation lead to
increase in solubility by 53 folds.® The cocrystal of the antitumor drug 6-

mercaptopurine showed twice the solubility of the drug alone. %

Stability: The stability studies play a vital role in the development of new dosage
formulations. Various stability issues like chemical stability, solution stability,
relative humidity, therma stability and photostability are studied in

preformulation studies. %

Example: Indomethacin-saccharin cocrystals showed good stability to relative
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humidity study by showing lower water sorption.?® Theophylline cocrystals with
oxalic acid was studied at varied % RH like 40, 73 and 98 % for 1, 3 and 7
weeks. The results showed improved physical and stability properties as it
avoided the hydrate formation,® L-883555, an inhibitor of phosphodiesterase IV
cocrystal with tartaric acid was studied for different stoichiometric ratios ranging
from 0.3 : 1.0 t0 0.9 : 1.0. Cocrystals with stoichiometric ratio with 0.5:1.0 was
found to be most stable, as the acid content occupied the channels in the crystals
and establish multiple binding modes that showed better thermal stability.*

Bioavailability: Crystal engineering is primarily used to design and synthesize
pharmaceutical cocrystals with enhanced agueous solubility and ora
biocavailability as low bioavailability is the magor issue with BCS Class Il and IV
molecules. The ora biocavailability of baicalein-nicotinamide cocrystals showed
peak plasma concentration (Crma) as 2.49-fold higher than the pure drug in rats.*

Permeability: The permeability of the API is a magjor challenge with BCS class-
[11 drugs. The cocrystal technique helps in easing the permeation by the selection

of appropriate coformer.>

Example: 5-fluorouracil cocrystal showed increase in the permeability with
different coformers like 3-hyroxybenzoic acid, 4-aminobenzoic acid and
cinnamic acid. Hydrochlorothiazide - succinamide cocrystals showed increase in
the permeability when studied by using Franz diffusion cells. The amount of drug

flux in cocrystal was higher as compared to pure drug.*

Advantages: In pharmaceuticals, one of their primary benefits lies in enhancing
the solubility of poorly water-soluble drug compounds. This solubility
improvement can lead to increased drug bioavailability, allowing for lower
dosages and reduced side effects, while maintaining therapeutic efficacy.
Furthermore, cocrystals enable the tailoring of a compound's physical and
chemical properties, including stability and dissolution rates, facilitating
optimized drug formulations and extended patent life, which guards against

generic competition.”

Enhanced Drug Solubility: Cocrystals play avital role in enhancing the solubility
of poorly water-soluble drug compounds, thereby increasing drug bioavailability.

This enhancement enables the administration of lower dosages, resulting in
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reduced side effects while maintaining therapeutic efficacy.”

Tailored Physical and Chemical Properties. Cocrystas alow for the
customization of a compound's physical and chemical properties, including
stability and dissolution rates. This capability facilitates the development of

optimized drug formulations and extends patent life.*

Improved Sability: Cocrystals contribute to enhanced stability, both chemical
and physical, leading to an extension of the product shelf life. This improved
stability ensures the maintenance of drug efficacy over an extended period,

benefiting both patients and pharmaceutical manufacturers.*

Economic Advantages. Utilizing cocrystals in drug development and
manufacturing processes offers economic benefits, including cost savings. The
streamlined development process and improved manufacturing efficiency

contribute to reduced expenses, making drugs more accessible and affordable.®

Safety and Versatility: Cocrystals offer the potential to create safer
pharmaceutical products with lower toxicity profiles. This versatility provides
innovative solutions to formulation challenges and enhances the optimization of

existing compounds across different industries.”

1.4 Strategy for Cocrystal Formation

Selection of API

\ 4
\ 4
\ 4
\ 4

Selection of Coformer
Determination of API-Coformer Ratio
Techniques of Cocrystal formation
Characterization of developed cocrystals

Figure-1.3: Strategy for cocrystal formation®
The strategy for cocrystal formation involves several sequential steps aimed at
optimizing the combination of the active pharmaceutical ingredient (API) and the
coformer (Fig-1.3). The initial and crucial step is selecting the appropriate API,
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followed by determining the most suitable coformer, which is essential for
successful cocrystal formation with its desired activity. To study the hydrogen
bond formation between the API and coformer, various computational in-silico
techniques are employed. These methods provide vauable insights into the
selection of potential coformers that leads to cocrystal formation.* Once the
coformer is identified, the APl and coformer stoichiometric ratio are determined
through a series of trials and errors using different techniques to achieve optimal
cocrystal formation. The developed cocrystal is subjected to comprehensive
characterization using sophisticated techniques such as Powder X-ray Diffraction
(PXRD), Single-Crysta X-ray Diffraction (SCXRD), Differential Scanning
Calorimetry (DSC), Scanning Electron Microscopy (SEM), and Transmission
Electron Microscopy (TEM).”> These analyses confirm the formation of the
cocrystal and provide information about its crystallinity (Fig-1.3) Moving
forward, pharmacokinetic studies are conducted to assess the cocrystals effect in
comparison to the API. These studies help in understanding the change in
pharmacokinetic properties and calculating bioavailability. Later, the cocrystals

are tailored for dosage form preparation, stability and shelf life studies.

1.4.1 Sdection of Coformers

The coformer can either be another drug or excipient or aminoacid.® There are
thousands of substances that could be used as potential coformers that is stated by
USFDA in GRAS.* The only important criteriais it should be non-toxic with no
adverse effects with the presence of at least one functional group. Coformer
selection plays the vital role in the designing and screening of cocrystals. The
selection of coformers maorly depends on knowledge-based methods and
experimental or trial and error methods. The knowledge based approach includes
various computational techniques like hydrogen bonding propensity,
supramolecular compatibility by Cambridge Structure Database (CSD), pKa
based models and the conductor-like screening model for real solvents (COSMO-
RS), Hansen solubility parameter, virtual cocrystal screening (based upon
molecular electrostatic potential surfaces-MEPS), thermal anaysis, measuring

saturation temperature, Kofler contact method and matching.*®
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Hydrogen bonding propensity: In the cocrystal formation APl and coformers
interact with each other with a non-covalent bond, like hydrogen bonds and van
der Waal forces.>” Amongst these, the hydrogen bonding between the API and the
coformer plays an important role in the formation of cocrystals.*® Quantitative
measurements of hydrogen bond formation between the donor and acceptor
functional groups present is studied through CSD.**CSD is atool that to facilitate
statistical analysis of packing patterns and provide information on common
functional groups. This is used to identify appropriate cocrystal-forming pairs
through computer-based approach to reduce research time and experimenta

costs.*’

pKa rule: ApKa helps in predicting as well as identifying the formation of a
cocrystal and/or salt. This is simple yet time consuming method for cocrystal
determination.** The solvents with the highest proton transfer values were
identified between the acid and the base and it is calculated by ApKa =
[ApKa(base) — ApKa(acid)]. ApKa less than 0 indicates cocrystal formation,
where as values more than 2 or 3 indicates the formation of salts.*!

Hirshfield Surface Analysis (HSA): It is a tool for gaining insight into the
intermolecular interaction of the APl and the coformer. It maorly helps in
identifying the crystal packaging behaviour. The size and shape of Hirshfeld
surface alows the qualitative and quantitative investigation. CrystalExplorer

software is used to determine HSA . #

Electrostatic Surface Potential (ESP): Electro Static Potential is an important
physicochemical property of a compound as it provides information about the
surface charge density distribution and molecular reactivity. ESP illustrates
charge distribution three dimensionally. The software has a database classified
into functional groups having the site of interaction in the cocrystal as primary
minima and maxima based on surface charge density. Similarly, the various
functional groups in the coformers are classified as secondary maxima and
minima. The plane of the API rotates because of repulsion between the primary
minima site and coformer secondary minima site. Hence, the maxima sites of
both API and coformer come in contact with each other. The major application of
ESP is providing insights into the intermolecular binding of functional groups on

the basis of surface charge.®®
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1.4.2 Techniquesfor Cocrystal Formation

There are various techniques available for the preparation of cocrystals. They are
mainly divided into, traditional methods and sophisticated methods which are
further classified into various techniques (Fig-1.4).*

Techniques for Cocrystal formation

Traditional Methods ‘ ‘ Sophisticated Methods
[ . )
Solution based method Grinding method || Ultrasound asssi?;teq solution
co-crystallization

Solvent evaporation Dry Grinding | | Supercritical fluid extraction
techngiue
B ) N Wet Grinding
Solutian crystallization —| Spray drying technigue

ﬂﬂntisolvent adddition

- Hot melt extrusion technique

Slurry crystallization

Cooling crystallization |

Figure-1.4: Techniques for Cocrystal Formation
Solvent Evaporation Technique: The APl and coformer are dissolved in
appropriate solvent and the solution is alowed to evaporate slowly. This method
is used when API and coformer are thermodynamically stable.**
Solution Crystallization Technique: The APl and coformer are dissolved in
boiling solvent with stirring with reduction in solvent volume. Solvent is allowed
to cool rapidly. Cocrystas are separated by filtration or drying in oven. This
method is used when API and coformer are stable under both hot and cold
conditions.”
Antisolvent Crystallization Technique: The APl and coformer are dissolved in
different suitable solvents and are homogenized. These solutions are added to the
solvent which precipitates the APl and coformer. The rate of addition of the
solvent plays a vital role. Also, combining anti solvent cocrystallization and
cooling method gives better results for cocrystal formation.*®
Slurry crystallization Technique: Slurry is formed when APl and coformer are
mixed with a suitable solvent. The excess solvent is decanted and the cocrystals
are dried. This method is used when the APl and coformer, both show good
solution stability.*’
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Cooling Crystallization Technique: Super saturated solutions of the APl and
coformer in suitable solvents are mixed and then cooled. This method relies on the
temperature-dependent solubility change to achieve cocrystal formation.*’

Dry Grinding and Wet Grinding Technique: The API and conformer are mixed
together and ground in a mortar without any solvent (dry grinding) and with a
suitable solvent (wet grinding). Real time monitoring of the cocrystal formation is
the greatest challenge in this method.*®

Ultrasound assisted solution Cocrystallization Technique: The APl and
coformer are dissolved together in a solvent in a sonoreactor to form a turbid
solution. Cold water is supplied continuously to avoid fragments in nucleation and
the solution is kept for drying overnight. Sonication can lead to increase in the
nucleation rate and alter the phase diagram as well.*

Supercritical Fluid Extraction (SFE) Technique: SFE is the most advantageous
technique for cocrystallization as it gives the highest quality of cocrystals. The
most commonly used supercritical fluid is CO,; the advantages of using this fluid
is to reduce the processing steps, being eco-friendly solvent, well-finished
products, a greater tendency for solubility, and less product degradation. The
supercritical CO, acts as a solvent that leads to the nucleation growth and
formation of co crystals by intermolecular interactions between the APl and
coformer. Solubility can be atered by adjusting the temperature and pressure
conditions (of CO;). The advantage of this technique is that it prevents the
formation of solvates and hydrates in the cocrystals because of the absence of
water in its preparation. It is limited to single-component cocrystal formation.™
Spray drying technique: The APl and coformer are dissolved in a solvent and
solution/suspension is formed, which is subjected to spraying in the hot air stream
to evaporate the solution. This technique is not useful for thermodynamically
unstable API and/or coformer. *°

Hot melt extrusion Technique: The API and coformer are heated with intense
mixing without the use of any solvent. The formation of the cocrystals occurs once
the APl and the coformer starts melting and this is the initiation phase of
nucleation. The major drawback of this technique is both the APl and coformer
should be miscible in molten forms hence it cannot be used for thermolabile

drugs.™*
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1.4.3 Characterization of cocrystals

There are various techniques to characterize cocrystals like PXRD, FTIR, DSC,
SCXRD, SEM and TEM. Each technique with its importance in cocrystal
characterization is stated below.

FTIR spectroscopy: FTIR spectroscopy is employed to identify cocrystal
formation and confirm the presence of specific interacting functional groups. It
confirms the formation of a cocrystal by detecting shiftsin absorption peaks or the
emergence of new peaks in the spectrum. These changes indicate that the
interacting molecules are in a cocrystalline arrangement. Quantification of
cocrystal composition can be calculated by comparing the intensities of specific
bands corresponding to the cocrystal components, that determines the relative
guantities of each component in the cocrystal with APl and physical mixture.
FTIR characterizes intermolecular interactions, making it a crucia tool in

determining the cocrystalsin theinitial phase of study.*

Differential Scanning Calorimetry (DSC): DSC isacritical tool for determining
the cocrystal formation. It provides information on the thermal properties,
stability, and behaviour under various conditions of cocrystals. DSC can
accurately determine the melting point of cocrystals, aiding in their identification
and characterization. It also reveds the heat flow associated with phase
transitions, such as melting or recrystalization, providing insight into cocrystal
stability and behaviour over a range of temperatures. Presence of impurities in
cocrystals can also be detected by polymorphic transitions that may affect their
properties through heat. DSC evaluates the compatibility of cocrystal components
and assess potential interactions, ensuring product stability. Generally, when
cocrystals are heated, the DSC scan shows an exothermic peak associated with
cocrystal formation directly after an endothermic peak at a significantly higher
temperature. In contrast, when a physical mixture incapable of cocrystal formation
is heated, only a single endothermic peak associated with APl melting appears on
the DSC scan.>®

Thermogravimetric Analysis (TGA): TGA is a vauable tool in cocrysta
identification and characterization, particularly for assessing thermal stability,

detecting impurities, and quantifying cocrystal purity. When used in conjunction
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with other analytical techniques likes DSC and XRD it enhances the overall

understanding of cocrystal properties and behaviour.>*

X-ray Diffraction Study: XRD is primarily employed to determine the crystal
structure of cocrystals. The XRD studies can be conducted by two ways. Powder
XRD (PXRD) and Single Crystal XRD (SCXRD). By analyzing the diffraction
pattern generated when X-rays interact with the cocrystal, the spatial arrangement
of atoms or molecules in the crystal lattice can be determined. This information is
fundamental in confirming the presence of a cocrystal. XRD can distinguish
cocrystals from their individual components (that is APl and coformer) and other
solid forms. The unique diffraction pattern of a cocrystal serves as a fingerprint
for its identification. This technique is essential for confirming the presence of

cocrystals and knowing their structural properties.*

Dissolution Studies: Cocrystals are often designed to improve the solubility of
poorly soluble drug compounds. Dissolution studies can demonstrate whether a
cocrystal has the desired effect by comparing its dissolution rate to that of the
API. A faster dissolution rate suggests improved solubility. Studying the
dissolution kinetics of cocrystals provides information about the mechanisms
governing the release of the cocrystal components. This can be important for

understanding the dissociation and release of API from the cocrystal .°

Solubility Studies: Solubility studies are used in the initial stages of cocrystal
formation, to identify potential coformers. The testing of different combinations
of coformers and the compound of interest (API) at various concentrations and
conditions helps in identifying systems in which cocrystals are likely to form
based on changes in solubility behaviour. Solubility studies are crucia for
optimizing cocrystal synthesis processes. It can determine the solvent,
temperature, and concentration conditions that |ead to the highest cocrystal yields.
Solubility data aids in selecting the most suitable coformers for cocrystal
formation. Coformers with complementary solubility profiles, maximize the
chances of cocrystal formation with higher solubility. It aso helps in establishing

the optimum stoichiometric ratio of APl and coformer with maximum yield.”

Stability Studies: Stability studies involve subjecting the cocrystal to various

stress conditions such as temperature, humidity, and light. Changes in the
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cocrystal's physical and chemical properties, including its crystalinity and
spectral features, can be monitored to detect degradation or phase transitions. The
absence of degradation or transformation indicates the stability of the cocrystal.*®

1.5 Amino acids as Cofor mer

Amino acids are the organic components that combine to form proteins. These
biomolecules are involved in several biological and chemical functions in the
human body and are necessary for the growth and development of human beings.
Amino acids are also generaly recognized as safe (GRAS), which means that
they have low toxicity. Structurally, amino acids are promising coformer
candidates because of the presence of functiona groups that have the tendency to
form hydrogen bonds and increase stability through zwitterionic moieties that
support strong interactions. Aminoacids can be used as coformers because they
have amino and carboxylic acid groups that can act as donors and acceptors of
hydrogen bonds. The studies prove that the range of amino acids were studied for
the formation of cocrystals with varied API to solve or overcome limitations of
varied physicochemical properties like improved stability and solubility
problems.*®

Amino acids can be broadly categorized into three groups based on the polarity of
their side chains: non polar, polar, and charged (acidic or basic). Non polar amino
acids have side chains that are hydrophobic and do not readily interact with
water. The non polar amino acids with non polar (hydrophobic) side chains
include Glycine, Alanine, Valine, Leucine, Isoleucine, Methionine and Proline.
Proline has a unique cyclic side chain that forms a ring structure, making it

distinct from all other non polar amino acids.*®
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CHAPTER -2
Review of Literature

The literature review was conducted with a purpose to provide a comprehensive
understanding of the existing research and identify research gaps for further
investigation. This helped in building a theoretical framework, validate research
hypotheses and avoid duplication with enhanced credibility. The literature review
is conducted in four major parts:

Drug Profile of FPT: This section provides a comprehensive overview of
Fimasartan Potassium Trihydrate (FPT).

Literature Review of cocrystals: This part covers the techniques of preparation,
identification, analytical methods and in-silico tools, involved in cocrysta
formation and analysis.

Literature Review for class of drug: This section focuses on the cocrystal
formation of the sartan class of drugs, which served as a foundation for initiating
the development of new cocrystals.

Literature Review for analysis of FPT: This part included various analytical
methods and pharmacokinetic studies available related to FPT.

2.1 Drug Profile of Fimasartan Potassium Trihydrate

Fimasartan Potassium Trihydrate (FPT) is a novel angiotensin Il receptor
antagonist (ARB) that exerts its pharmacological effects by selectively blocking
the angiotensin Il receptor subtype 1 (AT1). This action results in vasodilation
and inhibition of aldosterone secretion, leading to decreased blood pressure. FPT
is indicated for the treatment of hypertension, offering an effective option for
managing elevated blood pressure levels. With its favorable pharmacokinetic
profile, including rapid absorption and elimination half-life suitable for once-daily
dosing, Fimasartan provides convenient and reliable blood pressure control.
Clinical studies have demonstrated its efficacy in reducing both systolic and
diastolic blood pressure, with a well-tolerated safety profile. The detailed drug
profile of FPT isstated in Table- 2.1.
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7,58

Name Fimasartan Potassium Trihydrate (FPT)
Structure
Snesp 3 H,0
Ry K*
N -
e

NN

I[UPAC Name Potassium  5-(4'-((2-butyl-5-(2-(dimethylamino)-2-

thioxoethyl)-4-methyl-6-oxopyrimidin-1(6H)-
yl)methyl)-[1,1'-biphenyl]-2-yl)tetrazol -1-ide
Trihydrate

Molecular Formula Co7H36KN7O4S

Molecular Weight 593.8 g/moal

CAS Number 1020110-23-9

Wavelength 260 nm
2.1.1 Physicochemical Properties

Appearance White powder

Solubility 0.00542 mg/mL

BCS Class|I

Melting point 155°C

pKavalue 4.23(strongest acidic) 1.34 (strongest basic)

Log P 4.03
2.1.2 Pharmacokinetics of FPT

Absorption Absorbed rapidly with the Ty 0.5 to 1.3 h and has
minimal accumulation in the body

Metabolism It ismetabolized to FPT S-oxide, FPT N-
glucuronide, oxidative desulfurized FPT (BR-A-
557), and hydroxy-n-butyl FPT.

Half-life 4 hours

Bioavailability 18.6 %

Elimination Bile excretion with half life of 7-10 h

2.1.3 Pharmacological & Therapeutic Properties
Therapeutic Antihypertensive
category

M echanism of action

FPT binds to Angiotensin Il Type - | receptor to
prevent vasoconstriction and reduces aldosterone
secretion leading to a reduction in the blood volume.
Together these effects produce an anti-hypertensive

Priyal Shah
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effect.
Dosage 60-120 mg once daily
Therapeutic Use For treatment of Hypertension
Adverse effect Dizziness, Fainting and headache
Contraindications Pregnancy and Lactation
Storage Store below 30° C
CDSCO approval September 2019
USFDA approval September 2010

2.1.4 Marketed Formulation

Fimasartan

Tx 10 Tabbais

Tablets 60 mg
Fimanta 60

foRmT=T Bo

TR

Figure - 2.1 Marketed formulation of FPT>®

FPT is available as a tablet with dosage of 60 mg and 120 mg by the name of

Fimanta by Ajanta Pharma Ltd, India. Fig-2.1 shows the marketed formulation of
FPT.>®

2.2. Review of Literaturefor cocrystals

The literature review for cocrystals was conducted to get in depth knowledge

about the cocrystals, its bonding technology, techniques, characterization and its

regulatory importance (Table-2.2).

Table-2.2 Review of Literature for cocrystals

NG Titl gReferenceNo) K nowledge gained

1 Pharmaceutical Cocrystal: An | Differences between cocrystals with salts, solvates
overview® and hydrates with the advantages of cocrystals.

5 Pharmaceutical cocrystals. | Some prominent examples of advantages of drug
walking the talk®! cocrystal depending on coformer selection.

_— Approaches like supramolecular  synthon,

3 _Coformer Sele_ctlon. An Cambridge Structura Database (CSD), Hansen
important tool in cocrysta s
formation® sol uplllty parameter and knowledge of hydrogen

bonding between coformer and API.

Creating Cocrystals: A Review

4 of Pharmaceutical Cocrystal | Techniques for preparation of cocrystal with their
Preparation Routes and | advantages and disadvantage.
Applications™

5 | Cocrystal Formulation, | Various techniques and interpretation for the

Priyal Shah
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Characterization, and Evauation
Study®

characterization of cocrystal

Detection of Cocrystal
Formation Based on Binary
Phase Diagrams®™

Clarification on the relationship between
exothermic peaks and cocrystal formation.

Advance methodologies for

cocrystal synthesis®

Advancements include manufacturing of scalable,
high quality cocrystas with  enhanced
physiochemical properties and appropriate drug-

coformer selection.

Pharmaceutical Cocrystds:
8 | Regulatory, Strategic Aspects,

Design and Devel opment®’ and Europe.

The review of literature for cocrystals gave a comprehensive overview on the
formation of cocrystals, bonding chemistry, advanced techniques of preparation
and characterization. This nurtured and molded the research work from
identifying some basic techniques to scalable techniques for the cocrystal
formation with afocus on its regulatory perspective.

2.3 Review of Literaturefor classof drug

The literature review suggested that there is no technique available for the
formation of cocrystal of FPT. However, literature was available for other drugs
of the same class. Hence the literature review was conducted on the sartan class of
drugs (Table-2.3).

Table-2.3 Review of Literature for Cocrystals from the same class of drug

Sr. No. | Name of the drug Specifications

1. Telmisartan® Coformer: Saccharin

Stoichiometric ratio: 1:1

Method of Preparation: Solvent Evaporation
Outcome: Improved solubility and increase in
bioavailability (2 fold)

2. Olmesartan
M edoximil®

Coformer: Hydrochlorothiazide
Stoichiometric ratio: 1:1
Method of Preparation:
technique

Outcome: Improved solubility and minimized
intermolecular drug-drug interaction

Solvent evaporation

3. Vasartan™ Coformer: Succinic acid
Stoichiometric ratio: 1:1
Method of Preparation:
method

Outcome: Improved solubility (10 fold) and

improved micromeritic properties

Solvent evaporation
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The available analytical and bio analytical methods of FPT were studied for
identification and characterization of FPT.
Table-2.4 Review of Literature for FPT

Sr.No. | Title Parameters
1. UV Spectrophotometric Method | Amax: 240 nm
Development and Validation of | Solvent: Water
Fimasartan Drug and its Tablet | Linearity Range: 0-20 ppm
Formulation™
2. Evauation of stability and | Column: C18 column (250 mm x 4.6
simultaneous determination of | mm, 5 pm)
fimasartan and amlodipine by a | Mobile phase: Acetonitrile: 0.02 M
HPLC method in combination | mono potassium phosphate buffer
tablets’ (pH 2.2) [50:50 v/v]
Flow rate: 1.0 mL/min
Run time: 8 min
Amax: 237 nm
3. Validated stability indicating | Column: C18 column (250 mm x 4.6
RP-HPLC method for the| mm,5 pum)
determination of fimasartan in | Mobile phase: Acetonitrile:
presence of degradation | Phosphate buffer (pH -3) [50:50 v/v]
products” Flow rate: 1.0 mL/min
Run time: 15 min
Amax: 262 Nm
4, Simultaneous determination of | Instrument: APl 4000 LC-MS/MS
fimasartan, a novel | Column: C18 column (50 mm x 2.6
antihypertensive agent, and its | mm, 2.3 ym)
active metabolite in rat plasma | Mobile Phase: Acetonitrile and
by liquid chromatography | 0.05% formic acid [40:60 v/v].
tandem mass spectrometry’* Animal: Male Sprague-Dawley rats
(8-10 weeks old)
Internal Standard and Metabolite:
BR-A-557
Blood Sample Collection Time: 0, 2,
5, 10, 15, 30 min, 1,2, 4, 8, 12, 24, 48
and 72 h.

2.5 Discussion

The literature review for FPT involved a comprehensive study of existing
anaytica and bioanalytica methods. This exploration served as a vauable
foundation for both qualitative and quantitative assessments of FPT, its coformers,
and the newly developed cocrystal, with necessary adjustments made to meet
specific research needs. By assimilating knowledge from previous studies, the

review not only facilitated a deeper understanding of analytical techniques but
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also provided essentia insights for the formulation and optimization of methods
for FPT and its cocrystals.
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CHAPTER -3
Aim and Objectives

Fimasartan Potassium Trihydrate is an anti-hypertensive molecule belonging to
BCS class Il that is low solubility and high permeability. It possesses a low
bioavailability of 18.6 %. This leads to higher doses with the potential for greater
Side effects.

3.1 Aim of thework
To design, synthesize and evaluate pharmaceutical cocrystal of Fimasartan
Potassium Trihydrate.

3.2 Objectives
To investigate suitable coformers and method of preparation for cocrystal.
To characterize the developed cocrystals by: Fourier-transform infrared
spectroscopy  (FTIR), Differential Scanning  Caorimetry  (DSC),
Thermogravimetric analysis (TGA), Powder X-ray Diffraction (PXRD), Single
Crystal X-ray Diffraction (SCXRD), Dissolution Study, Solubility Study and
Stability Study.
To perform pharmacokinetic studies and to determine the % bioavailability.
To prepare a suitable dosage form after preformulation studies and
evaluation of the dosage form along with stability assessment.
To establish an in-vitro-in-vivo correlation (1VIVC).
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CHAPTER -4

Materials and I nstruments

Variety of instruments and materials were used throughout the research work for

the preparation and analysis of cocrystals. The materials and instruments used in

the formulation and pharmacokinetic studies are also listed below in tables 4.1 and

4.2.

4.1 List of Instruments

The instruments used throughout the experiments performed are listed in Table-4.1.
Table-4.1 List of Instruments

Sr.No. Instrument Model no. Manufacturer
1. Microbalance XPE-26 Mettler Toledo
2. Analytical Balance XPE-205 Mettler Toledo
3. Water Purification System DQ5 Merck
4, Melting Point Apparatus VMP-D Veego, Mumbai

Prominence-i Series
5. HPLC with PDA detector Plus LC-2030C 3D Shimadzu

PDA

6. UV-Vis Spectrophotometer Evolution 201 SCTQ%;?S Ilfllsetffj';cr)wgnt
7. FTIR IR Spirit Shimadzu
8. Refrigerated Centrifuge Varsati T1000R Esco Biotech
0. LC-MSMS 6545 XT (LC/Q-TOF) Agilent
10. SEM JSM-7600F Elecmi
11, TEM Tﬁ?gg':;gg %gfgj’” Thermo Fischer
12. PXRD XR Dynamic 500 Anton Paar
13. DSC DSC 25 TA Instruments
14. Particle Size Analyzer Mastersizer 3000 Malvern
15. Stability Chamber GMP-SCO0L Kesar Controls
16. Supercritical Fluid Extractor SFE-2000 Jasco
17. pH meter LMPH 10 Labman

4.2 List of Chemicals and Reagents

Fimasartan Potassium Trihydrate was procured from Kimia Biosciences Limited,

Haryana, India. The lists of reagents used throughout the experiment are listed in
Table-4.2 and the list of coformers used is stated in Table-4.3.
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Table-4.2 List of Chemicals and Reagents

Sr.No. Reagents Grade Manufacturer
1. Methanol HPLC Merck Life Science Pvt. Ltd.
2. Acetonitrile HPLC Fisher Scientific
3. M ethanol AR grade CDH Chemicals
4. Acetone AR Grade CDH Chemicals
5. EDTA AR Grade Lobal Chemie Pvt. Ltd.
6. L osartan AP procured as gratis sample from
Zydus Cadila, Ahmedabad, India

Table-4.3 List of Coformers

Sr.No. Coformer Type Grade Source

1. Saccharine Excipient AR CDH Fine Chemical

2. Succinic acid API AR CDH Fine Chemical

3. Hydrochlorothiazide AP procured as gratis sample from Fredun
Pharmaceuticals Ltd, Thane, India

4. L — Proline AA (NP-R)

5. L —Valine AA (NP-R)

6 L — Threonine AA (PR) procured as gratis sample from Clear

7. L — Cystine AA (P-R) Synth, Mumbai, India

8. L — Lysine AA (Pos-R)

0. L — Glutamic acid | AA (Neg-R)

10. Glycine AA (P-R)

AA: Amino Acid; NP-R: Non polar R group; P-R: Polar R-group; Pos-R: Positively charged R
group; Neg-R: Negatively charged R group
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CHAPTER -5
Experimental Work

The experimental work was planned with procurement of drug and it’s
authentication; preparation of cocrystals which included investigation and
selection of coformers, techniques and stoichiometric ratio; physicochemical
characterization of prepared cocrystals by various characterization techniques;
pharmacokinetic studies; preformulation studies, dosage form preparation,
evauation and stability studies followed by In-vitro In-vivo Correlation (IVIVC).
The experimental work is further divided into four chapters. Preparation and
Characterization of cocrystals, Pharmacokinetics Study, Formulation Study and
IVIVC Study.

5.1 Authentication of drug

The identification of the drug Fimasartan Potassum Trihydrate (FPT) was
performed by melting point determination, IR Spectra determination and
wavelength determination. An RP-HPLC method was aso developed and
validated which has been used throughout then work for quantification of FPT.
5.1.1 Melting Point Determination

Melting point of FPT was determined using Veego melting point apparatus by open
capillary method. The observed melting point aong with the reported value is
shownin Table-5.1.

Table-5.1 Melting Point Determination
Reported Melting Point Range™ | Observed Melting Point Range

154-157 °C 153-155°C

5.1.2 IR Spectrum Recording
IR spectrum of FPT was recorded using FTIR, by mixing the sample uniformly
with KBr. FTIR spectra of FPT was recorded by scanning it in the range of 200-

4000 cm'l. FTIR spectrum and its interpretation with standard values of
functional group are shown in Fig-5.1 and Table-5.2 respectively.
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Figure-5.1 Recorded IR spectrum of FPT
Table-5.2 Interpretation of FTIR spectrum of FPT
Functional Standard wavenumber Observed
Group range (cm™) wavenumber (cm™)
N-H 3440-3300 3409.44
C=N 2410 - 2320 2350.00
C=0 1700-1670 1645.45
C-S 700-550 640.00

5.1.3 Wavelength Determination

The wavelength maximum of FPT was determined by U.V. visble
spectrophotometer. The calibration curve was plotted in methanol throughout the
range of 5 - 40 pug/mL with each increment of 5 pug. The samples were prepared
from the working solution (100 pg/mL) obtained by the dilution of stock solution
(1000 pg/mL) using water. The Amax Obtained throughout the calibration range
was 260nm. Fig-5.2 and Table-5.3 show the overlay spectrum and the calibration
range of FPT respectively. The coefficient of regression was 0.9909 (Fig-5.3).
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Figure-5.2 Overlay spectrum of U.V. visible spectroscopy of FPT
Table-5.3 Observation Table for U.V. visible spectroscopy study for FPT

Concentration Absorbance 0
Yo RSD
(Hg/mL) (n-5) ’
5 0.09 1.09
10 0.15 1.75
15 0.35 1.63
20 0.57 0.98
25 0.76 1.37
30 0.94 1.83
35 1.10 1.21
40 1.37 0.50
1-2 7 Calibration Curve of FPT

L 12 -

g 1

£ 08 -

_g 0.6 —

20 y =0.0373x - 0.1732
0.4 - R2 = 0.9909
0.2 -

O T T T T 1
0 10 20 30 40 50
Concentration (ug/mL)

Figure-5.3 Calibration Curve of FPT
5.1.4 HPLC Method Development and Validation
RP-HPLC method was developed for FPT by optimizing the mobile phase, flow
rate and run time. A variety of mobile phase were tried and studied as shown in
Table-5.4. The reported methods showed interference by the selected coformer

and hence there was a need to devel op a new method to fulfill the requirements of
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the present work. The optimized chromatographic conditions are described in
Table-5.5. The HPLC grade water is used throughout for the RP-HPLC analysis.

Table-5.4 Preliminary optimization trials of Mobile phase for analysis of FPT

Sr. | Mobile
No | Phasewith
variable Chromatogram Observation
Ratios/
Flow Rate
1-3 PhOSphate 7.5 POA MUl
Buffer pH- Dual peaks
3:ACN a%) were
(50:50 viv g observed
30:70v/Iv | 25 § with tailing
80:20 v/v) .- more than
[1mL/ 1 ENEERENS. | ONSUSEEIRESR S, (GRS o S ) 1 0 )
m|n] ] 25 50 75 .
4-6 | Phosphate | ; ok
Buffer pH- |-
3. i !
Methanol I Multiple
(50:50 v/v I peaks were
30:70viv | I k- observed.
80:20viv) | | & g N\ 3 B
[1mL/ s e AP _
mln] o.a 25 5.0 75 min
7- ACN: 7 T it
10 | water Tailing
(50:50viv | s f
2080 VIV ) actor more
. than 2.00
30:70 viv 251 Was
80:20 v/v) .
[1mL/ i . - _. — observed.
ml n] 0.0 25 50 T.5 o
11- Peak shape
13 | Methanol: | 7 B . was good
water : but elution
(50:50viv | ] || was early at
30:70 viv ] . 1.86 min,
80:20 v/v) | | | and succinic
[1 mL/ : I P acid showed
ml n] c:; — _._ 2:-_ ~ 50 FI-") up ajj a:ent
™| a210min
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14 : . - Good peak
17 vl\\//I:ttehranOL s Y resolution at
: | 2.96 min,
(50:50 viv 296 min,
30:70 viv . " but
80:20 viv | ad
90:10viv) | I secherine
minl E w between 2.5
ik to 3 min.
18- | Methanol: o PO G
21 | water
(80:20 v/v, o]
70:30 /v, . |mproper
20:80 viv, | Peak Shape
30:70 v/v)
[0.8 o}
mL/min] o 2%
2 ) 3 P
Methanol : N ||
Wat'er | Good peak
(90:10 | Sood
04 || 5.07 min
[0.8 = [ . .
mL/min] o] iy | S

Table-5.5 Optimized Chromatographic Conditions for RP-HPLC

Parameter Conditions
Mobile Phase Methanol : Water (90:10 v/v)
Stationary Phase RP-C18, 250 mm x 4.6mm, 5u
Flow Rate 0.8 mL/min
Injection volume 10 uL
Detection Wavelength 260 nm
Column Temperature Ambient
Run Time 10 min

5.1.5 Validation of Developed Method

The developed method was validated as per ICH Q2 guidelines that includes,
linearity, precision, specificity, limit of detection, limit of quantification and
recovery.

5.1.5.1 Linearity and Range

Linearity is expressed in terms of correlation co-efficient of linear regression
anaysis. The linearity of response was assessed by analysis of five levels of
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calibration curve in the range of 5-30 pg/mL (n=5). From the working standard
solution (100 pg/mL), aliquots of 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mL were taken in
10 mL volumetric flask and diluted upto the mark with mobile phase. Mean peak
area of each concentration was recorded (Table-5.6) and calibration curve was
plotted that stated correlation co-efficient as 0.9934 (Fig-5.4).

Table-5.6 Observation Table for Linearity of FPT in RP-HPLC

Concentration
Mean Peak Area
(g/mL)
5 278750.33
10 527440.00
15 767726.33
20 980002.00
o5 1149689.00
30 1326331.33
1600000 - Linearity
1400000 -
1200000 -
1000000 -
g 800000 -
600000 - y = 41811x + 106630
400000 - R2=0.9934
200000 -
0 T T T 1
0 10 20 30 40
Concentration (ug/mL)

Figure-5.4 Linearity Study of FPT in RP-HPLC
5.1.5.2 Precision

5.1.5.2.1 Repeatability

Repeatability was performed by analyzing mid concentration (15 pg/mL) within
the linearity range (n=6). The area was measured and % RSD was calculated
which was 0.66 %. (Table-5.7)

Acceptance criteria % RSD should not be more than 2.0 %.
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Table-5.7 Datafor Repeatability study of FPT
Concentration Peak Area (n-6) = SD % RSD

15 pg/mL 767726.33 + 1328.85 0.66

5.1.5.2.2 Intermediate Precision
Precision was carried out by repeating 3 levels of calibration curve (10,15,20

ng/mL).

Interday Precision: The samples were injected at three consecutive days and %
RSD calculated was found to be in the range of 0.57-1.72 %.

Intraday Precision: The samples were injected at different time interval in a day
and analyzed to get % RSD. It wasin the range of 0.07-1.25 % (Table-5.8).

Table-5.8 Datafor Intraand Interday Precision of FPT

Concentration Intraday Precision Interday Precision
(ug/mL) Area(n-3) % RSD Area(n-3) % RSD
10 527440.00 0.57 526991.10 0.07
15 767726.30 172 763318.10 1.00
20 980002.00 1.55 972615.00 5.1

5.1.5.3 Limit of Detection and Limit of Quantification

The lowest amount of the analyte in a sample which can be detected but not
necessarily quantitated as an exact value is termed as LOD, while the lowest
amount of analyte which can be quantitatively determined with suitable precision
and accuracy istermed as LOQ. LOD and LOQ were calculated from the standard
deviation of intercepts and mean slope of the calibration curves which was found
to be 1.54 and 4.67 ug/mL respectively. The formula used are LOD = (3.3x0) /S
and LOQ = (10x0) /S, where ¢ = Standard deviation of the Y intercept regression
lines and S = Slope of the calibration curve equation.

5.1.5.4 Recovery

The accuracy of the method was determined by measuring the recovery of FPT
using standard addition method. Known amounts of FPT were spiked at three
levels to pre analyzed tablet sample. The quantity of formulation equivaent to 10
mg was transferred to four volumetric flasks. Standard FPT 8 mg,10 mg and 12
mg was spiked in second , third and fourth flasks respectively. All the flasks were
filled with 80 % methanol and sonicated for 45 minutes and diluted upto the mark
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with methanol. These solutions were filtered through Whatman filter paper
individually. From each filtrate 1 mL was diluted to 10 mL with methanol. Each
resulting solution was individualy injected. The study was performed in triplicate.
From the calibration curve, the amount of FPT recovered was calculated which
was in between 98.97-99.86 %. (Table-5.9)

Table-5.9 Datafor Recovery Studies of FPT

. : Quantity
Level Quantity | Quantity recovered % %
0 Taken Added Mean | SD
(%) (mQ) RSD | Recovery
(mg) (mg) (n-3)

0 10 - 9.88 9.89 | 0.17 | 0.37 -

80 10 8 7.90 790 | 0.04 | 051 99.83
100 10 10 9.89 989 | 018 | 1.84 98.97
120 10 12 11.98 11.98 | 0.04 | 0.35 99.86

5.1.5.5 Robustness

Robustness of the method was assessed by the effect of variation in parameters

like flow rate, column oven temperature, detection wavelength and composition

of the mobile phase for HPLC studies.% RSD of peak area was found to be

0.09 % to 0.11 %,; hence it indicates that the method was robust (Table-5.10).
Table-5.10 Data for Robustness Studies of FPT

Parameter | CPVCIN | o Area | Mean(n=3) | %RSD
Parameter
o Rete 0.8 536985
L) min) 1 536439 5364517 | 0.09
12 535031
258 536197
Wa‘(’srf]';gth 260 536439 5355007 | 0.23
262 534136
Mobile phase | 10000 537625
) 90:10 536439 5371233 | 0.11
80:20 537551

5.2 Discussion

The experimental work described in this chapter was conducted by focusing on
the API for the project that is FPT. Authentication of FPT was performed by
melting point, FTIR studies and wavelength determination. These studies proved

that the FPT API received as atest sample for rest of the experiments was similar
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to that of standard FPT. An accurate, selective, sensitive, robust and precise RP-
HPLC method was developed for routine analysis. It was validated as per ICH
Q2B quidelines and al the validation parameters were well within the stated
[imits.
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CHAPTER -6

Preparation and Characterization of Cocrystals

The preparation of cocrystals initiates with the investigation into the tendency to
form cocrystal. Various in-silico and computational studies are undertaken to
determine the cocrystal formation. In-silico techniques help in giving vauable
insights and predictions to streamline the following experimental work. Numerous
methods are employed for cocrystal preparation, each exhibiting varying yields and
success rates in cocrystal formation. The evaluation and identification of cocrystals
iIs accomplished through diverse characterization techniques, including
spectrophotometric, analytical, microscopic and diffraction methods. These
techniques enabl e the differentiation and recognition of cocrystals in comparison to

the Active Pharmaceutical Ingredient (API), coformer, and Physical Mixture (PM).

There are numerous factors that influence the cocrystal formation, and fine-tuning
these variables can lead to the development of optimized cocrystals.

Molecular Compatibility: The ability of the APl and coformer molecules to interact
and form stable hydrogen bonds or other intermolecular forcesis crucial.
Soichiometry: The ratio of API to coformer plays a significant role in determining
the formation and stability of the cocrystal .2

Polymorphism: Different polymorphic forms of the APl and coformer can impact
the cocrystallization process and the resulting cocrystal’s properties.

Solubility: The solubility of the APl and coformer in the selected solvent can
influence cocrystal formation, aswell as the choice of solvent for crystallization.*
Temperature and Pressure: Conditions such as temperature and pressure during the
cocrystallization process can affect the formation and stability of the cocrystal.

pH: The pH of the solution can influence the ionization state of the APl and
coformer, thus affecting their ability to interact and form cocrystals.

Presence of Impurities: Impurities can interfere with the cocrystallization process,
affecting the purity and yield of the cocrystals.

Choice of Solvent: The solvent used for crystalization must adequately dissolve
both the API and the coformer and promote the formation of a stable cocrystal

structure.®
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6.1 Computational Studies

Computational studies play a pivotal role in predicting the understanding of
cocrystal formation. Through molecular modeling and simulations, these studies
provide insights into the possible intermolecular interactions between the APl and
the coformer. By predicting potential cocrystal structures and analyzing their
stability, computational methods assist in selecting promising candidates for
experimental synthesis. Moreover, they offer a cost-effective way to explore
various bonding patterns and identify hydrogen bonding interactions, which are
crucia for cocrystal formation.

The inter and intramolecular bonding between FPT and various coformers were

studied with help of various predictability parameters and software.

6.1.1 In-silico cocrystal screening

The in-silico cocrystal screening was studied by downloading the 3-D Structures
from Cambridge Structural Database (with R-factor less than 5, to avoid any
disorder in the structure). Material Studio was used for optimizing the geometry of
the structure (crystal lattice, cell parameters). The optimized structures were
imported in Mercury Software (MOPAC Version - 3.10) and the parameters were
calculated. The data depicts the formation of intermolecular and intramolecular H-
bond and also shows the difference in the heat of formation and ionization potential
between FPT and the coformers (Table-6.1).

Table-6.1 In-silico cocrystal screening

Materials ) . .
Studio 2 Parameters studied using Mercury Version 3.10
Rank | Chemical T8 Diffin | Fina | loniza
Name
mol ecules Inter Intra Heat Qf heat of Heat of tion
. Mol. Mol. formatio , .
incrysta formatio | formati | Potent
) H-bond | H-bond n :
|attice n on ial
API FPT 4 2 2 3209.46 0 -52.13 8.55
1 Sacrfgar ! 8 0 3 1556.53 | 1652.93 | 350.01 | 9.21
2 S“;g'é“c 20 ; ; 327673 | 6727 | -136.93 | 8.94
3 HCTZ 4 2 1 854.63 2354.83 89.72 10.38
4 L-Proline 4 1 1 992.69 2216.77 497.93 8.16
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5 L-Vaine 4 1 6 668.7 2540.76 222.83 8.37
L-

6 Threonin 4 0 0 746.18 2411.65 955.04 6.25
e
L-

7 Cystine 4 1 7 28.37 3181.09 | -242.09 | 891

8 L-Lysine 2 0 5 -5.78 3215.24 213 9.27
L-

9 Glutamic 4 0 4 -165.32 3836 -620.57 | 10.57

acid
10 Glycine 4 2 6 20.22 3189.23 | -289.84 | 7.94
6.1.2 pKarule

The formation

of salts or cocrystals can be predicted by determining the ApKa

using the formula: ApKa = [pKa (FPT) — pKa (Coformer)]. It is generally accepted

that proton transfer will occur from an acid to a base if the difference in the pKa

values is greater than 3, which will lead to salt formation. If the ApKa value is less

than or near to O, the probability of cocrystal formation is much higher. On the

other hand, if the ApKa vaue is between 0-3 the molecule has the tendency to
behave as both salt and cocrystal.*

Table-6.2 ApKa study of Coformer

Sr. Chemical H-bond H-bond pka pka pka
No. Name acceptor donor acid base difference
API FPT 10.00 0.00 4.23 9.72 0.00
1 Saccharine 4.00 0.00 2.32 8.6 0.02
2 Succinic acid 2.00 0.00 4.25 5.64 2.29
3 HCTZ 5.00 3.00 417 9.35 -0.06
4 L-Proline 3.00 2.00 4.74 10.62 -0.51
5 L-Valine 3.00 2.00 2.90 9.74 1.94
6 L-Threonine 4.00 3.00 2.09 9.10 214
L-Cystine 8.00 4.00 1.92 10.70 231
8 L-Lysine 4.00 3.00 2.16 9.06 2.07
g | L-Gluamic 5.00 3.00 210 | 947 213
acid
10 Glycine 3.00 2.00 2.29 9.74 1.84
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The above listed computational studies provided an insight into the likely
coformersto be used for cocrystal formation of FPT. The subsequent computational
studies namely cocrystal structure analysis, Hirshfeld surface area and surface
electrostatic potential were done only for the optimized cocrystal formed using L-
Proline as the coformer in theratio 1:2 (FPT: L-proline) with FPT.
6.1.3 Cocrystal Structure Analysis
The coformer was selected from the range after the completion of basic trials with
each technique. The selected coformer L-proline (LP) showed maximum cocrystd
yield during the preliminary trials. Hence, cocrystal structure anaysis of the
developed cocrystals of FPT-LP was studied that showed the crystal system as
Monoclinic (Table-6.3).The FPT-LP showed a ‘sandwich-like’ trimer formation
(Fig-6.1); where the two white lines depict LP while one green line depicts FPT.
The numbersin bracket in the Data column (Table-6.3) refers to number of times.
Table-6.3 Cocrystal Structure Analysis of FPT-LP

Parameters Data
Crystal size 0.79, 0.63, 0.32
Temperature (°C) 293
Crystal system Monoclinic
Space group P21/c
A 15.771 (11)
B 7.46 (4)
C 16.570 (11)
Alpha 90
Beta 115.985 (13)
Gama 80
Z 4
Volume (A cube) 1749.20 (19)
Calc density (g.cm-3) 141
Absorption coefficient (mm-1) 1.90
Goodnessto fit on F2 1.06
Fina R 0.05
Completeness 0.96
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6.1.4 Hirshfeld Surface Analysis (HSA)

Hirshfeld Surface Analysis (HSA) serves as atool for both quantifying and visually
representing the nature and strength of intermolecular interactions within a crystal
lattice. This analysis involves color-coding the surface to denote various types of
interactions, including hydrogen bonding, van der Waals interactions, and other
close contacts. By using electron density data, the Hirshfeld surface is calculated
and depicted with distinct colors corresponding to different interaction types. The
CrystalExplorer software is employed to conduct HSA. Fig 6.2 (a) depicts the
binding site while Fig-6.2 (b) and (c) provide a visua representation of the extent

of bonding at each specific site.

b :
s S R T €

DL F T N R R P T B A e K B

(a) (b) (o)
Figure-6.2 Hirshfield Surface Analysis of FPT-LP
(a) Binding site (b) Two dimensional fingerprint (c) Contact contribution ratio

6.1.5 Surface Electrostatic Potential (SEP)

SEP illustrates charge distribution three dimensionally. Mercury software version
3.10 is used to determine this study. The main site of interaction in the cocrystal
first occurs pair wise in the primary minima and maxima of the SEP on the surface,
followed by the secondary ones. The plane of FPT gets rotated because of
repulsion between the FPT (global minima site) and coformer (secondary minima
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site). Table-6.4 shows the target sites with global maxima and global minimavalue
of FPT and coformer in correspondence to the functiona group as shown in Fig-
6.3.

Table-6.4 Surface Electrostatic Potential of FPT-LP

Global Global
Name Target sites maxima minima Functional group
(Kcal/moal) (Kcal/moal)
- Local +59.78 +59.35 -OH group
Secondary -31.01 -31.56 Carbonyl group
Loca +52.65 -79.99 Sulphur ion
L-proline
Secondary +41.12 -42.10 Amine group

(ii)

dnteraction sites occured pairwise in tive minima and maxima of the EPS on the sarface

Figure-6.3 Surface Electrostatic Potential of FPT-LP
(i) Charged maximasites (ii) Interaction sites

6.2 Techniquesfor Cocrystal Formation

A number of techniques are available for the preparation of cocrystals. The various
techniques attempted for the formation of FPT cocrystals are Solvent Evaporation
Technique, Cooling Method, Dry Grinding Method, Wet Grinding Method,
Centrifugation Technique, Freezing Technique and Supercritical Fluid Extraction
Technique. During the trial and error of the above techniques four samples were
studied for each variable; namely drug and coformer individually, Physical Mixture
(PM) and Treated sample (yield/ cocrystal). The list of all the coformers used
throughout the trials in various stoichiometric ratios with FPT is stated in Table-6.5.
6.2.1 Solvent Evaporation Technique

The solvent evaporation technique is a common method used in the preparation of
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cocrystals. This technique involved the dissolution of the components (APl and
coformer) in a common solvent, followed by controlled evaporation of the solvent
to induce cocrystal formation. FPT and different coformers were studied with
variations in solvent, solvent volume, stoichiometric ratio of FPT: coformer,
temperature and time of evaporation (Table-6.5). FPT-saccharine, FPT-
hydrochlorothiazide and FPT-L-proline showed cocrysta formation by this
technique. FPT-L-Proline showed needle shaped crystals with the maximum yield
in stoichiometric ratio 1:2 as shown in Fig-6.4(a).

6.2.2 Cooling Method

The cooling method involved the controlled cooling of a solution by mixing the
API and coformer in a specific stoichiometric ratio in a suitable common solvent.
This technique was explored with variations in solvent, stoichiometric ratio and the
cooling time (h) as showed in Table-6.5. The solvent selection plays a vital role as
both the components should be readily soluble in the selected solvent. This leads to
appropriate cooling process.

6.2.3 Dry Grinding Method

The API and coformer were weighed in the desired stoichiometric ratio and mixed
in a mortar with a pestle. The grinding process was commenced in a uniform
direction at room temperature or under controlled conditions, depending on the
properties of the APl and coformer. The selection of precise ratio of APl and
coformer plays a crucial role for the formation of desired cocrystals. The trituration
time (min), stoichiometric ratio of FPT: coformer was varied as shown in Table-
6.5.

6.2.4 Wet Grinding Method

Wet grinding method is similar to dry grinding method (6.2.3), with the addition of
a suitable solvent. The API and coformer were admixed with the suitable solvent.
The variables like solvents, stoichiometric ratio, mixing time (min), solvent volume
are stated in Table-6.5.

6.2.5 Centrifugation Technique

FPT and coformer were dissolved in the suitable solvent in varied stoichiometric
ratio of FPT: coformer and centrifuged. The selection of solvent plays an important
role as both the APl and coformer should be easily soluble in the selected solvent,
to get the formation of cocrystal. After the centrifugation, the solids from the
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solution were filtered and dried to measure the yield. The variations in
stoichiometric ratio, centrifugation time, speed and solvent is stated in Table-6.5
6.2.6 Freezing Technique

The solution was freezed after dissolving the appropriate proportions of APl and
coformer in a suitable solvent. The freezing technique involves the selection of the
solvent in accordance to its freezing point to commence the cocrystal formation
process. .

6.2.7 Supercritical Fluid Extraction Technique (SFE)

The SFE technique was used as a scale-up method for solvent evaporation

technique. This technique was applied to only L-proline, with its definite
stoichiometric ratio as it showed maximum cocrysta yield during solvent
evaporation technique.

FPT and L-Proline were weighed in the stoichiometric ratio of 1:2 and mixed
thoroughly. The mixture was placed in the sample compartment on cotton waool.
Methanol and distilled water (5:95 v/v) was selected as the mobile phase for the
extraction. Supercritical CO, was passed at 70°C and pressure 80.0 MPa. The
extracted samples were collected in the collection tube. The solution from the
collection tube was dried at room temperature to get the solid cocrystals (Fig-6.5).
These are the optimized conditions for the extraction of the cocrystals. The
variables undertaken during the preliminary trials of SFE include temperature
variations of 50 and 90 °C and pressure 100 MPa. The cocrystal formation was

observed as shown in Fig-6.4 (b) with more yield and in atime efficient manner.

(b)
Figure-6.4 Cocrystals of FPT-LP
(a) Solvent Evaporation Technique (b) SFE Technique
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Table-6.5 Details of Variables for the Techniques for Cocrystal Formation

Sr. No | Parameter Variables
L-Proline, Saccharine, Succinic acid,
Coformer Hydroghl orothiazi de,. L-Vali ng, L-
Threonine, L-Cystine, L-Lysine, L-
Glutamic acid, Glycine
Technique Solvent Evaporation Technique
Distilled water, methanol, IPA, distilled
water: methanol distilled water: IPA, 1PA:
Solvent .
methanol, distilled water: methanol: 1P
(50:50, 70:30, 80:20, 30:70, 20:80)
1. Solvent volume (mL) 5,10,15,20,15,30,45,60,80
\(’Yc?;a'bath Temperaiure | o, 70,85,90,125
Heating Time (min) 10,15,20,25,30,40,50,60
Stoichiometric Ratio
FPT: Coformer (w/w) 11, 1:2, 21, 2.2
2. Technique Cooling Method
Distilled water, methanol, distilled water:
Solvent methanol (50:50, 70:30, 80:20, 30:70,
20:80)
Solvent volume (mL) 5,10,15,20,25
Cooling Temp (°C) 20,5
Cooling Time (h) 1,3,5,8,12,24,48
Stoichiometric Ratio
(FPT: Coformer) (w/w) 11,12, 21,22
3. Technique Dry Grinding Method
Trituration Time (min) 10,20,30
Stoichiometric Ratio
(FPT: Coformer) (w/w) 11,1221, 22
4. Technique Wet Grinding M ethod
Distilled water, methanol, distilled water:
Solvent methanol (50:50, 70:30, 80:20, 30:70,
20:80)
Solvent volume (mL) 5,10,15,20,25
Trituration Time (min) 10,20,30
Stoichiometric Ratio
(FPT: Coformer) (w/w) 11,12, 21,22
5. Technique Centrifugation Technique
Digtilled water, methanol, IPA, distilled
Solvent water: methanol, Distilled water: 1PA
(50:50, 70:30, 80:20, 30:70, 20:80)
Solvent volume (mL) 5,10,15,20,25,50
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Centrifugation Speed | 331 4000,5000

(rpm)

Ce_ntrlfugatlon Time 15.20.25.30

(min)

Stoichiometric Ratio N

(FPT: Coformer) (w/w) 11,1221, 22
6. Technique Freezing Technique

Solvent Distilled water

Solvent volume (mL) 10,20,50

Cooling Temp (°C) -20, -80

Cooling Time (h) 5,10,12,24,48

Stoichiometric Ratio e ma A

(FPT: Coformer) (w/w) 11,1221, 22

6.3 Optimization of Coformer and Stoichiometric Ratio

The above techniques helped in identifying the coformers with the tendency to form
cocrystals. These techniques were studied for all the selected coformers and varied
stoichiometric ratio.

Importance of coformer selection: The selection of coformer is of profound
importance as the physicochemical properties of the resulting cocrystal depend on
the coformer. The coformer, chosen judiciously, plays a pivotal role in determining
the stability, solubility, and bioavailability of the cocrystal. The regulatory
compliance of cocrystal-based pharmaceuticals aso hinges on a comprehensive
understanding of coformer interactions and the resultant impact on product safety
and efficacy.

L-Proline as a coformer: L-proline is the only amino acid with a five-member ring
structure, the pyrrolidine ring that makes the structure rather rigid. In cocrystal
formation, this stiffness is an advantage over the more flexible co-formers as it
contributes to its stabilization ability. It is considered as an excellent candidate in
cocrystal formation because it forms a-ammonium carboxylate zwitterions, which
support atomic interactions. L-Proline has a reasonably broad zwitterion pH range
of 1.8 to 10.63. The addition of L-proline as a coformer, leads to formation of
‘sandwich-like’ trimer in the cocrystal structure. L-proline is the most soluble
amino acid and can dissolve hydrophobic molecules with a hydrotropic effect.
Amino acids tend to form head-to-tail charge-assisted hydrogen-bonded chains

during cocrystal formation, thereby increasing the percentage of strong interactions
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in the cocrystal structure. L-proline exhibits the highest capacity to construct
cocrystal and modulates the pharmaceutical performance due to its rigid
zwitterionic structure, solubility and hydrotropic activity.

Importance of stoichiometric ratio selection: The stoichiometric ratio selection in
cocrystal formation is a crucial parameter that profoundly influences the
composition and properties of the resulting cocrystal. The ratio in which the
coformer and APl combine plays a pivotal role in defining the structure and
performance of the cocrystal. The right stoichiometric balance is essential for
maintaining the desired crystalline structure, as deviations from the ideal ratio can
lead to the formation of impurities or amorphous phases. In pharmaceutical
applications, precise stoichiometric control is paramount for optimizing drug
formulation, affecting factors such as solubility, stability, and bioavailability.
Moreover, the stoichiometric ratio influences the thermodynamic stability of the
cocrystal, with some ratios exhibiting greater stability than others. The choice of
stoichiometry also impacts the crystalization process and can affect the ease of
manufacturing and reproducibility of cocrystals on an industrial scale.

6.3.1  Solubility Studies

Solubility studies are crucial, as it provides essential insights into behavior of the
drug in different environments, aiding in the formulation and development and
designing of the chemical processes. The solubility of a compound determines its
bioavailability, impacting the effectiveness of drugs.

The solubility studies were conducted on promising cocrystal with coformers L-
proline, HCTZ and saccharine. Different molar stoichiometric ratios like 1:1, 1:2,
2:1 and 2:2 were studied for promising conformers.

10 mg of FPT, PM and cocrystals were added in 3 different volumetric flasks
containing 5 mL distilled water and shaken for 10 min on shaker. Distilled water
was added upto the mark of the volumetric flask (10 mL) and shaken for further 10
min. The resulting solution was filtered using Whatman filter paper (1; 110 mm).
The filtrate was anayzed with the developed RP-HPLC method (Refer: 5.1.4). The
studies were conducted on various solvents and mixture of solvents like water and
methanol. The solubility study was conducted for 24 hours for API, coformers, PM
and cocrystals. The promising cocrystals were analyzed by RP-HPLC method for
each stoichiometric ratio (Fig-6.5). This study focused on identifying the
stoichiometric ratio with varied outputs like percentage yield and solubility.
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Inference: FPT-LP cocrystal showed maximum solubility with an increase by 8
folds, while FPT-HCTZ and FPT-Saccharine showed 4 and 3 folds increase
respectively. The stoichiometric ratio of FPT-LP 1:2 (250 mg/g) showed
maximum solubility and percentage yield in comparison to the ratios 1:1 (143
mg/g), 2:1 (77mg/g) and 2:2 (71 mg/g). The studies on PM, FPT and coformer
did not show any significant increase in solubility.

-l

| Solubilitr of Cocrystal FFT-LP

Yield (%) 75.15
- —— L
Increasein 8
= 11 [ solubility {falds)
- . 2-1 [ Solvent for Methanol:
g ' preparation(v/v) | water (20:50)

T N '

-" Solubility of Cocryytal FFT-HCTE Yield ["o} 60 31

o — 12
Increasein 4

™ ST solubility (folds)

- — 11 Solvent for Methanol:
1 e preparation(v/v) | water(30:30)
T

- Solubility of Cocrystal FPT-Sachharine | Yield (%¢) 6151

-’ = Increasein 3

= 12 solubility (folds)

- A i Solvent for Methanol
o i P preparation {(v/v)

Figure-6.5 Solubility Studies of FPT-LP and Optimization of
Stoichiometric Ratio

6.4 Characterization of developed cocrystals

The characterization of developed cocrystals is a pivotal aspect of pharmaceutical
research. There are various analytical techniques such as PXRD, SCXRD, DSC,
TEM, SEM and FTIR to determine the structural, thermal and molecular attributes
of the cocrystals. This multifaceted approach confirms the identity, stability, and
potential for enhanced properties of the cocrystals. The preliminary characterization
to confirm the formation of cocrystals was concluded by FTIR and DSC. The other
techniques for characterization like SEM, TEM, PXRD, SCXRD, Phase
transformation and solubility studies were performed for the optimized FPT-LP
(1:2) cocrystal.
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6.4.1 Fourier Transform Infrared Spectroscopy (FTIR)

FTIR is a technique that analyzes the interaction between infrared light and a
sample to identify functional groups and chemica bonds, providing insights into
the composition of a material. It produces a spectrum representing the absorption of
infrared radiation by the sample. In ATR-FTIR, infrared radiation penetrates the
sample, and the ATR crystal reflects it back, generating an absorbance spectrum
that reveals molecular information about the sample's composition and structure.
FPT-LP cocrystal was directly placed on the ATR crystal. The sample was pressed
against the crystal to maximize contact, enhancing the signal strength. The recorded
spectrum is depicted in Fig-6.8. The obtained spectrum was compared with the
spectra of FPT, coformer and PM recorded in a similar manner under the same
conditions. (Fig-6.6)
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Figure-6.6 FTIR Studies of FPT, LP, PM and FPT-LP

6.4.2 Scanning Electron Microscope (SEM)

A SEM is a type of electron microscopethat produces images of a sample by
scanning the surface with a focused beam of electrons. The electrons interact
with atoms in the sample, producing various signals that contain information about
the surface topography and composition of the sample.

Sample preparation for SEM involved fixing and dehydrating the sample, followed
by coating with a thin layer of conductive material such as gold or palladium. The
sample was mounted onto conductive stubs using adhesive tapes, for stability and

effective electrical conductivity of the sample during analysis. It was then carefully
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loaded into the SEM chamber, and imaging parameters were adjusted. Detection
was achieved by capturing secondary or backscattered electrons, providing detailed
images for comprehensive analysis and characterization of the sample's surface
morphology at high magnifications. The SEM image of FPT, LP, PM and FPT-LPis
shown in Fig 6.7 a., b, ¢c and d. respectively. All images were captured in 1000x
magnification.

1I_‘.I{r|n1

Figure-6.7 SEM studies of a. FPT b. LP c. PM d. FPT-LP

6.4.3 Transmission Electron Microscopy (TEM)

Transmission electron microscopy (TEM) is amicroscopy technique in which a
beam of electronsis transmitted through a sample to form an image. This enables to
capture the detailing of the sample like a single column of atoms. TEM samples
were prepared by fixing and dehydrating the cocrystal, followed by embedding it in
resin for thin sectioning. Thin sections were cut using an ultramicrotome and
transferred onto TEM grids to support the sample and facilitate electron
transmission. This was later loaded into the TEM column and subjected to a high-
energy electron beam, where the detectors capture transmitted electrons to produce
high-resolution images for detailed analysis of internal structures at the nanoscale.
The TEM image of FPT, LP and FPT-LP is shown in Fig-6.8 a, b. and ¢
respectively.
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Figure-6.8 TEM Studies of of a. FPT b. LP c. FPT-LP
6.4.4 Differential Scanning Calorimetry (DSC)

DSC isathermal analysis that measures the change in the physical properties of a
sample, over variations in temperature and time. During analysis, the instrument
measures the heat flow associated with thermal transitions, such as melting or
crystallization, providing insights into the material's thermal properties. DSC
detection involves capturing the heat flow signals to generate a thermogram,
allowing for the precise characterization of phase transitions, thermal stability, and
other thermal eventsin the sample.

The sample preparation was conducted by encapsulating the materiad in a
hermetically sealed pan. The sample pan was carefully mounted in the DSC
instrument, where it undergoes controlled heating. The obtained thermogram was
compared with the thermograms of FPT, coformer and PM recorded in a similar

manner under the same conditions. (Fig-6.9).
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FFT-LP

Figure-6.9 DSC Thermograms of FPT, LP, PM, Overlaid FPT and FPT-LP

6.4.5 Reversed-Phase High-Performance Liquid Chromatography (RP-HPL C)

RP-HPLC is a chromatographic technique where non polar stationary phase
separates anaytes based on their hydrophobicity in a polar mobile phase. It is
widely used for the qualitative and quantitative analysis of organic compounds. RP-
HPLC method was developed and validated (Refer 5.1.4) ensuring compatibility
with the stationary and mobile phase. The prepared cocrystal was dissolved in the
mobile phase and injected into the HPLC system, equipped with a reversed-phase
column. The sample elutes through the column based on its hydrophobicity, and
detection is based on the absorption of the analyte as being eluted from the column.
UV-Vis detection was employed to identify and quantify the separated compounds,
providing valuable information about the chemical composition of the sample,
formation of cocrystal and purity. The obtained chromatogram was compared with
the chromatograms of FPT, coformer and PM recorded in a similar manner under

the same conditions. (Fig-6.10).
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PRA Ml

Figure-6.10 Chromatogram of FPT-LP
6.4.6 Powder X-Ray Diffraction (PXRD)
PXRD is atechnique used to analyze the crystal structure of powdered materials by
exposing them to X-rays, producing diffraction patterns. It analyzes powdered
samples, useful for polycrystalline materials and phase identification. It enables
quick identification of crystalline phases and quantitative analysis of the sample.
PXRD sample preparation involved grinding the sample into a fine powder to
ensure a random orientation of crystallites. The powdered sample was then
mounted onto a sample holder. The X-Rays were directed onto the sample with the
help of the PXRD instrument software. This resulted in the diffraction pattern of the
sample. The obtained diffractogram was compared with the diffractograms of FPT,
coformer and PM recorded in a similar manner under the same conditions (Fig-
6.11).
Relative crystallinity (X): Relative crystallinity is a measure of the degree of
crystallinity in a material relative to its overall structure. It is often expressed as a
percentage and provides information about the fraction of a materia's structure that
exists in a crystalline state compared to the amorphous or disordered regions. The
relative crystallinity of a material can be calculated from the PXRD data using the
following formula:
XC = leysalindltora*100, Where leysaiine 1S the integrated intensity/area of the
crystalline peaks and liq IS the total integrated intensity/area of al peaks in the
PXRD pattern. The Xc was calculated with Origin 9 software, by taking the
intensity of the PXRD into the consideration. The relative crystallinity of polymers
usually ranges in between 0 % (fully amorphous) to 100 % (fully crystalline). The

common crystalline substances lie in between the range of 40 % to 60 %.
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Figure-6.11 PXRD Diffractograms of FPT, LP, PM and FPT-LP

6.4.7 Single Crystal X-ray Diffraction (SC-XRD) Study

SC-XRD isa crystallographic method for the determination of structures at the
atomic level. It analyzes a single crystal, providing precise atomic positions and
reveals detailed three-dimensional structures with high precision.

The SC-XRD sample (the developed cocrystals) was preliminarily analyzed under
an electron microscope to confirm the formation of single crystal (Fig-6.12). It was
then mounted on a thin fiber or loop and placed in the X-ray beam path. In the
SCXRD instrument, X-rays interact with the crystal lattice, generating a diffraction
pattern. Detectors capture the diffracted X-rays.

Inference: The resulting data elucidated from X-rays were used to determine the
three-dimensional arrangement of atoms within the crystal structure. The
crystallograph with distinct peaks is showed in Fig-6.13. SC-XRD aso determined
the geometric configuration, symmetry, and potential intermolecular interactions

within the crystal lattice as well as confirmed the formation of cocrystal.
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Figure-6.12 Microscopic Studies of FPT-LP for SCXRD

) 4 50 60

) Figure6.1% SCXRD Diffractogram of FPT-LP

6.5 Stability of the developed cocrystals

The stability of developed cocrystals must exhibit robust stability profiles to ensure
the reliability and efficacy of the final drug product. Comprehensive stability
studies are conducted to assess the chemical, thermal, and moisture stability of
cocrystals. Chemical stability is critical to prevent degradation and maintain the
integrity of the API and coformer over time. Thermal stability studies helps to know
the cocrystals' performance under different temperature conditions, while moisture
stability evaluations are essential to address sensitivity to environmental humidity.
This ensures the sustained quality, safety, and efficacy of the cocrystal.

6.5.1 Phase Transformation

The Phase transformation refers to the alteration of the atomic structure and
properties of a sample, often occurring with changes in temperature, pressure, or
composition, leading to distinct phases or states. Phase transformation study is a
type of chemical stability. The phase transformation studies of developed cocrystals
FPT-LP was conducted in agqueous medium by taking 10 mg cocrystal in 10 mL
digtilled water. The residual solids were dried and subjected to PXRD analysis at 0
hr and after the equilibrium time of 48 hr. Fig-6.14 shows the phase transformation
diffractogram by PXRD, whereaisat O hr and bis at 48 hr.

Priyal Shah Page 50



Chapter 6: Preparation and Characterization of Cocrystals

g

Intens&y |counts)

2

10 i " 2 »
Figure-6.14 Phase Transformation =rgt':ljdies of FPT-LP (@) O hr and (b) 48 hr

6.5.2 Photostability Study

The photostability of the developed cocrysta FPT-LP was studied in a
photostability chamber under U.V. light (200 Watt/m?) and Visble light (1.2
million lux) with temperature (40 = 2 °C) and humidity (75 = 5 %) following the
guidelines of ICH Q1B (R2) guidelines. The samples were placed in petridish and
sealed with paraffin sheet. After the completion of Lux cycle (12 days), the sample
was analysed using developed RP-HPLC method (Refer: 5.1.4) by using 15 pg/mL
concentrated solution (Table-6.6).

Table-6.6 Photostability studies of FPT-LP
Time points Peak Area (n-3) £ SD % RSD
Before
starting the 767726.33 £ 1328.85 1.80

Lux cycle
Completion
of the Lux 734901.64 + 1748.39 1.74

cycle

6.5.3 Accelerated Stability Study

The stability of the developed cocrystal FPT-LP was studied in a stability chamber
under accelerated conditions with temperature (40 + 2 °C) and humidity (75 £ 5 %)
following the guidelines of ICH Q1A (R2) guidelines. FPT-LP cocrystals were
subjected to accelerated conditions in a petridish covered with paraffin sheets for a
period of 3 months, with analysis points at 0, 1, 2 and 3 months by the developed
RP-HPLC method (Refer: 5.1.4) by taking concentration of 15 pg/mL (Table-6.7).

Priyal Shah Page 51



Chapter 6: Preparation and Characterization of Cocrystals

Table-6.7 Accelerated Stability studies of FPT-LP

TImepoints | oy Area(n-3)+SD | %RSD
(months)
0 767726.33 + 1328.85 1.80
1 778019.78 + 1460.63 1.95
2 76978.49 + 1109.78 1.28
3 787315.10 £ 1347.15 2.01
Stability Conditions: Temperature (40 £ 2 °C) and
Humidity (75 £ 5 %)

6.6 Discussion

6.6.1 Computational Studies

The ability to tailor cocrystal properties for achieving specific formulation goals is
essentially through coformer selection. The in-silico studies were conducted using
diverse computational software to facilitate the selection of a suitable coformer
with a predisposition for cocrystal formation. The techniques employed
encompassed in-silico cocrystal screening, the pKa rule, cocrystal structure
analysis, Hirshfield Surface Analysis (HSA), and Surface Electrostatic Potential
(SEP).

The in-silico cocrystal screening reveaed the formation of both intermolecular and
intramolecular hydrogen bonds, highlighting differences in heat of formation and
ionization potential between FPT and al the selected coformers. L-Proline,
Saccharine and HCTZ showed promising intermolecular bonding. Out of all, L-
Proline exhibited the most favourable intermolecular and intramolecular bonding, 1
and 1 respectively. Thisindicates its high potential for hydrogen bonding with FPT
and hence L-Proline was considered as one of the promising coformers.

The ApKa analysis, differentiates between the salt and cocrystal formation. The
data stated in table 6.2 showed the ApKa in the range of -0.51 to 2.29 throughout
the coformers selected. HCTZ and L-proline possessed the lowest ApKa of -0.06
and -0.51 respectively. This suggested a heightened tendency for cocrystal
formation with these coformers. This study gave some basic idea in selecting the
coformers with the tendency of cocrystal formation. The ApKa rule suggests that
ApKa lessthan O leadsto cocrystal formation, while ApKa more than 3 forms salts;
while those between 0-4 are termed as ‘salt co-crystal continuum’. Out of all the

coformers HCTZ and L-Proline showed the tendency to form cocrystals.
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The shortlisted coformers mainly saccharine, HCTZ and L-Proline formed
cocrystals by the solvent evaporation technique during preliminary studies. The
cocrystals were evaluated based on yield, quality of cocrystals and the potential for
enhancing the solubility. This helped in identifying L-Proline as the promising
coformer. Hence all further studies were focused on L-Proline as the coformer.
Cocrystal structure analysis of FPT-LP unveiled a monoclinic crystal system with
P21/c as the space group (where P is crystal with a primitive lattice, 2 is a 2-fold
rotation axis, 1 indicates a mirror plane perpendicular to the rotation axis and c is
the glide plane). This provides insights into symmetry operations affecting material
properties. The addition of L-Proline (LP) led to a 'sandwich-like' trimer formation
with FPT in the middle and LP at the two surfaces. This is because of the unique
structure of LP, facilitating binding a both ends. This accentuates the
stoichiometric ratio of 1:2 (FPT: LP) obtained during experimental optimization.
HSA studies help identify bonding sites on each atom and revealed intermolecul ar
bonding at H-H, O-H, O-O, and n-1 interaction between FPT and LP, offering
insights into cocrystal packing and stability. SEP studies revealed electron-rich (red
cloud) and electron-poor (blue cloud) sites of interaction between FPT and LP,
demonstrating the electrostatic landscape. The cocrystal formation was facilitated
by the complimentary orientation of the electron rich and electron poor sites
between the drug and the coformer. This study helped in concluding the hydrogen
bonding sites between the FPT and LP.

Computational studies harmonized well with the results obtained from preliminary

experimental trias.

6.6.2 Techniques for cocrystal formation

The initial phase of cocrystal preparation involved exploring various techniques
with the selected coformers. All the coformers were experimentally tested keeping
the computational work as the support system.

Solvent Evaporation demonstrated cocrystal formation with saccharine,
hydrochlorthiazide, and L-proline coformers at varied stoichiometric ratios, solvent
and its composition and heating time. Among the variations tested, FPT-L-proline
exhibited the highest yield at 1:2 stoichiometric ratio by using solvent as methanol :
distilled water (20:70 v/v) at 70 °C, producing needle-shaped cocrystals as depicted
inFig-6.4 (a).
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Cooling Method, despite variations in temperature and solvent, did not result in
cocrystal formation across the coformer range. Similarly, Dry Grinding and Wet
Grinding, with varied trituration times and stoichiometric ratios, did not induce
cocrystal formation. The Centrifugation Technique, with aterations in
stoichiometric ratio, centrifugation time, speed, and solvent, did not yield any
cocrystals. The Freezing Technique, employing distilled water as the solvent, also
did not lead to cocrystal formation.

Supercritical Fluid Extraction (SFE) was explored as a scalable aternative to
Solvent Evaporation Technique. SFE's advantages, including high speed (60-120
min per sample) in comparison to traditional methods and environmentally friendly
characteristics of carbon dioxide, made it a safe and greener option. FPT-LP
cocrystals were produced with a yield of 61.51 % after 6 hours via Solvent
Evaporation, while SFE yielded 78.23 % cocrystals within 2 hours. This highlights
the efficiency of SFE in delivering better yields and high-quality, free-flowing

cocrystalsin an efficient manner.

6.6.3 Optimization of coformer and stoichiometric ratio

A comprehensive study was encompassed using various techniques which were
applied to al selected coformers across different stoichiometric ratios. Notably, the
FPT-LP cocrystal exhibited remarkable results, demonstrating the highest solubility
with an eight fold increase (16 mg/mL) compared to FPT (2 mg/mL). In contrast,
FPT-HCTZ and FPT-Saccharine cocrystals showed substantial but comparatively
lower solubility enhancements, with fourfold and threefold increase, respectively.
The FPT-LP cocrystal, on exploration of different stoichiometric ratios (1:1, 1.2,
2:1, 1:1.5, 1.5:1) reveaed that the ratiol:2 yielded the maximum solubility and
yield. This suggests that the specific combination of FPT and L-Proline in the ratio
of 1:2 optimally enhances solubility and overall yield. These findings underscore
the significance of selecting appropriate coformers and stoichiometric ratios in
designing cocrystals with improved solubility.

6.6.4 Characterization of developed cocrystals
Various analytical techniques, like FTIR, SEM, TEM, DSC, PXRD and SCXRD

were employed for the comprehensive characterization of the developed cocrystals.
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These methods aimed to eucidate the structural, thermal, and molecular features of

the cocrystals.

FTIR spectrum of the developed cocrystals was compared to standard FPT, PM, LP
and FPT-LP. The spectrum showed distinct shifts in the absorption bands in the
FTIR studies that demonstrated discernible alterations in the absorption band
patterns, indicating the formation of a new entity (FPT-LP). Table-6.8 shows the
comparative absorbance of FPT, FPT-LP, PM and LP with respect to the functional
groups present in the individual molecule.

Table-6.8 Comparative FTIR Analysis

Functional Observed Wavenumbers (cm™)

Group FPT LP PM FPT-LP
N-H 3409.44 - 3409.44 3407.24
O-H - 3430.04 - 3306.54
C=N 2350.00 - 2354.05 2351.36
C=0 1645.45 1650.23 - 1647.32
C-S 640.00 - 641.63 643.12
C-N i 1250.32 1206.32 1265.26
N-O - 1470.00 1408.36 1470.35

SEM studies of FPT-LP cocrystals reveded a distinctive prismatic shape, while
TEM anaysis confirmed the crystalline nature of the developed cocrystal without
any observable defects or impurities. These microscopic studies confirm that the
cocrystals are prismatic in shape and crystalline with no crystal defects.

The DSC curve exhibited an endothermic peak a 180 °C for FPT and an
exothermic peak at 110 °C for the developed cocrystal FPT-LP, setting it apart
from PM and LP. An exothermic effect immediately after the endothermic peaks
confirms co-crystallization.

RP-HPLC further substantiated the distinct nature of cocrystal FPT-LP, displaying
a sharp peak at 5.07 min, which differed from FPT (4.3 min), PM (4.28 min), and
LP(7.64 min).

PXRD and SC-XRD studies displayed distinct peaks of FPT and LP in the FPT-LP
diffractogram, matching the individual diffractogram peaks respectively. FPT
showed 2 theta value as 21.49 with an intensity of 1105, while L-Proline showed 2
theta value as 23.77 with 430 as the intensity. PM showed 2 theta value similar to
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FPT which is 21.79 with lesser intensity of 450. FPT-LP diffractogram showed the
distinct peaks of both the diffractograms (FPT and LP) with the 2 theta value 19.36
and 13.74 with 653 and 542 as the intensity respectively. This concludes the
formation of a new spieces (molecule) with the peculiarities of both FPT and LP,
while shift in 2 theta value depicts the change in the orientation because of
cocrystal formation.

The relative crystalinity is a valuable parameter as it provides insights into the
structural characteristics of amaterial. The relative crystalinity will be a percentage
indicating the fraction of the materia that is in crystalline form. The relative
crystallinity of the developed cocrystals was observed as 66.98 %. This states that
the developed cocrystal FPT-LP (1:2) is crystaline in nature.

The combined application of FTIR, SEM, TEM, DSC, RP-HPLC, PXRD and
SCXRD proved instrumental in confirming the identity and formation of cocrystals,
distinguishing them from the FPT, PM, and LP.

6.6.5 Stability Studies of developed cocrystals

The stability studies were conducted using phase transformation studies,
photostability studies and accelerated studies. This gave an overview about the
stability of the developed cocrystals.

The Phase transformation study was conducted for FPT-LP in solution phase at O hr
and 48 hr, by PXRD. This study revealed no significant changes when compared at
the two time points. This provides a deeper insight into the mechanism of solution—
mediated phase transformation of FPT-LP cocrystals proving the chemical stability
of the developed cocrystals.

The photostability and accelerated stability studies were conducted according to
ICH guidelines Q1A and Q1B respectively. This study showed no significant
change in the peak area of the chromatogram, hence proving that the developed
cocrystal (FPT-LP) are stableto light, temperature and moisture.

In summary, the computational studies acted as a guiding route in the selection of
coformers. These coformers were then tested through experimental techniques for
cocrystal formation. The optimization of stoichiometric ratio was guided by
computational and experimental data, leading to the identification of an optimal
ratio for FPT-LP cocrystals. The technique of cocrystal formation explored was
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solvent evaporation technique, which was taken up as scale up technique by
Supercritica Fluid Extraction. Characterization techniques further validated the
success of cocrystal formation and provided detailed insights into their structural
and molecular characteristics. Each characterization complimented each other in
giving a detailed outcome of the developed cocrystal. The interlinking of
computational and experimental approaches ensured a comprehensive and effective
exploration of cocrystal development. Addressing the stability studies of the

developed cocrystal it ensured the quality, safety, and efficacy of cocrysta-based
drug formulations coming forth.
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CHAPTER -7
Phar macokinetic Study

The Pharmacokinetic (PK) study is a comprehensive examination of how the body
interacts with substances administered over the entire duration of exposure to the
API. Pharmacodynamics focuses on the drug's effects on the body, while PK studies
focus on characterizing the Absorption, Distribution, Metabolism, and Excretion
(ADME) properties of the API, such as FPT, and its developed cocrystal, FPT-LP.
Key parameters, like time to achieve maximum concentration, maximum
concentration and clearance rate, are compared to gain critica insights. The
pharmacokinetic studies, conducted on animals (rats) initiated with the approval of
Institutional Animal Ethics Committee (IAEC) followed by development of a bio
analytical Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS)
method for both FPT and FPT-LP. This method is instrumenta in precisaly
determining the concentrations of FPT and FPT-LP in blood plasma. The PK studies
play a fundamental role in unraveling how the body processes and respond to the
administered substances, offering crucia information for the bioavailability of the

molecule.

7.1 1AEC Approval

Institutional Animal Ethics Committee (IAEC) approved the project proposal for
conducting animal studies at L. M. College of Pharmacy, Ahmedabad. [Proposal
Number: LMCP/IAEC/22/0024; Date of Approval: 15-February-2022; Validity: 06
months (Annexure-1)]. The Animal Study Protocol included Animal specification,
Drugs or Chemicals to be administered, Blood collection route and time points,
Anaesthesia and grouping of animals, etc (Tables-7.1 and 7.2). The animals
selected were Sprauge-Dawley rats of either sex, 8-10 weeks old weighing 250-300
g. The study was conducted in two groups with 06 animals each. The treatment was
planned with FPT and FPT-LP cocrystal for each group respectively.

Table-7.1 Animal Study Protocol for Pharmacokinetic Study

Species and Strain: Sprauge-Dawley Rats of either
Sex

Age: 8-10 weeks old

Weight: 250-300 g

Total number of animals required: 12
Drugs/Chemicals | FPT - API

Animal
Specifications
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FPT-LP - Cocrystd
Anaesthesia Isofluran
Blood collection Retro-orbital plexus
route

Table-7.2 Grouping of Animals for Pharmacokinetic Studies

S No. | Group Treatment Administration NQ of
animals

1 Standard Control FPT Oral 06

2 Test Control FPT-LP Orad 06

Total no of animals 12

7.2 Development of Bio analytical Method

An LC-MS/MS analytical method was developed and validated for the precise
estimation of blood plasma samples. The reported method for pharmacokinetic
studies using rat was initially studied that was found unsuitable for use for the FPT-
LP cocrystals.”*

A new bio analytica method was developed for the analysis of FPT-LP cocrystals
and FPT. Table-7.3 shows preliminary studies on optimization of bio analytica
method, using varied mobile phase ratios and modes (isocratic and gradient). The bio
analytical method was developed in such a way that it gives proper chromatogram
and distinct peak shape of FPT, FPT-LP and Losartan (Internal Standard).

Selection of internal standard

The accurate and precise quantification, as well as the overall robustness of the bio
analytical method, heavily relies on the careful selection of an internal standard. The
internal standard selected should accurately reflect the chemistry of the specific drug
under investigation, FPT. Hence, the sartan class of drug was selected. The three
potential internal standards considered for investigation were Losartan, Vasartan,
and Telmisartan with molecular weights of 422.91 g/mol, 435.51 g/mol, and 514.61
g/mol, respectively. The bio analytical method employed for detection was LC-
MS/MS. The molecular weight of FPT was 501.62 g/mol, the interna standard
selected was strategically the one with the molecular weight farthest from FPT.
Consequently, Losartan was chosen as the internal standard for both FPT and FPT-
LP. This careful selection aims to enhance the precision and accuracy of the
quantification process while ensuring the robustness of the analytical method.

The optimized method was developed using Zorbax RP-C18 as the stationary phase
(100 mm x 3.0 mm, 1.8) and a time gradient mobile phase A consisting of 0.1 %
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formic acid in water (v/v) and mobile phase B composed of ACN (Table-7.4) at a
flow rate of 0.4 mL/min. The injection volume was set at 1 uL, and the column
temperature was maintained at 30 °C for duration of the run time, namely, 10
minutes. Mass parameters were configured with an ESI source in positive mode,
featuring a curtain gas at 20 psi, collision gas at 06 psi, and a temperature of 450 °C.
Fig-7.1 and 7.2 depicts mass spectra of FPT and FPT-LP respectively by LC-
MS/MS. The M+ peak was obtained at 502 and 732 m/z for FPT and FPT-LP
respectively Aliquots, as per the specifications in section 5.1.3, were meticulously
prepared. The calibration curve, ranging from 50 to 700 ng/mL, was studied and
coefficient of regression and overlay was plotted as shown in Fig-7.3 (a) and (b)
respectively. The optimized conditions are stated Table-7.4 with time gradient
programming of mobile phasein Table-7.5.

Table-7.3 Preliminary Optimization of LC-MS/MS Method

Mobile
Phase with
variable Chromatogram Observation
Ratios/
Flow Rate
Blank L: | ll e e et P A b ot =

2 4 ——— R e e i

) ACN:water ]

(0.05%FA) | 7| ! No pesk
40:60 v/v i ! e ?frsﬁg?ip
0.2 mL/min . :
ACN:water | 1
(0.05%FA) | 7| ! NO peak
60:40 v/v | ’_f \-*--wmwn)w.mw.WW...M,.W,_._,_MMW ]?:rgle:r;TeijP
0.2 mL/min .. :

4 ACN:water “; "’1"““ .
(0.05% FA) ] l o
80:20 v/v ] ’__f R U — ?gsle;r;TeijP
0.4 mL/min — —

S ACN:water | ]~ n { —
(0.05% FA) i ek wee
TI me ,___f L‘M.-w,_..mmm i o e St s el e observed
gedient = L] for FPT-LP
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Table-7.4 Optimized Chromatographic Conditions for LC-MS/MS

Parameter Conditions
Chromatographic Parameters
. ACN: water (0.1% formic acid)
Mobile Phase time gradient (Table-7.4)
Stationary Phase Zorbax RP-C18, 100 mm x 3.0
mm, 1.8
Flow Rate 0.4 mL/min
Injection volume 1uL
Column Temperature 30°C
Run Time 15 min
Mass Parameters
Curtain gas 20 psi
Collision gas 06 psi
Temperature 450 °C

Table-7.5 Time gradient programming for LC-MS/M S Method

. . Mobile Mobile

Time (min) Phase A Phase B
0.00 60 40
2.00 50 50
5.00 20 80
6.00 20 80
10.00 60 40
15.00 60 40
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7.3 Pharmacokinetic Studies

7.3.1 Experimental Design

The experimental setup was assigned to two distinct groups of rat, each comprising
six members. the standard control group and the test control group. The rat
equivalent dose (equivalent to 60 mg) was calculated for FPT and FPT-LP, from

the human dose and was in accordance with the average weight of the rats under
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study. The drug was weighed and dissolved in water and administered orally.
Blood samples (less than 1 mL) were carefully withdrawn from the retro orbital
plexus under anaesthesia, ensuring minimal stress. The time points for blood
withdrawal were strategically chosen, covering intervals of O, 1, 2, 2.5, 3, 3.5, 4, §,
12, 24, and 48 hours, enabling a comprehensive assessment of the behaviour of the
administered drugs over time.
The collected blood was processed, that involved treatment with 1 % EDTA
solution and subsequent centrifugation at 10,000 rpm for 10 minutes, resulting in
the extraction of plasma.
Sample Preparation
The plasma was combined with 50 pL of Losartan (at a concentration of 100 ng/mL)
and was extracted with 300 pL quantity of ACN, following another round of
centrifugation. The centrifugation was performed at 15,000 rpm and 4 °C for 10
minutes.
Optimization of extraction process
The extraction process was optimized after various trials with addition of varied
amount of ACN like 50, 100, 150, 200, 250, 300 and 350 pL. Thisisimportant for
maximum extraction of the drug from the plasma. 300 pL of ACN was the
optimized volume to be used for the extraction of FPT-LP (Table-7.6).
The supernatant was carefully collected. The next stage involved the analysis of the
bioavailability of the drug through the developed LC-MS/M S method.

Table-7.6 Optimization of extraction process of ACN for FPT-LP

Extraction volume Concentration of
(uL) FPT-LP
50 368
100 1532
150 1324
200 1673
250 1896
300 2819
350 2817

7.3.2 Study of the Pharmacokinetic Parameters of FPT and FPT-LP
The sample study was undertaken at each specific time point, and a comparative
study was conducted between FPT and FPT-LP, asillustrated in Table-7.6 and Fig-

7.7. The evaluation of pharmacokinetic parameters was performed using the LC-
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MS/MS data processed through PK Solver, yielding a comprehensive set of

parameters detailed in Table-7.8. These parameters encompassed Concentration

maxima (Crax), Time maxima (Tmax), half-life (t12), Area under the curve fromOtot
time (AUCo.), Volume of distribution (Vz_obs), Clearance (Cl_obs), and Steady
State Volume (Vss_obs).

Table-7.7 Comparative Data of Pharmacokinetic Studies for FPT and FPT-LP

Time FPT-LP FPT
(hr) Concentration | SD £+ % | Concentration SD + %
(ng/mL) (n-3) RSD (ng/mL) (n-3) RSD
0 0 - 0 -
1 150 1.23+ 0.67 150 1.73+1.16
2 180 1.15+0.64 180 206+ 1.12
2.5 260 1.73+0.87 200 1.34 + 0.50
3 320 2.08 + 0.86 240 1.52 + 0.63
3.5 270 0.57 £ 0.25 230 1.15+ 0.50
4 230 1.03+0.45 220 1.73+£0.79
5 210 0.57 £ 0.27 210 152+ 0.72
6 180 1.73+1.02 170 1.09 +0.58
7 160 1.35+ 0.67 150 2.36 + 1.35
8 150 152+1.91 80 152+ 195
12 80 1.67 +1.69 60 0.57 £ 0.96
24 50 2.30+1.89 50 0.53+1.14
36 0 - 0 -
48 0 - 0 -
320 Comparative Studies
300
-
%, 250 ——FPT-LP —@—FPT
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Figure-7.4 Comparative Studies of Pharmacokinetic Data
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Table-7.8 Pharmacokinetic Parameters of FPT and FPT-LP

Parameter Unit FPT-LP FPT % Change
tio h 10.68 8.51 20.29
T max h 3.00 3.00 0.00
Crnax ng/mL 320.00 | 240.00 25.00
AUCo; ng/mL*h 2682.50 | 2295.00 14.45
Vz_obs (mg)/(ng/mL) 0.26 0.25 5.38
Cl_obs (mg)/(ng/mL)/h | 0.017 0.020 -18.64
Vss obs (mg)/(ng/mL) 0.25 0.28 -10.21

7.4 Bioavailability Calculation

The assessment of the developed cocrystals FPT-LP included the calculation of both
absolute and relative bioavailability. The bioavailability was calculated using the
formula F = AUCqy(testy/AUCo-t(referencey % 100 %. This formula compares the area
under the concentration-time curve (AUC) for FPT-LP to that of FPT, providing a
quantitative measure of the relative bioavailability of the developed cocrystals.

7.5 Dose Reduction Calculation

Dose reduction in genera refers to the reduction in the amount or frequency of a
medication to achieve a desired therapeutic effect while minimizing potential side
effects or risks. The maximum concentration of a drug in the bloodstream (Cpax) 1S
an important pharmacokinetic parameter that represents the peak concentration
reached after administration. The theoretical dose reduction is calculated from the
Crmax data of FPT and FPT-LP. The following formula is used to estimate the new
dose.

New Dose=0ld DosexTarget Cmax/Current Cmax; where New Dose is the adjusted
or reduced dose, Old Dose is the original or current dose, Target Crax IS the desired
or target maximum concentration, Current Cpa IS the observed or current maximum
concentration.

From the pharmacokinetic studies the dose reduction for FPT-LPis 41.25 mg.

7.6 Discussion
The pharmacokinetic studies conducted on rats played a pivotal role in assessing
the Absorption, Distribution, Metabolism, and Excretion (ADME) of the studied
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molecules, FPT and FPT-LP cocrystal. Plasma samples obtained from rats were
carefully processed and analyzed using the developed bio anaytical method, with
Losartan serving as the internal standard. FPT and FPT-LP exhibited distinct
molecular weights, with m/z values of 502 and 732.36 respectively.

A reported LC-MS/MS method is available for the drug FPT.”* The method was
attempted to be used for the analysis, but peaks for FPT and FPT-LP were not
detected in the chromatogram by the reported method, even after variations in the
mobile phase. Hence, there was a need to develop a new bio analytica method
which can analyze FPT, FPT-LP and Losartan (Table-7.9). The developed method
used the same two solvents as the reported method but with time gradient
programming. The chromatogram for FPT and FPT-LP showed the retention time
as 10 and 6.5 min respectively, while losartan showed the retention time of 11.3
min with the developed bio analytical method (Table-7.9). The calibration curve
was plotted for FPT and FPT-LP within the linearity range 50 to 700 ng/mL. This
demonstrated high accuracy with a coefficient of regression of 0.9951. Partidl
validation of the method was done in terms of precision, accuracy and freeze thaw
cycle. This advanced analytical technique provided precise insights into the
concentration of the drug in the plasma samples of both the groups (FPT and FPT-
LP). The plasma sample preparation was conducted with Losartan as the internal
standard and extracting the drug from the plasma by meticulously trying various
concentrations of ACN. 300 uL of ACN showed the maximum possible extraction
of the drug from the sample. If the sample is not extracted completely it may give
Inappropriate quantitative results.

A comparative evaluation was conducted between FPT and FPT-LP, to shed light
on potential differences in the pharmacokinetic studies. The results of the
pharmacokinetic studies unveiled noteworthy differences between FPT and FPT-LP
cocrystal on various parameters. FPT-LP showed a significantly higher Cp 0f 320
g/L compared to FPT (240 g/L), indicating an augmented peak concentration.
Moreover, the AUC for FPT-LP was substantially greater by 22 % at 2822 mg*h/L
in contrast to 2295 mg*h/L for FPT, implying prolonged exposure over time. The
studies further highlighted a 20.29 % increase in the haf-life of FPT-LP compared
to FPT, indicating a prolonged duration of the drug. The steady-state volume of
distribution of FPT-LP was increased by 10.21 % and the drug concentration in

plasma surged by 14.26 % in comparison to FPT. Importantly, the clearance rate
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was decreased by 18.64 % for FPT-LP, suggesting increased bioavailability of the
drug. These pharmacokinetic findings suggested that the developed cocrystal (FPT-
LP) ismore bioavailable in comparison to FPT.

The absolute bioavailability, representing the unchanged administered dose reaching
systemic circulation, was determined as 25 %. The relative bioavailability, indicating
the effectiveness of FPT-LP compared to FPT, was calculated a 32 %. The
bioavailability data for FPT is reported as 18.6 %.>" The comparison reveals a
substantial increase in bioavailability by 88.88 % for FPT-LP, emphasizing a

significant enhancement in the proportion of the drug reaching systemic circulation.

From the bioequivalence perspective the increased bioavaibility can lead to a dose
reduction for the same pharmacodynamic response. The theoretical dose reduction of
the developed FPT-LP cocrystal is 41.25 mg. This dose reduction of approx twenty
mg (FPT dose — 60 mg) helps in minimizing the side effects associated with FPT.
Table-7.9 Comparison of the Developed and Reported Bio Analytical Methods

Reported Bio analytical Developed Bio analytical
Parameters eFr)nethod for FPTy;[4 i method 4
Mobile Phase ACN : water (0_.1 % viv ACN : water (Q.l% v/v formic
[Elution] formic acid) o wd
[Isocratic elution] [Time Gradient elution]
Run Time 15 15
(min)

Retention 9 6.5 (FPT-LP), 10 (FPT),
Time (min) 11.2 (Losartan)
Resolution - Resolved

Internal
Standard BR-A-563 Losartan
. . . This method is applied for
Application | TS metmg;app“ed for | EpT. FPT-LPwith interna
standard

In summary, the pharmacokinetic studies showed an increase in the concentration
maxima (Cnax) and AUC of FPT-LP in comparison to that of FPT. The increase in
other parameters like half life, steady state volume and drug concentration was also
observed. There was a decrease in the clearance rate which suggests that the FPT-LP
cocrystals are more biocavailable. The bioavailability study demonstrated a
remarkable 88.88 % increase of FPT-LP compared to FPT, showcasing the potential
of cocrystals to enhance drug absorption. Based on theoretical considerations the

reduction in dose for FPT-LP is 41.25 mg; approximately two third of the present
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dose of FPT. This collectively demonstrates that the developed cocrystals, FPT-LP,
exhibit markedly increased bioavailability compared to FPT.
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CHAPTER -8

Formulation Study

Formulation study is the process of determining the best way to deliver the drug
(FPT-LP). Formulation studies assess the bioavailability of a drug based on its
particle size and solubility. The inactive ingredients or excipients must be added in
such a way that the formulation of each dose is consistent, stable and patient
compliant without any variation from one tablet or capsule to the next. Capsule
formulation is suitable for cocrystals due to several advantages it offers in terms of
drug delivery. It allows precise control over dosage, making it easier to tailor with
cocrystal, by retaining cocrystal stability, formulation flexibility (hard and soft
gelatin). The formulation studies were initiated with the identification of suitable
excipients, followed by preformulation studies. The formulation studies consisted of
drug-excipient compatibility studies, method of preparation, studies on varied
batches/ formula, evaluation studies and stability studies with the prediction of shelf

life.

8.1 Preformulation Study
Preformulation study is an integral part of designing any formulation. It focuses on

the physicochemical properties of the API.*

This provides idea about the possible
modification in the formulation to have better delivery of the API. The
preformulation studies include organoleptic properties, melting point, particle size
analysis, powder properties, solubility studies, in-vitro dissolution studies, and
intrinsic dissolution studies.

8.1.1 Organoleptic Properties

The organoleptic characteristics state the colour and odour of FPT, L-Proline and
FPT-LP cocrystals (Table-8.1).

Table-8.1 Organoleptic Properties of FPT, LP and FPT-LP

Name Colour Odour

FPT White Odorless
L - Proline White Odorless
FPT-LP White Odorless
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8.1.2 Méelting Point Determination
Melting point determination is crucia in assessing the purity of a substance and
verifying its identity, as impurities can ater the melting point range. The melting
point of FPT was determined using Veego melting point apparatus by open capillary
method. The observed melting point and the reported melting point is shown in
Table-8.2.

Table-8.2 Melting Point Determination of FPT, LP and FPT-LP

Reported Méelting Point | Observed Melting Point
Name
Range Range
FPT 270-273°C 271-274°C
L - Proline 250-254 °C 252-256 °C
FPT-LP - 265-268 °C

8.1.4 Particle Size Determination

The particle size determination not only focuses on the physical properties of solid
drugs but also on their biopharmaceutical behaviour. It works on the basic principle
of smaller the particle size, larger the surface area for absorption.

The particle size was determined by wet analysis. The sample was prepared by
admixing 10 mg FPT-LP in 10 mL of TWEEN 80. The medium of analysis was
water. Parameters were set at Absorption index: 0, RPM: 2000, Sonication Time: 120
min, Obscuration Range: 0-20 %. After the saturation of the system, the prepared
sample was added in the medium and results were recorded. The results were
collected in n=3. The particle size and it’s distribution is shown in Fig-8.5. It
determines the size as volume mean diameter of 90% of the total volume in the
sample (d(v)90), d(v)50 and d(v)10.
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Figure-8.1 Particle Size Analysis of FPT-LP
8.1.5 Powder Properties
The flow properties of powders are of utmost importance when preparing dosage
forms efficiently. Powder properties play a vital role in various aspects including
processability, flowability, packing and storage, uniformity, homogeneity,
dissolution and solubility, mechanica strength, and stability. By understanding and
controlling these powder properties, manufacturers can optimize their processes,
enhance product quality, and ensure consistent and reliable performance.
8.1.5.1 Bulk Density
Bulk density, a critical property for characterizing powdered materials, quantifies the
mass of a powder in relation to its total volume. Bulk density has a significant
influence on the flowability of the powder. .
The sample was passed through a sieve with apertures greater than or equal to 1.0
mm. The weighed 250 mg sample was gently introduced into a dry graduated
cylinder of 50 mL without compacting. The unsettled volume or the bulk volume
(BV) was noted and the bulk density was calcul ated.
Formulaa D = M /BV, where: D: Bulk density (g/l) M: Weight of the full container
(g) BV: Container volumein bulk ().
8.1.5.2 Tapped Density
Tapped density is a property used to measure the packing efficiency and compaction
behavior of powdered materias. It refers to the density of a powder when it is
subjected to tapping or vibration to reduce the void spaces between particles. Tapped

density is an important parameter during compaction.
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The sample was passed through a sieve with apertures greater than or equal to 1.0
mm. The weighed 250 mg sample was gently introduced into a dry graduated
cylinder of 50 mL without compacting. The graduated cylinder was tapped 100
times and the tapped volume (TV) was noted and the tapped density was calculated
with formulausing the TV.

Formula D = M / TV, where: D: Tapped density (g/l) M: Weight of the full
container (g) TV: Tapped Container volume (1)

8.1.5.3 Angle of Repose

The angle of repose, of a granular material isthe angle of dip that is relative to the
horizontal plane on which the material is piled and the angle of the material on the
slope faceis on the verge of diding. The angle of repose can range from 0° to 90°.
The angle of repose was studied by fixing the funnel in such away that it is close to
the flowing cone. The sample was poured through a funnel to form a cone. The
pouring of the material is stopped when the pile reaches a predetermined height. The
angle of the resulting cone was measured directly, by dividing the height by half the
width of the base of the cone. The inverse tangent of thisratio is the angle of repose.
Formula: Angle of repose = tan-1(2h/d), where his the height of the pile of the
powder and d is the Diameter of the cone.

8.1.5.4 Carr’s Index and Hausner’s Ratio

The Carr’s Index and the Hausner’s Ratio are the indicators of the flowability of bulk
solids by studying its compressibility.

Formula: Carr_Index = (Ptapped-Poulk)/ Ptapped™ 100;

Hausner’s Ratio = Prgpped/Pouik;  Prapped : the  tapped bulk density of the
material (kg/m®), puuik : the loose bulk density of the material (kg/m?®)

8.1.6 Solubility Studies

Solubility studies play a vital role in the pre-formulation studies as the therapeutic
efficacy of the drug depends on its solubility. In order for a drug to enter the systemic
circulation and exert a therapeutic effect, it must first be in solution. Relatively
insoluble compounds often exhibit incompl ete absorption.

10 mg of FPT, PM and FPT-LP were added in 3 different volumetric flasks
containing 5 mL distilled water and shaken for 10 min on shaker. Distilled water was
added upto the mark of the volumetric flask (10 mL) and shaken for further 10 min.
The resulting solution was filtered using Whatman filter paper (1; 110 mm). The
filtrate was then anayzed. The filtrate was analyzed using the reported U.V. visible
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spectroscopy method (Refer: 5.1.3). Table-8.3 shows the data about concentration in
10 mL and solubility in water.
Table-8.3 Solubility Studies of FPT, PM and FPT-LP

Samole Absorbance Concentration Solubility in
P (n-3) in 10 mL water (mg/mL)
FPT 0.3741+0.14 10.06 6.66 + 0.53
PM 0.4036 + 0.17 12.43 7.18+0.72
FPT-LP | 0.6501+0.08 1814 11.56 + 0.28

8.1.7 Dissolution Method

Dissolution method assesses the rate at which the API dissolves in a specific
dissolution medium under controlled conditions. The dissolution apparatus selected
is IP-11 (Basket type). FPT, PM and FPT-LP equivalent to single dose (60 mg) was
placed in the basket, rotated at 100 rpm where the dissolution medium was
Phosphate buffer pH-6.8, 900 mL and the bath temperature was 37 + 0.5 °C for 60
min. The aliquots (5 mL) of the medium are withdrawn at specific intervals (0, 10,
20, 30, 45, 60 min) and analyzed to measure the amount of substance dissolved by
the devel oped RP-HPL C method.

8.1.8 Intrinsic Dissolution Rate

The intrinsic dissolution rate (IDR) is defined as the rate of dissolution of a pure
pharmaceutical active ingredient by keeping other parameters constant like stirring
speed and ionic strength of the dissolution medium. This acts as an important
parameter to study the release pattern of the API and to predict the formula.

The study method is as described in section 8.1.7. The sample interval for IDR study
was 0, 20, 40, 60, 80, 100, 120, 140 and 160 min (Table-8.4, Fig-8.2).

Table-8.4 Intrinsic Dissolution Rate Study of FPT, LP, PM and FPT-LP

Time IDR
_ 0 30 60 20 120 150 _
(min) mg/cm?/min
FPT (%) 0 29.62 | 59.82 | 69.42 | 81.71 84.37 16.87
PM (%) 0 29.90 | 6202 | 70.01 | 8348 86.15 17.23
FPT-LP
0 4793 | 85.63 | 93.74 | 99.76 | 10243 20.48
(%)
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Figure-8.2 Intrinsic Dissolution Rate of FPT, PM and FPT-LP
8.1.8 In-vitro Dissolution Study
In-vitro dissolution study is the % Cumulative Drug Release with respect to time.
The objective isto evaluate the in vivo performance of the drug that affects the rate
and extent of release of a drug substance from the finished dosage form.
The In-vitro dissolution study was performed as described in section 8.1.7.
The percentage cumulative drug release for the FPT, PM and the FPT-LP is as shown
in Table-8.5 and Fig-8.3.

Table-8.5 In-vitro Dissolution Studies of FPT, PM and FPT-LP

Time % Cumulative Drug Release
(min) FPT PM FPT-LP
0 0 0 0
10 23.20+0.51 25.12 + 2.47 32.21+1.27
20 55.56 + 1.47 58.13+ 0.53 7173+ 221
30 69.43+ 1.58 7217+1.31 89.21+ 341
45 82.01+2.24 83.15+ 3.42 95.07+1.24
60 85.20 + 2.28 85.57+1.39 99.31+ 2381
% Drug Release
o 150
c
a
g 100
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Figure-8.3 In-vitro Dissolution Study of FPT, PM and FPT-LP
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8.2 Preparation and Evaluation of Dosage Form

8.2.1 List of Excipients

Excipients are additives that have no therapeutic activity but are added to the
formulation aong with pharmacologicaly active substance. The main purpose of
adding the excipients is to increase the bulk of the formulation along with imparting
desired properties for better patient compliance.

The list of excipients used for the preparation of capsule dosage form of FPT-LP are
showed in Table-8.6

Table-8.6 List of Excipients Used for the Formulation Study

- Strength

Name of the Excipient Category (% wiw) Source
Microcrystalline

Cédlulose (MCC) Diluent 20-90 CadilaHedlthcare
(Avicel pH 101)
Sodium Starch . .
Glycolate (SSG) Disintegrant 2-8 Otto Chemicals
Cross Carmallose . .
Sodium (CCS) Disintegrant 10-15 Otto Chemicals
Aerosil Glidant 0.5-5.0 Loba Chemie
Magnesium Stearate . i High Purity Laboratory
(Mg. Stearate) L ubricant 0.25-5.0 Chemicals

8.2.2 Drug Excipient Compatibility Study

8.2.2.1 Hygroscopicity Study
Hygroscopicity is the extent of absorption of moisture from the atmosphere by the
compound. The absorption of moisture can increase the rate of degradation, reduce
potency, generate toxic metabolites and deform the formulation during storage. The
drug excipient hygroscopicity was studied at 40 + 2 °C and 75 % RH for 30 daysin a
stability chamber. The results of the study are depicted in Table 8.7.

Table-8.7 Hygroscopicity Study of Drug and Drug Excipient Mixture

Sr. Sample Initial Final Weight | Difference | % Change
No. Constituents Weight (mg) (mQ) (mg) (w/iw)
FPT-LP Cocrystal
1. (Closed) 21.134 21.142 0.008 0.038
o | FPTLPCocrysia | 55 g7 22.258 0.021 0.095
(Open)
3. FPT-LP+ MCC 22.300 22.308 0.008 0.046
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FPT-LP + SSG 21.416 21.425 0.009 0.042
FPT-LP+ CCS 22.317 22.325 0.008 0.035
6. FPT-LP + Aerosil 21.225 21.232 0.007 0.033
7. FPT-LP+ Mg, 21.293 21.300 0.007 0.034
Stearate
FPT-LP +
8. Mixture of al 22.237 22.258 0.021 0.095
Excipients

8.2.2.2 Drug Interaction Study by FTIR

The drug interaction study was determined by FTIR, as every molecule has a fixed

fingerprint region and it changes with change in its composition. So, the FTIR of

FPT-LP cocrystal mixed with the mixture of all excipients was performed at Day O

and Day 30 after keeping the sample in accelerated condition in a stability chamber
at 40 °C and 75 % RH. Fig-8.4 and Fig-8.5 show the FTIR Spectrum recorded on

Day 0 and Day 30 respectively.
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Figure-8.5 FTIR spectrum of FPT-LP and all excipients at Day 30
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8.2.2.3 Potency Study

Potency study was undertaken to check the compatibility between the FPT-LP and
excipients individually and all together. In other words the samples were assayed by
the developed RP-HPLC method. The results of the study are shown in Table 8.8

Table-8.8 Potency Study of FPT and all Excipients
Sr. No. Sample Constituents % Assay
1. FPT-LP Cocrystal 99.1
2. FPT-LP+ MCC 99.4
3. FPT-LP + SSG 99.5
4, FPT-LP+ CCS 99.6
5. FPT-LP + Aerosil 99.9
6. FPT-LP + Mg. Stearate 98.7
7. FPT-LP + Mixture of all Excipients 98.2
8.2.2.3 DSC Study

The interaction study of FPT-LP and all excipients were conducted by DSC for the
compatibility study between the cocrystal and the excipients (Fig-8.6).

DSC
mW
10.00-
0.00-
-10.00-
| FPT-LP with
2000 All Excipients
100.00 200.00 300.00 400.00
Temp [C]

FP'I:-LP
Figure-8.6 Overlay DSC of FPT-LP and FPT-LP with all excipients
8.2.3 Preparation of Dosage form
The preparation of dosage form plays a vita role in enhancing the solubility and

bioavaibility of the drug. There are various excipients which play an important role
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in finalising the drug formula. There is a patent for tablet formulation available,
which was used as a base for the capsule formula to be optimized.” The selection of
appropriate disintegrant with the right strength helps in promoting the drug
dissolution and enhances bioavaibility.

8.2.3.1 Preliminary Batches

8.2.3.1.1 Selection of Disintegrant

The importance of disintegrant is in their ability to promote drug dissolution and
enhance bioavailability by facilitating the release of APl from the dosage form.
Disintegrant achieve this by promoting the disruption of the capsule matrix, leading
to faster disintegration and subsequent dissolution of the drug. The choice of an
appropriate disintegrant is critica in the formulation process, as it directly impacts
the performance and therapeutic efficacy of the oral dosage forms.

The preliminary batches were formulated for the selection of appropriate
disintegrants like Sodium Starch Glycolate (SSG) and Cross Carmalose Sodium
(CCS) in varying quantities over a range of 2 to 8 % and 2 to 5 % respectively.
Table-8.9 depicts the formula of the different batches from F1 to F5.

Table-8.9 Selection of Disintegrant for Capsule Dosage Form

F1 F2 F3 F4 F5
Ingredients

FPT SSG-2 % SSG-8% | CCS2% | CCS5%
FPT 60.00 - - - -
FPT-LP - 87.50 87.50 87.50 87.50
MCC 109.00 81.50 69.50 81.50 75.50
SSG 4.00 4.00 16.00 - -
CCs - - - 4.00 10.00
Aerosil 2.00 2.00 2.00 2.00 2.00
Mg. Stearate | 5.00 5.00 5.00 5.00 5.00
Total 180 180 180 180 180
All guantities are in mg. FPT-LP was taken in a quantity equivalent to 60 mg of
FPT

8.2.3.1.2 Pre-filling Studies
The powder mixtures prepared according to the formula indicated in Table 8.9 were
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subjected to pre-filling studies to evaluate Carr’s index, Hausner’s ratio and the angle
of repose. These studies guided the selection of the formula to be taken further for
the preparation of the capsule formulation. The results of these studies are given in
Table 8.10

8.2.3.1.3 Capsule Dosage Form

The capsules were prepared using manual capsule filling machine. The capsules used
were hard gelatine capsules of size-1. FPT-LP and all excipients were individually
weighted precisely before passing them through Sieve 80 for uniform particle size.
The resulting powders were blended together, excluding the lubricant and glidant
initially. The lubricant and glidant were introduced in the final stage of blending to
ensure a homogenous mixture. The carefully measured and blended powder (180
myg), consisting of FPT-LP and all excipients, was then filled into each capsule body.
Subsequently, the capsules were sealed with caps, finalizing the encapsulation
process and producing a standardized capsule formulation.

8.2.5 Capsule Evaluation

8.2.5.1 Dissolution Method for Capsule Dosage form

Dissolution method assesses the rate at which the API dissolves in a specific
dissolution medium under controlled conditions from the dosage form. The
dissolution apparatus selected is IP-11 (Basket type). Capsule containing cocrystal
FPT-LP equivaent to single dose (60 mg) was placed in the basket, rotated at 100
rpm where the dissolution medium was Phosphate buffer pH-6.8, 900 mL and the
bath temperature was 37 = 0.5 °C for 60 min. The aliquots (5 mL) of the medium are
withdrawn at specific intervals (0, 10, 20, 30, 45, 60 min) and analyzed to measure
the amount of substance dissolved by the developed RP-HPLC method. This method
is used further for al the dissolution studies of the dosage form.

The formation of FPT-LP capsules were then evaluated with different parameters
like weight variation, content uniformity, assay, friability, disintegration time and
dissolution time (Table-8.11). Out of al the batches, F3 batch showed promising
results. (Table-8.12 and Fig-8.7).

Table-8.10 Pre-filling Studies of the Powder Mixture of all Batches

Parameters F1 F2 F3 F4 F5
Carr’s Index 12.35 17.57 17.92 17.00 18.88
Hausner’s Ratio 1.14 1.24 1.21 1.20 1.23
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Angleof Repose | 26.70 27.01 27.62 27.31 27.72

Table-8.11 Evaluation of Capsule Formation of all Batches
Parameter F1 F2 F3 F4 F5

Weight 180.15 180.22 | 180.05 | 180.25 180.85
variation +0.58 +0.64 +0.77 +0.24 +0.94

Assay 98,5 99.75 | 9931 | 9956 98.90
Content 994+ | 994+ | 991+ | 992+ 98.9
uniformity 1.32 0.87 0.41 1.13 +0.64
Friability 0.24 0.22 0.19 0.21 0.24

Disintegratio| o, 4+1 142 3+2 8+1

n Time (min)

Dissolution | = 2 o9 8433 | 89.68 | 8595 79.68
(30 min)

Dissolution | g5 20 | o561 | 9946 | 9402 | 9658
(60 min)

Table-8.12 % Drug Release for different batches of FPT-LP
% Cumulative Drug Release

Time
(min) F1 F2 F3 F4 F5
0 0 0 0 0 0

10 2398 | 29.05 | 37.12 28.71 27.1
20 64.11 61.94 | 7542 60.3 57.05
30 83.89 84.33 91.68 85.95 79.7
45 92.8 90.23 98.32 93.1 93.3
60 96.58 | 95.61 99.46 94.02 96.6

% Drug Release
120 -
100 - sz ]
. R
% 80 - F1
—&-F2
g 60 - 0 F3
S 40 1 7 —>=F4
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0 20 40 60 80
Time (min)

Figure-8.7 Comparative % Drug Release for different batches of FPT-LP
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8.2.6 Selection of the Dissolution Medium

The saturated solubility studies of the pure FPT and FPT-LP were performed in
agueous medium-water, 0.1 N HCl and phosphate buffers pH-7.4 and 6.8. Fig-8.8
depicts the dissolution data (mg/mL) and acted as a finalising factor for the
determination of optimised dissolution medium for further in-vitro studies.

Table-8.13 Comparative % Cumulative Drug Release of FPT, PM, FPT-LP and
Marketed Formulation

% Cumulative Drug Release
Time
(min) FPT PM (mg) FPT-LP Marketed
(Capsule) (mg)| Formulation (mg)
0 0 0 0 0
10 23.2 211 40.6 325
20 49.56 43.13 72.05 51.3
30 67.43 65.17 91.3 68.7
45 79.01 78.15 99.76 81.32
60 85.21 83.57 99.95 88.26
All quantities are in mg. FPT-LP was taken in a quantity equivalent to 60
mg of FPT. All the readings were taken as n-6.

Solubility Studies
= 1.23
£ 80 0.63 0.85
E 60
§ 0 025
8
£ 20
e
g 0
© Water 0.1 N HCI P.Buffer-6.8  P. Buffer-7.4
Dissolution media

Figure-8.8 Solubility Studies for selection of Dissolution media

8.2.7 Comparative Dissolution Studies
Comparative Dissolution Studies was conducted between FPT, PM, FPT-LP
Cocrystal Capsule and marketed tablet formulation (Table-8.15 and Fig-8.9).

Priyal Shah Page 82



Chapter 8: Formulation Study
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Figure-8.9 Comparative Dissolution Studies
8.2.8 Final Formula

Thefina formulafor FPT-LP cocrystal in capsule dosage form was arrived at after
considering the type and amount of disintegrant used and the results of the various
preformulation studies (Table-8.14).

Table-8.14 FPT-LP Capsule Formula

Ingredients Amount (mg)

FPT-LP (equivalent to 60 mg 87.50
of FPT)

Microcrystalline Cellulose 69.50
Sodium Starch Glycolate 16.00
Aerosil 2.00
Mg. Stearate 5.00
Total 180

8.3 Stability Studies

Stability studies are a critical aspect of pharmaceutical development and are
conducted to assess the integrity, quality and performance of a drug formulation over
time under various environmenta conditions. These studies are essentia to ensure
that the pharmaceutical product maintains its efficacy, safety, and quality throughout
its shelf life.

8.3.1 Dynamic Vapour Sorption (DVS) Analysis

Dynamic Vapour Sorption (DVS) anaysis is a technique used to study the
interaction between a material (APIl) and water vapor. This method is particularly

useful for characterizing the water sorption and desorption properties of the API.
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This provides insights into the moisture-related properties. This information is
crucia for quality control, product devel opment and optimizing storage conditions.
DVS was carried out using a Surface Measurement System DV S Resolution (SMS,
England) at 25 °C. It measures the amount and how fast the water can be absorbed
and desorbed from a sample. 100 mg of FPT-LP was dissolved in 50 mL water and
placed into the sample compartment. The nitrogen flow rate was 200 mL/min. The
sample was equilibrated at each of the targeted % RH (40, 80, 120 %) for an
equilibration time of 3 h. Fig-8.10 (a) shows DVS change in mass plot while Fig-
8.10 (b) shows Isotherm plot.
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Figure-8.10 DV S Graph (a) Change in the Mass Plot (b) Isotherm Plot

8.3.2 Accelerated Stability Studies

The stability of the formulation containing FPT-LP was studied in a stability
chamber under accelerated conditions with temperature (40 + 2 °C) and humidity (75
+ 5 %) following the guidelines of ICH Q1A (R2) guidelines. This study was carried
out to investigate the stability of the formulation and predict the shelf life. Capsules
containing FPT-LP were subjected to accelerated conditions for a period of 3
months, with analysis points at 0, 1, 2 and 3 months by the developed RP-HPLC
method (Refer: 5.1.4). Table-8.15 depicts the various parameters studied during the
study period.

Shelf life Prediction: Shelf life determination from accelerated stability studies
involves extrapolating the degradation kinetics observed at elevated temperatures to
estimate the time it takes for a product to reach a specified level of degradation at
normal storage conditions (ICH Q1E). The Arrhenius equation is commonly used for
this purpose: In(k)=In(A)-RTEa (where K is the rate constant, A is the pre-exponentia
factor, Eais the activation energy, R is the gas constant, and T is the absolute temperature).
By plotting the natura logarithm of the rate constant against the reciprocal of temperature,
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the dope (-Ea/R) allows determination of the activation energy.

Table-8.15 Accelerated Stability Studies of Capsule containing FPT-LP

Sr _ Timeline (months)
N i Properties
0. 0 1 2 3
1 Weight 192.05+ 191.78 + 191.23 + 191.75 +
variation (mg) 0.77 0.52 0.86 0.74
2 Assay (%) 99.31 99.01 99.17 99.28
3 Content 99.1+04 | 99.7+08 | 995+03 | 99.6+0.1
uniformity (%)
4 Friability (g) 0.19 0.21 0.19 0.26
5 | Disntegration | 4, 142 112 1 2
Time (min)

8.4 Discussion

8.4.1 Preformulation and Formulation Studies

Preformulation studies, followed by formulation studies, play a vital role in
identifying and finalizing the exact formula of a dosage form aong with its
properties. Various preformulation studies were conducted for FPT-LP to obtain a
comprehensive understanding of its physicochemical properties, facilitating the
determination of an appropriate formulation and delivery method. These studies
included organoleptic assessments, melting point determination, particle size
analysis, powder property evaluations, solubility studies, intrinsic dissolution rate
measurements, and in-vitro studies.

Organoleptic studies revealed that the colour of FPT, FPT-LP, and LP was white,
and the samples were odorless.

The melting point determination states that the observed melting point was within the
range of reported melting point for FPT (271-274 °C) and LP (252-256 °C). The
melting point range of FPT-LP (265-268 °C) was observed to be in between the
melting range of FPT and LP. This indicated the formation of a new spieces other
then FPT and LP.

Particle size analysis played a crucia role in determining the size for optimal
availability, with FPT-LP exhibiting specific diameter values. The particle size of

FPT-LP cocrystal showed volume mean diameter of 90 % of the total volume in the
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sample d(v)90 as 14.4 um, 50 % of the sample d(v)50 showed 6.79 um and 10 % of
the sample d(v)10 in the sample posses 3.19 um. Hence, the particle size of FPT-LP
IS 14.4 um. This states that smaller particles tend to have higher dissolution rates due
to the larger surface area to volume ratio and therefore, a better chance for faster
absorption which gives higher bioavaibility.*

Powder property assessments, bulk density, tap density, angle of repose, Carr’s
index, and Hausner’s ratio, portrayed fine powder characteristics for FPT-LP.

The solubility studies were conducted taking distilled water as the solvent. The
solubility of FPT-LP was the highest with 11.56 mg/mL in comparison to PM and
FPT with 7.18 and 6.6 mg/mL respectively. The IDR studies for FPT-LP were the
highest (20.48 %) in comparison to PM (17.23 %) and FPT (16.87 %).

The percentage cumulative drug release of cocrystal was the highest of 99.31 % at 60
min in comparison to FPT and Physical Mixture which was 85.20 % and 85.57 %
respectively. The percentage drug release graph showed Spring and Parachute effect
which istypically seen during the drug release of cocrystal.

Soring and Parachute Effect:

Cocrystas often exhibit unique mechanical and thermodynamic characteristics, such
as improved stability and solubility, which can be symbolically compared to the
ability of a spring to form and deform its original shape and is known as “spring
effect”. This flexibility is crucial in pharmaceutical formulations, where the
cocrystals' stability and the ability to maintain their structure during processing and
storage are important for drug effectiveness. On the other hand, the "parachute
effect” represents the ability of cocrystals to slow down or modulate the release of a
drug. Cocrystals can influence the dissolution and release rates of API, similar to a
parachute. This controlled release is valuable in drug delivery systems, alowing for a
more predictable and sustained therapeutic effect.

The importance of these effects in cocrystal development lies in their potential
impact on drug efficacy and bioavailability. Understanding and harnessing these
"spring and parachute effects’ in cocrystal formulations can contribute to the
devel opment of more effective and reliable pharmaceutical products.

The aqueous biologica medium becomes supersaturated with the hydrophobic drug
molecules that leads to higher energy (as compared to crystalline drug) which is
known as the “Spring” which immediately precipitates to give loosely aggregated
clusters. In order to get the benefits from this supersaturated state, it has to be
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maintained for a sufficient period of time for absorption. It may require a inhibition
of precipitation by using pharmaceutical excipients that intervene with growth of
crystal; this refers to the “Parachute” or “precipitation inhibitors”(can either be
excipient or coformer). This phase lasts for variable time to give high dose solubility.
Changes in Sample Condition: Amorphous clusters — Metastable polymorph of drug
— Stable form

It can be concluded that the cocrystals of FPT-LP showed the promise of enhancing

the bioavaibility of FPT when formulated into a suitable formulation.

8.4.2 Preparation and Evaluation of Dosage Form

Compatibility studies were conducted to assess the behavior of FPT-LP and
excipients together in the formulation. These studies included hygroscopicity
assessments, FTIR studies, DSC studies, and potency studies.

Hygroscopicity studies demonstrated negligible moisture absorption, indicating
minimal hygroscopicity and non absorbent nature of FPT-LP in the presence of al
the excipients.

FTIR studies over 30 days revealed consistent peaks, affirming stability of FPT-LP.
Potency studies showed no significant change by the assay study, confirming the
stability of FPT-LP in the presence of all the excipients.

The DSC study indicated no interaction between cocrystal and excipient at higher
temperature as the peak of FPT-LP was clearly distinguished between 320-380 °C.
The selected dosage form was capsules, prepared using a manua capsule filling
machine. Capsule formulation offers flexibility in accommodating the individual
components (APl and coformer) and cocrystal to retain their own crystallinity. It al'so
has several advantages to offer in terms of drug delivery and it more considerable
over tablet dosage form. Excipient selection was crucial, and various batches were
prepared by varying the type and strength of the disintegrant.

Pre-filling studies affirmed excellent powder flowability for al the batches. Capsules
prepared for al the batches were evaluated for weight variation, content uniformity,
assay, friability, disintegration time, and dissolution time. F3 batch (Sodium Starch
Glycolate 8 %) emerged as the optimal batch that showed maximum percentage
cumulative drug release of 99.46 % at 60 min and fast disintegration time of 1 min.
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The selection of the dissolution medium was conducted by performing saturated
studies with agueous medium- distilled water, 0.1 N HCI and phosphate buffers pH-
7.4 and 6.8. The data depicts that 0.1 N HCl showed lowest solubility (0.251 mg/mL)
in comparison to water (0.63 mg/mL), phosphate buffer pH 7.4 (0.85 mg/mL) where
as phosphate buffer pH 6.8 showed the maximum solubility of 1.234 mg/mL for
FPT-LP. The same observation was made for FPT and PM. Hence, Phosphate buffer
pH-6.8 was selected as the dissolution medium for further in-vitro analysis. Table-
8.16 shows the optimized dissolution parameters used throughout the finished
product dissolution study.
Table-8.16 Optimized Dissolution Parameters

Parameters Condition
Apparatus Type IP-11/ Basket Type
RPM 100

Temperature 37°C

Dissolution medium | Phosphate buffer pH-6.8
Dissolution Volume | 900 mL
Time 60 min

Comparative dissolution studies were conducted for capsule formulation of FPT,
PM, FPT-LP and marketed tablet formulation. The formula used for making the
capsule of FPT and PM was the same as that used for the capsule of FPT-LP. FPT-
LP capsule displayed the highest % drug release at 60 minutes of 99.95 %, while
FPT, PM and marketed tablet formulation showed lesser percentage drug release of
85.21 %, 83.57 % and 88.26 % respectively.

8.4.3 Stahility Studies

Stability studies were conducted using Dynamic Vapor Sorption (DVS) analysis and
accelerated stability studies. The DVS analysis presented low moisture uptake of
0.16 % at 90% RH. The low moisture uptake may only correspond to surface
absorption. The desorption curve was close to the absorption curve for FPT-LP,
thereby indicating that the two processes - absorption and desorption are reversible.
The accelerated stability study was conducted for 3 months in a stability chamber (40
°C, 75 % RH) which showed negligible change in the performance characteristics of
the formulation during the study tenure. The stability samples after analysis on
different parameters indicated that the FPT-LP capsule is stable at high temperature
and humidity. The predicted shelf life of the FPT-LP capsule is 2 years which is the
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same as the marketed tablet formulation of FPT.
The preformulation and formulation studies, coupled with stability assessments,
underscore the robustness and potentia therapeutic efficacy of the developed FPT-

LP cocrystal as a promising substitute for FPT in a capsule dosage form with
equivalent stability.
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IVIVC Study

The In-vitro In-vivo Correlation (1VIVC) study defined by the U.S Food and Drug
Administration (FDA) isa predictive mathematical model describing the
relationship between the in-vitro property of an oral dosage form and relevant in-
Vivo response. It works on the principle to estimate the magnitude of the error in
predicting the in-vivo bioavailability results from in-vitro dissolution data. There
arefour correlation levelstermed as Level A, B, C, and D. Leve A is highest level
point to point correlation. Level B uses statistical moments, Level C uses one-
point dissolution and correlates it with mean PK parameter and Level D is arank
order and qualitative analysis. The first step is conducting in-vivo studies and
deconvoluting the data into time versus percentage drug release. Later the in-vitro
studies is conducted and both the data sets are correlated and percentage similarity
is calculated. A variety of softwares are available to co-relate the in-vitro and in-
vivo data.
9.1 In-vivo Studies
In-vivo studies, involve experiments conducted on animals to observe biological
processes or test the effects of the API. The in-vivo experiment helps in
understanding the pharmacokinetics (drug absorption, distribution, metabolism
and efficacy) of the API. Ultimately, in-vivo studies serve as a critical bridge
between preclinical investigations and the development of safe and effective
treatments for human use.
The in-vivo studies showed the estimation of bioavailability from the animal
models (rats) by pharmacokinetic studies. The plasma collected from the rats was
extracted for the drug and then the concentration of the drug was determined by
LC-MS/MS. The In-vivo data was de-convulated to get Absorption Rate vs. Time
(min) correlation (Table-9.1 and Fig-9.1).

Table-9.1 In-vivo Studies of FPT-LP

Time (min) | Concentration (mg/mL) | Absorption Rate
0 0 0
60 150 5.01
120 180 5.19
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Figure-9.1 In-vivo Studies of FPT-LP
9.2 In-vitro Studies
The in-vitro studies play a fundamental role in assessing the characteristics and
performance of pharmaceutical formulations before advancing to more complex
and costly in-vivo studies. These studies, conducted in controlled laboratory
settings, provide crucial insights into the behavior of the formulations at the
molecular level. It helpsin utilizing the in-vitro models to evaluate factors such as
drug release profiles, dissolution rates and stability under various conditions.
Additionally, in-vitro studies aid in the identification and aleviation of potential
issues related to solubility, bioavailability and compatibility.
The In-Vitro drug release pattern was determined by dissolution studies with
percentage drug release profile from 0-180 min. The graph of % drug release vs.
time was plotted. (Table-9.2 and Fig-9.2)

Table-9.2 In-vitro Studies of FPT-LP

Time (min) | % Drug Release
0 0
10 28.20
15 40.60
20 61.82
30 72.05
45 82.13
60 91.30
90 99.76

120 99.82
180 99.96
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Figure-9.2 In-vitro Studies of FPT-LP

9.31VIVC Studies
IVIVC studies involve establishing a meaningful relationship between in-vitro
dissolution profiles of a drug formulation and its in-vivo performance in
experimental animals. These studies are crucial as they provide a scientific basis
for predicting the in-vivo behavior of a drug from in-vitro data. By correlating the
rate and extent of drug release in dissolution tests with the pharmacokinetic
profile of the drug in the experimental animals, IVIVC helps streamline the drug
development process. Successful 1VIVC can facilitate more efficient quality
control, enable robust bioequivalence studies, and enhance the understanding of
the impact of the formulation on its therapeutic effects.
The IVIVC study was conducted by taking the data sets of both in-vitro and in-
vivo studies. These data sets were compared on a single X-axis (time) with
different Y-axis (% Drug Release and % Absorption Rate). The coefficient of
regression was cal culated using M S Excd tool (Table-9.3 and Fig-9.3).

Table-9.3 IVIVC Data

In-vitro | In-vivo
% Drug Release | Time (min) | Absorption Rate
0 0 0
91.12 60 5.01
99.85 120 5.19
99.95 150 5.52
100.02 180 5.63
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Figure-9.3 Graph of IVIVC data
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9.4 Discussion
IVIVC can assign in-vivo meaning to thein-vitro data. This is a useful tool for
rational development and evaluation process to reduce development time and
optimize the formulation for clinica studies.® IVIVC correlation for cocrystals is
especialy important for the drugs belonging to BCS Class-11 because these drugs
are highly permeable and their absorption usually islimited by the dissolution.”
The IVIVC study was conducted by taking the time vs. concentration in-vivo data
and deconvoluting it into time vs. absorption rate. This step is vital because
deconvulation enables the generation of comparable data between in-vitro and in-
vivo studies.
Correlationa analysis, involves statistical techniques to assess and quantify the
relationship between in vitro and in vivo data. A correlation analysis was used to
explore the relationship between dissolution and absorption rates of cocrystals. A

linear correlation (R? -0.9977) was observed between dissolution and absorption
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rates. When the in-vitro and in-vivo data sets were compared it showed a point to
point co-relation between percentage drug Release and Absorption Rate. This
indicates the highest level of correlation corresponding to Level-A correlation.
Thislevel of correlation means that the individual data points from in-vitro studies
directly correspond to individual data points from in-vivo studies. Level A IVIVC
is particularly advantageous in the formulation development process. It aids in
selecting the most promising formulations early in development, optimizing drug
delivery systems and ensuring that the final product exhibits the desired
pharmacokinetic profile.

The results of the correlation analysis indicated that the FPT-LP cocrystals with a

higher dissolution rate would result in a better bioavailability.
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CHAPTER - 10

Summary and Conclusion

10.1 Summary

About 60-70 % drugs used presently belong to BCS class Il (High permeability and
Low solubility). Poorly soluble drugs have limited absorption and low bioavailability
resulting in higher dosage. Hence solubility enhancement is the major challenge.
Cocrystal formation with a suitable coformer offers the potential of improved
solubility via modification of the underlying crystal structure, thus potentially
rendering the compound bioavailable! According to USFDA, “solids that are
crystalline materials composed of two or more molecules in the same crystal lattice

are termed as cocrystal.”?

The major advantage of cocrystal formation is the changes
in physicochemical properties of the drug without altering the pharmacological
properties

Fimasartan Potassium Trihydrate (FPT) is an anti-hypertensive molecule belonging
to BCS class Il that is low solubility and high permeability. It possesses a low
bioavailability of 18.6 %. This leads to higher doses with the potential for greater
side effects. Hence, it was thought of interest to design, synthesize and evaluate
pharmaceutical cocrystal of FPT.

The coformer selected for making the FPT cocrystal was L-Proline, an amino acid.
Amino acids are natural compounds with low risk and chiral properties, facilitating
easy hydrogen bonding with FPT. L-Proline is recognized as Generally Regarded as
Safe (GRAS). It is considered as an excellent candidate in cocrystal formation
because it forms a-ammonium carboxylate, which support atomic interactions. It also
forms head-to-tail charge-assisted hydrogen-bonded chains during cocrystal
formation, thereby increasing the percentage of strong interactions.

FPT-LP cocrystals showed promising results when prepared by solvent evaporation
technique and Supercritical Fluid Extraction (SFE) as the scale up technique with
good yield, in stoichiometric ratio of 1:2 for FPT and L-Proline respectively.
Computational studies were employed to gain theoretical insights into the likelihood
of cocrystal formation, sites of interaction and hydrogen bonding, shedding light on
the underlying molecular interactions. The techniques employed were in silico

cocrystal screening, the pKa rule, cocrystal structure analysis, Hirshfield Surface
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Anaysis (HSA), and Surface Electrostatic Potential (SEP). These studies showed the
intermolecular hydrogen bonding (amino-nitro) and mt-rt stacking for the formation of
cocrystal. It proved the presence of sandwich-like trimer upon addition of L-Proline,
due to the unique structure of LP, facilitating binding at both ends. This accentuates
the stoichiometric ratio of 1:2 (FPT: LP) obtained during experimental optimization.
A variety of techniques were attempted for the formation of FPT cocrystals such as
Solvent Evaporation Technique, Cooling Method, Dry Grinding Method, Wet
Grinding Method, Centrifugation Technique, Freezing Technique and Supercritica
Fluid Extraction. All the selected coformers (like hydrochlorthiazide, saccharine and
a varied aminoacids) were studied using these techniques through variations like
solvent, combination of solvent, temperature, solvent volume, freezing time, cooling
time, centrifugation speed, centrifugation time and stoichiometric ratios with FPT.
The developed cocrystals were characterized using Fourier Transform Infrared
Spectroscopy (FTIR), Differential Scanning Calorimetry (DSC), Ultraviolet (UV)
spectroscopy, High-Performance Liquid Chromatography (HPLC), Powder X-ray
Diffraction (PXRD), Scanning Electron Microscopy (SEM), Transmission Electron
Microscopy (TEM), and Single Crystal X-ray Diffraction (SCXRD). These analysis
provided detailed information about the crystalline structure, physical properties and
molecular arrangement within the cocrystals, thus confirming the formation of
cocrystals of FPT-LP (1:2) beyond doubt.

The results of solubility study demonstrated that the formed cocrystals exhibited a
significant eight fold increase in the solubility of FPT. This enhanced solubility was
acritical advantage, as it directly influences the drug's bioavailability and therapeutic
efficacy.

Pharmacokinetic studies were conducted using rat plasma through LC-MS/MS. The
pharmacokinetic studies unveiled noteworthy differences between FPT and FPT-LP
cocrystal in various parameters like AUC, hdlf life, steady state volume of
distribution and the drug concentration in plasma. Importantly, the clearance rate was
decreased that suggests increased bioavailability of the developed cocrystals. The %
bioavaibility caculation of FPT and FPT-LP showed an increase in the
bioavailability of FPT-LP to an extent of 88.88 % resulting in an enhancement of
absolute bioavaibility of FPT from 18 % to 32 %. The relative crystallinity obtained
from the PXRD studies for the prepared FPT-LP cocrystals was found to be 66.98 %.

These cocrystals showed remarkable increase in bioavaibility inspite of the
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crystalline nature. The increase in bioavaibility for FPT-LP can be co-related to a
decrease in the dose to about one third (41.25 mg) in comparison to FPT.

The FPT-LP cocrystals were formulated into capsule dosage form after diligent
selection of the type and concentration of the disintegrant. The % cumulative drug
release was the highest in FPT-LP capsule (99.95 %), while the observed values were
lower for FPT capsule (85.21 %), Physical Mixture (83.57 %) and marketed tablet
formulation (88.26 %) at 60 min. The stability of the FPT-LP capsule was assessed
by Dynamic Vapor Sorption (DVS) Analysis and Accelerated Stability Studies. DVS
studies proved that FPT-LP is non-hygroscopic at 120% RH. Accelerated stability
studies were carried out for 3 months according to ICH Q1A (R2) which determined
that FPT-LP cocrystal and the developed capsule formulation is stable. The predicted
shelf life of the formulated FPT-LP capsule is 2 years which is equivalent to the
marketed tablet formulation. The storage condition was predicted as room
temperature (15 to 25 °C).

The IVIVC studies showed that the correlation between in vitro and in vivo data that
is between percentage drug Release and Absorption Rate is a Level-A correlation.
This leads to the conclusion that there was a point to point correlation between the in

vitro and in vivo data sets with % similarity of 99.77 % as coefficient of regression.

10.2 Conclusion

The development of FPT-LP cocrystals using Solvent Evaporation Technique and
Supercritical Fluid Extraction (SFE) has yielded promising outcomes, marked by a
high yield and notable improvements in the solubility of FPT. This innovative
approach has resulted in cocrystals demonstrating a remarkable enhancement in
bioavailability, thereby enhancing the therapeutic efficacy of the drug. The
formulation of a capsule dosage form further underscores the potential of these
cocrystals, showcasing superior in vitro release characteristics and evidence of
stability.

The success of these FPT-LP cocrystalsis particularly noteworthy due to their ability
to address challenges associated with the solubility of FPT, a critical factor in drug
absorption and efficacy. The enhanced solubility achieved through cocrystallization
contributes to improved bioavailability, allowing for a more potent and effective

therapeutic response. The choice of a capsule dosage form is strategic, considering
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its advantages in terms of retaining the integrity of the cocrystal lattice and drug
delivery.

The comprehensive analytical and pharmacokinetic studies conducted on these
cocrystals provide valuable insights into their molecular interactions and behavior.
This knowledgeis crucia for fine-tuning the cocrystal synthesis process and tailoring
formul ations to maximize therapeutic outcomes.

In conclusion, the FPT-LP cocrystals prepared using solvent evaporation technique
and SFE represent a promising advancement in pharmaceutical development. The
combination of enhanced solubility, improved bioavailability, and favorable in vitro
release characteristics position these cocrystals as a potential breakthrough in crystal
engineering for FPT. The analytical and pharmacokinetic studies pave the way for
their further exploration and application in the development of innovative and
effective pharmaceutical product with potentialy lower dosage and side effects.

The work done has aready been patented and under examination; Title: Novel
Cocrystals of Fimasartan and Process Thereof; Patent Number: IN 202221043126, Date
of Publication: 12-Jan-2024 (Annexure-11).

10.3 Contribution of Research work

10.3.1 Benefit to the Society

There are 1.2 hillion people suffering from hypertension and being treated with
antihypertensive molecules. The developed cocrystal of FPT-LP offers substantial
advantages by significantly increasing the bioavailability of FPT. This leads to a
remarkable increase from 18% to 32% that is 88% increase in bioavailability which
IS a substantial enhancement, indicating that a much larger portion of the
administered FPT dose now reaches the systemic circulation. Advantages being
offered would lead to lowering of the dose and increase in safety with desired
efficacy.

10.3.2 Benefit to the Industry

The easy scalability of FPT-LP by SFE technique makes it suitable for large-scale
production. Moreover, the comparison of FPT-LP with FPT highlights severa
beneficial changes, including lower dosing, simplified manufacturing processes, and
potential cost savings in formulation. These advantages make FPT-LP a promising
candidate for further development and pharmaceutical use, offering improved drug

delivery and potential cost benefits to patients and healthcare providers alike.
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10.3.3 Regulatory Perspective

According to the United States Food and Drug Administration (USFDA), cocrystals
of existing drugs have the potential to be patented as new cocrystal forms. The
cocrystals are formed by the interactions between the APl and coformer leading to
the formation of a new crystalline lattice with distinct properties compared to the
individual components. The bonding combination of FPT and L-Proline provides a
platform for the establishment of inventive step. The research work is already
protected by patent filling. Patent protection for cocrystas encourages
pharmaceutical innovation, leading to the development of more effective and

efficient drug formulations for the benefit of patients and healthcare providers.
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DEVELOPMENT, VALIDATION AND
APPLICATION OF RP-HPLC METHOD FOR
ESTIMATION OF FIMASARTAN POTASSIUM

TRIHYDRATE

Friyal Shah’, Anuradha Gajjar’
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Abstract

A simpls, iscomtic, specific and smitive sabiity-indicatng high-performance Squid chromatographic methed was developed
and validated for the detsnmimation of Smmartn potassiom ibydrets (FPT) in bulk and teblst formulation. FPT is an
antihypersmive molecols, which weorks by bocking angiotensin -1 receptor. The lHaatume revisw stass that thens is mo other
method reported for routine amelysiz of FPT and in formolston Hence, 2 Reverss phase chromatograply method was
devsloped and walidated by ICEH-02 guidelings. RP-HPLC was perfommed on Shimades LO-2030 C© with PDA Detecior using
CIE column (230 x 4.6 mes, Spm}, mobile phece contrming Mathanal: water (90:10 vv) with & fow rak of 0.8 mL/min
Deection was deos at wavelsngth maxima 262 nm. Linsarity was obsarved in the concemtration range of 5-30 ppiml (R'=
0.9 with regression sgmition y= 4181 1x + 1064630, 0.B9 pgmT. of FPT was the lowsst Bmit of detection. widle 267 pgf
mL was the lowsest limit of quantfication. Accuracy smdiss showed the moovery mabe of 58.63 - 99.88%. Henca, the
desveloped methed was applied to marketed tablst formulation, which showsd the ausey of 5%.93%. This prowes that the
developed method ds stmple, accorate and validated for routine analyss in balk and marksted formuiation

Eerwords: Fimasartan Botassium Tribydrate, RP-HPLC, Hyperfension, Validation, ICH uidsline (G2 R1)

I. INTRODUCTION
FPT balongs to the claas of nox-peptide angiotmsin I recepior antagondst {ARE). It is msed for the treatmant of Iypertsnsicn
and heart failure. FPT blocks angiodemsin I recaptor typa (AT] recepton), mdecss probypertensive actions of angiotensin IT
such as rystemsic vasoconsitiction and water rwnbon by the kidneys. FPT was approved in South Eorea oo September 9,
2000, It was dewuloped by Beryung Pharmacenticals with brand mnw of Kanarh. The chemical name of FPT is 2- butyl-3-
dimothyl aminothiocarbonylmethyl-§-mathyl-3 [[2°-(1H-tetrazel-5-yl) biphamyl-4-y]|mothyllpymimidin-43H)-ome potassinm
trihydmate; baving 3 moleculer weight of FPT is 753.79 gmole. Losartan which i the fimt dmg m ARB class, contains
imidsrole ring, replacament of imidseole with pyrimidisons mobety Stharing with biphenyl stmrale at position-3 mesalts in
formation of FPT [1] HPLC metiod kas besn developed for malusticn of sabkility and simnltameons determeination of FPT and
umbodiping in ablet dosage fomm [3]. UPLC tmdsm mass chromatographic method has besn dewloped for determination of
FPT in tmman plasms [§] LC-MS mcthods have besn mported for the estmation of FPT in lmeon plagesa [7- 9]
Pharesacokinstics and metabolite profiling of FPT has been mported [10].The need to develop an ansbytical method nsing
Imtermetional Coxfarencs of Hamonization validation guidalines is for sase of rowtine analysis doring quality check 2 wall 2
WRARZICZ43 | Infemafional Joumal of Ressarch and Analyfical Reviews [LIRAR] www arom | 659
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Absraer - The paper dewribes development amd
walidation of a stability indicating chromatographic
assay method for Efonidipine Hydrochloride ethamolate
(EFD) in solid pharmaceuntical dosage form EFD and
degradant products weder varied sires: conditions like
brydrolysis at a range of pH, temperature, oxidation and
exposare to lizht were analysed by developed RP-HFLC
method with proper separation as well ac pood peak
shape. The developed method consisted of mobile phaze
Methanol: water (50:50 v/%). The flow rate was 0.8
mL'min with a run time of 10 min and detection at 270
mm. The azay was performed on markefed formulation
that showed #9.51%% labeled claim. Durieg the forced
degradation studies, Efomidipine showed marimom
dezradation (10 %) onder oxidative stress followed by &
% photodegradation. The drog showed lower
degradation woder acid base and thermal stress
conditions, to the extent of 4 %, 3 % and 6 %
respectively. It was also observed that the retention ime
of the degradant onder photolytic and oxidative
degradation were the same probably dme to the
formation of the same prodoct.

Index Terms - Efonidipine bydrochloride ethamolate
Stability mdicating assay method, stress conditions, anti-
bypertensive, photodegradation.

1.1 INTRODUCTION

Efonsdipine hydrochloride ethanolate (EFD), {2)-2-
[Benzyl{phenyly  amino]  ethyl-14-dibydre-2. 6-
dimeshyl-5-(5, 5-dimethy-2-oxo-1,3,2-
dioxaphosphorinan-2-yI}-4-(3-nitorophenyl}-3-

dibydropyridine derivatives are subject to the first-
pass effect, and the primary metabolism step involves
oxidation of the dihydropyridine rmz o the
comesponding pyridine analogue %51, However, it has
been suzgested that EFD is less likely to underzo the
first-pass effect and iz dibydropyridine ring is
oxidized mainly afier metabolism of the side chain 7.
Additionally, EFD has distinct properties when
compared with other calciom channel blockers. The
ohjective of the smdy was te develop a specific,
simple, rapid reliable =snd validated stability
indicating assay method for the esomation of EFD mn
sccordance  with Intemational Conference  on
Hannonization (ICH) guidelinas.

1.2 MATERTAT AND METHODS

1.2.1 Beagent znd Materials

Efonidipine Hydrochlonide Ethamolate (EFD, 99.0%:
pure) was received as 3 gift sample from Ajanta
Pharma Lid. (Mumbai, India). HPLC-zrade Methanol
was purchased from Merck, India AR prade HCL
1aOH pellets and H0; was obmined from 5D Fine
Chem Lid The deicnized and ultra-pure water used in
all experiments was obtzined from the Milli- System
(Blillipore).

1.2 2 Instrumentation and chromatosraphic condidons
LC was performed with Shimadrn equipment LC 2010
that was equipped with auwo sampler, UW visible
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List of Conference Presentations

Poster Presentation-1

Conference: Prof. ANM Memoria International Conference

Theme: Recent Advances and Trendsin NDDS

Organised by: Mahargja Saygjirao University, Vadodara

Date: 23-25 Sep 2021

Title: Crystal Engineering: An Emerging Tool to Augment Solubility

This ce:
PRIVAL KALPESH KM
for participation v C-Po:

Poster Presentation-2

Conference: GUJCOST sponsored International e-conference
Theme: Vital Role of Polymersin Drug Delivery

Organised by: L. J. University, Ahmedabad

Date: 13-14 Aug 2021

Title: Investigating Polymers as Coformersin Design of Cocrystals

B upnesity (0 ST
GUJCOST Sp ol I;;wys inte | '. &-C e on

VITAL ROLE OF POLYMERS IN DRUG DELIVERY
CERTIFICATE OF PARTICIPATION
THIS 15 TO CERTIFY THAT
PRIVAL SHAH

Par 1 in e Pr

in

GUICOST sponsored International e Conference on 'Vital Role of Polymers in
Drug delivery” organized by 1. | Institute of Fharmacy, [ |. Universiry,
Ahmedabad on 1th and 4th August 20021

B

MR JAYMIN TATEL

o
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Poster Presentation-3

Conference: Pharma Anveshan-2023

Theme: Pharmacy

Annexure

Organised by: Pharmacy Council of India, Government of India, New Delhi

Date: 06-Mar-2023

Title: Augmenting Bioavailability by Crystal Engineering

f'_// [

2
s
)

GO 2 Vi
- APV Mot

National Pharmacy Education Day
A Tribute to Prof. M.L. Schroff

6" March 2023

Organized by

PHARMACY COUNCIL OF INDIA

A statutory body under Ministry of Health and Family Weifare,
Govermment of India

Cendifcale of Apprecial

It Is certified that

Dr./Mr./Ms. Priyal Shah

has participated as a Delegate/ Presenter in
Pharma Anveshan 2023 at Vigyan Bhawan, New Delhi
He { She presented a concept note.

AL
e A U e 4 p.__\_ __lﬂf]qﬂ'”

Shrri. Anil Mittal O, Montukumar M, Patel
= (1) Registrar-Cur: Seonetary L
'\‘ Pharmacy Council of irdia Phanrmacy Council of India
{ ‘.\'l
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LIST OF MAJOR PARTICIPATIONS

Date Days

Title

Organized by

15-21 Mar 2023 | 07

Workshop on Single Crystal
X-ray Crystallography

1T Gandhinagar

12 May 2022 01

Seminar Series on Crystd
Engineering

ICT Mumbai

07-11 Mar 2022 | 05

Workshop on Transitional
Research — Taking Novel
Drugs from Lab to Clinic

ISCR Mumbai

24-26 Feb 2022 | 03

International  Symposium

th
(20 ) on Advances in
Technology and Business
Potential of NDDS

Controlled Release
Society (CRS)

17-22 Jan 2022 | O7

New Era Technologies in
Formulation Design Space

Panjab University,
Chandigarh

05Aug2021 |01

Cocrysta: A Promising
Approach for Tailoring
Properties of API

Kamla Nehru
College of
Pharmacy, Nagpur

24-26 Jun 2021 | 03

th
10 International
Conference Disso India
2021

SPDS and AAPS

09-13Aug 2021 | 05

IPR short
Program

term training

GUSEC

01 May 2020 01

Research:
Execution

Planning and

D Y Patil,
University Pune

IIT — Indian Institute of Technology

ICT - Institute of Chemical Technology

ISCR - Indian Society for Clinical Research

SPDS- Society for Pharmaceutical Dissolution Science

AAPS- American Association of Pharmaceutical Scientists
GUSEC- Gujarat University Startup and Entrepreneurship Council
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