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Title: Solid State M odification by Co-Crystallization of Selected Drug

Abstract

A significant percentage of drugs, around 60-70 %, fall under BCS Class |1, indicating their
poor solubility. The cocrystal formation presents a promising solution to enhance drug
solubility by modifying the crystal structure, thus potentialy improving bioavailability.
Fimasartan Potassium Trihydrate (FPT) is an antihypertensive molecule classified as BCS-11,
presenting low solubility and high permeability. To address the solubility and bioavailability
challenges 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 revealed the binding mechanism of APl and coformers to form
cocrystal. This involves intermolecular hydrogen bonding (amino-nitro) and m-1t stacking.
The developed cocrystals were characterized comprehensively using various techniques like
FTIR, SEM, TEM, DSC, PXRD, SCXRD, RP-HPLC, and U.V. visible spectrophotometer. 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 devel oped
cocrystals were successfully formulated into capsule dosage form, exhibiting drug release of
99.95 % within 60 minutes in phosphate buffer-6.8. Stability studies conducted via Dynamic
Vapor Sorption and Accelerated stability studies confirmed the stability of the cocrystal.
Additionaly, In Vitro In Vivo correlation (IVIVC) analysis showed a direct point-to-point
relationship between % Drug Release and Absorption Rate. The development of this
cocrystal offers substantial benefits to society by enhancing drug bioavailability, aso
providing 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

Brief description on the state of the art of theresearch topic

Fimasartan blocks angiotensin Il receptor type 1 (AT1 receptors), reducing pro-hypertensive
actions of angiotensin 1l, such as systemic vasoconstriction and water retention by the
kidneys.

The coformer selection is of great importance, as strong variations can occur depending on

the nature of the selected coformer. A relevant choice in the coformer can either help to
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improve the formulation stability, enhance solubility and increase bioavailability of
fimasartan leading to lowering of dose and increase in safety and/or efficacy. The coformer
was selected from Saccharine, Succinic Acid, Hydrochlorothiazide, L-Proline, L-Valine, L-
Threonine, L-Cystine, L-Lysine, L-Glutamic acid and Glycine.

The cocrystals of fimasartan and coformer are prepared using solvent evaporation technique
and Supercritical fluid extraction method. The process of preparing cocrystals of fimasartan
by solvent evaporation technique comprises the steps of,

a) Taking molar ratio of fimasartan and coformer and dissolving in methanol: water (20:80
vIV);

b) Evaporating step (a) solution on awater bath at 80 °C;

¢) The solid powder left was characterized for the confirmation of cocrystal formation.

The process of preparing cocrystals of fimasartan by Supercritical Fluid Extraction (SFE)
method comprises the steps of,

a) Taking molar quantities of fimasartan and coformer;

b) Adding step (a) mixture in the sample vessal and covering with glass wool;

¢) Supplying CO, under supercritical conditions, stable pressure (100 bar) and 80 °C
temperature in step (b) mixture.

d) Pumping methanol in step (¢) mixture;

e) Diffusing Supercritical solvent and modifier rapidly into the step (b) solid matrix and
dissolving the material to be extracted;

f) Removing dissolved material (the developed cocrystal) of step (e) from the extraction cell
into a separator at lower pressure, when the extracted material settled out;

g) Cooling and recycling supercritical COy;

h) Collecting liquid sample and drying at room temperature which led to formation of
cocrystal named as FPT-LP.

The novel cocrystals of fimasartan were developed having greater solubility and
biocavailability as compared to standard fimasartan and physical mixture of fimasartan and
coformer.

Definition of the Problem

According to WHO, 42% of the population in the world suffer from hypertension. Out of the
total, 20% and 40% are prescribed sartans in USA and India respectively. Fimasartan
Potassium Trihydrate (FPT), approved by CDSCO in September 2019, is the latest generation
of sartan. Being a BCS Class-II drug, it has a low solubility and bioavailability of 18.6%.




This leads to higher doses with the potentia for greater side effects. The literature review
suggested that there is no technique available for the formation of cocrystal of fimasartan;
hence the literature review was conducted on the sartan class of drug. This helped in
identifying the binding site and the tendency of cocrystal formation. It was a thought of
interest to develop cocrystals, that increase the solubility and bioavailability, which in turn
helpsin reducing the dose and side effects of FPT.

Objectives and Scope of Work

Aim: To design, synthesize and evaluate pharmaceutical cocrystal of selected drug.
Objectives

- To investigate suitable co-formers and method of preparation for cocrystal.

- To characterize the developed cocrystals by: Fourier-transform infrared spectroscopy
(FTIR), Differential Scanning Caorimetry (DSC), Thermogravimetric anaysis (TGA),
Nuclear magnetic resonance (NMR), Powder X-ray Diffraction (PXRD), Dissolution
Study, Solubility Study, Stability Study.

- To perform pharmacokinetic studies and cal cul ate the % bioavail ability.

- To prepare a suitable dosage form after preformulation  studies and  evaluation of
the dosage form aong with stability assessment.

- To establish an in-vitro-in-vivo correlation (IVIVC).

Scope of Work

The developed cocrystals can be used as an active tool to impact the physicochemical
properties of Fimasartan. The coformer selection is of utmost importance, as strong variations
can occur depending on the nature of the selected coformer. A relevant choice in the
coformer can either help to improve the formulation stability, enhance the solubility  and
increase the bioavailability of the drug (FPT) leading to lowering of dose and increase in
safety and/or efficacy.

Original contribution by thethesis

The entire work in this synopsis, as well as thesisis original. Extensive literature review was
carried out on the fundamentals of cocrystals, cocrystal for the class of drug and analytical
methods for the selection of coformer and techniques of preparation.

Benefit to the Society: There are 1.2 billion people suffering from hypertension and being
treated with antihypertensive molecules. The advantages being offered by the prepared




cocrystal increases the bioavailability from 18% to 32% that is 88% increase which would

lead to lowering of the dose and increase in safety with desired efficacy.

Benefit to the Industry: The cocrystals are prepared in pure, high-quality yield by
Supercritical fluid extraction technique, an easily scalable technique. Comparison of profiles
of the cocrystal and the drug leads to the beneficial changes with respect to dosing, process
and/or cost to formulation.

According to USFDA, cocrystals of existing drugs can be patented as new cocrystal forms.
The bonding combination of drug and coformer provides a platform for the establishment of
inventive step and is adready protected by patent filling (Application Number:
IN 202221043126, Date of Filling: 13-Jul-2023).

Methodology of Resear ch and Results

Computational work

3-D Structures of FPT and al coformers were downloaded 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 for in silico cocrystal screening that also gave data for the crystal
structure. It proved that the developed cocrystal was of monoclinic crystal system. Hirshfeld
surface analysis and Surface el ectrostatic potential helped in identifying the hydrogen binding
sites and the functional groupsin FPT-LP.

Method of Preparation
Solvent Evaporation Method: FPT and L-Proline was weighed in a stoichiometric ratio of 1:2
(molar) and dissolved in methanol: water (20:80 v/v). The solution was heated at 70 °C. The

solid yield was dried and characterized for the formation of cocrystal.

Supercritical Fluid Extraction (SFE): Principle: SFE utilizes supercritical fluids above their

critical temperature and pressure as solvents to selectively extract desired compounds from
solids or liquids. By adjusting the pressure and temperature, the solvating power of the
supercritical fluid can be optimized. CO, is the most commonly used supercritical fluid in
SFE. It offers efficient extraction with a reduced need for organic solvents compared to
traditional extraction methods. Hence, it is environmentally friendly and cost-effective

option.




Method: FPT and L-proline were accurately weighed in a stoichiometric ratio of 1:2 (molar)
and were mixed properly. The sample was placed in the sample compartment on a cotton
wool. In the mobile phase section, methanol and water (5:95 v/v) were placed. The
Supercritical CO, extraction processes were allowed to run at temperatures of 70 °C. The
pressure was set at 80 MPa. The sample was extracted and collected in the collection tube.

The solution from the collection tube was dried to obtain solid cocrystals.

Characterization of cocrystals

The developed cocrystals were characterized with various analytical techniques to confirm
the formation of cocrystals and its hydrogen bonding.

SEM: Scanning Electron Microscope (SEM) is a type of electron microscope that produces
images of a sample by scanning the surface with a focused beam of electrons. The electrons
interact with atomsin the sample, producing various signals that contain information about
the surface topography and composition of the sample. Inference: The SEM studies showed
prismatic shape of FPT-LP. (Fig-1)

TEM: Transmission Electron Microscopy (TEM) is a microscopy technique in which a beam
of electronsis transmitted through a sample to form an image. This alows capturing the
intricate details of the sample and focusing into its impurities and state characterization, like
amorphous or crystalline nature. Inference: The TEM studies proved that the developed
cocrystal is crystalline and without any defects or impurities. (Fig-2)

FTIR: Fourier Transform Infrared Spectroscopy is used to identify and analyze the functional
groups and chemical bonds present. Inference: Alterations in the characteristic pattern of
absorption bands was observed in FPT-LP in comparison to FPT, L-Proline and Physical
mixture that clearly indicated the formation of cocrystal as shown in Fig-3.

DSC: Differentia Scanning Calorimetry (DSC) isa therma anaysis that measures the
physical properties of a sample change, along with temperature against time. Inference: The
DSC curve indicated an endothermic peak at 180 °C and 70 °C of FPT and L-Proline
respectively, while FPT-LP showed an exothermic peak at 110 °C (Fig-4) which established
the formation of a distinct entity.

RP-HPLC: The RP-HPLC method was devel oped with RP-C18, 250 mm x 4.6mm, 54 as the
stationary phase, Methanol : Water (90:10 v/v) as the mobile phase at 0.8 mL/min flowrate
for 10 min at ambient column temperature. This method was developed for the cocrysta
characterization and dissolution studies (Fig-5).




PXRD: Powder X-Ray Diffraction (PXRD) studies showed that FPT-LP showed two peaks
of higher intensity, comprising one for FPT and another for L-Proline. It was aso noted that
the physical mixture (PM) did not show the same pattern and hence, this proved the
formation of cocrystals as shown in Fig-6.

SC-XRD: Single Crystal X-ray Diffraction (SC-XRD) isa crystallographic method for the
determination of structures at the atomic level. The SC-XRD preliminary studies were
analyzed under an electron microscope to confirm the single crystal formation. (Fig-7) After
the confirmation, the single crystal was placed on the sample holder of the instrument for
further analysis. The crystallograph showed a distinct different peak for FPT-LP compared to
FPT, L-Proline and PM (Fig-8).

Phase Transformation: The phase transformation studies refer to the investigation and

analysis of changes that occur in the physical state of a material, such as transitions between
solid, liquid, and gas phases. These studies aim to understand the stability and underlying
mechanisms of the sample. The phase transformation studies of FPT-LP were conducted in
agueous medium. The solids obtained after the equilibrium time (48 hr) were dried and
subjected to PXRD analysis. Inference: FPT-LP did not show any other extra peak that states
that the developed cocrystal is stable and does not undergo any phase transformation (Fig-9).
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Figure-6: PXRD Study of FPT-LP

Figure-8: SC-XRD Study of FPT-LP
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Figure-9: Phase Transformation Study of FPT-LP

Phar macokinetic Studies

The pharmacokinetic studies were conducted by taking the approval of IAEC for 12 months
(Proposa No: LMCP/IAEC/22/0024). The animal study protocol is described in Table-1
while Table-2 states the grouping of animals.

Table-1 Anima Study Protocol

Animal Specifications

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)
FPT-LP (Cocrystal)

Anesthesia

I sofluran

Blood collection route

Retro-orbital plexus




Table-2 Grouping of Animals

Sr. No. | Group Treatment No of animals
1 Standard Control FPT API 06
2 Test Control Developed cocrystals | 06
Tota no of animals 12

Experimental Design
FPT and FPT-LP was dissolved in water and administered orally to individual groups. The

blood was withdrawn from the retro orbital vein, under light anaesthesia and the blood

collection volume was less than 1 mL. The time points of blood withdrawal were 0, 1, 2, 2.5,
3, 3.5, 4, 8, 12, 24, 48 hours. The collected blood was mixed with 1% EDTA solution and
then was centrifuged at 10,000 rpm for 10 min and plasma was collected. The plasma was
analysed for the bioavailability of drug by LC-MS/MS and further comparision of the same
was carried out for FPT and FPT-LP.

LC-MS/MS Method

The LC-MS/MS method was developed for the analysis of pharmacokinetic studies of FPT
and FPT-LP. Table-3 shows chromatographic conditions while Table-4 indicates gradient

mobile phase composition with respect to time.

Table-3 Chromatographic Conditions Table-4 Mobile Phase Composition
Darameters Conditions ‘Time Muobile Phase A MMobile Phase 13
Mobile Phase A0 U"c_r formic acid m water (viv) 1’_111111.') [%_“:\.} (e ‘.":.\.}

B ACK (.00 60 40
Stationary Phase Zorbax RP-CIIS, 100 mm > 3.0 mm, 1.8n 2.00 50 50
L'low Rate 0.4 mL/min 5.00 20 80
hyection vohune lub 6.00 20 80
Column Temperature 300 10.00 60 40
RunTime 10 min
Sample Preparation

50 pL of blood plasma was collected from rat and mixed with 50 pL Internal Standard -
Losartan (100 ng/mL). The solution was mixed with 300 puL acetonitrile and centrifuged for
10 min at 15000 rpm and 4 °C. The supernatant was collected and analyzed by LC-MS/MS.

Comparison of Pharmacokinetic Data: The comparative data for the pharmacokinetic studies

is stated in Table-5. C data revealed that there in an increase in the concentration maxima
from 240 to 320 ng/mL which showed that FPT-LP cocrysta is more bio-available then FPT
(Figure-10). The pharmacokinetic data was cal culated by PK solver 2.0.




Table-5 Comparative Pharmacokinetic Studies

Bioavailability Calculation:

) Concentration (ng/mL) Parameter | FPT-LP FPT % Change
Time (hr)
Cocrystal FPT Lambda, 0.06 0.081 25.45
0 0 0 £y 10.68 851 20.29
1 150 150 L 3 3 .00
2 180 180 S 320 240 14.26
2.5 260 200
3 320 540 AUC,, 2682.50 2295 14.45
34 270 230 Cl obs 0.01 0.02 18 64
4 230 220 Vss_obs 0.25 0.28 10.21
S 210 210
6 180 170 350 5 Comparison Studies
7 160 150 o
8 150 80 %T-O
12 80 60 Flw —i
24 50 50 150 i
36 0 0 Bi00 -
48 0 0 i
o
0 20 40 60
Time (hr)

Figure-10: Pharmacokinetic Studies

The calculated Absolute bioavailability and Relative

biocavailability was 25% and 32% respectively for the developed cocrystal. The relative
bioavailability of FPT was 18.6%. This showed the increase of 88.88 % in the biocavailability
of FPT-LP in comparison to FPT.

For mulation Studies

Pre-formulation Studies

Various parameters were studied for the preformulation studies. Table-6 summarizes the

preformulation studies conducted while Fig-11, 12 and 13 shows the % drug release and
solubility of FPT-LP. It was observed that FPT-LP showed more % drug release and

solubility in comparison to FPT and PM.
Table-6 Summary of Preformulation Studies

St No

[Paramelers

Inlerence

Organoleplic Characlensiics

Color: Whils
Odor: Odorless

I

Melting point etermination

263-268 "C

Parlicle Size Delerminalion

Dv (90) 14 4 pm

=S R

Powder Properlies

Fine powder with Excellent Qow (angle ol repose)

L

Sotbility Study

Sohbility in water: 11.56 = 0.28 (mg/ml.)

3

[ntrinsic 1 Xzsolution Rate

% Dirug release was highest lor FPT-LP
(20 48 me'cm?/nun)

[n-Vitro [Digsolution

% Cum. Drue release (99 31% in 60 min)-highest
Lor FPT-LP
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Figure-13: % Cumulative Drug Release

Dosage Form Preparation

The prepared dosage form was Capsule (Hard Gelatin Capsule - size 1). The interaction
between the cocrystals and excipients was studied by FTIR and DSC, which showed
there is no interaction. The Hygroscopicity study stated that the physical mixture of
cocrystals and excipients was non-hygroscopic with a weight change of 0.03-0.9% wi/w,
while the assay study showed 99.98 % of FPT-LP.

Method of preparation: FPT-LP and excipients were weighed and passed through Sieve-
80. FPT-LP was blended with al other excipients, except lubricant and glidant.
Subsequently, lubricant and glidant were added to the blend of FPT-LP and excipient,
and further blending was carried out. The formulais stated in Table-7.

Table-7: Formulafor capsule preparation

Ingredients Amount (mg)
Cocrystal (L-proline : FPT - 2:1) 87.50
Microcrystalline Cellulose 69.50
Sodium Starch Glycolate 16.00
Aerosil 2.00
Mg Stearate (1%) 5.00
Total 180
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Capsule Evaluation Parameters. For the evaluation of the capsule formulation various

parameters were tested to check the amount of drug present- assay, % drug release and so on

as described in Table-8.

Table-8: Capsule Evaluation Parameters

Parameter

FPT-LP Capsule

Weighl variation (mg)

180.05=0.77

Assay (20)

99.31

Content unitormity (%o)

99.1+04

Triability (%)

(.19

Disintegration Time (min)

1+2

Dissolution (30 min)(“o)

89.68

Dissolution (60 min)(“s)

99.46

Dissolution Medium Selection: After considering various media, phosphate buffer — 6.8 was
selected for studying the dissolution profile of the formulation (Fig-14 and Table-9) as
reported in the literature (Patent filled by EP which states that FPT shows lower solubility at
pH 1.0 — 4.0 and decent solubility pattern under high pH such as purified water and pH 6.8.

Table-9: Dissolution Media Selection

Solubility

Dissolulion media

myg per mL myg per 200 mL
Waler .63 567.0
0.1NTICL .25 2259
F. Thutfer -6.8 1.23 110G
I Buller -7.4 (LES TOR.G

Dissolution Media Selection

~17

gul.

123
035
F0s { 063
g':i- o g per mi
E0s 025
Saz I '
LI T — T 1
o =0 F. Butte:

tu

Water AN r-68 P.Buter-74

Dimzolation Meda

Figure-14: Dissolution Media Selection

Comparative Dissolution Sudies: % Cumulative Drug Release was studied for FPT, PM,
FPT-LP capsule and marketed formulation (Tablet with 60 mg strength). The studies
determined that FPT-LP capsule showed maximum % drug release of 99.95% at 60 min in
comparison to FPT (85.21 %), PM (83.57 %) and marketed formulation (88.26%) (Table-10

and Fig-15)
Table-10 % Cumulative Drug Release
% Cumulative Drug Release
Time (min) o Marketed
FPTAPL(mg) | PM(mg) (cf?s:rf\u;t::n )| Formulation
A 2 (Tablet)(mg) |
1] 0 i 1) ]
10 232 21.1 06 323
20 19,56 4313 72.05 HE]
30 6743 65.17 913 68.7
45 T9.01 TE15 94 T6 81.32
60 8521 8357 99.95 88.26

% Drug Release

g s Lac= TR [
o R e o

10 0 1
Iime imun)

[ PT AP ol 1] el (orystal el Marketed Formulation

Figure-15: % Cumulative Drug Release
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Sability Sudies. Stability Studies were performed for the capsule formulation by Dynamic
Vapor Sorption (DVS) Analysis and Accelerated Stability Studies. DV'S studies proved that
FPT-LP is non-hygroscopic (Fig-16). Accelerated stability studies were carried out for 3
months at 40 = 5 °C/75 £ 5% RH which determined that FPT-LP cocrystal and the devel oped
capsule formulation is stable. The predicted shelf lifeis of 2 years (Table-11).

Table-11 Accelerated Stability Studies

55 # n' Timelina [manths) N 100
. roperties s 1 2 3 =06
=0 80 =
; s 19205 191.78 = 191.23 = 19175 Zon £
A DA i 0.77 0.52 0.86 0.74 2 60 T
E X
2 Assay 99.31% 99.01% 99.17% 99 28% g 008 =
= a0 B
t =0
3 Saniu: 991204 | 99.7=08 | 993203 | $96=0.1 = 0.4 =
uniformity -
& 20
; T ; = ; TR okl
4 bty 019 021 i v.26 [T 5 w150 20 =0 [ |
< Disintegraticn 1+ 12 122 12 Time/mins
= Tine (win) B

Figure-16: DVS Analysis

In VitroIn Vivo Correlation (IVIVC)

In Vivo Studies: The In vivo data was de-convoluted to get Absorption Rate vs Time (min)

correlation as stated in Table-12 and Figure-17.

Table-12 In Vivo Studies

: In-Vivo
qu . | Concentration | O
lime (min) (mg/mL) Absorption Rate g
0 0 _ 0 - /%"_ _“—%”'%4
60 150 | 501 g //
120 180 | 519 < 1/
150 260 ' 552 ' =
Ime (min)
180 320 | 5.63 ‘

Figure-17: In Vivo Studies

In Vitro Studies: The In-Vitro Drug rel ease pattern was studied upto 120 min (Table-13). The

graph (Fig-18) showed Spring and Parachute effect which was typically seen during the drug

release of cocrystal.

Table-13 In Vitro Studies

In-Vitro
Time (min) | Y% Drug Release 120
— =34
10 28.2 E
15 40.6 g
20 6182 E?P
30 72.05 .
45 82.13 Time (min}
60 913
90 99.76 Figure-18: In Vitro Studies 13
120 99 95




IVIVC: The IVIVC study showed point to point relationship between % Drug Release and
Absorption Rate. This means that the data followed Level-A correlation with % similarity of
99.77 % as coefficient of regression (Table-14, Figure-18 and 20).

Table-14 IVIVC Studies

IVINVC
In-Vitro | In-Vivo | 1 .
%Drug Release | Time(min) = Absorption Rate A s o
. &0 g
i 1 B
- ’ 1 0 B o0 | 2 B T
91.12 60 5.01 i | g Ik
9985 120 5.19 w0 |[ 1
l |
99 95 150 5.52 & ’ ’
|| I a 5n 101 156 00
100.02 180 563 Tine daing
Figure-19: IVIVC Studies
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Figure-20: % Similarity

Achievementswith respect to Objectives

The selected coformer is L-proline with molar stoichiometric ratio as FPT: LP 1:2.

The method of cocrystal formation is solvent evaporation technique and the scale up
technique used is SFE.

The analytical methods like SEM, TEM, RP-HPLC, FTIR, DSC, PXRD and SCXRD
confirmed the formation and established the physicochemical characteristics of the
cocrystal.

The developed cocrystals showed increase of eight fold in the solubility of FPT.

The FPT-LP cocrystals were formulated into capsule dosage form that showed the %
cumulative drug release more in FPT-LP capsule (99.95 %) then FPT (85.21 %), Physical
Mixture (83.57 %) and marketed tablet formulation (88.26 %) at 60 min.

The formation of cocrystal leads to increase in the bioavailability by 88.88 %, where FPT
and FPT-LP exhibited 18 % and 32 % bioavailability respectively.

The IVIVC studies showed that thereisaLevel-A point to point correlation between the in

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

The coformer chosen for creating 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) and its
pyrrole group contributes to enhanced dissolution rates, potentially leading to increased
bioavailability of the cocrystal.

FPT-LP cocrystals showed promising results when prepared by solvent evaporation
technique and SFE with good yield in stoichiometric ratio of 1:2 for FPT and L-Proline
respectively.

The developed cocrystals were analyzed and the identity was established by FTIR, DSC,
UV spectroscopy, RP-HPLC, PXRD, SEM, TEM, and SCXRD.

The developed cocrystals showed increase of eight fold in the solubility of FPT.
Computational studies determined the site of interaction and hydrogen bonding
theoretically. It proved the presence of sandwich-like trimer upon addition of L-Proline.
Pharmacokinetic studies proved that % bioavaibility of FPT and FPT-LP were 18 % and
32 % respectively resulting in increase in bioavailability of FPT to the extent of 88.88 %.
The FPT-LP cocrystals were formulated into capsule dosage form that showed the %
cumulative drug release more in FPT-LP capsule (99.95 %) then FPT (85.21 %), Physical
Mixture (83.57 %) and marketed tablet formulation (88.26 %) at 60 min.

The IVIVC studies showed that there is a Level-A point to point correlation between the
invitro and in vivo data sets with % similarity of 99.77 % as coefficient of regression.
Stability Studies were performed by Dynamic Vapor Sorption (DVS) Anaysis and
Accelerated Stability Studies. DVS studies proved that FPT-LP is non-hygroscopic.
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 lifeis of 2 years.

A complete patent has been filed for the work done to protect the invention. (Application
Number: IN 202221043126, Date of Filling: 13-Jul-2023).
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