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ABSTRACT

Cocrystallization is a method that enables an improvement
in physicochemical properties. The objective of this
research was to establish Cefixime Cocrystals which could
result in increased solubility and thus enhanced
bioavailability of the drug. Cefixime is a -lactam third-
generation antibiotic and comes underclass (IV) of BCS
classification which means low solubility and low
permeability. Cocrystallization is a method of formation of
mainly hydrogen bonds between the drug molecule and
This utilized Cocrystals
preparation by solvent evaporation and neat grinding
techniques with sodium acetate, benzoic acid, D-mannitol,
and soluplus which enlisted as coformer in various

coformer. research work

proportions (1:1, 1:2, and 1:3) with Cefixime. From both
methods, the cocrystals produced were evaluated lying on
percentage drug content, FTIR analysis, SEM, and in-vitro
drug release. The highest drug content was found to be
97.09 % with sodium acetate at 1:1 by solvent evaporation
method and 94.52 % with soluplus at 1:3 by the neat
grinding method. The FTIR analysis was conducted to
eliminate the possibility of incompatibility between drug
and excipients used with the analytical method of drug
estimation. The SEM analysis shows the cocrystals were
formed 100 um in size and crystalline in shape. The in-vitro
drug release studies revealed 85.40 % drug release in 60
minutes by the cocrystal as compared to pure drug release
i.e 50.72 %. The maximum solubility found i.e 18.5 fold
increase with sodium acetate at 1:1 by solvent evaporation
method as compared to pure drug.
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1. INTRODUCTION

A cocrystal is a multiple-component crystal made up of two or more solid components kept
together by non-covalent as well as nonionic interactions in a definite stoichiometric ratio.
Cocrystal formation is the product of directional yet poor molecular recognition activities,
which are often dependent on hydrogen bonding. Heterosynthons, as well as homosynthons,
are two types of intermolecular interactions or synthons[1]. Etter was the first to coin the term
"cocrystal” as well as to define design principles for hydrogen bonding in organic cocrystals.
Cocrystals have resurfaced as an appealing solid shape alternative for drug production. API's
pharmacological activity does not affect via cocrystallization by pharmaceutically acceptable
compounds, infect can improve compaction behavior solubility, hygroscopicity like physical
properties. Scientists showed that changing drug's physical properties by pharmaceutical
cocrystal formation increased the performance of lower solubility drugs[2]. Schmidt placed
the idea of crystal engineering into practice in the context of organic solid-state
photochemical reactions, which Pepinsky proposed in 1955[3]. The selection of a coformer is
an important step in the cocrystal production process. Throughout the design phase, there are
various useful reference materials available, including both analytical as well as theoretical
tools like Cambridge Structural Database (C.S.D), hydrogen bond models, numerous
empirical findings[4]. Any two molecules with complementary hydrogen bond
functionalities, regardless of shape or size, may be used to make cocrystals. Types of
coformers used, APl coformer ratio, solvents used, temperature as well as other aspects all
have an impact on an API's capacity to form cocrystal[5]. In cocrystals, solubility is primarily
dependent on two factors: strength of crystal lattice as well as cocrystal redemption.
Solubility can be improved by lowering lattice energy and/or increasing solvent affinity.
Cocrystals have varying degrees of capacity to effect these influences[6]. To increase
solubility, the pharmaceutical industry uses amorphous dispersions, cocrystals, or salts.
Cocrystals, on other hand, are gaining prominence because they can increase the dissolution
of improperly soluble drugs as well as their bioavailability[7]. Cocrystals can be made using
several techniques. Figure No. 1 illustrates the proportions of various cocrystal synthesis
methods recorded in the literature. Cocrystals are most commonly synthesized by gradual
evaporation from solution, as seen in Figure No. 1. However, due to high solvent intake, this

approach does not follow green energy criteria[8].
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Figure No. 1: The method of cocrystallization used in different ratios.

Cocrystallization by active pharmaceutical ingredients with coformers is a promising
approach for enhancing resilience, solubility, the dissolution rate of active pharmaceutical
ingredients, and their bioavailability as well as mechanical properties, without needing any
chemical modification[9]. Cocrystals are the safe medium that can be used to solve BCS
Class Il as well as IV drug solubility issues. Furthermore, choosing the right coformer will
affect some solid-state issues including physical stability, hygroscopicity, melting point, as

well as dissolution rate[10].

2. MATERIALS AND METHODS

2.1 Materials:

Cefixime was purchased from Symed Laboratories (Hyderabad), Potassium di-hydrogen-o
phosphate was purchased from Signet Chemical Corp. Pvt. Ltd. (Mumbai), Sodium
hydroxide was purchased from Fisher Chemical Ltd. (Ahmedabad), Sodium acetate was
purchased from Thomas baker Pvt. Ltd. (Mumbai), Benzoic acid was purchased from Central
drug house (P)LTD (New Delhi), D-mannitol was purchased from Loba Chemie, Soluplus
(polyvinyl caprolactam-polyvinyl acetate-polyethylene glycol graft copolymer) was
purchased from BASF Germany, Methanol was purchased from Fisher Chemical Ltd.
(Ahmedabad), Ethanol was purchased from Changshu hongsheng fine chemical co, LTD,
Chloroform was purchased from Leonid chemicals PVT. LTD., DMF(N, N-
Dimethylformamide) was purchased from Fisher scientific, Acetone and n-octanol was

purchased from Avantor performance materials India LTD.
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2.2 Preformulation studies

Preformulation trials are an important component of the drug discovery phase. Before the
compounding phase, it is an analysis of the drug's physical as well as chemical properties.
These experiments concentrate on the drug's physicochemical properties that may influence
its performance as well as the production of an effective dosage type. Detailed understanding
of these properties can eventually help to justify formulation design or the need for molecular

alteration.

2.2.1 Organoleptic properties

Visual experiments were used to conduct organoleptic studies such as general appearance like
nature, colour, odour, taste, as well as so on[11].

2.2.2 Determination of absorption Maxima of Cefixime by UV-Spectrophotometer

Absorption maxima (Amax) Of the drug were determined by UV spectrophotometer (Shimadzu
Pharma. Spec1800). The stock of 0.1 mg/ml was prepared by dissolving 10 mg cefixime in
100 ml of methanol. Appropriate dilutions were scanned for determining Amax from 200-400
nm through a UV spectrophotometer.

e Preparation of calibration curve of cefixime in methanol

Dilutions in the range of 4pug/ml to 32 ug/ml were prepared from a stock solution in
methanol. Dilutions were scanned for determining Amax from 200-400 nm through a UV

spectrophotometer[12].

2.2.3 Solubility Studies

For quantitative solubility study, excess amount of drug was taken in thoroughly cleaned
culture flasks containing 5 ml of different solvents (Methanol, Ethanol, Acetone, Chloroform,
pH 6.8 phosphate buffer, 0.1N HCI, water, Dimethyl Formamide) as well as test tubes were
tightly closed. These test tubes were shaken on a water bath shaker for 24 hours at 37+0.5 °C.
After 24 hours, each sample was centrifuged for 15 minutes at 15,000 rpm as well as was

suitably diluted and determined spectrophotometrically[13].
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2.2.4 Partition Coefficient of Drug
e  Shake flask method

The partition coefficient determination study was performed by using the shake flask method.
Excess amounts of drugs dissolved in 5 ml of two solvents (n-octanol: Water) together (1:1)
as well as placed for 24 hours. After 24 hours, two layers were separated as well as
centrifuged for 15 minutes at 15,000 rpm. Absorbance was taken in UV spectrophotometer at
respective Amax after appropriate dilution[14].

2.2.5 Drug as well as excipient compatibility study by FTIR spectroscopy

Infrared Fourier transforms for purpose of identifying specific compounds, spectroscopies of
various compounds were conducted. KBr pellets were used to conduct FT-IR spectroscopy
on pure drugs as well as polymers. FT-IR Continuum peaks were viewed to distinguish
various classes in the configuration of pure drugs as well as their mixtures. Any
physicochemical interactions between various materials may also be investigated as well as

predicted using FT-IR spectroscopy[15].

2.3 Preparation of Cocrystals of Cefixime

Pharmaceutical cocrystal of Cefixime was prepared with different coformers using solvent

evaporation method as well as neat grinding method.

Solvent evaporation method: This is the most popular method for making cocrystals. In
typical solvent methanol, compounds, as well as coformer, are dissolved in various molar
ratio ratios. (1:1, 1:2, 1:3) as well as completely evaporated by slow heating. After

evaporation cocrystals are formed[2].

0
0 0
P 0
(0 —
0 0 0

R

Figure No. 2: Solvent Evaporation Method.
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Drug coformer cocrystals were prepared with four different polymers i.e., sodium acetate,

benzoic acid, D-mannitol as well as soluplus in four different molar ratios with each enlisted

coformer.

Table No. 1: Composition of Cocrystals by Solvent Evaporation method.

Sr.

Formulation
Code

Molar Ratio (Drug:Coformer)

Sodium
Acetate

Benzoic
Acid

D-Mannitol

Soluplus

F1

1:1

F2

1:2

F3

1:3

F4

1:1

F5

1:2

F6

1:3

F7

1:1

F8

1:2

O O Nl o O b W| N -

F9

1:3

[EEN
o

F10

1:1

[EEY
=

F11

1:2

12

F12

1:3

Neat grinding method: Neat grinding, also called dry grinding or solid-state grinding. The
drug, as well as conformer, are taken in a stoichiometric ratio in mortar and pestle and

triturated. After trituration cocrystals are formed as well as collected[16].

Figure No. 3: Solid-state or Neat grinding Technique.
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Table No. 2: Composition of Cocrystals by Neat Grinding Method.

Sr. Formulation Molar Ratio (Drug:Coformer)

" code o BehZOiC D-Mannitol | Soluplus
Acetate | Acid

! N1 11 § - _

2 N2 1:2 - N -

3 N3 13 3 - _

! N4 B 11 - )

° NS i} 1:2 - :

R - 13 : :

! N7 i - 1:1 _

° Ne i - 1:2 _

° N9 i - 1:3 -

10 N10 - - - 11

11 N11 - - - 1:2

12 N12 - - - 1:3

3. EVALUATION OF COCRYSTALS

3.1 Optical Microscopy

Microscopic examination of Cefixime cocrystals with various coformers produced through
solvent evaporation as well as neat grinding methods have been performed. Photographs of

microscopic pictures viewed at a magnification of 10X were obtained[17].

3.2 Percentage Yield

To determine the percent yield or efficacy of the process, percentage functional yield of
Cefixime cocrystals with sodium acetate, benzoic acid, D-mannitol, as well as soluplus

prepared by solvent evaporation method as well as the neat grinding method was determined.

The following equation was used to calculate the percentage of cocrystals.

Percentage Yield

Practical Vield

Theoretical Yield

x 100[18]
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3.3 Solubility studies

The solubility of cefixime, as well as cocrystal in different media, was investigated. Excess
cocrystals were applied to culture flasks comprising 5 ml of the medium as well as stirred at
50 rpm on a magnetic stirrer for 24 hours at 37.5°C. The solution was then centrifuged for 15
minutes at 15000 rpm, as well as concentration was measured spectrophotometrically at 288
nm[19].

3.4 Drug content

Samples of cocrystals equivalent to 200 mg Cefixime were dissolved in 100 ml of methanol
to assess drug content. The absorbance of resulting solutions was calculated at 288 nm using
a double beam UV Visible Spectrophotometer after sufficient dilution.

Practical Yield

% Drug Content = %x100[20]

Theoretical Yield

3.5 Optimized Formulation (FTIR)

The cocrystal's FT-IR (Fourier Transform Infrared) spectrum was examined for details about
groups found in that compound. FTIR was used to scan samples (F1) on a 400-4000 cm-!

scale.

3.6 SEM (Scanning Electron Microscopy)

The diameter of the cocrystal was measured using scanning electron microscopy. On the
glass stub, a fragment of cocrystal was vacuum dried. Sample stub was analyzed
microscopically at a voltage of 10 kV after being put in a scanning electron microscope

chamber as well as covered with gold-palladium. kV[21].

3.7 In-vitro drug release studies

In-vitro dissolution studies were carried out in a USP Dissolution apparatus using dissolution
medium (0.1N HCI). Dissolution media was filled to 900 mL and pure drug, as well as
cocrystal equal to a 200 mg dosage, was put in it, the temperature was held at 37.5°C, as well
as speed was set to 75 rpm (USP 11). Whatman filter paper was used to filter the solution after
5.0 ml samples were withdrawn at different time intervals of 5 minutes, 10 minutes, 15
minutes, 20 minutes, 25 minutes, 30 minutes, 45 minutes, and 60 minutes. Then UV

spectrophotometer was used to analyze the filtered sample at 288nm|[18].
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3.8 Drug release kinetic studies

The percent drug release, as well as release kinetics of cefixime from cocrystals, were
calculated using raw data from in vitro release experiments that were fitted to different
equations as well as kinetics models as Higuchi's model, zero-order equation, first-order

equation, Korsmeyer-Peppas equation as well as Hixson Crowellmodel[22,23].
4. RESULTS AND DISCUSSIONS
Organoleptic properties of the drug
Organoleptic properties of cefixime were found to be as per 1.P. monograph (1).

Table No. 3: Organoleptic properties of the drug.

Sr. No. | Properties Inference

1. Colour Yellowish-white
2. Odour Odourless

3. Form Crystalline

4. Taste Bitter

The purity of the drug is performed by UV spectroscopy, melting point, and FTIR (Figure
No. 4). The melting point was found to be 220.333 £ 1.527°Cwhich comes under the standard
melting point range.

% Transmittance

40-

142744
1337.35 1205 51 1268.8

1669.54
1591.01 1541 95

1771.06

20+

4000 3000 2000 1000
Wavenumbers (cm-1)

Figure No. 4: FTIR spectrum of Cefixime.
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UV Visible Spectrophotometric analysis of Cefixime

The Stock solution of Cefixime was processed with methanol. A sample containing the drug

(5 pg/ml) was scanned between 200-400 nm. It was found that the A max is 288 nm.

Standard Calibration Curve of Cefixime in Methanol

The standard calibration curve of cefixime was determined as per methodology. The results

obtained are shown below in Table No. 2 as well as graphically shown in Figure No. 5.

Table No. 4: Standard calibration curve data of Cefixime in methanol.

Concentration (ug/ml) Max. Absorbance Statistical data
4 0.142 +0.001
8 0.258 + 0.000
12 0.361 + 0.001
R? value= 0.9969
16 0.506 + 0.007
20 0.607 +£0.001 ) .
Regression equation
+
24 0.690 .08 y =0.0272x + 0.0448
28 0.794 + 0.002
32 0.908 +0.001
1
09
0.8
0.7
§ 0.6
g 0.5
2
.E 0.4 'y=0.[3272x+0.0118
03 R =0.9969
0.2
0.1
0
0 5 10 15 20 25 30 35

Concentration (pg/ml)

Figure No. 5: Standard calibration curve of Cefixime in methanol.

The standard calibration curve of Cefixime as shown in the graph indicated regression

equation Y = 0.0272x + 0.0448, as well as R2 value, is 0.9969, which shows good linearity.
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Solubility studies

The solubility profile of cefixime in different solvents has been given in Table No. 3 and

graphically shown in Figure No. 7.

Table No. 5: Solubility profile of cefixime in different solvents.

Sr.No. | Name of Solvents Solubility of Cefixime (mg/ml)
01. Chloroform 0.134 + 0.002

02. Water 1.509 + 0.013

03. Phosphate buffer pH 6.8 | 1.767 £ 0.015

04. 0.IN HCL 2.677+0.007

05. Ethanol 5.019 £ 0.021

06. Dimethylformamide 33.352 £ 0.036

07. Acetone 47.867 £ 0.367

08. Methanol 148.725 + 0.561

(Mean = SD, N=3)

160.000
140.000
E‘ 120.000 m Solubility
EEB 100.000
> 80.000
=
= 60.000
=
3 40.000
20.000 I
0.000 — — — — _—
& ¢ @ v > Q7 & S
6\0* \‘:\,5& 5(5(@- \2\0'\/ v’z’(\o (QQ.}(\ gé@(\ \}\,35\
N S :
C&o (5:\0 < & W @i’»

Name of solvent

Figure No. 6: Solubility profile of cefixime in different solvents.

The drug cefixime was highly soluble in methanol followed by acetone as well as
dimethylformamide. However, the drug was partially soluble in chloroform, water as well as
phosphate buffer pH=6.8
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Partition coefficient determination

The partition coefficient determination study was performed by using the shake flask method.

Table No. 6: Partition coefficient of Cefixime.

Drug Solvent System

Log P Values

Reference

Cefixime n-octanol: water

3.370 £ 0.032

3.55

(Mean £ SD, n=3)

The partition coefficient of cefixime in n- Octanol: Water was found to be 3.370 = 0.032

which was similar to the reported partition coefficient. This indicates that the drug cefixime

is lipophilic.

Drug excipient compatibility study by FTIR spectroscopy
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Figure No. 7: FTIR Spectrum of Physical Mixture of (a) Cefixime + Sodium Acetate, (b)

Cefixime + benzoic acid, (c) Cefixime + D-mannitol, (D) Cefixime + soluplus.
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FTIR was used to rule out the probability of drug-excipient interactions by using the
empirical approach of drug estimation. Cefixime, as well as sodium acetate, have IR peaks of
1337.55 cm™ (C=N stretching aromatic), 1768.89 cm™* (C-H banding), 799.32 cm?® (C-C
stretching), as well as 1542.89 cm™, respectively (C-O stretching). The principal IR peaks of
cefixime, as well as benzoic acid, were observed 1676.42 cm™ (C-O stretching), 1323.34 cm™
(C-O stretching), 930.41 cm™ (O-H out of plane banding), 704.77 cm™ (C-C stretching). The
principal IR peaks of cefixime, as well as D-mannitol, were observed 1666.61 cm™ (C-O
stretching), 1540.85 cm™ (C-C stretching), 3280.35 cm™ (O-H vibration with intermolecular
hydrogen bond), 2902.37 cm™ (C-H stretching), and the Cefixime, as well as soluplus IR
peaks, were 1734.95 cm™ (Carbonyl stretching), 1769.97 cm™ (C-H banding), 1542.06 cm™
(C-C stretching), as well as 1228.14 cm™ (C-C stretching) (C-O stretching for ether). Both
spectrum peaks showed that the drug's corresponding peaks, as well as excipient peaks, are

present in the above spectra. As result, there was no interaction exhibited with these mixtures.
Evaluation of cocrystals
Optical Microscopy

The cocrystals were observed under an optical microscope.

Figure No. 8: Optical Photomicrographs of a cocrystal of Cefixime.

Optical microscopic revealed cocrystals were formed with crystalline structure exhibiting

glass-like morphology.
Percentage Yield

The percentage yield of all formulations is given below.
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Table No. 7: Percentage yield of different cocrystals of cefixime by Solvent Evaporation
Method.

Sr. No. Formulation Code Percentage Yield
1. F1 38.090 £ 0.188
2. F2 11.740 £ 0.257
3. F3 13.599 + 0.168
4. F4 47.287 £0.172
5. F5 56.837 £ 0.256
6. F6 57.362 £ 0.195
1. F7 69.157 £ 0.168
8. F8 82.727 £ 0.157
9. F9 2.857 = 0.089
10. F10 5.750 £ 0.188
11. F11 1.621 £ 0.187
12. F12 18.030 + 0.147
90 Wil W12
80
= 70
> 60
& 50
£ 10
S 30 I
2 20
o Hmm - w-l
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
Sodium acetate  Benzoic Acid D-mannitol Soluplus

Formulation Code

Figure No. 9: Percentage Yield of different cocrystals of cefixime by Solvent
Evaporation Method.
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Table No. 8: Percentage Yield of different cocrystals of cefixime by Neat Grinding
Method.

Sr. No. Formulation Code Percentage Yield
1. N1 53.834 £ 0.123
2. N2 34.928 + 0.242
3. N3 29.788 + 0.125
4, N4 76.460 = 0.145
5. N5 86.526 + 0.145
6. N6 90.403 £ 0.113
7. N7 80.279 + 0.201
8. N8 87.852 +0.175
9. N9 89.545 + 0.079
10. N10 82.695 + 0.188
11. N11 89.030 £ 0.124
12. N12 86.110 + 0.097
100 El1m12 W13

o] o =]

Percentage Yield

=]

8
6
4
- 1l
0

N1 N2 N3 N4 N5 N6 N7 N8 N9  N10 N11 N12

Sodium acetate  Benzoic Acid | D—mannitol Soluplus
Formulation Code

Figure No. 10: Percentage Yield of different cocrystals of cefixime by Neat Grinding
Method.

The percentage yield of the formulation, which was discovered to have crystalline
morphology, was determined. Yields measured ranged from 2.8570.089 to 82.7270.157 in
case of solvent evaporation as well as 29.7880.125 to 90.4030.113 in case of neat grinding,
with F6 formulation having the highest yield of 90.4030.113.
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Solubility Studies

The saturation solubility studies of all formulations are shown below.

Table No. 9: Saturation Solubility of Cocrystals of Cefixime by the solvent evaporation

method.

Sr. No. Formulation Code Solubility (mg/ml)
1. F1 28.058 + 0.097
2. F2 14.529 £ 0.132
3. F3 10.546 + 0.036
4, F4 2.982 +0.003
5. F5 5.963 + 0.036
6. F6 6.625 + 0.036
7. F7 7.654 £+ 0.036
8. F8 4.921 + 0.056
9. F9 3.279 £ 0.036
10. F10 2.537 £ 0.003
11. F11 2.135+0.011
12. F12 1.171 + 0.003
30
25 m11m12 W13

=20

%15

glO o

o 5

§ . ] I I. i mme

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
Sodium acetate  Benzoic Acid D-mannitol Soluplus

Formulation Code

Figure No. 11: Saturation Solubility of cocrystals of Cefixime by the solvent evaporation

method.
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Table No. 10: Saturation Solubility of cocrystals of Cefixime by Neat Grinding Method.

Sr. No. Formulation Code Solubility (mg/ml)
1. N1 14.235 + 0.036
2. N2 12.727 £ 0.036
3. N3 11.723 £ 0.021
4, N4 4.529 £ 0.036
5. N5 3.316 £ 0.003
6. N6 4.296 + 0.056
7. N7 9.137 £0.021
8. N8 8.058 £ 0.036
9. N9 7.617 +£0.036
10. N10 7.36 £ 0.036
11. N11 5.681 £ 0.021
12. N12 3.806 +£0.021
16
14 El1m12m13
= 12
[=
& 10
=
E 8
2 6
2 4
2 hi i
0
NI N2 N3 N4 N5 N6 N7 N8 N9 N10 N11 N12
Sodium acetate  Benzoic Acid . D-mannitol Soluplus
Formulation Code
Figure No. 12: Saturation Solubility of cocrystals of Cefixime by the neat grinding

method.

Cocrystals grown in presence of different coformers such as sodium acetate, benzoic acid, d-

mannitol, as well as soluplus while used in different molar concentrations showed increases

in solubility up to 28.058 mg/ml with the solvent evaporation method. With such formulation,

F1 has the highest 18.5 fold improvement in solubility.
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Drug Content
The percentage drug content of all formulations is given below.

Table No. 11: Percentage Drug Content of cocrystals of Cefixime by the solvent

evaporation method.

Sr. No. Formulation Code Percent Drug Content
1. F1 97.095 + 0.486
2. F2 78.713 £ 0.183
3. F3 67.990 + 0.462
4, F4 82.831 + 0.333
5. F5 92.404 + 0.480
6. F6 73.897 =+ 0.306
1. F7 72.977 = 0.306
8. F8 42.009 + 0.462
9. F9 79.937 £ 0.238
10. F10 24.460 = 0.561
11. F11 40.637 + 0.561
12. F19 48.937 + 0.561
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Figure No. 13: Percentage Drug Content of cocrystals of Cefixime by the solvent
evaporation method.
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Table No. 12: Percentage Drug Content of cocrystals of Cefixime by the neat grinding
method.

Sr. No. Formulation Code Percent Drug Content
1. N1 84.963 + 0.183
2. N2 73.75+0.183
3. N3 49.117 + 0.183
4, N4 74.301 +0.183
5. N5 92.867 +0.183
6. N6 88.088 + 0.183
1. N7 31.164 + 0.106
8. N8 29.142 + 0.106
9. N9 32.757 +0.183
10. N10 46.176 + 0.183
11. N11 26.384 + 0.106
12. N12 94.522 +0.183
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Figure No. 14: Percentage Drug Content of cocrystals of Cefixime by the neat grinding

method.

Percentage drug content of both formulations ranged from 24.4600.561 to 97.0950.486 in
solvent evaporation process as well as from 29.1420.106 to 94.5220.183 in neat grinding
method, with F1 formulation having the highest yield of 97.0950.486. These findings indicate

that coformers as well as molar ratios are the important parameters to enhance efficiency.
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FTIR analysis of Cocrystals (F1)
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Figure No. 15: FTIR analysis of Cocrystal (F1)

The peaks were obtained at 1668.79 cm™ (C-O stretching), 1744.64 cm™ (C=0 stretching),
1530.84 cm™ (C-C stretching), as well as 1596.20 cm™ (C-C stretching) as seen in Figure
No.15 some of the cefixime peaks maintained with slight shifting in the FTIR spectra of final

formulation (F1).

Scanning electron microscopy (SEM) analysis of cocrystal formulation (F1)

100um 10.0kV 14.7mm x350 SE 100um

Figure No. 16: SEM micrograph of cocrystal formulation F1.

Scanning electron microscopy was used to examine surface morphology as well as the shape
of cocrystals (SEM-Evo, Carl-Zeiss, Germany). Cefixime cocrystals are irregular
polyhedrons with a wide distribution range and uneven in size. The majority of particles have
a diameter of 100 um or greater. F1 cefixime cocrystals were shaped with uniform as well as

crystalline structure, according to SEM micrographs.
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The in vitro release of pure drug as well as formulation F1 is shown below.

Table No. 13: In vitro release profile of pure drug as well as cocrystals containing drug

(F1)
) ) % Drug release of % Drug release of F1
Time (min.) )
Pure drug formulation

0.00 0.00 0.00
5 9.135 + 0.009 82.091 + 0.095
10 16.560 £ 0.047 72.165 + 0.095
15 20.2003 + 0.082 77.625 + 0.095
20 23.178 £ 0.047 81.430 + 0.095
25 27.645 + 0.047 82.091 + 0.095
30 32.691 + 0.047 83.415 + 0.095
45 38.233 £ 0.047 84.408 £ 0.095
60 50.724 £ 0.047 85.400 £ 0.095
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Figure No. 17: Comparative in vitro release profile.

The method of in vitro dissolution is used to determine the volume of drug released into the
system/medium at a given time. Figure No. 18 depicts drug release curves for both pure drug

as well as formulation F1. As opposed to the pure drug, formulations containing Cefixime
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displayed strong characteristics for control drug release. Within 60 minutes, approximately
85.400 % drug of formulation F1 was released into the medium. Aside from that, in vitro

release of pure drugs demonstrated 50.724 percent drug release in 60 minutes.
In vitro release Kinetics
In-vitro drug release kinetic study data of formulation F1 is given below.

Table No. 14: Kinetic equation parameter of formulation F1.

Formulation| Zero-order | First-order Higuchi Peppas Hixson Crowell

Name R? | Ko R? Ko R? Ko R? Ko R? Ko

F1 0.935|0.234| 0.977 |-0.008| 0.972 |11.804| 0.929 | 0.978 | 0.510 | 0.001
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Figure No. 18: Zero-order graph of formulation F1.
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Figure No. 19: First order graph of formulation F1.
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Figure No. 20: Higuchi order graph of formulation F1.
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Figure No. 21: Korsmeyerpeppas order graph of formulation F1.
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Figure No. 22: Hixson Crowell order graph of formulation F1.

In Table No. 12, in vitro release data has shown were fitted into the equation for Hixson
Crowell, Higuchi, zero-order, Korsmeyerpeppas, and first-order release models. Meaning of

resulting regression coefficients was used to analyze results.

Hixson Crowell was found to be a better match model, with drug release being found to be in

an immediate release manner as log fraction drug release Vs log time. Table No. 12 displays
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estimated regression coefficients for zero order, first order, Higuchi construct,
Korsmeyerpeppas, as well as Hixson Crowell. Hixson Crowell was found to be a better
explanation for F1's in vitro drug release since the plot had the greatest linearity. For Hixson
Crowell, the largest R? value was found to be 0.510.

CONCLUSION

Pharmaceutical cocrystallization is a safe as well as an effective way to alter and enhance
physical as well as chemical properties of drugs including solubility, dissolution rate,
hygroscopicity, and compressibility without affecting their pharmacological activity. To
allow for hydrogen bonds or other types of solid contact, cocrystal formation is dependent on
functional groups between API as well as coformer. As result, a compound like cefixime,
which has low solubility in our environment, could be provided orally after being converted
into cocrystals. Cefixime's partition coefficient in n-octanol: water was observed to be 3.370,
suggesting that the compound is lipophilic. There was no incompatibility between the drug as
well as the coformer based on the FTIR spectroscopy study. The method of preparation of
cocrystal was found to be simple and reproducible. Percentage yield varied from 1.621 +
0.187 to 82.727 + 0.157 when using solvent evaporation process, as well as from 29.788 +
0.125 to 90.403 £ 0.113 when using the neat grinding method. Pure drug released 50.724 +
0.047 percent and drug released from formulation F1 is 85.400 + 0.095 percent within 60
minutes, according to in vitro results. The maximum solubility found i.e 18.5 fold increase
with sodium acetate at 1:1 by solvent evaporation method as compared to pure drug. It was
concluded that the cocrystal preparation method is easy, repeatable, as well as provides good

efficiency of solubility enhancement.
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