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a. Title of the Thesis and abstract:

DEVELOPMENT OF ORAL FORMULATIONS USING SPRAY DRIED SOLID
DISPERSION TECHNOLOGY

Abstract:

Solid Dispersion (SD) technology is one of the most widely preferred solubility enhancement
methods, especially for Biopharmaceutics classification system Class II and IV drugs. Since the
last decade, its application for the dual purpose of solubility enhancement and modified release
using novel carriers has been in demand for its added advantages. Spray drying is a commercially
accepted technique with high aspects of scalability and product characteristics. The current study

used spray dried dispersion (SDD) to design a site-specific formulation of weakly basic drug

Posaconazole (POS) using novel carriers Soluplus® & Gelucire 43/01, and a delayed release

formulation of the Proton pump Inhibitor (PPI) Esomeprazole magnesium trihydrate (ESM)
using dual purpose carrier Hydroxy propyl methyl cellulose acetate succinate- medium grade
(HPMCAS-MF) for enteric release and solubility improvement. The novel carriers not only
enhanced solubility, but inhibited precipitation of saturated drug solutions in crystalline form that
may improve absorption and bioavailability of drug. Both formulations were optimised using
Design of Experiment (DOE), considering significant formulation and process variables. The
optimised spray dried dispersion were characterised based on Fourier Transform Infrared
Spectroscopy (FTIR), Differential Scanning Calorimetry (DSC), Powder X-ray Diffraction
(PXRD), and Scanning Electron Microscopy (SEM) and also evaluated for solubility, in-vitro
drug release, residual solvent content, and stability testing. The design space was developed via
overlay plot based on constraints specified to attain the desired response and validated using three
checkpoint batches with desirability 1. FTIR spectra showed API-polymer compatibility. /n-vivo
roentgenography & pharmacokinetic study of POS SDD were performed in New Zealand rabbit
and male Sprague-Dawley rats respectively. The proposed delayed release approach avoided
compression, coating with enteric polymers, and the development of multi-particulate pellet-

based formulations, improving manufacturing feasibility.

b. Brief description on the state of the art of the research topic

Solid dispersion (SD) is one of the preferred methods to overcome solubility limited
bioavailability of API with low aqueous solubility (1). Apart from traditional binary SD
including insoluble drug and SD carrier, it is also possible to design a multi-component SD,
wherein more than two components are used to improve formulation as well as therapeutic
efficacy simultaneously (2). Since last 2 decades, hydrophobic and hydrophilic swellable

polymers are also preferred as SD carrier to retard the dissolution of drug for the designing of
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controlled or sustained release formulations. Controlled release SD bypass the risk of a burst
release of drug due to dispersion of drug molecules in carrier/s that lead to desired release rate
(3). Recently many novel polymers have been researched and extensively used in SD
Technology. The most widely used amphiphilic cellulosic SD carrier is HPMCAS. The block
graft copolymer Soluplus® is SD carrier of choice due to excellent solubilization, extrudibilty
as well as stabilization properties (4).
Spray Drying is one of the most prevalent and recommended procedures in SD preparation
with excellent product attributes and scalability (5). Spray dried powder is ideally
homogeneous, amorphous, and stable, and may be incorporated into several Oral Solid Dosage
forms (OSD), such as capsules, tablets and sachets (6).
c. Definition of the Problem
According to the statistics, about 40% of the currently available drugs and 60% of new
chemical entities (NCE) are poorly soluble in water and face bioavailability problem. So, the
major constraint for formulation scientist is to find an efficient approach to enhance the
solubility of the API (Active Pharmaceutical Ingredient) to increase the dissolution rate of
formulation (7,8).
Posaconazole, being a weakly basic drug with pka values of 3.6 and 4.6, exhibits higher
solubility in the acidic environment of the stomach with pH 1-2, especially in the fasting state.
Thus, like most weakly basic drugs, it tends to precipitate from the supersaturated solution
upon entry into the upper small intestine due to its alkaline pH (9-11). Eventually, the
absorption rate and bioavailability become lower and highly variable, along with the possibility
of sub-therapeutic concentration as observed in the marketed oral suspension (12).
Like all the PPIs, Esomeprazole too exhibits pH dependant solubility. It shows fleeting
degradation in the gastric pH with the gradual improvement in the stability as the pH exceeds
the value of 6.8 (13). To minimise deterioration in the gastric pH of the upper GIT, the majority
of marketed PPIs are manufactured as delayed release formulations in form of multi-particulate
drug delivery system (DDS) or enteric coated products (14).
Objectives and Scope of work

To improve the solubility of BCS Class II drugs POS and ESM using SD technology.

To utilize Spray Drying Technology for SD to obtain SDD with excellent processing

attributes.

To explore novel SD carriers namely, Soluplus®, HPMCAS and Gelucire 43/01, wherein

the latter two served dual purposes of solubility enhancement and site specificity.
To develop a gastro-retentive formulation of weakly basic drug POS to overcome the

problem of pH-dependent solubility.
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5. To develop a delayed-release formulation of PPI ESM to overcome the problem of pH-
dependent stability.

d. Original contribution by the thesis

This study investigated the use of novel SD carriers using industrially applicable and feasible

spray drying technique to achieve solubility improvement of BCS class I drugs POS & ESM.

Soluplus® and Gelucire 43/01 were utilized to develop a novel gastro-retentive formulation of

POS; wherein Soluplus® provided excellent solubilisation & stabilization, whereas Gelucire

43/01 is a waxy lipid providing floating behaviour & sustained release. The saturation and

precipitation of a weakly basic drug upon intestinal transit due to pH dependant solubility, may

be avoided by this approach, enabling proper absorption and bioavailability of POS.

The second formulation incorporated HPMCAS-MF to develop a delayed release formulation

of ESM, wherein the SD carrier served dual purpose of solubility enhancement, and enteric

release with solubility above pH 6. The developed SDD encapsulated in hard gelatin capsule

dosage form was sufficient to procure the delayed release, eliminating the need of enteric

coating and/or multi-particulate dosage form prevalent in marketed formulation, which may

significantly contribute to product development cost reduction and ease the scale up of the

formulation.

e. Methodology of Research, Results / Comparisons

Pre-formulation studies

Identification of pure drug was done by Melting point and UV scanning. Drug polymers

interaction was analysed by FTIR study.

Analytical Study

Standard calibration curve of POS was prepared in 0.1 N HCI & methanol.

Standard calibration curve of ESM was prepared in 0.1 N HCI, Phosphate buffer solution pH

6.8 (PBS pH 6.8) and methanol.

1. Posaconazole Gastro-retentive Oral Formulation

Preparation of ASD by spray drying technique

A magnetic stirrer was used to dissolve POS in a solvent system of DCM (Dichloromethane):

water: IPA (1:1:3), along with SD carriers Gelucire 43/01 and Soluplus®, hydrophilic gum PEO

WSR 303 (Poly Ethylene Oxide Water Soluble Resin), and anti-adherent Aerosil (Colloidal

Silicon Dioxide). PEO was selected as a swellable polymer to allow drug release from SD

matrix and Aerosil was used as an anti-adherent to reduce the stickiness of waxy lipid. After

being thoroughly mixed on a magnetic stirrer, the resultant dispersion was spray dried. With

the atomization air pressure set at 2 kg/cm? and the aspirator speed set at 65 m>/hr, a micro
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spray drier (Cronimach Machinary, model no. CRO-MSD161, Evaporation capacity: 1 L/hr

H20) was utilized for spray drying in a co-current mode with 0.7 mm dual-fluid nozzle (15).

Optimization of formulation using 3° Full Factorial Design (FFD)

A quadratic model of analysis was created using Full Factorial Design (FFD) as a part of Design
of Experiment (DOE) to optimize formulation variables after finalization of process variables

According to Design Expert 11 (StatEase, Minneapolis, MN), nine trials were conducted.

Tablel shows FFD trial runs along with the dependent and independent variables.

Table 1: 32 Full Factorial Design (FFD) with Evaluation Data

X1 | X2 | X1 X2
POS: POS:
Soluplus | Geluci
Ratio re

Ratio

%
Yield

% Drug
content

(n=3)

%
Buoyancy

(n=3)

Solubilit

y (ng/ml)
(n=3)

Qs
(0.1 N HCI)
(n=2)

1:2.75

93.96+3.36

94.34+0

1504+12

102.56+0.75

1:2.75

94.85+4.58

89.64 +4.85

1865+36

103.92+0.744

1:2.75

98.45+1.23

89.06 £4.41

2176+86

105.86+0.47

1:3

96.49+2.97

91.45+5.11

1945 £33

97.25+1.04

1:3

93.84+2.51

93.87+£5.14

2332427

98.47+0.64

1:3

92.09+£3.7

89.37+4.18

2556+55

102.31+0.78

94.00+2.36

93.84+£2.43

2303+38

91.10+0.62

96.6+1.94

95.42 £ 3.82

2641443

92.53+0.28

95.6+1.88

93.75+3.47

2936+41

94.25+0.21

710+15

INDEPENDENT VARIABLES IN FFD

LEVELS OF VARIABLES
-1 0 +1
1:0.5 1:1
1:2.75 1:3
DEPENDENT VARIABLES IN FFD

VARIABLES

POS: Soluplus Ratio
POS: Gelucire Ratio

RESPONSE

Solubility (mg/ml)
% CDR in 0.1 N HCl in 8 hours (Qs)

Table 2 provides a description of the regression analysis conducted using the Quadratic model
for all of the chosen dependent variables. The statistical analysis of the Model F values and
lack of fit for each dependent variable indicated that the chosen regression model was
statistically significant and exhibited a good fit with minimal potential for extraneous

variability.

Solubility Full model =2306.11+319.33 A+389.17 B —-9.75AB —42.67 A2 -40.17 B2 + ¢
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Solubility Reduced model = 2306.11+319.33 A+389.17 B+ ¢

Qs Full model = 98.95+1.92 A- 5.74 B — 0.035AB + 0.578A%2 - 0.971 B%+ ¢
Qs Reduced Model =98.95+1.92 A-5.74 B + ¢

Wherein

A & B are Main Effects

AB is a 2-way Interaction Effect, A?> & B? are Curvature effects

€ is an Experimental error

Based on the verified model and the graphical optimization using the overlay plot, the optimum
batch was chosen as Check point batch 1 (CP1) based on increase in SDD solubility compared

to API and the most favourable controlled % CDR in the gastric pH.

Table 2: Regression Analysis by Quadratic model and Model Validation
ANOVA ANALYSIS FOR SOLUBILITY

F-value
439.40
879.85
B-Gelucire Concentration 1306.74
AB 0.5468
A? 5.24 0.1061

B? 4.64 0.1202

Std. Dev. 26.37 R?

Mean 2250.89 Adjusted R?
C.V. % 1.17 Predicted R?

Source

Model

p-value
0.0002
<0.0001
<0.0001
0.5132

Significant

A-Soluplus Concentration

0.9986
0.9964
0.9881
Adeq Precision 65.8110
ANOVA ANALYSIS FOR Qs (% drug release in 0.1N HCI)

Source F-value

Model 80.82

p-value
0.0021
0.0080
0.0003
0.9308

Significant

A-Soluplus Concentration 39.99
B-Gelucire Concentration 359.45
AB 0.0089
A? 1.22 0.3507
B2 3.43 0.1610
Std. Dev. 0.7418 R?

0.9926

Mean

98.69

Adjusted R*

0.9803

C.V. %

0.7516

Predicted R?

0.9214

Adeq Precision

25.2825

Constraints

Name

Goal

Lower Limit

Upper Limit

A: Soluplus Concentration

is in range

0.5

0.75
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B: Gelucire Concentration | is in range

Solubility is in range

Q8 is in range 90

Check point Batches for Model Validation
Soluplus Conc (g) Gelucire Conc (g) Solubility (ng/ml) Q8 (%)
0.537 2.898 1805.582 99.836
0.560 2.895 1817.649 99.950
0.618 2.898 1869.657 99.989

Evaluation & Characterization of POS SDD

% Yield

Product yield was estimated by dividing the obtained amount of SDD by the total weight of
API and excipients added to the relevant batch (16). The data of all 9 batches are depicted in
bar graph of Fig 1A.

% Drug content (Assay)

Product equivalent to 50 mg of POS was dissolved in methanol and the sample was filtered
using Whatman filter paper, diluted as needed, and then subjected to ultraviolet (UV)
examination at 259 nm (17). The data confirmed that the % assay falls within the acceptable
range of 90-110% as shown in Fig 1B.

Saturation Solubility study

Excessive sample [drug/SDD] was dissolved in 10 ml of 0.1N HCI in a stoppered glass
container, shaken for 48 hours in a 37+£0.5°C water bath in orbital shaker, centrifuged at 2000
rpm for 10 minutes, and analysed at 255 nm after filtering (0.45um) & diluting the supernatant
(18). The solubility values (ng/ml) for all experimental batches were determined within a range
of two to three times that of the API and are presented in Fig 1C.

In-vitro Dissolution study

The product was subjected to an in-vitro dissolution study using a USP Apparatus II (paddle)
operating at 50 rpm in 0.1N HCI at 37 &+ 0.5°C temperature for a duration of 8 hours (19). All
batches exhibited controlled drug release, achieving a CDR of over 90% within a period of 8
hours as demonstrated in Fig 2. The % CDR at 8 hrs (Qs) for all 9 batches is summarized in

Fig 1D. The release kinetics study data analyzed using DD-Solver software fits korsemeyer

peppas model with non-fickian diffusion (n=0.88), based on the adjusted R?-value, which was

in close proximity to 0.999, the AIC (Akaike Information Criteria) value that was lowest, and
the MSC (Model Selection Criteria) value that exceeded 4. Due to n component nearer to 0.89
value, the erosion mechanism was greater than diffusion mechanism and the drug release

followed zero-order kinetics rather than first order kinetics.
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Solubility (pg/ml)

Fig 1 Evaluation of POS SDD Fig 2 % CDR of POS SDD
Differential scanning calorimetry (DSC)
The DSC thermograms were acquired using the PerkinElmer Thermal Analyzer under inert
conditions with a nitrogen flow rate of 10 ml/min. The heating process was carried out at 30
°C to 350 °C at a scanning rate of 20 °C per minute (17). Figure 3 displays the DSC
thermograms of the pure POS and SDD. Pure drug shows sharp endothermic peak at a
temperature of 170.91°C which had disappeared in POS SDD curve.
Powder X-ray Diffraction (PXRD)
The study utilized a Powder X-ray Diffractometer D8 DISCOVER (Bruker) to compare the
PXRD spectra of the POS SDD and pure POS as depicted in Fig 4. The scan angles were varied
between 0° and 80° over a 20 spectrum (20). The API demonstrated a prominent peak at 20
values of 16.33°, which suggested its crystalline nature. The PXRD pattern of the SDD
exhibited a lack of discernible peaks, thereby confirming the conversion of crystalline drug
into amorphous form within the SDD.

Particle size

The Particle Size Analyzer (HORIBA Scientific SZ-100) was utilized to evaluate the mean

particle size through the application of Dynamic Light Scattering (DLS) as shown in Fig SA
(21). The average of the three distinct measurements was considered to determine mean value
0f 2067.5 nm (Z-average).

Scanning electron microscope (SEM)

Figure 5B displays the surface morphology analysis conducted via scanning electron
microscopy (SEM) on the optimized batch (22). The visual depiction validated the spherical
shape and fibrous texture of the SDD powder.

Residual solvent Detection by HS-GC/MS

According to the Headspace-Gas Chromatography/Mass Spectrometry (HS-GC/MS)
(Shimadzu GCMS-QP2020 NX) analysis of the SDD sample, it was found that there were no
residual solvent peaks of DCM (class II solvent with a limit of 3000 ppm) or IPA (class III
solvent with a limit of 5000 ppm) in the chromatogram (20).
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Fig 3
DSC Thermograms of the
pure POS and SDD

Intensity (a.u)

Fig 4
PXRD spectra of the pure
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Fig 5 (A) Particle size distribution; (B) Surface Morphology Analysis by SEM

Stability Study

The optimized batch of SDD, encapsulated in capsule shell was subjected to an Accelerated
stability study as per the International Conference on Harmonization (ICH) guidelines for six
months in a stability chamber (Patel Instrument Pvt. Ltd.) at a temperature of 40°C + 2°C and
a relative humidity of 75% = 5% RH (23). All parameters indicated that the final outcomes

were statistically significant in comparison to the initial data and product was stable.
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Roentgenography in Rabbit for site-specificity

The optimized POS SDD underwent an in-vivo gastro-retention study utilizing radiography
technique in a healthy New Zealand white rabbit by substituting 10% of the drug component
with barium sulphate (BaSo4) (24). X-ray images were captured of the animal's abdominal
region in an upright position at various intervals of time, including 0 hours (prior to the
administration of the formulation), 2 hours, 5 hours, and 7 hours, as shown in Fig 6 along with

the interpretation.

Fig 6 Roentgenography study in
rabbit for in-vivo
characterization of gastro-

retention

P
Time =5 hrs
(capsule shelldissolved and SDD | (SDD are stillobserved in the (SDD are dissolved and
enclosed within are observed in | stomach of rabbit) disappeared in the image)
stomach of rabbit)

Pharmacokinetic study in Male Sprague Dawley Rats

The study utilized male Sprague-Dawley rats weighing 250 g (ranging from 225-275 g),
procured from the Preclinical Department of Zydus Research Centre Ahmedabad, with 3
experimental groups, each consisting of 6 rats. Two groups were fed optimized POS SDD in
the fasting and fed states, whereas the third group was administered the standard oral
formulation (Noxafil suspension) after overnight fasting, at a dose of 40 mg/kg of POS. The
study involved the retro-orbital blood sampling technique (0.15-0.3ml, NMT 1.5ml per day per
rat) at specific time intervals of 0.5, 0.75, 0.92, 1.33, 3.5, 6, 8, 24, 48, and 72 hours from both
test groups and the third standard group while the rats were under isoflurane anesthesia. The
Plasma drug concentration was analysed by High Performance Liquid Chromatography

(Isocratic HPLC, Model: LC-2000). Non-compartmental pharmacokinetic analysis was

performed using PK Solver to derive important pharmacokinetic parameters as depicted in

Table 3. The data derived were checked for statistical significance using the 2-way Annova
test, followed by Sidak’s multi-comparison test with o= 0.05 and P value <0.05 as shown in
Fig 7.

Table 5 Pharmacokinetic Data Analysis using PK Solver

PK Solver 2.0 Non-Compartmental Analysis of Plasma Data after Extravascular Input

Time Unit: h Dose: 10 mg

Conc Unit: pg/ml Method: Linear Trapezoidal
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Parameter

Fasting (mean+SEM)

Fed (mean+SEM)

Noxafil (mean+SEM)

Ke (1/h)

0.011+0.001

0.019+£0.017

0.019+0.002

ti2 (h)

62.194+3.521

37.565+3.233

37.899+4.429

tmax1 (h)

1.330+0

3.500+0

6.000+0

Caxt (pg/ml)

8.513+0.165

1.163+0.0245

2.073+0.247

tmax2 (h)

24 +0

24 £0

24 £0

Cmax2 (ug/ml)

2.994+0.092

1.838+0.03

2.887+0.151

161.867+£5.413

314.021+1.638
96.498+4.528
2.858+0.164
0.032+0.0001

103.769+2.47
145.322+9.69
59.576+4.49
3.719+0.078
0.069+0.004

144.32 £10.084
212.101£28.408
63.355+6.17
2.589+0.041
0.049+0.006

AUC o+ (ng/ml*h)

AUC o-inf_obs (ng/ml*h)
MRT o-inf _obs (h)
Vz/F_obs (mg)/(ng/ml)
CU/F_obs (mg)/(ng/ml)/h

N
H
o

<

of Test fasting-fed 2 way Annova of Concentrations of
Test-std

S
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= * ok - Std-Noxafil
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Concentration (pg/ml)
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= T T T T T T T T —TTT
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parameter parameter

Fig 7 Two-way Annova comparison of concentration and pharmacokinetic parameters

2. Esomeprazole Delayed Release Oral Formulation

Preparation of ASD by spray drying technique

ESM and HPMCAS-MF were dissolved in a solvent system comprising of methanol: water:
Acetone (1:2:7) using magnetic stirrer following the procedure described in POS formulation.
Optimization of formulation using Box-Behnken Design (BBD)

The final formulation components and the significant process parameters like Feed Flow rate
(FFR) and inlet temperature were optimization by Response Surface Methodology based on
the review of literature, and the range for proceeding optimization design was confirmed based
on the preliminary trials. Table 4 depicts the 15 experimental runs generated utilizing BBD as
per Design Expert 13, including the details of variables, responses and levels used. Considering

the effects of factors on the responses recorded and the suitable constraints decided, the 3 check
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point batches with desirability 1 were scrutinized for the model validation as enumerated in

Table 4. CP3 was selected as optimized batch for further characterization.

Table 4 Box-Behnken Design (BBD) Matrix & Check point Analysis

Experimental | X1 X3 X1 X2 X3
Batch ESM: HPMCAS-MF | FFR (ml/min) | Inlet temperature (°)

B1 1:1 4 100

B2 1:3 100

B3 1:1 100

B4 1:3 100

B5 1:1 80

B6 1:3 80
B7 1:1
B8 1:3
B9 1:2
1:2
1:2
1:2
1:2
1:2
1:2

INDEPENDENT VARIABLES IN BBD
VARIABLES LEVELS OF VARIABLES
-1 0
ESM: HPMCAS-MF Ratio 1:1 1:2
Feed flow rate (FFR) (ml/min) 4 6

AN | &N 0| | 0 | O] O O | 0| 0| b

Inlet temperature of Spray dryer () 80
DEPENDENT VARIABLES IN BBD
RESPONSE

% Yield
Solubility (mg/ml)
% CDR in 0.1 N HCl in 2 hours (Q>)
Check point | HPMCAS- FFR Inlet Temp | Solubility
Batch MF conc (g) (ml/min) © (mg/ml)
CP1 2.361 4.099 94.649 1.379
CP2 2.387 4.122 98.819 1.301
CP3 2.492 4.038 97.899 1.449

The regression analysis by Quadratic model for all the selected dependent variables are

described in Table 5 and the models generated are listed below.
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Solubility Full model = 1.21+ 0.4665A — 0.0059B — 0.0031C +0.0015AB — 0.015AC - 0.0142BC + 0.113 A2 -
0.0278 B2 +0.0512 C2 +¢

Solubility Reduced model = 1.21+ 0.4665A+ 0.113 A% + ¢

% Yield Full Model = 68.67+ 0.875A — 6B — 1.13C — 0.25AB + 0.0AC + 0.25BC + 1.67A% + 0.4167 B2 — 8.33C?
% Yield Reduced Model = 68.67+ 0.875A — 6B — 1.13C + 1.67A% + ¢

Q: Full Model = 8.11 — 1.9A — 0.2475B — 0.1832C +0.1335AB — 0.27AC — 0.0615BC + 0.8653 A% + 0.2268 B?
-0.2902 C* +¢

Q: Reduced Model = 8.11 — 1.9A + 0.8653 A2+ ¢

Table 5 Regression Analysis by Quadratic model for Dependent Variables
SOLUBILITY % Yield Q:

Source F-value | p-value F-value | p-value F-value | p-value
Model 61.93 0.0001 S | 94.95 <0.0001 36.37 0.0005
A- 538.27 <0.0001 8.96 0.0303 283.07 <0.0001
HPMCAS
B-FFR 0.0854 <0.0001
C-InletTemp | 0.0242 0.0120
AB 0.0028 0.5717
AC 0.2783 1.0000
BC 0.2511 0.5717
A? 14.57 0.0117
B2 0.8817 0.3773
C? 2.99 <0.0001
R? 0.9911 0.9942
Adjusted R* | 0.9751 0.9837
Predicted 0.8586 0.9694
R:

*S= significant, p-value < 0.05 is significant

Evaluation & Characterization of ESM SDD

% Yield, % Drug content (Assay) & Saturation Solubility study in PBS pH 6.8

These parameters were evaluated in the similar way as described in POS formulation. The data
for all 15 batches are depicted in Fig 8.

In-vitro Dissolution study

The CDR study was performed in 0.1N HCI for 2 hrs and for another 2 hours in PBS pH 6.8,
as described earlier and data are represented in Fig 9. The % CDR complied with USP product

monograph of DR formulation stating that ‘NMT 10% of the labelled amount of esomeprazole
is dissolved in 0.1 N hydrochloric acid, up to 2 hrs and NLT 75% (Q) of the labelled amount

of esomeprazole is dissolved at 30 min in phosphate buffer pH 6.8°. Q2 values of all the 15

batches is shown in Fig 8. The release kinetics after the lag time of 2 hrs fits Korsmeyer-Peppas
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(K-Peppas) model with Fickian Diffusion (n< 0.45), based on the values of adjusted R? near to
0.999, Akaike Information Criteria (AIC) value in range of 30-40 and MSC (Model Selection

Criteria) value >4.

%Yield of ESM SSD

% Assay of Esomeprazole SDD

T

Solubility of ESM in SDD

% Drug Release from SDD in Capsule % Drug Release from SDD in Capsule

Q2 (% COR in 0.1 N HCI)

aaron - Baten

Fig 8 Evaluation of ESM SDD Fig 9 % CDR of ESM SDD
Differential scanning calorimetry (DSC) & Powder X-ray Diffraction (PXRD)
The DSC thermograms and PXRD spectra of pure ESM and ESM SDD, as described in Fig

10, were procured as discussed earlier. Both the curves confirmed the conversion of crystalline

drug to amorphous form in SDD.

= alculation Results

Esomeprazole API PXRD

ESM HPMCAS SDD DSC

15832 °C

174.17°C

A R B E T ’ Fig 1(a) Particle Size Analysis Fig 1(b) SEM Image

Fig 10 DSC thermogram and PXRD spectra Fig 11 Particle size analysis and SEM

Particle size & Scanning electron microscope (SEM)

The particle size analysis and surface morphology study were conducted as described earlier,
and the results are mentioned in Fig 11.

Residual solvent Detection by HS-GC/MS & Stability Study

These studies were conducted as discussed earlier. The residual curve confirmed the absence
of organic solvents (acetone and methanol) peaks in optimized formulation, used in spray
drying process. The product was stable for 6 months as per ICH guidelines.

f. Achievements with respect to objectives

In the present study, an SDD based oral gastro-retentive formulation was developed using an
industrially feasible spray drying technique for the controlled release of the weakly basic drug

POS in the gastric environment, where its solubility is higher compared to intestinal pH. The

gastric retention of dosage form reduced the intestinal precipitation of POS, improving the

stability of amorphous form and bioavailability of POS. The major limitation of variable
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bioavailability of standard Noxafil oral suspension may be overpowered by the developed
novel formulation.

The developed ESM SDD encapsulated in hard gelatin capsule was sufficient to procure the
delayed release, avoiding the degradation of proton pump inhibitor in gastric pH along with
eliminating the need of enteric coating and/or multi-particulate dosage form, prevalent in
marketed formulation. The said concept combined with Spray Drying Technique, may
significantly contribute to product development cost reduction and ease the scale up of the
formulation.

g. Conclusion

The ternary ASD of POS was prepared using carriers Soluplus®, which has an excellent

solubilization properties, and lipid polymer Gelucire 43/01, which has floating and sustained
release properties by spray drying technique. The ratio of SD carriers was optimized based on
DOE using Full Factorial Design. The final optimized formulation was decided from the
Design Space of an overlay plot having desirability 1 for the selected constraints. The
optimized batch of SDD possessed almost 2-folds enhanced solubility compared to the API,
along with controlled release in simulated gastric pH for 8 hours. The release kinetics evaluated
by the DD Solver confirmed K-peppas model with zero order Kinetics. The selected SDD batch
fulfilled all the required characteristics desired for the compatibility and complexation between
API and carrier confirmed by FTIR, DSC, and PXRD studies. The particle size of the optimized
batch was also in the micron range, supporting the improved solubility of the BCS Class 1l
drug. The developed SDD was sufficient to obtain gastric retention with no floating lag time,
> 8hrs floating duration and > 90% buoyancy. The developed SDD encapsulated in capsule
shell was stable as per ICH guidelines. The gastro-retention was confirmed through an in-vivo
roentgenography study in rabbit. The pharmacokinetics study executed in male Sprague-
Dawley rats proved the efficiency of the developed formulation in comparison to the marketed
formulation using PK Solver and statistically analysed by two-way ANNOVA using GraphPad
prism 8.

SDD based oral formulation was developed for the delayed release of PPl Esomeprazole
magnesium. The significant process and formulation variables were optimized based on DOE
concept using Box-Behnken Design, a preferred Response Surface optimization method. The
final optimized formulation was decided from the Design Space of overlay plot having
desirability 1 for the selected constraints. The optimized batch of SDD possessed almost 3-
folds enhanced solubility compared to the APl along with the at least 90% dose retention in
final dosage form during the transit from gastric pH to intestinal pH. Both these targets were
solely achieved by the SD carrier HPMCAS-MF having excellent solubilization properties and
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solubility above pH 6. Hence, this approach may be extended to any API having stability issues
in upper GIT or for the API having absorption window in lower GIT. The selected SDD batch
fulfilled all the required characteristics desired for the compatibility and complexation between

API and carrier confirmed by FTIR, DSC and PXRD studies. The particle size of the optimized

batch was also in micron range supporting the improved solubility. The optimized batch was
stable for 6 months as per ICH guidelines.
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