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1. Introduction:

1.1 Chemotherapy-induced nausea and vomiting (CINV):

Chemotherapy-induced nausea and vomiting (CINV) can be detrimental to the quality of life
of cancer patients.*> CINV occurs in two phases; acute phase and delayed phase. Acute CINV
occurs within 1-2 h of chemotherapy administration and can last for up to 24 h while delayed
CINV occurs more than 24 h after chemotherapy administration.

Current prophylaxis for delayed CINV include prescribing a NK-1 receptor antagonist
(Aprepitant, Fosaprepitant, Casopitant, Rolapitant etc) along with a 5-HT3 receptor antagonists
(Granisetron, Ondansetron, Dolasetron etc) and corticosteroids such as dexamethasone for
prevention of CINV in patients receiving highly emetogenic chemotherapy (HEC), and a 5-
HT3 receptor antagonist and dexamethasone in patients receiving moderately emetogenic
chemotherapy (MEC). 33

However, differences in pharmacokinetics and pharmacodynamics between the available
antiemetics can affect their efficacy in different clinical situations. Drugs or formulations with
long duration of action and a good safety profile will play important role in such situations.
This is important for effective prevention of CINV and simplifying management, especially in
patients with comorbidities who are receiving multiple therapies or patients who are older
and/or have cognitive impairment.®

A new formulation (APF530) of granisetron (5-HT3) receptor antagonist, has been developed
as an alternative long-acting agent for treatment of both acute and delayed CINV under the
brand name SUSTOL. APF530 utilizes Biochronomer™ technology to formulate a viscous tri
(ethylene glycol) poly (orthoester)-based formulation that delivers by single subcutaneous (SC)
injection therapeutic granisetron concentrations over 5 days.” However, this product is
recommended to be administered in combination with other antiemetics and is only for
moderately emetogenic chemotherapy.

Another formulation of granisetron in the form of transdermal patch under brand name
SANCUSO has been approved. This product is recommended for the prevention of nausea and
vomiting in adults receiving moderately and/or highly emetogenic chemotherapy.® However,
SANCUSO suffers from delayed Tmax effect and has not been effective in treating acute
emesis phase.

FDA has approved Amisulpride intravenous injection (5mg/10mg) for treatment of post-
operative nausea and vomiting in Feb 2020.° Amisulpride is available in Europe and other

markets for treatment of psychosis and schizophrenia at high doses (50-1200 mg).'%!! Recently
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clinical trials also have been conducted for use of amisulpride in CINV.!'2 However, there is no
long acting formulation available for Amisulpride.

Currently these two are the only long acting formulations available in the market to treat both
acute and delayed CINV. Hence there is a need and scope in design of sustained release
formulations of antiemetic drugs which can deliver the drug for longer duration i.e. over a
weeks’ time.

1.2 Long acting Formulations (LAFs):

Long-acting formulations (LAFs) are used for pharmacotherapy as sustained-release
medications over a period of several days, weeks, or even months. Compared to conventional
preparations, LAFs have many distinguished advantages related to its long-lasting curative
effect, as well as its reduced toxicity, dosage and frequency of administration.

The principles to produce long-acting therapeutics are based on maintaining the drug activity
for longer periods of time and to improve their tolerance in the body via slow and controlled
release, delayed clearance, resistance to enzymes, increased stability, extended half-life. '* 14
One of the strategies to manipulate the drug release from delivery systems include micro-
encapsulation in which solid or liquid drug substances are dispersed or dissolved in polymeric
materials to form microspheres, or as a core surrounded by a polymeric shell to form a
microcapsule. !> 16 The polymers used to produce microspheres include natural (e.g., gelatin,
alginate chitosan, etc.), seminatural [e.g., cellulose acetate phthalate (CAP), ethyl cellulose
(EC), methyl cellulose (MC), etc.] and synthetic materials [e.g., polylactic acid (PLA), PLGA,
etc.]. Among these materials, PLGA is the most popularly used biodegradable material to
prepare microspheres, accounting for 46% of all markets. The process of drug release can be
adjusted by controlling the PLGA molecular weight, the ratio of drug to polymer, the size of
microspheres, the ratio of glycolic acid to lactic acid, the end terminus of polymer and the
properties of excipients.'”!® The major mechanism of drug release from biodegradable
microspheres includes diffusion, dissolution as well as polymer erosion and degradation. The
possible mechanisms of drug release are following five pathways.!® The first is initial release
from the surface of microspheres; the second is release through the pores in microspheres; the
third is diffusion through the intact polymer barrier; the fourth is diffusion through a water
swollen barrier; the last is polymer erosion and degradation. All above mechanisms together

play a part to achieve sustained drug release.**!

Janus particles are named after the two-faced Roman god Janus because they exhibit distinct

properties on different sides. These particles consist of at least two distinct materials or

Faculty of Pharmacy, The MSU of Baroda Page | 2



compartments, each with unique properties (e.g., chemical composition, surface charge, or
functionality). The combination of these distinct properties within a single particle allows for
versatile applications. Janus particles have been used for dual drug delivery. By incorporating
two different drugs into separate compartments, they enable synergistic effects and reduce side
effects.?? Janus particles can carry therapeutic agents (e.g., drugs) and imaging or sensing
modalities (e.g., contrast agents). This spatially controlled incorporation allows for combined
therapies not achievable with isotropic systems.?* Due to their asymmetric structure, Janus
particles can target specific cells or tissues more effectively. For instance, one side may be

functionalized for cellular targeting while the other side carries therapeutic cargo.

In summary, Janus particles offer exciting opportunities for drug delivery, imaging, and
personalized medicine. Their unique design allows for tailored approaches to address complex

biomedical challenges.

1.3 In-silico modeling:

Cost- and time-effective formulation design can be achieved by adapting new tools such as
Quality by Design and in-silico modeling & simulation. Model informed drug development
utilize quantitative models in formulation development to facilitate decision making processes.
First one is Physiologically-based pharmacokinetic modeling (PBPK) as a tool to
mechanistically interpret and predict absorption, distribution, metabolism and excretion
(ADME) properties of drugs in the human body®* and second is Physiologically-based
biopharmaceutics modeling (PBBM) which establish link between in-vitro data and in-vivo
performance.?® In both the models, the data obtained from preclinical and clinical studies are
used to predict the in-vivo performance of formulation and understand the underlying
physiological processes. Developing such models will help in robust product development and
maximize in-vivo success.

Ideally, to assess drug product clinical performance following formulation and manufacturing
changes, biopharmaceutics models that capture the interactions between the physiology (i.e.,
by using physiologically based models) and the pharmaceutical formulation by mechanistic
implementation of formulation/manufacturing aspects that are relevant to dissolution/release
from the drug product are critical. Such models consider factors beyond physiological and
pharmacokinetic (i.e. ADME) components. They should define mechanistic elements of drug
dissolution/release relevant to interactions of the pharmaceutical product with physiological

conditions and events which can be parameterized to describe the key formulation
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characteristics. Once these mechanistic elements are defined, PBBM modelling can be used to
predict the impact of variations in the critical material attributes (CMAs) and critical process
parameters (CPPs) through the establishment of a safe space via either IVIVCs or in-vitro in -
vivo relationships (IVIVRs) combined with virtual BE simulations. This approach will facilitate
the incorporation of clinical relevance in product quality from initial development through
marketing approval to lifecycle management and thereby minimize the need to conduct
additional in-vivo BE studies, leading to reducing cost in product development and supporting

regulatory decisions.

Problem statement:

Prevention and control of nausea and vomiting (N&V) are paramount in the treatment of
patients with cancer. Chemotherapy-induced N&V is one of the most common and distressing
acute side effects of cancer treatment. It occurs in up to 80% of patients and can have a
significant impact on a patient’s quality of life. 26 N&V can also result in serious metabolic
disturbances, nutritional depletion and anorexia, deterioration of the patient’s physical and
mental status, Esophageal damage and ultimately can result in patient withdrawal from

potentially useful and curative antineoplastic treatment.?¢

The treatment options which address both acute and delayed phases of emesis occurring during
chemotherapy are very limited and less effective. The marketed formulations available are
SUSTOL (Granisetron SC Injection) and SACUSO (Granisetron transdermal patch) for once a
weekly treatment. Currently no generic is available for both the drugs due to patent protection
and proprietary polymer technology. However, these individual formulations still require

combination with other antiemetics for effective treatment.

The available anti-emetic dosage regimen recommends combination of two or three antiemetic

agents to control the delayed emesis in moderate and high emetogenic chemotherapy treatment.

There is need of formulations which provide effective treatment and patient compliance. This
can be achieved by designing long acting dosage forms with combination of two drugs, which

provide sustained drug release up to one week.

Comparative in-vivo studies in human are required for approval of generic or branded product
which are costly and time consuming. Prediction of pharmacokinetics in human from in-vitro
and in-silico studies is facilitated by regulatory agencies through modelling and simulation

approach to reduce cost and create platform for future research.

Faculty of Pharmacy, The MSU of Baroda Page | 4



Currently there is a need of in-silico pharmacokinetic models which can mechanistically link

in-vitro and pharmacokinetic properties to predict in-vivo performance of antiemetic drugs.

Choice of drugs:

Clinical trials suggest that granisetron it is more effective than other 5-HT3 antagonists in
preventing delayed nausea and vomiting that occur more than 24 h after the first dose of
chemotherapy. Its main effect is to reduce the activity of the vagus nerve which activates the
vomiting centre in the medulla oblongata.

Amisulpride is an antagonist of dopamine D2 and D3 receptors, approved since the 1980s as
treatment for psychosis, with a favourable safety profile, even when used at doses of 400— 800
mg/day?’. In a pilot study, a combination of ondansetron and a single 20 mg intravenous (i.v.)
dose of amisulpride protected 83% of patients from vomiting and use of rescue medication in
the acute phase following cisplatin chemotherapy?®. Amisulpride has also been shown to be
effective at preventing post-operative nausea and vomiting >, In a randomized, double-blind
trial, oral amisulpride at a dose of 10 mg daily was found to be safe and superior to placebo in
preventing delayed nausea and vomiting associated with highly emetogenic chemotherapy>’.
The complete response (CR) rate (defined as no emesis or rescue medication use) in the

delayed phase was 46% with 10 mg amisulpride, compared to 20% with placebo. *!
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2. Aim:

The aim was to design and develop once-weekly long acting formulations and pharmacokinetic

models using in-vitro in-silico tools.

3. Objectives:

The objectives of present work were:

v

To develop in-silico pharmacokinetic model which will guide in the design and
development of sustained release formulations and predict in-vivo performance.
Development of formulations which will provide sustained drug release over a period
of one week.

To predict the in-vivo pharmacokinetics in humans using in-vitro data using the

developed in-silico model.

Plan of work:

A)
L.

il

Design stage: Development of in-silico models

Development and verification of pharmacokinetic models

Identification of target plasma concentration using dissolution and PBPK model
Development of dissolution model for target dissolution profile
Calculation of desired dose

Development Stage: Analytical method and formulation development
Pre-formulation

Analytical method development

Formulation development

Evaluation Stage: In-vitro and in-silico evaluation

In-vitro characterization studies

Prediction of in-vivo pharmacokinetics using the developed PBPK model
Virtual bioequivalence studies

Predictive IVIVC for establishment of design space
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4. Design stage - Development of in-silico models:

4.1 Development and verification of pharmacokinetic models:

4.1.1 Collection of data from literature:

Rich datasets are required for development, verification and validation of pharmacokinetic
models. Extensive data collection was performed to create modeling database.
Physiochemical properties’> **:

Physicochemical properties such as compound lipophilicity, solubility, molecular weight
(MW), and pKa values of a drug are fully independent of organism physiology. But these
properties were utilized in calculation of tissue partition coefficients in the model.

Biological Properties®> 3:

Drug-biological properties (such as fraction of drug unbound, or tissue-plasma partition
coefficient), are drug-specific but also defined by the interaction between the drug and the
biological system itself, so they are dependent on both the drug and the organism properties.
Marketed Formulations**:

Data for marketed formulations was collected to have holistic view on available formulations
and strategies.

In-vivo pharmacokinetic data *°:

In-vivo pharmacokinetic data collected from literature domain for different species and
populations.

4.1.2 Allometric scaling, Wajima and Dedrick approach:

4.1.2.1 Allometric methods:

Allometric scaling is an empirical approach developed based on cross species similarities in
anatomy, physiology, and biochemistry with a power function correlating physiological
parameters with body weight. This method has been applied to the projection of human
pharmacokinetics for small-molecule drugs as well as therapeutic proteins and is widely used
in the pharmaceutical industry for early decision making at several stages in drug discovery
and development.*® Using allometric scaling, key pharmacokinetic parameters such as volume

of distribution and clearance are calculated.
4.1.2.1.1 Prediction of Human clearance:
There are different methods reported for calculating clearance using interspecies scaling.?” For
convenience these methods are summarized in Table 1 and results in table 2. The results of best
suited method are presented here. For amisulpride, methods 1-4 and for granisetron, methods

2-5 provided good prediction of human clearance respectively.
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Table 1 Methods for calculation of clearance

Method | Method Name Description Requirement | Formula
. CL and CL = a(BW)®
CL process 1s .
. . body weight | where a and b are the
Simple proportional to | . .
Mil in at least coefficient and exponent of
allometry (SA) | the power of . . .
body weight two 'flnlmal the a}lometrlc equatlon and
species, BW is body weight
. CL = CL of species X
M2 ?Xll%r;l:;?;ase d (70/BW of species) "°
P b= 0.75,0.80,.85,0.9
NGl
. | CLand CL = a(BW)? + - () X a(BW)*?
CL process is . [1-(3)]
. . . body weight 2
M3 Multiexponential | proportional to in at least where a and b are the
allometry (MA) | the power of two animal | coefficient and exponent of
body weight speci the allometric equation and
pecies ) )
BW is body weight
Animal—
human Human and
. correction for u . CL (human) = CL (animal) X
Liver blood-flow animal liver . .
M4 LBF; made for (human/animal) Qliver
method blood flow,
rat, dog, .
animal CL
monkey and
human
Rat—human CL/kg (human) = CL/kg (rat)
Rat proportionality x 0.152
for bound drug CL in at
Dog—human ma CL/kg (human) = CL/kg
. .. | least one
Dog proportionality . (dog) x 0.410
M5 species of
for bound drug
Monkey— rat, dog, or
monkey. CL/kg (human) = CL/kg
Monkey human . . (monkey) x 0.407
proportionality '
for bound drug

Table 2 Calculated clearance for human

Observed clearance Calculated Clearance
Drug Method (L/h/kg) for Human (L/h/kg) for Human Fold error
1 0.62 0.732 1.2
2 0.62 0.68 1.1
Amisulpride 3 0.62 0.626 1.0
4 0.62 0.4486 1.4
5 0.62 0.18 34
1 0.325 2.199 6.8
2 0.325 0.2943 1.1
Granisetron 3 0.325 0.2584 1.3
4 0.325 0.4487 1.4
5 0.325 0.18 1.8
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4.1.2.1.2 Prediction of Human volume of distribution:

There are different methods reported for calculating volume of distribution using interspecies
scaling.*® For convenience these methods are summarized in Table 3 and results in table 4. The
results of best suited method are presented here. For amisulpride, all three methods and for
granisetron, methods 1-2 provided good prediction of human volume of distribution

respectively.

Table 3 Methods for calculation of volume of distribution

Method Ilil/laertl}ll:d Description | Requirement Formula
Distribution Vs =a (BW)°
Simple process is Vd and body weight | where a and b are the
Mil allometry | proportional | in at least two animal | coefficient and exponent of
(SA) to the power | species, the allometric equation and
of BW. BW is body weight
The proportionality
expressed by a linear
relationship between
human data and the
Single corresponding animal | VD (human = a * VD
M2 specics data wi'th or without a | (animal)
scaling correction based on a=0.59,0.72, and 0.79 for
the free fraction in rat, dog, and monkey
plasma in the single-
species scaling (SSS)
approaches was
used
. log Vss (human) =
Two ;Zisgeiijnﬂzdel' (0.07714 log Vss (rat)
M3 species & ity f x log Vss (dog)) + 0.5147
rat and proportionality for log Vss (dog) + 0.586
dog bound drug.

Table 4 Calculated volume of distribution for human

Drug Method Observed Vd Calculated Vd Fold

1 3.7 3.25 1.1

Amisulpride 2 3.7 2.66 1.4

3 3.7 3.95 1.1

1 2.2 3.14 1.4

Granisetron 2 2.2 3.764 1.7

3 2.2 5.64 2.6
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4.1.2.2 Prediction of Human plasma concentration-time profiles:

The prediction of human intravenous plasma concentration-time profiles was performed by
Css-MRT approach also known as Wajima approach and Dedrick plot. These methods provide
calculation of human intravenous plasma concentration-profiles using preclinical species
data.’® Two to three species data are required to build the correlation and have sufficiently good
prediction.

4.1.2.2.1 Wajima (Css-MRT) Approach:

In MRT-based normalization approach, the digitalized clinical and generated preclinical
datasets were normalized by dividing the plasma concentration values by Css (= dose/Vss) and
time profile by MRT (= Vss/CL) to arrive at the predictions.* The Wajima predicted plots are

presented in Figure 1 (A and B). Good prediction was observed for both amisulpride and

granisetron.

A) Wajima plot for Observed vs calculated
profiles for Amisulpride

e
(98]

0.25

e
o

0.15
0.1
0.05

Calculated Profile
Observed Profile

Plasma conc (ng/ml)

0 2 4 6 8
Time (Hours)

B) Wajima plot for Observed vs calculated
profiles for Granisetron

0.0045
0.004
0.0035
0.003
0.0025

0.002 Calculated Profile

0.0015 Observed Profile
0.001

0.0005

Plasma conc (ng/ml)

0 2 4 6 8
Time (Hours)

Figure 1: A) Wajima profile for Amisulpride B) Wajima profile for Granisetron
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4.1.2.2.2 Dedrick plot:

It is simplest form of calculating the plasma concentration-time profile using following

equations.®

Plasma concentration

C tration =
oncentratton Dose/Body weight
Ti _ Time
tme = Body weight©9-25

The calculated Dedrick plot for Amisulpride and Granisetron is presented in Figure 2 (A and

B). Good correlation was observed for amisulpride, but for granisetron prediction error

observed was more.

A) Dedrick Plot for Amisulpride

100000
E 10000

en

Q
£ 1000

g Human actual
S 100

<

g Human simulated
g 10 dedrick
[a®

1
0 2 4 6 8
Time (hour)
B) Dedrick Plot for Granisetron

10000

E

= 1000

g

5 100 —@— Human actual

5

< 10 Human simulated

g dedrick

S 1

A 0 2 4 6 8

Time (hour)

Figure 2: A) Dedrick plot for Amisulpride B) Dedrick plot for Granisetron
From the data analysis, it shows that, Wajima approach was more appropriate for calculation
of pharmacokinetic profile in humans from preclinical data for these two molecules. This is in
line with literature data, where Wajima approach was found more superior than the dedrick

plot approach.
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Development and verification of pharmacokinetic models

The modelling has been performed using GastroPlus® (version 9.8.2, Simulations Plus Inc.,
Lancaster, CA, USA) a commercially available PBPK software. Where demographic data was
not reported in the source reference, the default GastroPlus® Population Estimates for Age
Related (PEAR) settings have been used. Where body weight/age was not available, default
weights & age were selected from inbuilt PEAR population of software. The GastroPlus®
PEAR physiology settings were used as per the designated population. Where measured in-
vitro data was not available to inform parameter estimates for essential physical chemical
properties, ADMET® version 8.2 (Simulations Plus Inc., Lancaster, CA, USA) was used to
predict these properties from structure. All tissues within the whole body PBPK model have
been specified as permeability limited and tissue partitioning coefficients (Kp’s) were
calculated using the Lukacova and Rodgers method. The volume of distribution was calculated
from physicochemical properties like log P, B/P ratio and % fraction unbound using Lukacova-
Rodgers method. Hepatic clearance was calculated from the in-vitro Clint obtained from

literature and renal clearance was calculated from GFR.

4.1.3 PBPK model of Amisulpride:

Following intravenous infusion, the mean volume of distribution of amisulpride is estimated to
be 127 to 144 L in surgical patients and 171 to 218 L in healthy subjects. Amisulpride
distributes into erythrocytes. Plasma protein binding is 25% to 30%. Amisulpride undergoes
active renal secretion. The mean elimination half-life is approximately 4 to 5 hours and similar
between healthy subjects and surgical patients. Population pharmacokinetic analysis estimated
that the plasma clearance of amisulpride is 20.4 to 28 L/h in surgical patients and 24.1 to 43.5
L/h in healthy subjects.*

After oral administration, absolute bioavailability is 48%. Amisulpride is weakly metabolized
in the liver. There is no accumulation of amisulpride and its pharmacokinetics remain
unchanged after the administration of repeated doses. The elimination half-life of amisulpride
is approximately 12 hours after an oral dose.*!

The physicochemical properties, pharmacokinetic parameters and selected physiology for
development of PBPK model of amisulpride is presented in table 5.%>

PBPK model was verified using intravenous and oral (single and multiple dose)
administrations. The data is presented in Figure 3 (A, B & C). This developed model was used

to predict in-vivo pharmacokinetics of once a weekly sustained release formulation.
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Table 5 Amisulpride input data for PBPK modeling

No. Attribute Data
Compound tab

1. Name Amisulpride
2. Molecular Formula 3 C17H27N304S
3. Molecular Weight 3 369.479

4. Structure MOL File

5. LogP 1.41

6. pKa (Base) 8.28

7. Solubility (mg/mL) in water 0.293

8. Human Permeability (cm/s) 0.45 X 10" cm/s
9. Mean Precipitation Time (sec) 900

10. Diffusion Coefficient (cm”2/s X 10"5) 0.65

11. Drug Particle density (g/mL) 1.2
Physiology Tab (In-put)

l. Human Fasted Physiology Selected
Pharmacokinetics Tab

In-put

1. Body weight (kg) 88.5

2. Blood to Plasma Concentration ratio 0.98
Derived

3. Adjusted Percent Unbound in Plasma (Fup) (%) 24.984

4, Clearance (L/h) 46.151

5. Volume of Distribution (L) 235.429

6. Half Life calculated T1/2 (h) 3.535
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Figure 3: PBPK model of A) IV Amisulpride 10 mg B) Single dose oral Amisulpride 50 mg

C) Multiple dose oral Amisulpride 10 mg
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4.1.4 PBPK model of Granisetron:

All pharmacokinetic studies on granisetron showed a great intersubject variability of its
pharmacokinetic parameters, regardless of formulation administered or population studied. In
healthy volunteers after intravenous administration, plasma concentration of granisetron
displays multiphasic decline, whereas it becomes log-linear after several hours. The rapid
initial decline of plasma concentration implies extensive tissue uptake, which is also depicted
on a relatively high apparent volume of distribution ranging from 2.4 to 3.5 L/Kg. Granisetron
is known to be primarily metabolized in the liver and approximately 12% of granisetron is
excreted unchanged in the urine. Clearance is mainly nonrenal and ranges between 37 and
49.9L/h (approximately 0.6 L/kg/h).** Terminal phase t1/2 ranges from 4.2 to 6.1 h.** Elderly
patients (age>65 years) display a higher volume of distribution (approximately 4 vs. 3 L/kg)
which probably results from an increased fat: lean mass ratio. Total plasma clearance is 45%
lower, a result of age-related reduction in oxidative metabolism [0.17—1.06 (mean 0.44) L/kg/
h] and elimination t1/2 of granisetron is approximately 7.7 h. In adult patients receiving
chemotherapy, granisetron clearance is decreased compared to healthy adults (0.376 L/kg/h).
As a result, terminal phase elimination t1/2 was longer (9-12 h).*>*¢ Absorption of granisetron
after oral administration is complete but bioavailability is about 60% due to first pass
metabolism. Granisetron is detectable in plasma after 1 h, and maximal mean concentration is
reached 2 h after administration. Oral administration of the drug results in significant
heterogeneity in systemic availability which appears to be related to smoking habits of healthy

volunteers.*’

The physicochemical properties, pharmacokinetic parameters and selected physiology for
development of PBPK model of amisulpride is presented in table 6.%

PBPK model was verified after intravenous, oral (single and multiple dose), subcutaneous,
intramuscular and transdermal administrations. The data is presented in Figure 4 (A to L). This
developed model was used to predict in-vivo pharmacokinetics of once a weekly sustained

release formulation.
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Table 6 Granisetron input data for PBPK modeling

No. Attribute Data
Compound tab

1. Name Granisetron
2. Molecular Formula 3 C18H24N40
3. Molecular Weight 3 312.417

4. Structure MOL File
5. LogP 2.2

6. pKa (Base) 9

7. Solubility (mg/mL) in water 10 mg/ml
8. Human Permeability (cm/s) 3.08 X 1074 cm/s
9. Mean Precipitation Time (sec) 900

10. Diffusion Coefficient (cm”2/s X 10"5) 0.65

11. Drug Particle density (g/mL) 1.2
Physiology Tab (In-put)

l. Human Fasted Physiology Selected
Pharmacokinetics Tab

In-put

1. Body weight (kg) 85.53

2. Blood to Plasma Concentration ratio 0.86
Derived

3. Adjusted Percent Unbound in Plasma (Fup) (%) 33.393

4. Clearance (L/h) 22.778

5. Volume of Distribution (L) 145.90

6. Half Life calculated T1/2 (h) 4.439
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Figure 4: PBPK model of A) IV Granisetron 3 mg B) IV Granisetron 100 mcg/kg C) Single
dose oral Granisetron 1 mg D) Multiple dose oral Granisetron 1 mg E) Multiple dose oral

Granisetron 2 mg F) Subcutaneous (SC) Injection Granisetron 3 mg
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Figure 4: PBPK model of G) SC CR Granisetron 2.5 mg H) SC CR Granisetron 5 mg I) SC
CR Granisetron 10 mg J) SC CR Granisetron 20 mg K) Intramuscular CR Granisetron 20 mg

L) Transdermal patch Granisetron

Faculty of Pharmacy, The MSU of Baroda

Page | 18




4.2 Identification of target steady state plasma concentrations:

The target steady state plasma concentration was calculated using multiple dose PBPK model.
The multiple dose simulations provide both Cminss and Cmaxss levels. The intended
formulation should fall between these levels.

The details of simulation are presented in Figure 5 (A to D)
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Figure 5: Multiple dose simulations for A) Amisulpride oral 5 mg (Q24hr) B) Amisulpride
oral 10 mg (Q24hr) C) Granisetron oral 2 mg (Q24hr) D) Granisetron oral 1 mg (Q12hr)

For Amisulpride, the Cminss and Cmaxss levels are 0.47 ng/ml and 5.79 ng/ml after 5 mg (once
a day) multiple dosing. The Cminss and Cmaxss levels are 0.941 ng/ml and 11.591 ng/ml after
10 mg (once a day) multiple dosing. In the reported clinical trial, 10 mg dose is selected, hence
we have finalized Ing/ml as target Cminss level and 11 ng/ml as target Cmaxss level for
development of sustained release formulations of amisulpride. For Granisetron, the Cminss and

Cmaxss levels are 0.655 ng/ml and 5.378 ng/ml after 1 mg (twice a day) multiple dosing. The
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Cminss and Cmaxss levels are 1.054 ng/ml and 6.636 ng/ml after 2 mg (once a day) multiple
dosing. In the package insert data of Granisetron patch (Sacuso 52 cm?), Cavass level of 2.2
ng/mL over six days is reported.*’
Considering all the data, we have finalized Ing/ml as target Cminss level and 6.5 ng/ml as
target Cmaxss level for development of sustained release formulations of Granisetron.
4.3 Development of dissolution model for target dissolution profile:
The theoretical dissolution profile was described by two models. First model® is relatively
simple which follows first order model as follows:
Equation 1 logM; = logM, — 0.43kt
Where My is initial amount of drug at the beginning
M is residual amount of drug at time t

ki is first order constant
Second model®' is complex, where mass of drug at time t (M,) is calculated by following

equation.

- — A2 _ D@t (G
Equation2  Mt= 4nr <\/2(C0 Cs) * CsD ()t + — (ZCo—Cs 3))

Where, M:is mass of drug released Mt at time t
r is Particle radius
Co is initial drug loading
Cs1is drug solubility
D is diffusion coefficient at time t in cm?/s
tis time in seconds

This equation is used to calculate dissolution profile in DDDplus software.
Both the models were used to predict the desired drug release profile.
As per equation 1, the calculated drug release is presented in table 7

Table 7 Calculated Drug release as per model 1

Drug Amisulpride (30 mg) Granisetron (10 mg)
Time Drug released in % Cumulative Drug released in | % Cumulative
(hours) mg Drug release mg Drug release
0 0 0 0 0
1 3.00 10 0.10 1
4 3.90 13 0.43 4
12 6.47 22 1.37 14
24 12.15 40 3.45 35
48 18.20 61 5.67 57
72 24.85 83 8.11 81
96 27.75 92 9.18 92
120 27.75 92 9.18 92
144 29.02 97 9.64 96
168 29.57 99 9.84 98
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As per equation 2, the calculated drug release is presented in table 8.

Table 8 Calculated Drug release as per model 2

% Cumulative Drug release for | % Cumulative Drug release for
Time (hours) Amisulpride Granisetron
0 0 0
1 10 1
4 13 4
12 21 14
24 39 30
48 63 57
72 84 75
96 89 86
120 91 92
144 94 95
168 97 97

4.4 Calculation of desired dose:

The estimation of desired dose was defined based on calculated pharmacokinetic constants

(VD and CL), dosage regimens, pharmacokinetic data and clinical trials of marketed

10,28,52

products. The details of marketed formulations are given in table 9

Table 9 Marketed formulations of Amisulpride and Granisetron

Marketed Formulations | Strengths | Dosing regimen

Drug: Amisulpride

IV Injection Smg/2ml, 10 mg/2ml | Once a day

Oral tablets 400 mg Once to thrice a day as per

requirement (For psychosis)

Clinical trial Formulation | 10-40 mg i?a?lognl(;;;;l 2d_ Zy(llijf((ijlll\(l);j)o me

Drug: Granisetron

0.1mg/mL, Img/mL, | 30 min before chemotherapy and as

IV Injection 3mg/mL, 4mg/mL and when required

Oral solution 2mg/10mL Once a day
Oral Tablet Img 1 mg twice day
2 mg 2 mg once a day
SC ER Injection 10mg/0.4ml 30 min before chemotherapy.
Every 7 days
Transdermal patch 3.1mg/24hr 24 hr to 48 hr to 7 days

After considering the reported literature, pharmacokinetic parameters and calculated steady
state plasma concentration levels, the desired dose for Amisulpride was found to be 30 mg
and for granisetron it was found to be 10 mg. For combination product, the granisetron dose
to be kept 10 mg and amisulpride dose can be varied from 10-30 mg based on the clinical

response.
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5. Development Stage - Analytical method and formulation development:

5.1 Pre-formulation Studies:

5.1.1 Organoleptic properties:

The organoleptic characteristics of Amisulpride and Granisetron are shown in table 10.

Table 10 Organoleptic characteristics of drugs

Organoleptic Drugs
characteristics Amisulpride Granisetron
Physical state Solid Solid
Appearance Crystalline powder Crystalline powder
Colour White White

5.1.2 FTIR analysis:

The identification of functional groups was performed using Fourier Transform Infrared
spectroscopy (FTIR) (Model Cary 620 microscope and Cary 670 FTIR, Agilent, CA, USA) in
Attenuated Total Reflectance (ATR) mode with a Germanium crystal in the 400 cm™ to 4000
cm’! wave number range and averaging 16 scans. The FTIR spectra of Amisulpride,
Granisetron, Poly(lactic-co-glycolic) Acid (PLGA), Polycaprolactone (PCL) and polyvinyl
alcohol (PVA) are shown in Figure 6 (A to E).

Figure 6A FTIR spectra of Amisulpride

670 Wednesday, July 19, 2023 16:16:17

Resolution = 4 Scans = 16

Range Start =400  Range End = 4000 Amisulpride 16 scans

Figure 6B FTIR spectra of Granisetron
670 Wednesday, July 19, 2023 16:19:20
Resolution =4 Scans = 16

Range Start =400  Range End = 4000 Granisetron 16 scans
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Figure 6C FTIR spectra of Poly(lactic-co-glycolic) Acid (PLGA)

670 Wednesday, July 19, 2023 16:13:15
Resolution = 4 Scans = 16

Range Start =400  Range End = 4000 PLGA 16 scans

2

Figure 6D FTIR spectra of Polycaprolactone (PCL)

670 Monday, June 24, 2024 16:21:56
Resolution = 4 Scans = 16
Range Start =400  Range End = 4000 Polycaprolactone

Figure 6E FTIR spectra of Polyvinyl alcohol (PVA)

670 Wednesday, July 19, 2023
Resolution = 4 Scans =16

Range Start = 400 Range End = 4000 Polyvinyl alcohol 16 scans

Figure 6 FTIR Spectra of A) Amisulpride B) Gran}séfron C) PLGA D) PCLE) PVA
Amisulpride shows characteristics peaks at 3312 cm™ and 3215 cm! corresponding to -NH
stretching, at 1649 cm™! corresponding to C=O stretching and at 1056 cm™ corresponding to
0=S=0 stretching.

Granisetron shows characteristic peaks at 3231 cm™, 1646 cm™ and 1549 cm! corresponding

to -NH stretching, C=0 stretching and -CN stretching respectively.
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PLGA shows characteristics peaks at 1749 cm™,1452 cm™,1180 cm™ and 1088 cm!
corresponding to C=O stretching, C-H bends, C-O stretching and C-O-C stretching
respectively.
PCL shows characteristics peaks at 1723 cm™,1364 cm™,1293 cm™! and 1239 cm’!
corresponding to C=0 stretching, O-H stretching, C-O& C-C stretching and C-O-C stretching
respectively.

All the observed spectra matched with the literature reported spectra and peak values. 343336

5.1.3 DSC analysis:

The thermal behaviour of amisulpride, granisetron, PLGA and PCL were determined by
Differential Scanning Calorimetry (DSC-60, Shimadzu, Japan) using a scan rate of 10 °C/min
in the temperature interval of 0 °C at 320°C, with a nitrogen atmosphere. DSC thermograms of

Amisulpride, Granisetron, PLGA, PCL are shown in Figure 7 (A to D).

Figure 7A DSC of Amisulpride
DSC Temp
mwW C
e 4 300.00
2.00-
Peak 126.80&3‘]0“" [ - 7 #0000
-4.00- Onset  124.72€10 |
Endset  131.89%10 |
Heat -196.19%UD
6.00-
1 100.00
I
-8.000 |
70,00 10.00 20.00
Time [min]
Figure 7B DSC of Granisetron
DSC Temp
mW C
1{ 300.00
0.00+
1{ 200.00
-5.00~ Peak 301.36%10 [
Onset 29520810 |
Endset 30437810 | 1 100.00
Heat -330.50840 |
|
70,00 10,00 20.00 30.00
Time [min]

Faculty of Pharmacy, The MSU of Baroda Page | 24



Figure 7C DSC of PLGA
DSC Temp
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Figure 7D DSC of PCL
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i
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Figure 7 DSC data of A) Amisulpride B) Granisetron C) PLGA D) PCL
Amisulpride shows sharp endothermic peak at 128.8 °C and Granisetron shows endothermic
peak at 301.36°C which confirms the identification of both the APIs.>”>® PLGA being 100%
amorphous polymer shows glass transition temperature (Tg) at 46.07°C.> PCL is a semi

crystalline polymer, so its thermogram presents an endothermic peak at 61.87°C.%°
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5.2 Analytical method development:
5.2.1 Estimation of Amisulpride by UV Visible spectrophotometer:

Aliquots of amisulpride solution (100 pg/mL) ranging from 0.1 to 0.5 ml were transferred into
a series of 10 ml volumetric flask and volume was made up to 10 ml 0.1N HCI to get a range
from 1 pg/mL to 5 ug/mL. The absorbance of samples was measured at 226.5 nm against
reference blank (0.IN HCI) by UV Visible spectrophotometer. The absorption spectra are

shown in figure 8, concentrations in table 11 and calibration curve in figure 9.

0.303

=
T Lambda Max= 226.5
| Analyte = Amisulpride
‘II Concentration=2pg/mL

0.200 |

Figure 8 Absorption spectra of Amisulpride
Table 11 Calibration data of Amisulpride in 0.1N HCI

Conc. (ng/mL) Absorbance £+ SD (n=3) %RSD
1 0.1547 + 0.0006 0.3733
2 0.2813 + 0.0006 0.2052
3 0.4210 + 0.0010 0.2375
4 0.5597 + 0.0006 0.1032
5 0.7203 + 0.0006 0.0822
Mean SD Slope LOD LOQ
0.0007 0.1374 0.0159 0.0482
Calibration curve for Amisulpride
0.800
y=0.1374x+ 0.0117
o 0.600 R?=10.9996
5 0.400
2
< 0.200
0.000
0 1 2 3 4 5
Concentration (pg/mL)
Figure 9 Calibration curve of Amisulpride in 0.1N HCl
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5.2.2 Estimation of Granisetron by UV Visible spectrophotometer:

Aliquots of granisetron solution (100 pg/mL) ranging from 0.2 to 1 ml were transferred into a

series of 10 ml volumetric flask and volume was made up to 10 ml 0.1N HCI to get a range

from 2 pg/mL to 10 pg/mL. The absorbance of samples was measured at 302 nm against

reference blank (0.1N HCI) by UV Visible spectrophotometer. The absorption spectra are

shown in figure 10, concentrations in table 12 and calibration curve in figure 11.

— Lambda Max = 302.0 nm

P
£y

lyte= Granisetron
oncantration=4ug/mL

Figure 10 Absorption spectra of Granisetron
Table 12 Calibration data of Granisetron in 0.1N HCl

Conc. (ng/mL) Absor?;:;)e +SD %RSD
2 0.0730+0.0010 1.3699
4 0.1310+0.0010 0.7634
6 0.1970+ 0.0010 0.5076
8 0.2690 + 0.0010 0.3717
10 0.3263 + 0.0006 0.1769
Mean SD Slope LOD LOQ
0.0009 0.0322 0.0938 0.2843
Calibration curve for Granisetron
0.3500
0.3000 y=0.0322x + 0.0059
o 0.2500 R?2=10.9986
S 0.2000
2 0.1500
O
< 0.1000
0.0500
0.0000
0 2 4 6 8 10 12
Concentration (pg/mL)

Figure 11 Calibration curve of Granisetron in 0.1N HCl
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5.2.3 Simultaneous estimation by UV Visible spectrophotometer:
No previous simultaneous method has been reported to estimate amisulpride and granisetron
in combination dosage form. Hence, Simultaneous estimation method was developed for both
the drugs in pure and microsphere dosage form.
In brief, standard stock solutions of amisulpride and granisetron were prepared as per
individaul methods described earlier. The Amax for amisulpride and granisetron is 226.5 and
302 nm respectively. From overlain spectra shown in figure 12, it is evident that there are two
issobestic points (at 220 nm and 290.4 nm). However, the granisetron has shoulder peak at 220
nm isosbestic point which can result in erroraneous results. Hence, estimation was caried out
using simultaneous equation method.
The simultaneous equation method of analysis is based on the absorption of the drugs
amisulpride and granisetron at their wavelength maximas. Two wavelengths selected for the
development of the simultaneous equations are 226.5 nm and 302 nm. The absorptivity values
were deterimed for both the drugs at respective wavelengths. The absorbances and absorptivity
at these wavelengths were substituted in equations (3) and (4) to obtain the concentration of
drugs.

Equation 3 Cx = (A2*ayl - Al*ay2)/(ax2*ayl-ax1*ay2)

Equation 4 Cy = (Al*ax2 — A2*ax1)/(ax2*ay1-ax1*ay2)
where A1 and A2 are the absorbance of sample solutions at 226.5 nm and 302 nm, respectively.
Cx and Cy are concentrations of amisulpride and granisetron in pg/ml in sample solution. By
substituting the values of A1 and A2, the Cx and Cy can be calculated by solving equations (3)
and (4).

0.200 - i

/| e
f f——— lsosbesticpoint 290.4
vl BT
A !
N

400 000 800000

Figure 12 Overlay absorption spectra of Amisulpride and Granisetron
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5.2.4 Simultaneous estimation of Amisulpride and granisetron by HPLC:

Preparation process is described as follows. The gradient program is shown in table 13.
Buffer solution

1.0 gm 1-octane sulphonic acid sodium salt was dissolved in 500 ml water and 2.0 ml
triethylamine was added. This was further diluted to 1000 ml with water. pH was adjusted
to 2.5 = 0.05 with dilute orthophosphoric acid.

Mobile phase:

Mixture of buffer solution and methanol in the ratio of 600: 400 was prepared and mixed
well.

Diluent:

Mixture of buffer solution and methanol in the ratio of 600: 400 was prepared and mixed
well. pH of solution was adjusted to 2.5 + 0.05 with dilute orthophosphoric acid. The diluent
was filtered and degassed.

Standard preparation

2 mg of Amisulpride API was accurately weighed and transferred to 100 ml volumetric
flask. 30 ml of diluent was added and sonicated to dissolve the API. Volume make up was
done using the diluent to obtain concentration of 20 pg/ml.

2 mg of Granisetron API was accurately weighed and transferred to 100 ml volumetric
flask. 30 ml of diluent was added and sonicated to dissolve the API. Volume make up was
done using the diluent to obtain concentration of 20 pg/ml.

Instrumental conditions:

High-Performance Liquid Chromatograph (HPLC) with the following conditions.

Column : Symmetry Shield RP-18
150 X 4.6, 3.5 micron
Flow rate : 1.0 ml/min.
Detection by UV : Detection wavelength 227 nm
Run time : About 30 min.
Column temp : 30°C
Injection volume : 20 ul
Retention time : Amisulpride: 11.5 min Granisetron: 15.4 min
Mode : Gradient
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Table 13 Gradient HPLC programme details

Time (min) % Mobile phase A % Mobile phase B
0 80 20
20 40 60
22 80 20
30 80 20

The chromatogram data is presented in figure 13 (A to C)
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mAU WVL:227 nm)|
A
R
200
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Figure 13 Chromatogram data A) Amisulpride B) Granisetron C) Mixture
The chromatographic analysis shows that the developed method is able to quantify both the

drugs individually and simultaneously.
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5.3 Formulation development:

5.3.1 Materials:

Granisetron HCI and Amisulpride were obtained from Sun pharmaceutical Industries Ltd
(India). PLGA and PCL polymers were obtained as gift samples from Sun pharma and Evonik.
All other chemicals and solvents used were of analytical grade.

5.3.2 Equipments:

Digital analytical balance (ATX224 Shimadzu, Japan)

UV-Visible spectrophotometer (1800 Shimadzu, Japan)

High performance liquid chromatograph (Waters)

Differential Scanning Calorimeter (DSC-60-Shimadzu Corporation, Japan)

Mastersizer 3000 (Malvern Panalytical, UK)

Infrared Spectrophotometer (Agilent)

Optical microscope

Scanning electron microscope

Magnetic stirrer (Remi sci. Equipment, India)

Overhead stirrer (Remi)

Heating bath

Analytical ultracentrifuge

5.3.3 Selection of method for preparation of microspheres:

Microspheres were prepared by O/W and W/O/W emulsion-solvent evaporation methods.®! %>

63

5.3.4 Preparation of microspheres for Amisulpride:

Amisulpride being insoluble in water, O/W emulsion method was found to be suitable for
preparation of microspheres. PLGA and Amisulpride were dissolved in dichloromethane. This
solution was added dropwise in 0.5% - 1% PVA solution to form emulsion under stirring.
Stirring was continued for 30 mins and then added to excess water under continuous stirring.
Stirring was continued for 8 hours. Emulsion was filtered to obtain microspheres. The obtained

microspheres were washed three times with water and dried.®*%*

5.3.5 Preparation of microspheres for Granisetron:

Granisetron being soluble in water, W/O/W emulsion method was found to be suitable for
preparation of microspheres. Granisetron was dissolved in water. PLGA was dissolved in
dichloromethane. Granisetron solution was added to PLGA solution to form first W/O

emulsion. This emulsion was added dropwise in 0.5% - 1% PVA solution to form W/O/W
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emulsion under stirring. Stirring was continued for 30 mins and then added to excess water
under continuous stirring. Stirring was continued for 8 hours. Emulsion was filtered to obtain

microspheres. The obtained microspheres were washed three times with water and dried. %>

5.3.6 Preparation of microspheres for Amisulpride and Granisetron:

Novel drug loading strategy was used to incorporate hydrophobic (Amisulpride) and
hydrophilic (Granisetron HCl) drugs in microsphere formulation using double emulsion-
solvent evaporation technique. Two polymers (PLGA and PCL) were selected to enable
formation of Janus particles.! Granisetron was dissolved in water. PLGA, PCL and
Amisulpride were dissolved in dichloromethane. Granisetron solution was added to PLGA-
PCL-Amisulpride solution to form first W/O emulsion. This emulsion was added dropwise in
0.5% - 1% PVA solution to form W/O/W emulsion under stirring. Stirring was continued for
30 mins and then added to excess water under continuous stirring. Stirring was continued for
8 hours. Emulsion was filtered to obtain microspheres. The obtained microspheres were

washed three times with water and dried.®"%

5.3.7 Screening of process and formulation parameters:
The individual drug microspheres were part of feasibility trials. The process and formulation
were screened and optimized on the basis of minimum particle size and maximum entrapment

efficiency for dual drug loaded formulations.

Initial screening included finalization of stirring speed and stirring time. The results of particle
size and entrapment efficiency indicated that stirring speed of 800 rpm during secondary
emulsion formation (O/W) and hardening stage was suitable. Stirring time of 8 hours was

suitable in the hardening stage.

Further, the selected formulations were screened using different (0.1%, 0.2% 0.5% and 1%)
PV A concentrations in the aqueous phase. Based on the quality of microspheres obtained, 0.5%
PVA solution provided microspheres with uniform shape and size with high % yield. Hence,

0.5% PVA concentration was finalized for further experiments.

Based on the domain knowledge and calculated doses for both the drugs, it was decided to
screen the drug ratio from 1:1 to 1:3 (Granisetron to Amisulpride) and polymer 1 to polymer 2
ratio from 1: 4 to 4:1 (PLGA to PCL). The trials were conducted to find out best suitable drug:
drug ratio, polymer: polymer ratio and drug: polymer ratio. The optimization trial summary is

presented in table 14.
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Table 14 Experiment summary for optimization trials

Trial Drug: ‘ Drpg 1 Drug 2' Polymer 1 Polymer 2
Nos. Polymer ratio (Gre}nlsetron) (Am'lsulprlde) (PLGA) (PCL)
in mg in mg in mg in mg
1 50 50 100 400
2 50 50 200 300
3 1:5 50 50 250 250
4 50 50 300 200
5 50 50 400 100
6 50 100 100 400
7 50 100 200 300
8 1:3.3 50 100 250 250
9 50 100 300 200
10 50 100 400 100
11 50 150 100 400
12 50 150 200 300
13 1:2.5 50 150 250 250
14 50 150 300 200
15 50 150 400 100

Results and Discussion:

Amisulpride microspheres prepared with O/W method and granisetron microspheres prepared
with W/O/W method resulted in uniform microspheres. These initial trials formed basis for
incorporation of both soluble and insoluble drugs in single matrix of polymers (PLGA and
PCL).

The amount of external phase used for hardening of Janus particles was also found critical to
obtain high % yield.

Optimized formulations were chosen based on desired particle size (Below 150 micron) and
drug release (best fitting the in-silico model)

7.0 Evaluation Stage - In-vitro and in-silico evaluation:

7.1 In-vitro characterization studies:

7.1.1 Yield:

The production yield of microspheres of various formulations were calculated by dividing the
weight of collected microspheres by the total weight of all non-volatile contents of
microspheres including drug and polymer used for preparation of microspheres and percent
production yield were calculated as per the formula mentioned.

p c iold = Practical yield % 100
ereentage yielt = Theoretical yield

Percentage yield ranged from 60-80% depending on the process variations.
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7.1.2 FTIR analysis:
Optimized formulation was analyzed using FTIR method described previously and FTIR

spectra is presented in Figure 14.

Figure-. FTIR spectra of Formulation

670 Monday, June 24, 2024 16:30:06
Resolution = 4 Scans = 16
Range Start =400  Range End = 4000 Amisulpride + Granisetron microspheres F8

Y Py SE——

o

§ i

s
8
¥ w

Figure 14 FTIR spectra of Final formulation
Formulation  spectra  showed the presence of only polymer  peaks
(1749,1455,1382,1270,1179,1129,1088, 866 and 750 cm™") suggesting complete encapsulation

of drug within the polymer at molecular level.

7.1.3 Thermal analysis:
Optimized formulation was analyzed using DSC method described previously and thermogram

is shown in Figure 15.

Figure 16 DSC of Formulation

DSC Temp
mwW C
e 1 300.00
. ]
|
1.00-
| | Peak 6116810 S 4 200.00

2: Onset 56.78%10
| Endset 64 16810 7
Heat -32 60D "

2,000 |
1 100.00

-0.00 10.00 20.00
Time [min]

Figure 15 DSC of Final formulation
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Figure 17 DSC of Placebo

DSC Temp
mw C
|
10.00- 4 300.00
5.00- Sh 1 200.00
Peak 6545810 /S

Onset 61.26€10
Endset 68.50€10
Heat -112.58fkD

000 T B ) 1{100.00

-0.00 10.00 20.00 30,00
Time [min]

Figure 16 DSC of placebo
The absence of drug peaks (Amisulpride at 128.8°C and Granisetron at 301.36°C) and presence
of only polymer peaks confirms the complete encapsulation within the polymer. The
formulation thermogram presents the fusion peak of the PCL and PLGA at 61.16°C.%° The
small shoulder peak corresponds to the PLGA glass transition temperature. The same
phenomenon is also observed in placebo where the fusion peak and shoulder peak appeared at

65.45°C as shown in figure 16.

7.1.4 Particle size analysis:

The particle size analysis was performed using Malvern 3000 (Malvern Instrument,
Worcestershire, United Kingdom). Microspheres were suspended in 0.01% Tween 80 aqueous
solution and subjected to ultrasonic treatment for 10 seconds and particle size was measured
using laser diffraction. Formulation and process parameters impacted particle size. The particle
size was found to be ranged from 60 micron to 200 microns. Optimized formulations showed
particle size of around 80-130 microns which are suitable for intramuscular/subcutaneous
injection.

7.1.5 Morphology:

The particle size and morphology were studied using optical microscopy and scanning electron
microscopy (SEM). It was observed that, dual drug loaded Janus microspheres have typical
handbag like structure (observed during process) with both drugs entrapped inside the
structures®! (Figure A to D). After drying, the particles appeared in more spherical shape
(Figure E to H). During the manufacturing process, the drugs will be embedded in the polymer
phases according to the hydrophilicity.
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Figure 17 Microscopic images of microspheres A to D: Nascent stage (During process), E

to H: After drying (Finished product)
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7.1.6 Drug loading and Entrapment efficiency (%):

Methanol was added to weighed quantity of microspheres followed by shaking and
centrifugation to collect supernatant to measure amount of free drug. Acetonitrile was added
to centrifuged residue. The residue was dissolved by sonication and methanol was added
followed by centrifugation to collect supernatant to measure drug loading of microspheres.

oD loading = (Total drug — Free drug) in mg % 100
VTG L0ARMT = yeiaht of microspheres (mg)

Encapsulated drug (mg)
%EE = _ x 100
Theoroticfal drug (mg)

% drug loading ranged from 7-18 % for amisulpride (10-30 mg dose) and 5-7% for granisetron
(10 mg dose). The % EE ranged from 50-70%.

7.1.7 Drug release studies:

Drug release studies were carried out on optimized formulations. The drug release methods
were selected based on literature and domain knowledge. 52646768 The Accelerated method help
to understand drug release behaviour in short period of time and avoid waiting for results till
real time analysis. Correlation between ACC and Real time method accelerate decision making
during formulation development and optimization. Pure API were also tested for drug release

in same methods.

Accelerated Method:

20 mg microspheres were suspended in 2 mL 0.01 M phosphate-buffered saline (PBS) buffer
(pH 7.4) at 50°C and shaken at 100 rpm to measure the in-vitro release. After centrifugation at
3000 rpm for 5 min, the supernatant was completely withdrawn and replaced by 2 mL fresh
release medium at each sampling time. Sampling was done on 1 hr, 4hr, 12hr and 24hr. Drug
contents were determined using HPLC. The results of drug release of optimized formulations

are shown in table 15 and figure 18. % RSD has been mentioned in bracket.

Table 15 Drug release as per ACC IVRT method

Accelerated in-vitro release testing method

Time (hours) F6 Ami F6 Grani F8 Ami F8 Grani
0 0 0 0 0

1 25+ 14.24 21+14.29 22 +£13.64 16 +15.41
4 48 £12.50 43 +11.63 45 £ 11.11 32+12.50
12 64 +9.38 66 +9.09 62 +9.68 59 +7.60
24 98 +2.04 98 +2.04 99+ 1.01 95+2.11
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Figure 18 Accelerated in-vitro release testing method

Real time method:

20 mg microspheres were suspended in 2 mL 0.01 M phosphate-buffered saline (PBS) buffer

(pH 7.4) at 37°C and shaken at 100 rpm to measure the in-vitro release. After centrifugation at

3000 rpm for 5 min, the supernatant was completely withdrawn and replaced by 2 mL fresh

release medium at each sampling time. Sampling was done on 1 hr, 4hr, 12hr, 24hr, 48hr, 72hr,

96hr, 120hr, 144hr and 168 hr. Drug contents were determined using HPLC. The results of

drug release of optimized formulations are shown in table 16 and figure 19. % RSD has been

mentioned in bracket.

Table 16 Drug release as per real time I[IVRT method

Real time in-vitro release testing method
Time (hours) F6 Ami F6 Grani F8 Ami F8 Grani
0 0 0 0 0
1 16 £ 16.06 2+50.0 13+ 12.06 1+43.30
4 19+10.53 8+12.50 16 +12.50 44+25.0
12 27+9.44 23+ 8.70 24 +12.50 14 +14.29
24 44 +9.09 41 £7.32 43 +12.71 30+ 13.33
48 63+7.94 66 £ 6.06 62 +6.45 57+7.02
72 84+4.76 81+3.70 83 +3.61 75+ 6.67
96 93+2.15 89 +3.37 93 +£2.15 86 +4.65
120 93 +1.08 94 +1.06 93+2.15 92 +1.09
144 97+1.03 96 +1.04 97 £1.03 95+ 1.05
168 99 +0.59 98 +1.02 99 +0.59 97 £1.03
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Real time IVRT Method
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Figure 19 Real time in-vitro release testing method

7.1.8 Development of in-vitro Gel Diffusion Model:

After intramuscular or subcutaneous injection, the formulation is in close contact with an
extracellular matrix consisting of a fibrous polymer framework of collagen and hyaluronic acid
components surrounding physiological tissue. This extracellular matrix behaves more like a
gel rather than bulk fluid, which results in significant differences in mass transport and
diffusion of the drug which can affect its overall absorption profile. In order to understand the
bio performance of a formulation administered subcutaneously/intramuscularly, it is critical to
recognize the effect this surrounding environment may have. Agarose is a hydrogel consisting
of a linear polysaccharide material and has been used for a variety of applications. At relatively
low concentrations in aqueous solution, it sets to form a gel at room temperature. Agarose gels
form a three-dimensional structure that contains mostly water but have measured pore sizes
similar to those encountered in physiological tissue. As a result, diffusion and transport of drugs
through agarose gels may provide more realistic conditions for formulations administered via
SC and IM injection compared to typical bulk fluid dissolution media. 1% Agarose gel was

1.9

prepared by the method mentioned by Leung et al.”” The graphical presentation is shown in

figure 20.
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Figure 20 In-vitro gel diffusion system setup

Drug released in the PBS was measured periodically up to 24 hours by UV-visible
spectrophotometer at respective drug wavelengths. This method simulates in-vivo drug release
mechanism and conditions after intramuscular/subcutaneous administration.

The results of drug release of optimized formulations are shown in figure 21. % RSD has been

mentioned in bracket.

Biorelevant IVRT Method
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Figure 21 Biorelevant real time in-vitro release testing method

Results and Discussion:

Three types of in-vitro drug release methods were developed to gain understanding of
mechanism of drug release under different conditions. The extended duration of controlled
drug release from polymeric depots have been attributed to delayed degradation of the matrix

and has often complicated the IVRT profiling.%® The use of elevated temperatures has been
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associated with free volume diffusion, variations in the polymeric mobility across the matrix
along, accelerated mechanisms of release (erosion/ hydration/diffusion/ degradation) with
enhanced rates of drug diffusion (especially when performed at temperatures near their second-
order phase transition, Tg)’® It was observed that drug release in the trials with higher PLGA
content (5,10,15) was faster than trials with less PLGA content (1,6,11). This was attributed to
nature of polymer. The drug release of Amisulpride was best fitted with Korsmeyer-Peppas
equation with R? close to 0.9. The release of Granisetron was best fitted to first order with R?
close to 0.9. The optimized trials shown drug release similar to that calculated from dissolution
modeling earlier.
7.1.9 Bio-interactions of prepared formulations:
Haemolysis study
For haemolysis study, 1.0 ml blood sample was collected in EDTA solution (30 pl) containing
Eppendorf tube from the Sprague Dawley rat by retro-orbital puncture. Blood sample was then
centrifuged at 5000 rpm for 10 min at 4 °C to separate the red blood cells (RBCs). The separated
RBC pellet was re-suspended in normal saline and plasma components were removed by
washing with normal saline (0.9 % w/w Sodium Chloride in water) 3 times before use. Then
0.5 % v/v RBCs were prepared by re-suspending RBC pellet (250 pl) in 50 ml of normal saline.
Then 1 ml of RBCs was added to plain drug suspension, formulations containing 1mg
equivalent amount of drug were dispersed in 1ml of saline. For positive and negative control,
2.0% Triton-X100 (1ml) and 0.5% DMSO was used respectively. After treatment (with drug
suspension, formulations positive control and negative control), RBC dispersion was gently
stirred to uniformly disperse RBCs. The treated dispersions were stored at 37°C for 30 min in
incubator. After incubation, all the samples were centrifuged at 3000 rpm for 12 min at 4 °C to
separate the RBC mass and the solutions were analyzed for UV absorbance at Amax of 540 nm
against normal saline as a reference solution.”’"”? Percentage of haemolysis was determined
using following equation:

% Haemolysis = A540 of sample —A540 of negative control /A540 of positive

control —A540 of negative control x 100
The absorbance for positive control (Triton X- 100) and negative control (DMSO) was found
to be 0.70 and 0.150 respectively. The % haemolysis for optimized formulation was found to
be 1.3 % + 0.05 % corresponding to absorbance value of 0.163. The results demonstrated no
significant haemolysis potential of optimized formulation as the % haemolysis was found to be

less than 2.
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7.2 Prediction of in-vivo pharmacoKkinetics using in-silico PBPK model:

Developed PBPK model using intravenous data and verified with single and multiple dose oral
formulations data was used to predict the in-vivo performance of sustained release once weekly
formulations.

Initially, the drug release data from calculated dissolution models was used to build preliminary
PBPK model for sustained release formulations after intramuscular administrations. This was
required to set physiological parameters which account for behaviour of drug after
intramuscular administration. After initial model refinement, actual drug release data was used
to predict the in-vivo pharmacokinetics of sustained release formulations. The optimized once
a weekly formulation showed comparable in-vivo profile to that of multiple dose profile.

The pharmacokinetics of antiemetic drugs is directly predictive of pharmacodynamics. The
Cmax and AUC data found to be similar which confirms similar safety and efficacy profile.

The details are presented in figure 22 and 23.
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Figure 22 Prediction of in-vivo PK for once a weekly formulation of Amisulpride
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Figure 23 Prediction of in-vivo PK for once a weekly formulation of Granisetron
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7.3 Virtual bioequivalence studies using in-silico model:

Virtual bioequivalence (VBE) studies were conducted in healthy subjects between optimized
test formulation and reference multiple dose formulation to assess the in-vivo pharmacokinetic
similarity. The VBE results confirmed that the developed once a weekly formulation can
achieve similar rate and extent as that of immediate release multiple dose formulations. The

summary of results is shown in Figure 24 and Figure 25.
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Figure 24 Virtual bioequivalence of once a weekly formulation of Amisulpride (30 mg CR)

against oral 10 mg multiple dosing

Population Simulation: Parent

Icd Icd Mean Cp-Venous Return-Parent [
2 lean Cp-Venous Return-Parant
TEST(T): Granisetron AP10.3 PBPK SC CR 10 mg Diss-25Subjects dissod|
0.00654 (C:\Users\ami..\Doc..\ad\Gra..
REF(R): Granisetron AP10.3 PEPK oral l"nq z5subjectsi
0.006- (C:\Usersiami. . \Doc. . \ad\Gra. . \)
i Result cmax AUC AUCT
MeanT 5.51E-3 0.395 0.391
0.00551 mearR €.16E-3 0,312 0.304
E _‘\ GeomMeanT 5.37E-3 0.383 0.379
S 0.0054 GeomMearR  5.38E-3 0.388 0.381
E I ~ 90% CI (MeanT-MearR) B
m 00045. B1.543--»97.345 84.807-->106.87 85.9-->107.52
é ' c_Geu'rMeanT,'Geu'rMeanR) £100
- 0004. \ 89.81 99.42
a 90% CI (GeomMeanT/GeomMeanR)
© 0.0035- 53.036- 557,147 89.20 o103, 45 59, 823.-»109.93
o O
w o
g 0.003
< 0.00251
]
= 0.002{ |
=3
©Q 0.00151
0.001
0.00051
0 v - v v \ v v v T v
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

Time (h)

Figure 25 Virtual bioequivalence of once a weekly formulation of Granisetron (10 mg CR)

against oral 1 mg multiple dosing
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7.4 Predictive IVIVC to stablish design space:

In-vitro in-vivo correlation was developed for slow, medium and fast release formulations.
Formulations with different drug: polymer ratio resulted in different release rates, which were
used in developing the IVIVC. Advanced compartmental and transit (ACAT) model was used
to mechanistically predict the in-vivo drug release profiles of three different release rate
formulations. The interpolation function was used to build the correlation. Power correlation
function was found best suitable with highest R2 value. The convolution results showed, both
individual and mean Absolute Percent Prediction Errors well within the limits of NMT 15%
and 10% respectively. The details are presented in Table 17 & 18 and Figure 26 & 27 for

amisulpride and granisetron respectively.

Table 17 IVIVC Details for Amisulpride

Validation Statistics for Amisulpride IVIVC

Cmax (ng/mL) AUCt (ng/mL*h)
0 0
Drug Record Obs. | Pred. 7o Pred. Obs. | Pred. o Pred.
Error Error

Amisulpride 30 mg CR Slow 9.11 | 9.127 -0.187 620.1 | 632.8 -2.05

Amisulpride 30 mg CR Medium | 10.32 | 10.41 -0.883 626.8 | 632.3 | -0.876

Amisulpride 30 mg CR Fast 13.97 | 14.37 -2.887 6185 | 621.1 | -0.411

Mean Absolute Percent 1.319 1.112
Prediction Error ]

y = 0.997 * (x)"0.992

where x=Fraction released in-vitro and y=Fraction released in-vivo

Correlation = Power Function

Statistics for Reconstructed Plasma Concentration-Time Profile from Convolution Tab

Drug Record R™2 | SEP MAE AIC

Amisulpride 30 mg CR Slow 1 0.038 |0.02 -43.32
Amisulpride 30 mg CR Medium | 1 0.049 10.026 -37.93
Amisulpride 30 mg CR Fast 1 0.078 |0.039 -27.83

[V ¥ Amisulpride 30 mg CR Slow-PCExp [V Amisulpride 30 mg CR Slow-PC Con
[V ¥  Amisulpride 30 mg CR Medium-PCExp [v Amisulpride 30 mg CR Medium-PC Cdnv
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Figure 26 IVIVC predictions for Amisulpride
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Table 18 IVIVC Details for Granisetron

Validation Statistics for Granisetron

Cmax (ng/mL) AUCt (ng/mL*h)
0, 0,

Drug Record Obs. | Pred. 7o Pred. Obs. | Pred. 7o Pred.

Error Error
Granisetron CR 10 mg Slow 5.962 | 5.41 9.25 416.5 | 4104 1.468
Granisetron CR 10 mg medium | 6.598 | 6.579 0.286 4229 | 416.5 1.519
Granisetron CR 10 mg fast 8.684 | 8.726 -0.484 423.8 | 407.8 3.772
Mean Absolute Percent
Prediction Error 3.34 2.253

y = 0.999x"1.033

where x=Fraction released in-vitro and y=Fraction released in-vivo

Correlation = Power Function

Statistics for Reconstructed Plasma Concentration-Time Profile from Convolution Tab

Drug Record R"2 SEP MAE AlIC

Granisetron CR 10 mg Slow 0.986 | 0.241 |0.174 -2.934
Granisetron CR 10 mg medium | 0.997 | 0.116 | 0.081 -18.95
Granisetron CR 10 mg fast 0.993 10.247 |0.167 -2.381

v ¥ Granisetron CR 10 mg Slow-PC Exp
Granigetron CR 10 mg Slow-PC Conv
¥ Granisetron CR 10 mg medium-PC Exp
Granisetron CR 10 mg medium-PC Conv
¥  Granisetron CR 10 mg fast-PC Exp
Granisetron CR 10 mg fast-PC Conv
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Figure 27 IVIVC predictions for Granisetron

Establishing the safe space for formulations is critical with respect to scale-up and
commercialization purpose. The established safe space derived by application of PBBM
modeling help to address any process deviations in the large scale and establishing control

strategy.

Faculty of Pharmacy, The MSU of Baroda Page | 45



8.0 Summary and conclusion:
The allometric scaling predicted volume of distribution and clearance values for human from
preclinical species. The predicted values were within 2-fold error from the observed data for

finalized model.

In-vivo pharmacokinetic profiles for human were predicted using Wajima and Dedrick
approach. Out of the two approaches, Wajima approach was more suitable in predicting the
human PK data from preclinical species. Further, the calculated volume of distribution and
clearance values were validated in the developed PBPK model on Gastroplus platform. The
simulated PK profiles showed that predicted VD and CL values were also able to predict the

human pharmacokinetics similar to observed values.

The dose and target steady state levels were calculated based on pharmacokinetic data and dose
ranging studies from literature. The dissolution models were also used to predict the target drug
release profile based on first order kinetics and using complex microsphere model in the

DDDplus platform.

Dual drug loaded microspheres (Janus particles) were prepared for Amisulpride and
Granisetron using W/O/W emulsion-solvent evaporation method. Granisetron being water
soluble drug was incorporated in the inner phase and amisulpride being water insoluble drug
was incorporated along with oil phase. The microspheres were uniform in size and shape and
showed handbag like structure which indicates entrapment of both the drugs. The Janus
particles were characterized in terms of FTIR analysis, thermal analysis, % yield, particle size,
morphology, % drug loading, % encapsulation efficiency and in-vitro drug release testing. The
data was satisfactory from CMC perspective of once a weekly sustained release formulation.
The IVRT data was further used in the in-silico PBPK model to predict the in-vivo

pharmacokinetics of developed formulations.

The in-silico predictions showed that, developed once a weekly formulation is able to provide
sustained release profile up-to 5-6 days. This was further proved by running virtual
bioequivalence studies between multiple dose formulation and optimized sustained release
formulation. The virtual BE Study showed that Cmax and AUC levels were within 80-125%
limits and proved the equivalency. Further, IVIVC was developed to establish safe space for

bioequivalent formulations.

In conclusion, the present work meets the set objectives and the idea and concept can further

be extended to other products with minimal use of in-vivo studies.

Faculty of Pharmacy, The MSU of Baroda Page | 46



9.0 Publications:

1.

Dabke A, Ghosh S, Dabke P, Sawant K, Khopade A. Revisiting the in-vitro and in-vivo
considerations for in-silico modelling of complex injectable drug products. J Control
Release. 2023 Jun 24; 360:185-211. doi: 10.1016/j.jconrel.2023.06.029.

Saikat Ghosh, Amit Dabke, Ami Patel, Priyansh Pandya, and Krutika K. Sawant
“Regulatory perspective and patents for parenteral microemulsion formulation” book
chapter in book titled Pharmaceutical microemulsions for parenteral delivery: From
Bench to Bedside. Editors: Vivek Chavda, Vandana Patravale. Apple Academic Press,
April 2024.

10.0 Poster Presentations:

1.

Amit D, Ajay K, Krutika S, “Design of Sustained Release Injectable Formulations
Using Computational Approach” Presented poster in one day seminar on Recent
advances in ‘Smart Drug Delivery Systems (SDDS)’ organized by Chettinad school of
Pharmaceutical sciences, Chettinad academy of Research and Education, Chennai on
5™ April 2023.

Amit D, Ajay K, “Artificial Intelligence driven drug design (AIDD)” Presented poster
in National Science Day workshop organized by Sun Pharmaceutical Industries Ltd. on
24 Feb 2023.

Faculty of Pharmacy, The MSU of Baroda Page | 47



11.0 References:

1.

10.

11.

12.

Emma D. Deeks. Drugs (2016) Granisetron Extended-Release Injection: A Review in
Chemotherapy-Induced Nausea and Vomiting. 76:1779—-1786)

Jordan, K., Jahn,F and Aapro,M.(2015).Recent developments in the prevention of
chemotherapy-induced nausea and vomiting(CINV):a comprehensive review. Ann.
Oncol. 26, 1081-1090. doi: 10.1093/annonc/mdv138

National Comprehensive Cancer Network (2016). NCCN Clinical Practice Guidelines
in Oncology: Antiemesis. Versionl. 2016.Availableat: www.nccn.org)
Hesketh,P.J.,Schnadig,I.D.,Schwartzberg,L.S.,Modiano,M.R.,Jordan,K.,Arora,S. et
al.(2016).Efficacy of the neurokinin-1 receptor antagonist rolapitant in preventing
nausea and vomiting in patients receiving carboplatin- based chemotherapy. Cancer
122, 2418-2425. doi: 10.1002/cncr.30054

MASCC/ESMO (2016). Antiemetic Guideline 2016. Versionl.2. Available at:
http://www.mascc.org/assets/Guidelines Tools/mascc_antiemetic _guidelines
english 2016 v.1.2.pdf

Aapro M, Johnson J. (2005) Chemotherapy-induced emesis in elderly cancer patients:
the role of 5-HT3-receptor antagonists in the first 24 hours. Gerontology.;51(5):287—
296

Thomas Ottoboni etal (2014) Biochronomer™ technology and the development of
APF530, a sustained release formulation of granisetron, Journal of Experimental
Pharmacology:6 15-21

https://www.accessdata.fda.gov/drugsatfda docs/label/2022/221980rigl1s0191bl.pdf
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=BasicSearch.proces
s

Curran MP, Perry CM. Amisulpride: a review of its use in the management of
schizophrenia. Drugs. 2001;61(14):2123-50

Mota NE, Lima MS, Soares BG. Amisulpride for schizophrenia. Cochrane Database
Syst Rev. 2002;2002(2):CD001357.

Herrstedt J, Summers Y, Daugaard G, Christensen TB, Holmskov K, Taylor PD, Fox
GM, Molassiotis A (2018) Amisulpride in the prevention of nausea and vomiting
induced by cisplatin-based chemotherapy: a dose-escalation study. Support Care
Cancer 26:139— 145

Faculty of Pharmacy, The MSU of Baroda Page | 48



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

AlQahtani AD, O’'Connor D, Domling A, Goda SK. Strategies for the production of
long-acting therapeutics and efficient drug delivery for cancer treatment. Biomed
Pharmacother 2019; 113:108750.

Nkanga CI, Fisch A, Rad-Malekshahi M, Romic MD, Kittel B, Ullrich T, et al.
Clinically established biodegradable long acting injectables: an industry perspective.
Adv Drug Deliv Rev 2020;167: 19-46.

Burness CB, Dhillon S, Keam SJ. Octreotide long-acting release (LAR): a review of its
use in the management of acromegaly. Drugs 2014; 74:1673-91.

Park K, Otte A, Sharifi F, Garner J, Skidmore S, Park H, et al. Formulation composition,
manufacturing process, and characterization of poly(lactide-co-glycolide)
microparticles. J Control Release 2020; 329:1150-61.

Sridharan B, Mohan N, Berkland CJ, Detamore MS. Material characterization of
microsphere-based scaffolds with encapsulated raw materials. Mater Sci Eng C Mater
Biol Appl 2016;63: 422.

Crotts G, Park TG. Protein delivery from poly(lactic-co-glycolic acid) biodegradable
microspheres: release kinetics and stability issues. J] Microencapsul 1998; 15:699-713.
Sinha VR, Trehan A. Biodegradable microspheres for protein delivery. J Control
Release 2003; 90:261-80.

Tamani F, Bassand C, Hamoudi MC, Siepmann F, Siepmann J. Mechanistic
explanation of the (up to) 3 release phases of PLGA microparticles: monolithic
dispersions studied at lower temperatures. Int J Pharm 2021; 596:120220.

Gasmi H, Siepmann F, Hamoudi MC, Danede F, Verin J, Willart JF, et al. Towards a
better understanding of the different release phases from PLGA microparticles:
dexamethasone-loaded systems. Int J Pharm 2016; 514:189-99

Liu, L., Yao, W., Xie, X. et al. pH-sensitive dual drug loaded janus nanoparticles by
oral delivery for multimodal analgesia. J Nanobiotechnol 19, 235 (2021)

Le TC, Zhai J, Chiu WH, Tran PA, Tran N. Janus particles: recent advances in the
biomedical applications. Int J] Nanomedicine. 2019; 14:6749-6777

Reddy MB, Clewell III HJ, Lave T, Andersen EM. (2013) Physiologically based
pharmacokinetic modeling: a tool for understanding ADMET properties and
extrapolating to human. New Insights into Toxic Drug Test.; p 197-217.

Bermejo M, Hens B, Dickens J, Mudie D, Paixdo P, Tsume Y, et al. (2020) A
mechanistic physiologically based biopharmaceutics modeling (PBBM) approach to

Faculty of Pharmacy, The MSU of Baroda Page | 49



26.
27.

28.

29.

30.

31.

32.

33.
34.
35.

36.

assess the in-vivo performance of an orally administered drug product: From IVIVC to
IVIVP. Pharmaceutics.;12(1):74

Nausea and Vomiting Related to Cancer Treatment (PDQ®) — NCI

Coulouvrat C, Dondey-Nouvel L (1999) Safety of amisulpride (Solian): a review of 11
cl inical studies. Int Clin Psychopharmacol 14:209-218

Herrstedt J, Summers Y, Daugaard G, Christensen TB, Holmskov K, Taylor PD, Fox
GM, Molassiotis A (2018) Amisulpride in the prevention of nausea and vomiting
induced by cisplatin-based chemotherapy: a dose-escalation study. Support Care
Cancer 26:139- 145

Kranke P, Eberhart L, Motsch J, Chassard D, Wallenborn J, Diemunsch P, Liu N, Keh
D, Bouaziz H, Bergis M, Fox G, Gan TJ (2013) [.V. APD421 (amisulpride) prevents
postoperative nausea and vomiting: a randomized, double-blind, placebo-controlled,
multicentre trial. Br J Anaesth 111:938-945

Gan TJ, Kranke P, Minkowitz HS, Bergese SD,Motsch J, Eberhart L, Leiman DG,
Melson TI, Chassard D, Kovac AL, Candiotti KA, Fox G, Diemunsch P (2017)
Intravenous amisulpride for the prevention of postoperative nausea and vomiting: two
concurrent, randomized, double-blind, placebo-controlled trials. Anesthesiology
126:268-275

Herrstedt J, Summers Y, Jordan K, von Pawel J, Jakobsen AH, Ewertz M, Chan S, Naik
JD, Karthaus M, Dubey S, Davis R, Fox GM. Amisulpride prevents nausea and
vomiting associated with highly emetogenic chemotherapy: a randomised, double-
blind, placebo-controlled, dose-ranging trial. Support Care Cancer. 2019
Jul;27(7):2699-2705.

Dallmann, A., Ince, 1., Coboeken, K.et al. (2018) A Physiologically Based
Pharmacokinetic Model for Pregnant Women to Predict the Pharmacokinetics of Drugs
Metabolized Via Several Enzymatic Pathways. Clin Pharmacokinet 57, 749-768.
https://doi.org/10.1007/s40262-017-0594-5

https://www.drugs.com/

https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm

Chien-Tsai Huang (1999) Pharmacokinetics of granisetron in rat blood and brain by
microdialysis, Life Scimcq Vd. 61, no. 21. Pp. 1921-15’31.

Jairam RK, Mallurwar SR, Sulochana SP, Chandrasekhar DV, Todmal U, Bhamidipati
RK, Richter W, Srinivas NR, Mullangi R. Prediction of Human Pharmacokinetics of

Faculty of Pharmacy, The MSU of Baroda Page | 50



37.

38.

39.

40.

41

44,

45.

46.

47.

48.

Fomepizole from Preclinical Species Pharmacokinetics Based on Normalizing Time
Course Profiles. AAPS PharmSciTech. 2019 Jun 18;20(6):221.

Ring BJ, Chien JY, Adkison KK, Jones HM, Rowland M, Jones RD, Yates JW, Ku
MS, Gibson CR, He H, Vuppugalla R, Marathe P, Fischer V, Dutta S, Sinha VK,
Bjornsson T, Lavé T, Poulin P. PhRMA CPCDC initiative on predictive models of
human pharmacokinetics, part 3: comparative assessement of prediction methods of
human clearance. J Pharm Sci. 2011 Oct;100(10):4090-110.

Jones RD, Jones HM, Rowland M, Gibson CR, Yates JW, Chien JY, Ring BJ, Adkison
KK, Ku MS, He H, Vuppugalla R, Marathe P, Fischer V, Dutta S, Sinha VK, Bjérnsson
T, Lavé T, Poulin P. PhRMA CPCDC initiative on predictive models of human
pharmacokinetics, part 2: comparative assessment of prediction methods of human
volume of distribution. J Pharm Sci. 2011 Oct;100(10):4074-89.

Wajima T, Yano Y, Fukumura K, Oguma T. Prediction of human pharmacokinetic
profile in animal scale up based on normalizing time course profiles. J Pharm Sci. 2004
Jul;93(7):1890-900.

https://www.accessdata.fda.gov/drugsatfda _docs/label/2022/209510s0051bl.pdf

. https://www.medicines.org.uk/emc/product/3965/smpc#gref
42.
43,

https://go.drugbank.com/drugs/DB06288

Spartinou, Anastasia & Nyktari, Vasileia & Papaioannou, Alexandra. (2017).
Granisetron: a review of pharmacokinetics and clinical experience in chemotherapy
induced - nausea and vomiting. Expert Opinion on Drug Metabolism & Toxicology.
13.

Allen A, Asgill CC, Pierce DM, et al. Pharmacokinetics and tolerability of ascending
dose of granisetron, a novel 5-HT3 antagonist,in healthy human subjects. Eur J Clin
Pharmacol. 1994;46:159-162.

Cassidy J, Raina V, Lewis C, et al. Pharmacokinetics and anti- emetic efficacy of
BLR43694 a new selective SHT-3 antagonist. Br J Pharmacol. 1988;58:651-653.
Wada I, Takeda T, Sato M, et al. Pharmacokinetics of granisetron in adults and children
with malignant diseases. Biol Pharm Bull. 2001;24:432-435.

Corrigan BW, Nicholls B, Thakrar B, et al. Heterogeneity in systemic availability of
ondansetron and granisetron following oral administration. Drug Metab Dispos.
1999;27:110-112.

https://go.drugbank.com/drugs/DB00889

Faculty of Pharmacy, The MSU of Baroda Page | 51



49.

50.

51.
52.
53.

54.

35.

56.

57.
58.

59.

60.

Mason JW, Moon TE. Use and cardiovascular safety of transdermal and other
granisetron preparations in cancer management. Cancer Manag Res. 2013 Jul 29;5:179-
85.

Pinheiro de Souza F, Sonego Zimmermann E, Tafet Carminato Silva R, Novaes Borges
L, Villa Nova M, Miriam de Souza Lima M, Diniz A. Model-Informed drug
development of gastroretentive release systems for sildenafil citrate. Eur J Pharm
Biopharm. 2023 Jan;182:81-91.

https://www.simulations-plus.com/software/dddplus/
https://www.accessdata.fda.gov/scripts/cder/dat/index.cfm

B PJ, K SK, Dubey B. Oral Bioavailability Enhancement of Amisulpride:
Complexation and its Pharmacokinetics and Pharmacodynamics Evaluations. Drug
Metab Lett. 2019;13(2):132-144.

Sahoo, Chinmaya & Sahoo, Nalini & Sahu, Madhusmita & Moharana, Alok & Sarangi,
Deepak. (2016). Formulation and Evaluation of Orodispersible Tablets of Granisetron
Hydrochloride Using Agar as Natural Super disintegrants. Pharmaceutical Methods. 7.
17-22. 10.5530/phm.2016.7.3.

Singh, Gurpreet & Tanurajvir, Kaur & Ravinder, Kaur & Kaur, Anudeep. (2014).
Recent biomedical applications and patents on biodegradable polymer-PLGA.
International Journal of Pharmacology and Pharmaceutical Sciences. 1. 30-42.
Gokalp, Nurefsan & Ulker Turan, Cansu & Guvenilir, Yuksel. (2016). Synthesis of
Polycaprolactone via Ring Opening Polymerization Catalyzed by Candida Antarctica
Lipase B Immobilized onto an Amorphous Silica Support. Journal of Polymer
Materials. 33. 87-100.

https://pubchem.ncbi.nlm.nih.gov/compound/Amisulpride

Evren Algin Yapar et. al Thermal analysis on phase sensitive granisetron in situ forming
implants Journal of Applied Pharmaceutical Science Vol. 4 (07), pp. 010-013, July,
2014

Kapoor, Deepak & Bhatia, Amit & Kaur, Ripandeep & Sharma, Ruchi & Kaur,
Gurvinder & Dhawan, Sanju. (2015). PLGA: A unique polymer for drug delivery.
Therapeutic delivery. 6. 41-58. 10.4155/tde.14.91.

Gonzalez-Gonzalez AM et.al In Vitro and In Vivo Evaluation of a Polycaprolactone
(PCL)/Polylactic-Co-Glycolic Acid (PLGA) (80:20) Scaffold for Improved Treatment
of Chondral (Cartilage) Injuries. Polymers (Basel). 2023 May 16;15(10):2324.

Faculty of Pharmacy, The MSU of Baroda Page | 52



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Winkler JS, Barai M, Tomassone MS. Dual drug-loaded biodegradable Janus particles
for simultaneous co-delivery of hydrophobic and hydrophilic compounds. Exp Biol
Med (Maywood). 2019 Oct;244(14):1162-1177.

Yang Z, Liu L, Su L, Wu X, Wang Y, Liu L, Lin X. Design of a zero-order sustained
release PLGA microspheres for palonosetron hydrochloride with high encapsulation
efficiency. Int J Pharm. 2020 Feb 15;575:119006.

Nwazojie CC, Obayemi JD, Salifu AA, Borbor-Sawyer SM, Uzonwanne VO,
Onyekanne CE, Akpan UM, Onwudiwe KC, Oparah JC, Odusanya OS, Soboyejo WO.
Targeted drug-loaded PLGA-PCL microspheres for specific and localized treatment of
triple negative breast cancer. J Mater Sci Mater Med. 2023 Aug 2;34(8):41.
US9220782B2 Long acting sustained-release formulation containing dopamine
receptor agonist and the preparation method thereof. Luping Zhang. Geneora Pharma
Shijiazhuang Co Ltd. Dec 9 2015.

CN109718225B Granisetron slow release microspheres and preparation method
thereof. Suzhou university

Zixu Liu, Ruixuan Bu, Linxuan Zhao, Lei Liu, Nan Dong, Yu Zhang, Tian Yin, Haibing
He, Jingxin Gou, Xing Tang, Hydrogel-containing PLGA microspheres of palonosetron
hydrochloride for achieving dual-depot sustained release, Journal of Drug Delivery
Science and Technology, Volume 65,2021, 102775,

Sinha VR, Trehan A. Formulation, characterization, and evaluation of ketorolac
tromethamine-loaded biodegradable microspheres. Drug Deliv. 2005 May-
Jun;12(3):133-9.

Dabke A, Ghosh S, Dabke P, Sawant K, Khopade A. Revisiting the in-vitro and in-vivo
considerations for in-silico modelling of complex injectable drug products. J Control
Release. 2023 Aug;360:185-211.

Leung DH, Kapoor Y, Alleyne C, Walsh E, Leithead A, Habulihaz B, Salituro GM,
Bak A, Rhodes T. Development of a Convenient In Vitro Gel Diffusion Model for
Predicting the In Vivo Performance of Subcutaneous Parenteral Formulations of Large
and Small Molecules. AAPS PharmSciTech. 2017 Aug;18(6):2203-2213.

A. Mansuri, M. V7olkel, T. Feuerbach, J. Winck, A.W. Vermeer, W. Hoheisel, et al.,
Modified free volume theory for self-diffusion of small molecules in amorphous

polymers, Macromolecules 56 (8) (2023) 3224-3237.

Faculty of Pharmacy, The MSU of Baroda Page | 53



71. Zhang G-S, Hu P-Y, Li D-X, He M-Z, Rao X-Y, Luo X-J, et al. Formulations,
Hemolytic and Pharmacokinetic Studies on Saikosaponin a and Saikosaponin d
Compound Liposomes. Molecules. 2015 Apr;20(4):5889-907.

72. Yadav AK, Agarwal A, Rai G, Mishra P, Jain S, Mishra AK, et al. Development and
characterization of hyaluronic acid decorated PLGA nanoparticles for delivery of 5-

fluorouracil. Drug Deliv. 2010 Nov;17(8):561-72.

Faculty of Pharmacy, The MSU of Baroda Page | 54



Appendix 1

Jorsenal of Contraiied Release 360 (2023) 185-211

P T =y
Journal of Controlled Release @

ELSEVIER journal homepage: www.o lsevier. com floca o joonrel =

Revisiting the in-vitro and in-vivo considerations for in-silico modelling of &%

complex injectable drug products

Amit Dabke “°, Saikat Ghosh *, Pallavi Dabke *, Krutika Sawant ', Ajay Khopade *~""

Mdlﬁ-—a.l“-hﬂ' m of Sarods, Cuparer IX00 1, ndda

Rawarch & A ! Indarws Lad, Vadedars, Ggarat JW0012, nde
b Rexearch 4 Mﬁhn‘qa—h W Ied Guparer IN012, Inds
ARTICLE INFPO ABSTRACT

Keywords MM“M(MM“MW»W&WM
Lompacting purereend formmiat oo “mmumqnnuh disticn of chrosic Gsoeders The eSoctive &
Computtionsd modde CIDPs bas isind with “-“'hld-:bu-&mm
e Comsaquenty, pro ‘iyd‘ Misetic modelizg for wach CIDPs has been & fMfcult and there is nend foe
w"""‘" v annced comspl ! models for the establishasent of icticn models for i-WTo-in- i
OCeneric mmmwm—uwumwmam
matical ey w devesop for grmer ot IVIVC. Such
-wwwumaumamu&mamndm“
hlhuf‘ b&ﬂt‘ dogically besed ph Misetics (PBPK) modedlisg bave combised
hemical and physiclogical prop aloag with TVIVC charscteristios of clinically used forssdati
Mﬂhﬂmuﬂhmdd‘u—ﬁ‘quuwmd
b P laticns like Doxils, Ambi e%) in healthy and
d popelat d-. £, 1 ali The carvent review highlights the important formulation
ch vz, prac mmwdnuwm‘m.m
pradictive PEPK model in extablishment of an IVIVC and in-vitro-ds-vivo relatioaship (IVIVR).
1. Introduction d;edmgmlbeddndpa‘odddne[l] Since, all these complex

2o £

4 dif d and modulated

Current therapeutic regimens against the major diseases require the

mmmucwmm-nﬂewmm
tions, the entire group of lip depots,

= mmmmwmumdm[ﬂ.
maﬂythue lations have been designed to enh patient

intervals [1). Such chronic treatments have oftea p d variabl
results in terms of safety and efficacy of the intended formulation
Ie.dm;topootqﬂxydlxhlmoq it with subsequently
e bed therapies [2). G ly thers-

Mmmmmwummﬂﬂem
dmfamhoounmmkwmmmﬂawm
products (CIDPs) [3). CIDPs are long-acting formulations of hydropho-
Mwmwwwmwmmwywhn

d and modulated delivery of the
mmmwwumwmmm
with PP ities to deliver the therapeutic doses of

gate the issues clated with drug delivery at the
lnundedmu modulate drug halflife, and improve therapeutic out-
comes. Over the last few years, development of effective CIDPs has been
‘mpr!xmdthemmmmeumm[oL

CIDPs have p d bi of redease kin and have
been frequently ‘wuh Itiphasic drug release from the pre-
pared formul ly, the develop of generic to
Appwnd:hhl"‘ would the devel of

demm;ym;wmwh@mu

* Correspondence o K Sawant, Department of Ph it
WMI ladia.

mnAmwu‘mm_hn

Facwlty of Ph

Campus, The Maharaja Sayajirac Usiversity of Baroda, Vdod,

ddrexses dr krutik Looes (K S

hitpee //doiong/ 10,1016/} jocared. 2023.06.029

gical Industries L2, Vadodars, Oujarst 300012, India.

1), ajay.khopade@sunpharma.com (A Khopade).

Received 28 January 2023; Received in revised forss 24 May 2023; Accepind 19 June 2023

01683650/ 2023 Elevier B.V. All rights reserved.

Faculty of Pharmacy, The MSU of Baroda

Page | 55



