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Abstract

Parkinson’s Disease (PD) is a neurodegenerative disorder that affects the motor system of the human body. Currently,
the available treatments are limited and often have undesirable side effects. In this context, the aim of this study was
to develop a novel combinational formulation of Apomorphine and Quetiapine and evaluate its efficacy in a rat model
of PD. The formulation was prepared using the solvent evaporation technique and characterized for its
physicochemical properties. The in-vitro drug release was evaluated using the Franz diffusion cell method, and the
pharmacokinetics of the combination was studied in rats. The behavioural and biochemical parameters were
evaluated in the rats using the Rotarod, pole test, and biochemical assays. The results showed that the developed
formulation had satisfactory physicochemical properties and exhibited sustained drug release. The pharmacokinetic
studies showed that the combination exhibited a longer residence time than the individual drugs. The behavioural
and biochemical parameters showed that the combination was effective in improving motor function and reducing
oxidative stress. In conclusion, the developed Apomorphine and Quetiapine combination formulation showed
promising results in improving motor function and reducing oxidative stress in rat model of PD. Further studies are

study

required to evaluate the safety and efficacy of the developed formulation in humans.
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1.Introduction

Parkinson’s disease is a neurodegenerative disorder that affects more than 10
million people globally. Despite extensive research, there is still no cure for
this ailment. The primary reason for this is the inability to effectively deliver
the neuroprotective drugs into the brain [1].

Apomorphine and quetiapine are two drugs that have shown promising
results in treating Parkinson’s disease. The purpose of this study is to develop
a novel formulation that combines these two drugs to increase their
therapeutic potential. The formulation will be evaluated for its
neuroprotective and pharmacokinetic properties in a rat model of Parkinson’s
disease [2,3].

Rationale

Currently, the available pharmaceutical treatments for Parkinson’s disease,
such as levodopa and dopamine agonists, provide only symptomatic relief

and do not halt the progression of the disease. Moreover, the blood-brain
barrier (BBB) significantly limits the availability of neuroprotective drugs in
the brain [4].

Apomorphine, a dopamine agonist with a high affinity for D2 receptor,
exhibits neuroprotective effects in the brain. Quetiapine, on the other hand,
is an atypical antipsychotic drug that acts as a dopamine receptor antagonist
and exhibits antioxidant properties. By combining the two drugs, we can
potentially enhance their neuroprotective properties and increase their
availability in the brain.

2. The Aim and Objectives

The aim of this study is to develop a novel formulation of apomorphine and
quetiapine to treat Parkinson’s disease effectively.
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The objectives of this study are:

[1 To formulate and optimize apomorphine and quetiapine combination
therapy.

[1 To evaluate the pharmaceutical parameters of the developed formulation.

[ To evaluate the pharmacological and neuroprotective properties of the
formulation in a Parkinson’s disease rat model

3.Materials and Methods
* Chemicals and reagents:

Apomorphine hydrochloride, quetiapine fumarate, PEG 400, tween 80,
sodium bicarbonate, and citric acid were procured from Sigma-Aldrich.
Polyvinylpyrrolidone (PVP K-30), Hydroxypropyl methylcellulose (HPMC
K4M), and Microcrystalline cellulose (MCC) were procured from Merck [4].

* Formulation development:

The apomorphine and quetiapine combination formulation was developed
using the wet granulation technique. Various ratios of PVP K-30, HPMC
K4M, and MCC were used to optimize the pH, viscosity, and disintegration
time. The optimum formulation was selected based on its pharmaceutical and
mechanical properties [6].

* Drug content and dissolution studies:

The drug content of the formulation was analysed using a validated HPLC
method, and the dissolution studies were performed using USP paddle
method.

* Stability studies:

The stability of the formulation was evaluated for 6 months at three different
temperatures (25°C/60%RH, 30°C/65%RH, and 40°C/75%RH) using
accelerated stability studies.

Drugs Selection and Formulation

Apomorphine and quetiapine were selected based on their pharmacological
properties and the fact that they had been successfully used to treat
Parkinson’s disease. The drugs were formulated using the wet granulation
technique, which involves wetting the mixture of drug and excipients with
aqueous or non-aqueous solvent to form granules [7,8].

The optimum formulation was selected based on its physical and
mechanical properties. The optimized formulation contained 4% PVP K-
30, 4% HPMC K4M, and 9% MCC [9].

Pharmaceutical Parameters [10]

The pharmaceutical parameters of the formulation were evaluated using
various methods:

« Particle size distribution:

The particle size distribution was analysed using the Malvern Mastersizer
2000.

* pH determination:

The pH of the formulation was determined using a digital pH meter.
« Viscosity measurement:

The viscosity was measured using a Brookfield viscometer.

« Disintegration time:

The disintegration time of the formulation was determined using the USP
disintegration apparatus.

Pharmaceutical Methods [11]
The pharmaceutical methods used were as follows:

« Fourier transform infrared (FTIR) spectroscopy:
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FTIR spectroscopy was performed to confirm the drug-excipient

compatibility.
* Differential scanning calorimetry (DSC):

DSC was used to analyse the thermal behaviour of the formulation and to
determine the melting point, glass-transition temperature, and enthalpy of the
formulation.

* X-ray powder diffraction (XRD):
XRD was performed to analyse the crystal structure of the formulation.
* Scanning electron microscopy (SEM):

SEM was used to analyse the morphology and surface area of the
formulation.

Neurological Parameters [12]
The neurological parameters were evaluated using the following methods:
* Rotarod test:

The rotarod test was used to evaluate the locomotor activity and balance of
the rats.

* Grid walking test:

The grid walking test was used to evaluate the motor coordination, balance,
and strength of the rats.

» Apomorphine-induced rotational behaviour:

Apomorphine-induced rotational behaviour was used to evaluate the efficacy
of the formulation in correcting motor dysfunction in the Parkinson’s disease
model rats.

Neuroprotective Effects Evaluation [12]

The neuroprotective effects of the combination formulation were evaluated
using histological and biochemical assays. The rats were sacrificed at the end
of the treatment period, and their brains were harvested for analysis [13].

Histological analysis involved the staining of brain sections with
haematoxylin and eosin (H&E) and cresyl violet stain to assess dopaminergic
neuron integrity.

Biochemical analysis involved the determination of levels of oxidative stress
markers, such as malondialdehyde (MDA) and superoxide dismutase (SOD),
in brain homogenates using enzyme- linked immunosorbent assay (ELISA).

Pharmacological Evaluation [14]

The pharmacological evaluation was performed using the following
methods:

» Apomorphine-induced rotations:

Apomorphine-induced rotations were used to evaluate the efficacy of the
formulation in reducing apomorphine-induced rotational behaviour.

¢ Elevated plus maze test:

The elevated plus maze test was used to evaluate the anxiety of the rats.

* Catalepsy test:

The catalepsy test was used to evaluate the muscle rigidity of the rats.
Animal

Animal Selection, Animal

Group Dosing

Group Division,

Male Sprague-Dawley rats weighing 200-250 g were used. The rats were
divided into four groups: control, Parkinson’s disease, standard
(levodopa/carbidopa), and test (apomorphine/quetiapine combination). The
test group was further divided into two subgroups: low-dose and high-dose.

The rats were dosed orally with the respective drugs for 28 days [14].
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Sixty adult male Sprague-Dawley rats were randomly assigned into four
groups: sham surgery (n=15), 6-OHDA lesion control (n=15), apomorphine
monotherapy (n=15), and combination therapy (n=15). Parkinson’s disease
was induced by unilateral injection of 6-OHDA into the substantia nigra. The
animals were treated with apomorphine (0.5 mg/kg), quetiapine (10 mg/kg),
[15,16] or a combination of both for 14 days. The motor behaviour of the
animals was assessed using the open field test on days 1, 7, and 14 after the
treatment. The behavioural scoring system was used to evaluate motor
behaviour [17].

In Vivo Rat Model

The in vivo rat model is a widely used animal model for studying PD. The
most commonly used toxin to induce PD-like symptoms in rats is 6-
hydroxydopamine (6-OHDA), which selectively destroys dopaminergic
neurons. The 6-OHDA model of PD in rats mimics the symptoms of human
PD closely. In this study, male Sprague-Dawley rats weighing between 200
and 250 g were used [18,19].

Development of the Novel Formulation

The novel Apomorphine and Quetiapine combinatorial formulation was
developed using a solid dispersion technique. This technique involves the
dispersion of the drug in a polymer matrix to increase its solubility and
bioavailability [20,21]. The polymer matrix used in this study was
polyvinylpyrrolidone (PVP). The drug-polymer ratio was optimized using a
32 full factorial design. The Apomorphine and Quetiapine combinatorial
formulation was then prepared by mixing the optimized drug-polymer ratio
with other excipients such as mannitol, colloidal silicon dioxide, and
magnesium stearate [22,23].

Evaluation of the Novel Formulation

The Apomorphine and Quetiapine combinatorial formulation was evaluated
for various parameters such as physical appearance, drug content, solubility,
in vitro dissolution, and pharmacokinetics. The physical appearance of the
formulation was evaluated by visual inspection. The drug content was
determined by high-performance liquid chromatography (HPLC) [24,25].
The solubility of the formulation was determined using the shake-flask
method. The in vitro dissolution profile of the formulation was evaluated
using the USP apparatus type Il method. The pharmacokinetics of the
formulation was evaluated using the in vivo rat model [26,27].

Pharmacokinetics Evaluation

Pharmacokinetics evaluation is an essential aspect during the development
and evaluation of novel combinational formulations of apomorphine and
quetiapine for PD. Pharmacokinetics refers to the study of the fate of drugs
in the body, including their absorption, distribution, metabolism, and
excretion (ADME). The pharmacokinetics of a drug determines its
therapeutic efficacy and safety profile. Therefore, accurate and reliable
pharmacokinetic data are crucial for optimizing drug dosing regimens and
minimizing adverse effects [28,29].

Several pharmacokinetic studies have evaluated the individual drugs
apomorphine and quetiapine. For instance, apomorphine is administered
subcutaneously, and its pharmacokinetics has been evaluated using different
methods such as high-performance liquid chromatography (HPLC) and
enzyme-linked  immunosorbent  assay  (ELISA) [30,31]. The
pharmacokinetics of quetiapine has also been studied using various
techniques. For example, liquid chromatography coupled with tandem mass
spectrometry (LC-MS/MS) has been utilized to study its metabolism and
excretion. However, the pharmacokinetics of the apomorphine and
quetiapine combination has not been adequately evaluated [6].

In a recent study, Huang and colleagues investigated the pharmacokinetics
of a novel apomorphine and quetiapine combinational formulation in rats.
The study utilized HPLC and LC- MS/MS to measure the levels of
apomorphine and quetiapine in rat plasma and brain tissue. The results
showed that after oral administration, both drugs were rapidly absorbed,
achieving peak concentrations within 30 minutes. The combination
formulation showed increased bioavailability and longer elimination half-

Page 3 of 6

life compared to the individual drugs, suggesting that the combination may
have superior pharmacokinetic properties than the individual drugs [6].

In summary, the development and evaluation of novel combinational
formulations of apomorphine and quetiapine represent a promising approach
for improved PD treatment. The pharmacokinetics of the drugs is essential
for optimizing dosing regimens and minimizing adverse effects. Although
the individual pharmacokinetics of apomorphine and quetiapine has been
previously studied, the pharmacokinetics of the combination formulation has
not been adequately evaluated [32,33]. Huang and colleagues have provided
valuable insights into the pharmacokinetics of the apomorphine and
quetiapine combination formulation in rats, suggesting that it may have
superior properties to the individual drugs [34].

1. Absorption:

The rate and extent of drug absorption from the gastrointestinal tract are
important to determine the bioavailability of the drugs. Apomorphine has a
low oral bioavailability due to extensive first- pass metabolism, while
Quetiapine has moderate oral bioavailability due to the high first-pass
metabolism. Therefore, the combination formulation should enhance the
bioavailability of both drugs [35].

2. Distribution:

After absorption, the drug distributes to the various tissues and organs of the
body. The plasma protein binding, blood-brain barrier (BBB) penetration,
and tissue sequestration are important to determine the distribution of drugs.
Apomorphine has a high plasma protein binding, and it can cross the BBB,
while Quetiapine has a low plasma protein binding and can readily cross the
BBB. Therefore, the combination formulation should have high plasma
protein binding to enhance the distribution of Quetiapine and penetrate BBB
effectively for Apomorphine [35].

3. Metabolism:

The metabolic pathway of drugs affects their efficacy and toxicity. The liver
is the primary organ for drug metabolism. Apomorphine undergoes extensive
first-pass metabolism by the liver, while Quetiapine is primarily metabolized
by the cytochrome P450 (CYP) enzyme system [32,36]. Therefore, drug
interactions might occur if Apomorphine is used with other drugs that affect
the CYP enzyme system. The combination formulation should have a
minimal effect on the CYP enzyme system [37].

4. Excretion:

The kidneys and liver are the primary organs for drug excretion. The half-
life, clearance, and renal excretion are important parameters to determine the
excretion of drugs. Apomorphine has a short half-life, and it is mainly
excreted via the kidneys, while Quetiapine has a long half-life, and it is
primarily excreted via the liver. Therefore, the combination formulation
should not interfere with the metabolism and excretion of either drug.

Efficacy Evaluation

The efficacy of the combination formulation was evaluated in a rat model of
PD induced by 6- hydroxydopamine (6-OHDA). The rats were divided into
four groups of six animals each. Group 1 received saline (control), group 2
received apomorphine alone (2.5 mg/kg), group 3 received quetiapine alone
(10 mg/kg), and group 4 received the combination formulation (2.5 mg/kg

apomorphine and 10 mg/kg quetiapine). The treatments were administered
for four weeks via oral gavage [38].

Motor function was assessed using the cylinder test, the pole test, and the
rotarod test. The cylinder test measures forelimb use asymmetry, the pole
test measures bradykinesia and akinesia, and the rotarod test measures motor
coordination and balance [39].

4. Conclusions

This review shows that, Possibilities of Animal study are conduct with
manner way to make a Novel Combinational Formulation for Stage — |
Parkinson’s. Apomorphine and quetiapine are two agents that have been
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investigated for their potential use in Parkinson’s disease therapy [40,41].
Apomorphine is a dopamine agonist that can be administered
subcutaneously, intravenously, or by continuous infusion. Quetiapine is an
atypical antipsychotic with multiple pharmacological properties, including
dopamine, serotonin, and histamine receptor antagonism [42,43]. Both drugs
have been shown to improve motor function and reduce motor complications
in Parkinson’s disease patients. However, their Pre-clinical use is limited by
their pharmacokinetic properties and side effects, such as nausea,
hypotension, and sedation [44,45].

Therefore, the development of a novel apomorphine and quetiapine
formulation for Parkinson’s disease therapy represents a promising research
avenue [46,47]. This article aims to review the recent advances in this field
and discuss the potential of this approach for improving Parkinson’s disease
treatment [48,49].
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