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Controlled Parenteral Formulations: An Efficacious and Favourable Way :
to Deliver the Anti-psychotic Drugs

BENTHAM
SCIENCE

Harshita Gupta'”, Rutu Panchal'”, Niyati Acharya' and Priti Jignesh Mehta'”

' Department of Pharmaceutical Analysis, Institute of Pharmacy, Nirma University, Ahmedabad, Gujarat, India

Abstract: The current paradigm of pharmaceutical formulations is focused on the controlled &
sustained delivery of a drug for the management of chronic impairments. Since these diseases need
daily and multiple intakes of the drug (i.e., twice or thrice a day) and missing a single dose, leads to
the poor therapeutic window which governs unpleasant pharmacological response and ultimately
patient in-compliance. All over the world, millions of patients are suffering from life-threatening
diseases; one of which is “psychosis”, which immensely requires prolong and sustain release of the
drug. Moreover, mainstay lacuna with antipsychotic medication is the reoccurrence of the symp-
toms, and patient adherence on the therapy has been observed. These issues attract scientists to for-
mulate the Controlled Parenteral Antipsychotic (CPA). As per the literature search, significant work
has been performed on the development of Novel Controlled Parenteral Formulations (CPFs) for the
treatment of psychosis and especially focus has been given to microsphere, esterification, nanofor-
mulation, and salt-based formulation. Reports revealed that all of the above-mentioned formulations
have shown enormous potential to enhance the duration of a drug in the body for a longer period in a
controlled manner. The development of a drug in any form has shown a great impact on the patient’s
life, with tremendous productivity in the Pharma Market. As well as, this has raised the hope to get
more efficacious results of both the categories i.e., typical & atypical antipsychotics and limiting the
drawbacks of conventional antipsychotic drug delivery. Controlled formulations have also shown
the prominent solutions to handle one of the major obstacles that arises due to the Biopharmaceutical
Classification System (BCS). Drugs belonging to any of the BCS class can be utilized now with the
idea of CPF. In this context, the current paper relies on CPA’s strengths, weaknesses, opportunities,
and challenges followed by a compilation of attempt made by scientists on its formulations (micro-
spheres, salt-based, and nanoformulation) which will be one-stop-shop for the researchers working
globally in this field to make better improvement on the existing options for psychosis. In summary,
this review explains the concept of CPA as a promising option to treat psychosis.
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1. ROLE OF CONTROLLED RELEASE PARENTERAL
AS ANTIPSYCHOTICS

We are aware that the parenteral route of administration
is one of the most fascinating routes to deliver the drug be-
cause of its rapid action & magnificent bioavailability [1, 2].
But, some major areas still remain to modify, for instance,
prolongation of action, avoidance of frequent administration,
and enhancement of the efficacy of the drug; which highly
motivate the scientists to look forward to developing
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Controlled Parenteral Formulation (CPF) [3-12]. There are a
plethora of diseases (psychosis, Parkinson, Alzheimer,
depression, viral, hormonal imbalance, epilepsy, asthma) that
highly distresses the life of a person due to their life-long
characteristics. Countless patients are suffering across the
world with such types of diseases and their complete cure is
not possible till date [13].

For better utilization of a drug in the body, the
conventional system was furnished and accepted as a con-
trolled and novel drug delivery system [5, 14]. Furthermore,
labs investigation has shown crystal clear importance of the
psychotic parenteral medication over oral route. Therefore, it
is utilized due to its valuable impact on the accurate delivery
of drugs as it avoids the pre-systemic metabolism as well as
its onset of action [15]. CPF is more popularly termed as

© 2020 Bentham Science Publishers


http://crossmark.crossref.org/dialog/?doi=10.2174/2666082216666191226143446&domain=pdf

Controlled Parenteral Formulations

‘depot, prolong or long-acting formulation’ [16]. The
literature says that in terms of efficacy and tolerability both
conventional & CPF have shown excellent characteristics
[17-22]. Many associated advantages like- it serves good op-
tion for the drugs having low aqueous solubility, short half-life,
& less bioavailability are the keen points of CPF for gaining
the abundant popularity [9, 10, 23-25]. The following table
illustrates various depot formulations available in the market
for different ailments (Table 1).

These prominent consequences and successful market of
the above-mentioned formulations has paved a way for the
researchers to look for the betterment of other diseases; one
of which is “psychosis” as the proportion of psychosis suf-
fering is high it belongs to the top 15 listed disorder which
largely contributes to affect the worldwide population [26].

In acute psychosis, the treatment with conventional drug
delivery is the primary choice. Psychosis is a complex neuro-
degenerative disorder of the Central Nervous System (CNS).
It is a Greek word, composed of ‘psyche’ meaning ‘mind’
and ‘oasis’ meaning ‘abnormal condition’. It is a mental
situation when a person behaves out of control, unable to
take the decision and communicate, and suffers from delu-
sions & hallucinations. Psychosis can result in the form of
schizophrenia i.e. chronic psychosis, or any mood-related
disorders, for instance, depression or mania i.e. acute psy-
chosis. The actual cause of the psychosis condition is still not
clear. On the basis of data, genetic variations (Neuregulin-1,
Dysbindin, Proline Dehydrogenase, and G72 are the promi-
nent gene molecules) and environmental factors have been
reported to play a key role in the psychotic condition.
Additionally, dopamine is a well-known neurotransmitter,
widely present in the autonomic, somatic and Central
Nervous System (CNS) areas. The high amount of dopamine
content in the limbic segment of the forebrain (temporal &
prefrontal areas) and low concentration of serotonin neuro-
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transmitter i.e. (5-Hydroxytryptamine, and Noradrenalin),
causes the imbalance of brain activities and resulted in the
psychosis condition.

Electroconvulsive therapy (ERT) is also an option to
treat psychotic patient especially catatonic schizophrenia
but nowadays this has been replaced by another alternative.
In fact, only primary affective disorder required ERT
(Montgomery, 2007).

Drugs are classified as First-Generation Antipsychotic
(FGA), having weak potency for D2 (Dopamine) receptor
and Second-Generation Antipsychotic (SGA), which showed
excellent 5-Hydroxytryptamine (5-HT2) agonistic activity.
Drugs which came earlier in the market were having a potent
affinity to antagonize dopamine receptor D2, but less effec-
tive for the D3, D4, and D5. To confirm the affinity of a drug
molecule with dopamine receptor, radio-ligand binding and
autoradiographic assay have been done (Baldessarini and
Tarazi, 1996). Reserpine is an active phytoconstituent pre-
sent in Rauwolfia plant extract, very first used as an antipsy-
chotic agent in 1950. With its good efficacy, the number
of side effects has been observed such as hypotension,
diarrhoea, and depression, efc. Later, an introduction of
chlorpromazine and its confirmation regarding the positive
clinical outcome gave a path to the scientist working on
Antipsychotic area. Chlorpromazine and flupenthixol come
under the phenothiazines and thioxanthenes class respec-
tively, both are potent and most prescribed drugs. There is
continuously research going on antipsychotic compounds in
various labs with an idea to introduce new molecules or to
modify the existing moiety. As per clinical data, SGA’S have
shown less extrapyramidal side effects than FGA’S that have
increased demands of SGA in the market and became the
primary choice for psychosis treatment. Even in the concern
of adherence, SGA has been used preferably. However, for
the management of acute or chronic psychotic condition any

Table 1. Illustration of some marketed formulations.
Injectable Depot Formulation Therapeutic Area
Penicillin G-procaine Suspension Antibacterial
Cyanocobalamin-Zn-tannate Suspension Vitamin B12
Medroxyprogesterone acetate Suspension To prevent pregnancy
Fluphenazine enanthate and decanoate in oil Solution To treat Schizophrenia
Adenocorticotropin-Zn-tannate gelatine preparations - Antidiarrheal
Microcrystalline desoxycorti--costerone pivalate in oleaginous Suspension Hypoadrenocorticism
Testosterone enanthate - To balance the level of Testosterone
Testosterone enanthate-estradiol valeate in ethyl oleate BP - As anabolic steroid
Nandrolone decanoate Injection As anabolic steroid
Insulin Zinc Suspension To maintain sugar level
Lenovorgestrel releasing sub Dermal Implant As contraceptive
Goserelin acetate-releasing Biodegradable Implant For prostate cancer
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Fig. (1). Comparison of conventional & controlled parenteral drug delivery.

class of compound can be used. But it's true, even after the
existence of these many treatments, till date complete cure of
disease is not achieved.

Psychotic patients under oral therapy are advised to take
the medicines at least three times a day to maintain the dos-
age regimen [27]. Failure of any dose leads to poor drug
plasma concentration. Moreover, reoccurrence of this situa-
tion (once patient stop medications) and recalling the dosing
schedule is a big factor for the patient non-compliance
[28-32]. In some cases, hospitalization is also required,
which results in a very costly treatment. The dose of anti-
psychotic drugs is very high that is responsible for major
side effects such as diabetes, weight gain, efc. To minimize
these adverse effects, the demand for lower dose increases
and the implementation of nano-formulation has signifi-
cantly strengthened the psychotic treatment. There is detailed
information available in “The Clinical Antipsychotic Trials
of Intervention Effectiveness” (CATIE) regarding the demer-
its of conventional parenteral drug delivery [17, 33-40]. The
following image throws light on the comparison of both the
drug deliveries (Fig. 1). Upon administration of conventional
drug delivery, rapid elimination of the drugs has been ob-
served on the other hand controlled delivery has sustained
effect for a predefined time.

In the same manner, to overcome the above-discussed
challenges of conventional drug delivery, Controlled
Parenteral Antipsychotic (CPA) has come into the picture in
the era of 1966 [41]. Scientists have reported that around 11
controlled antipsychotic formulations are available in the
market. One report says that in the UK, Denmark and

Sweden almost <20% psychotic patients are under the depot
therapy [33, 42, 43].

However, a lot of research has been done on CPA for the
proper management of the Psychosis disorder up till now but
loopholes are still there. Burst release and proper selection of
drug dose are one of the major prerequisites in order to de-
velop any depot. In spite of massive attention gained by the
controlled formulations, burst release is the main reason for
the failure of drugs even after the successful development of
a formulation. Notwithstanding, many reports have also
highlighted the lack of support from the regulatory bodies to
come up with the CPF [44, 45].

Controlled and sustained kinds of formulations have the
main advantage that patients can obviate from the daily in-
take of drugs. In correspondence to this, there are numerous
approaches used by the researchers to sustain the drug from
day to a week, administered by the parenteral route as shown
in Fig. (2). Besides it, Fig. (3) illustrates the techniques em-
ployed to prepare nano formulations [46].

2. IMPORTANCE OF CONTROLLED FORMULA-
TIONS IN BIOPHARMACEUTICAL CLASSIFICATION
SYSTEM (BCS)

As we are familiar, the classification of any API is done
on the basis of the Biopharmaceutical Classification System
(BCS), dividing into the four classes (BCS-1, 2, 3, and 4).
Solubility and permeability are the two primary aspects on
which this classification is based on. The maximum ratio of
acceptable Active Pharmaceutical Ingredient (API) falls into
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Fig. (2). Classification of controlled parenteral drug delivery.
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two classes ie. BCS-1 and 2. Rest two; class-3 possesses
less permeability and and class-4 has less solubility as well
less permeability so their use in any formulation becomes
quite challenging.

Notwithstanding, a drug is having high solubility and
high permeability that is belonging to the BCS class 1, which
might have a short biological span because of its rapid ab-
sorption. It needs to be taken by the patient in many intervals
of time which ultimately results in the poor biological ef-
fects. To overcome this issue, the development of CPF has
played a vital role, as the incorporation of a polymer or
counter ion, has the potential decreasing the solubility fol-
lowed by the effect of a drug.

Similarly, on the other hand, drugs possessing poor
solubility and high permeability i.e. (BCS class 2) have also
been utilized in a good manner, as low aqueous solubility
results into ineffectual absorption of the drug. To deal with
this situation, encapsulation of API along with the polymer
helps in the appropriate delivery as well as sustaining the
effect of the drug. A latest published paper has enlightened
the significant outcomes of nano and elaborated that nano
has increased the market of different BCS class drugs [47].

The following-listed table comprises the antipsychotic
drugs belonging to the BCS class and their controlled
formulations (Table 2).

3. ANTIPSYCHOTIC DRUGS AS CONTROLLED
PARENTERAL FORMULATIONS (CPF)

As discussed above, there are different ways to maintain
the plasma drug concentration for an extended period of time

Microparticles

[ Microcapsule J [MicrosphereJ

(Fig. 4). These formulations intensively have been developed
by the researchers and each type has its own unique value
and role for the management of psychosis. This review
compiles the formulation development carried out using
microspheres, esterification derived, and nanoformulation
approaches by scientists.

3.1. Microspheres

A phenomenon behind drug delivery through micro-
spheres is wisely utilized for many chronic diseases, includ-
ing the psychosis. microspheres have more surface area
(small particle size) and provide a platform to both hydro-
philic and hydrophobic drugs by controlling the rate release
constantly for a predefined period. It belongs to the class of
microparticles having a size of 1000 micron (spherical in
shape) and has an excellent capability of encapsulating the
drug. It consists of a drug surrounded by a polymer coating,
which helps in the consistent release of drug by improving
bioavailability [48]. Reports confirm that microspheres have
enough potency to prolong the action of the drug in the bio-
logical system. Different techniques such as spray drying,
solvent evaporation, wet inversion, and hot melt microencap-
sulation, efc. are widely employed to prepare the micro-
spheres [49]. The following listed antipsychotic drugs have
been prepared and evaluated as microspheres (Table 3).

3.1.1. Haloperidol

It is one of the most prescribed antipsychotic drugs listed
worldwide which is also explored for the management of
Huntington’s disease and Gilles de la Tourette’s syndrome
[50]. Haloperidol comes under the butyrophenone category
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Table2. Summary of controlled parenteral antipsychotic drugs along with their BCS class.
S. No. Drug BCS Class CPF Chemical Structure
1. Aripiprazole 2 Microspheres, Salt m ﬁ N Cl
AN \) Cl
(6] N O
H
Cl
2. Haloperidol 2 Microspheres, Ester, Nano N OH
F
F OH
N
o . N /N
3. Paliperidone 2 Microspheres, Ester, Nano
/) N
O~N
(6]
Z2N
N
tN _/
4. Brexpiprazole 2 Not reported {
5. Lurasidone 2 Nano
6. Iloperidone 2 Salt
HO
N
7. Pipotiazine - Ester \
| O N—
LI
S

(Table 2) contd....
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S. No. Drug BCS Class CPF Chemical Structure
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8. Olanzapine 2 Microspheres, Salt, Nano ij\
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9. Cariprazine 2 Not reported E
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Cl
X 9
10. Asenapine 2 Not reported Cl
COH
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@;‘I/\ N
11. Risperidone 1 Microspheres, Nano F
O
\
N-o
K\ N ~_-OoH
N
12. Fluphenazine - Microspheres, Ester K\/
: N : CF;
N
H
D
.
13. Norquetiapine - Microspheres N
S
| Cl
14. Zuclopenthixol - Ester
N /\
K/ NS
OH

(Table 2) contd....
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Parenteral Depot Formulation

S. No. Drug BCS Class CPF Chemical Structure
Cl
15. Ziprasidone Nano, Ester, Microspheres q/
/)

16. Flupenthixol Ester

: > | | > S

L. ; J
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- Depot formation Gradually Drug Sustained & controlled
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Fig. (4). Schematic representation of the sustained drug delivery.

Table3. Summarized table of antipsychotic drugs and their extended time period.

S. No. Drug Microparticles Esterification
1. Haloperidol Up to 2 months -
2. Aripiprazole Up to 14 days -

Up to 2 months
3. Risperidone - -
4. Paliperidone - Up to 3 months
5. Olanzapine Up to 14 days -
In another study, up to 10 days

6. Fluphenazine 30% of sustained release has been obtained Up to 9 days
7. Norquetiapine Up to 20 days -
8. Flupenthixol - Up to 3 months
9. Pipotiazine - Up to 15 days
10. Zuclopenthixol - Up to 3 weeks
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which is the FGA. It has low aqueous solubility (0.1 mg/ml)
with 7.9 partition coefficient and 3.36 logP. This drug has an
effective dose of 6-12 mg by oral and 1.5-3 mg by intra-
muscular (IM) route per day, which produces patient
in-compliance that urges for the depot preparation. After
administering from the oral route (2-3 times a day), it might
undergo the first-pass metabolism that reduces its concentra-
tion in the plasma [51].

To improve the efficacy of haloperidol, microspheres has
been prepared with biodegradable polymer poly (D, L-lactide-
co-glycolide) (PLG) through emulsification-solvent evapora-
tion method. Particle size (0.8, 2, and 8 microns), surface
morphology and in vitro release study were performed to
evaluate the drug-loaded PLG microspheres. Scientists con-
cluded that prepared microspheres controls the release of
Haloperidol up to 2 months through the intramuscular (IM)
route [52].

3.1.2. Aripiprazole

It is the derivative of quinolinone, one of the most effica-
cious and frequently recommended drugs (Oral disintegrat-
ing tablet: 10 mg and 15 mg, Oral solution: 1 mg/ml, IM: 30
mg/day) which has an agonistic effect towards the dopamine
receptor. In a comparison of oral and controlled formula-
tions, CPA has shown significant improvement in the terms
of tolerability along with efficacy. The drug is feasible in
lyophilized powder form whereas sterile water acts as a ve-
hicle to deliver it by IM route [53].

To achieve the long-term effect of aripiprazole, micro-
spheres were prepared using PLGA (polylactic-co-glycolic
acid) and cholesterol, both ingredients helped in retardation
of the drug. Microspheres were prepared by a solvent evapo-
ration method and characterized by following specifications
viz. particle size, encapsulation efficiency, residual solvent
analysis, surface morphology, and drug release behavior.
The d-optimal design was used and the release pattern was
studied. aripiprazole, microspheres were able to maintain the
plasma concentration up to 14 days [54].

In a further aspect of the invention, polylactic acid (PLA)
as a polymer along with methylene dichloride as a solvent
was used to prepare microspheres by the solvent evaporation
method. Common parameters for the estimation of micro-
spheres; particle size, encapsulation efficiency, surface
properties, and percentage yield of aripiprazole were
observed. Further, by changing stirring speed between 2000-
3000 rpm drug release was calculated as 88.41% and
94.65%, respectively [55].

In one of the laboratory investigations, three different
grades of PLA (MW: 20,000, 95,000 and 110000) were used
to prepare aripiprazole microspheres by a solvent evapora-
tion method. This study was mainly directed towards drug-
loading capability by varying temperature conditions.
Authors have stated that prepared formulation containing
95000 MW of PLA has signified the desired morphological
(smooth surface morphology) together with long-acting
characteristics. Developed microspheres have been examined
for release studies (in vitro and in vivo) and in the case of
in vivo, the drug was injected subcutaneously to the rabbits
that were detectable in the blood for the period of 2 months
[56].

Gupta et al.

3.1.3. Risperidone

Risperidone (Tablet: 1mg twice dose), the first atypical
antipsychotic drug has been formulated as CPA [57]. Till
now, the number of research has been carried out to acquire
more efficacious result in the depot form of Risperidone.
Risperdal Consta, a depot formulation (Janssen) that is avail-
able in the market is approved by the Food and Drug Ad-
ministration (FDA) in 2003 [58-60].

Risperidone Microspheres with the addition of biode-
gradable polymer; PLGA was prepared in one of the studies.
The purpose of this study was to avoid the use of combina-
tion drugs. Here, two polymers in the ratio of 50:50 and
75:25 were selected, to provide controlled effects of Risperi-
done. During an in vivo study (Sprague-Dawley rats), the
ratio of 75:25 has shown the desirable sustained release ef-
fects [61].

In one of the articles, the preparation of risperidone
microspheres was done using oil/water emulsion and solvent
evaporation studies. Biocompatible alkylene adipate polyester
was used to prepare the microspheres. Various analytical
methods have been used to characterize the formulation and
particle size was found from 10-100 pum. The release rate of
risperidone microspheres was found sustainable [62].

3.1.4. Fluphenazine

Fluphenazine brand name, prolixin (2.5-10mg/day)
comes under the typical antipsychotic phenothiazines category.
Nowadays, its use is replaced by atypical antipsychotics
[63].

To prepare microspheres, lactide and lactide-co-glycolide
were used as the polymer. In vitro release study showed up
to 30% sustained release of fluphenazine in the form of
microspheres [64].

In another study, PLGA loaded microspheres were pre-
pared in comparison to fluphenazine Hcl and reported an
increase in the degradation rate constant and a decrease in
maximum time (T.x) parameters. Scientists concluded that
fluphenazine PLGA loaded microspheres were having high
polymer degradation rate, which helps in the acceleration of
release rate of the drug in comparison to the loading [65].

3.1.5. Paliperidone

The therapeutic dose of paliperidone is 3-12 mg. In one
of the trials, ethylcellulose was used as a polymer to prepare
paliperidone microspheres. The emulsion solvent diffusion
technique was used to prepare the microspheres and various
parameters such as drug content, drug-polymer ratio, and
particle size were studied. Drug release study was performed
that showed a sustained effect of the drug. Different batches
by varying concentrations were prepared out of which one
formulation exhibited retardation in drug release (56.84%)
amongst others which were optimized by the drug-polymer
ratio [66].

3.1.6. Olanzapine

Olanzapine (Tablet: up to 20 mg, IM injection: 10 mg) is

the most efficacious antipsychotic drug belonging to the

class of thienobenzodiazepine which has a low partition co-
efficient of 2.2 [67, 68].
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In order to prepare microspheres, PLGA was used as a
polymer by the solvent evaporation method. The process was
optimized through different parameters (drug loading, selec-
tion of surfactant, its quantity and solvent parameters) and
evaluated by percent efficiencies, particle characteristics and
many others chose criteria. Authors have mentioned that
prepared Microspheres were able to sustain the effect of drug
up to 14 days [69].

In another study to prepare olanzapine microspheres,
different ratios (differs in molecular weight of PLGA)
were taken into consideration. Total of 4 formulations was
developed and optimized. An in vivo study was carried out in
rats which signified the sustained effect of the drug up to
10-15 days that helped to reduce dosing frequency [70].

3.1.7. Norquetiapine

Norquetiapine is an active metabolite of quetiapine. Due
to having less time period in a biological system (9-12 hrs),
polymer (PLGA) loaded microspheres of norquetiapine free-
base were prepared by an emulsion-solvent evaporation
method. Prepared formulations were screened by the differ-
ent analytical tools such as Powder X-ray Diffraction
(PXRD), scanning electron microscopy (SEM), and Fourier
Transform Infrared (FTIR). To determine release properties
of the formulation, in vitro dissolution (rotary shaker)
and in vivo (Sprague Dawley rats) study was performed.
The prepared formulation had shown enhancement in half-
life for a period of 20 days. For formulated Microspheres,
maximum  concentration (Cmax) =22.48+4.46ng/ml,
t1/2=172.79£23.79 hrs and AUC=916.46+186.57ngh/ml
were noted down that is found higher when compared with
standard Norquetiapine [71].

3.2. Esterified Antipsychotics

Almost all the antipsychotic agents require dosing at
regular intervals in a single day due to the potent concentra-
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tion of the drug. Esterification is one of the preferable meth-
ods to sustain the drug for a durable period of time.

This depot system works on the basis of complex forma-
tion between the drug or active moiety and an ester (de-
canoate or palmitate). Due to the presence of hydroxyl group
easily esterification can occur and drug forms depot when
injected into the body. Various kinds of oils such as sesame
or vegetable are used as a vehicle. An esterase enzyme pre-
sent in the plasma hydrolyzed the esterified group of mole-
cule and drug becomes available in the blood. But according
to another report, the presence of esterase enzyme can be
different among individuals and that could lead to variation
in the concentration of the drug [72].

3.2.1. Haloperidol Decanoate

Decanoate form of haloperidol (Brand name Haldol De-
canoate) got approval in 1967 for the management of psy-
chosis [73-75].

In one report, haloperidol: Pamoate in a ratio of 1:1 or
2:1 has been prepared and characterized. The various method
of preparation is described under the patent [76]. A number
of clinical studies have been successfully performed at pre-
sent and Haloperidol Decanoate (HD) found efficacious than
its oral formulation [77-85].

3.2.2. Fluphenazine Decanoate (FZD)

Fluphenazine is insoluble in water, which has a partition
coefficient of 9 [86]. Here, Sesame oil was selected as a ve-
hicle to develop a depot form. Pharmacokinetic evaluation of
the prepared formulation was done. Depot was administered
by two different routes: intramuscular (IM) and intravenous
(IV) in four Beagle dogs. The half-life of the Decanoate was
found enhanced by the IM route (9.742.0 days) in compari-
son of both other formulations and routes (IM and IV route)
[87]. Below listed Fig. (5) is a schematic picture of depot
taking as an example of fluphenazine.

(\N /\/OH /’_\
N \_/
I/\/ . Est Dissolved in vehicle
+ | Counterion |/ ster
N . ®
O
S .
Fluphenazine Qﬁ}
‘ \ N DI \ | €< X Ly
| = \‘kk\

Drug Release
inside the body

Sustained Release

Fig. (5). Schematic representation on ester based depot formulation.

Depot formation after injection

Injectable formulation
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3.2.3. Paliperidone Palmitate (PP)

Paliperidone (Invega) an atypical, FDA approved
(August 2009) active metabolite (9-hydroxy-risperidone) of
Risperidone [88, 89]. It is insoluble in water and has a
partition coefficient value 10.1 [90]. It is clinically available
as long-acting IM form where palmitate was used as a
counter ion [91]. Depot formulation of Paliperidone Palmi-
tate (PP) is available in different dose strengths 39, 78, 117,
156, 234 mg. A report says that PP is able to give the effect
up to 3 months with good tolerability [92].

3.2.4. Flupenthixol Decanoate

This drug belongs to the class of thioxanthenes. It is a
potent neuroleptic compound (3 mg) with no or minimal
sedative effects [93]. Decanoate formulation (fluanxol depot)
has been introduced to maintain the plasma concentration for
the longest time. Depot formulation was given by IM route
within every 3 months to the psychotic patients. A trial was
carried out after selecting the chronic female patients to
evaluate the dose-response of Flupenthixol Decanoate (FTD)
[94].

3.2.5. Pipotiazine Palmitate

Piportil, a brand name of Pipotiazine reported giving
more antipsychotic results with less extrapyramidal side
effects [17]. It stops the Psychosis condition by acting on
dopamine receptors. Depot form of Pipotiazine using sesame
oil as a vehicle (Pipotiazine Palmitate, an esterified form;
25 mg/ml, 50 mg/ml) was prepared. Pharmacokinetics have
been carried out using both rats and dogs and reported half-
life is about 15 days [95]. As per latest reports, due to a
shortage of Pipotiazine API, it has withdrawn from the mar-
ket near 2015-2016 worldwide.

3.2.6. Zuclopenthixol Decanoate

Zuclopenthixol (tablet: 10, 25 and 40 mg), is an FGA
drug belongs to the thioxanthenes class. It acts by
antagonizing the dopamine receptor [96, 97]. A decanoic
solution of Zuclopenthixol (Clopixol) was prepared with the
vegetable oil to make depot that is known as Zuclopenthixol
Decanoate (200 and 500 mg). The dosage regimen of this
depot formulation is every two-three weeks [98].

3.2.7. lloperidone

It is a new atypical antipsychotic (Fanapat; tablet
1-12 mg, half life 18 hrs needs to administer twice daily)
moiety in the market approved by the FDA in 2009 [99-101].
Iloperidone shows the action after binding with the serotonin
receptor. A patent (8614232) was granted in 2013 on mi-
crocrystal injectable depot (1-200 microns) formulation by
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Novartis. This depot formulation is currently under
development [102].

In one of the very recent trials in situ gel was prepared
which was able to deliver the drug for a period of one month
(in vitro). The novelty of formulation was that scientists have
employed class 3 solvent; Dimethylsulfoxide (DMSO) in a
very small quantity and Sucrose acetate isobutyrate (SAIB)
was used that has given the sustained effect of the drug. The
formulation was optimized by D-optimal design and it was
able to retard the release up to 85.71% [103].

3.3. Nanoformulation

The current era of Pharma is centralized on the concept
of ‘nano’, due to its size under 1000nm that ultimately re-
sults in good therapeutic responses. The focal point of
Nanotechnology especially in the case of Psychosis is
marked by decreasing the dose of drugs in the biological
system that might cause fewer side effects. As we know,
these drugs require a larger dose to show its curative effects
but, on the other hand, it also induces adverse effects such as
diabetes or blood-related disorders [104]. A drug or molecule
in Nano size exists in any form i.e., Nanoemulsions, Solid
Lipid Nanoparticles (SLNs), Nanocapsules, nanocrystals,
etc. Moreover, the inclusion of the polymer provides a sheet
to cover the drug from degradation by avoiding immediate
release which helps to achieve controlled release of the drug.
It provides a reliable, reproducible plasma concentration
level of the administered moiety [47, 105, 106]. The below-
listed antipsychotic drugs have been taken into consideration
of Nanoformulation (Table 4).

3.3.1. Haloperidol
3.3.1.1. Nanoparticles

Haloperidol Nanoparticles (200-2000nm) has been pre-
pared using PLGA by an emulsion-solvent evaporation tech-
nique. The free drug was removed using a solid phase extrac-
tion method that has helped to attain the accurate efficacy of
nanoparticles. It has been noticed that incorporation of
PLGA helped to achieve longer drug release up to 13 days
with minimum burst release [107-109].

3.3.1.2. Nanosuspension

Haloperidol was observed with the induction of oxidative
stress as a side effect. Polysorbate loaded nanocapsules were
prepared and suspended in the fish oil to make nanosuspen-
sion and several factors such as size, zeta potential, and
polydispersity index were investigated. This formulation was
administered to rats per day at the dose of 0.2 mg/kg. Authors
have concluded that haloperidol nanosuspension was able to

Table4. Antipsychotic nanoformulation with their extended time period.
Drug Nanoparticles SLN
Haloperidol Up to 13 days Extended-release

Risperidone

Upto 72 hrs

Olanzapine -

Up to 48 hrs
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reduce oxidative stress which was compared with the
standard Haloperidol. This design was carried out up to
28 days [110].

3.3.1.3. Solid Lipid Nanoparticles

To deliver SLN Haloperidol intranasal route was ex-
plored in this protocol. An emulsification-diffusion method
was employed to obtain SLN. The Box-Behnken design was
applied to evaluate the variable formulation parameters.
Following parameters such as in vitro drug release, particle
size, zeta potential, stability and pharmacokinetic studies (on
Albino Wistar rats) were carried out. Authors have reported
that the concentration of SLN Haloperidol in the brain region
found to be (Cpix=329.17420.89 ng/ml, T,,=2 h). Drug
targeting efficiency (2362.43%) and drug transport percent-
age (95.77%) were studied which showed better results as a
long-acting formulation [111].

3.3.2. Risperidone

In one of the recently published studies, soft lipid vesi-
cles were prepared and employed as the transdermal delivery
of Haloperidol. For increasing permeation and easily admini-
stration safranal and ethanol was chosen. The Box-Behnken
design was employed to prepare the formulation. The ab-
sorption rate and bioavailability were found to be higher
(177%). To test the irritant effect of prepared formulations, a
test was performed and compared with the selected standard
irritant. Histopathological data revealed that the formulation
was not showing any irritant effect. Authors said that soft
lipid vesicles have shown great characteristics as controlled
drug delivery [112].

3.3.2.1. Nanoemulsions

To enhance the efficacy of a drug, intranasal is one of the
preferred routes in the list of drug delivery. In the same con-
text, nanoemulsions of Risperidone were prepared, charac-
terized and further Swiss Albino rats were used to determine
the drug blood concentration. Drug transport efficiency and
percentage were calculated and results revealed that more
significant outcomes have been attained using nanoemul-
sions [113].

3.3.2.2. Solid Lipid Nanoparticles

Authors have optimized two different techniques (high-
pressure homogenization and ultrasound) to obtain effica-
cious SLN of Risperidone. After assessment of prepared
SLN; in vitro toxicity (using Caco-2 cell line) study was per-
formed. SLN has proven safe and efficacious results by both
the methods [114].

In another study, Risperidone loaded SLNs were deliv-
ered through nasal route and SLNs were prepared by solvent
emulsification evaporation method. The prepared formula-
tion was characterized and pharmacokinetic parameters were
studied. To detect the drug in brain Gamma scintigraphy was
performed which assures the presence of a drug in the brain.
The blood-brain ratio was reported 1.36+0.06 [115].

3.3.2.3. Nanoparticles

To control the release rate of risperidone, PLGA loaded
Nanoparticles have been prepared by the nanoprecipitation
method and characterized by particle size determination
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(85-219 nm). In vivo trial was done to assess the extended
time period of formulation and drug level in blood was found
up to 72 hrs [116].

In one very recent protocol, chitosan loaded nanoparticles
of Risperidone were prepared and delivered by the nasal
route. The final formulation showed the particle size of
132.7 nm, drug loading 7.6% and drug release 80.7% [117].

3.3.3. Olanzapine

3.3.3.1. Nanocapsules

As per literature, weight gain has been reported as one of
the most noticeable side-effects of olanzapine. In order to
overcome this issue, nanocapsules were prepared and its
efficacy is determined by inducing the psychosis condition
using D, L-amphetamine chemical, in the male Wistar rats.
The prepared formulation was characterized by observing the
several parameters and it was found that weight gain and
level of cholesterol was found to be reduced by 63.4+19.6 g
and 66.2+3.5 g.dl" respectively [118].

3.3.3.2. Solid Lipid Nanoparticles

SLN of Olanzapine was prepared using different lipids
by hot melt emulsification high-pressure homogenization
technique. The highest partition coefficient and entrapment
efficiency were found using glyceryl tristearate. The pre-
pared formulation was found effective with the particle size
of 190 nm with the release up to 48 hours [119].

3.3.3.3. Nanostructured Lipid Carrier

Nanosuspension of Olanzapine (Glyceryl tripalmitate,
castor oil, and Pluronic F-68, Soyalecithin) was prepared
using the solvent diffusion technique. /n vitro release of
Nanosuspension was found to be 83.54% at 45 minute and
increment in the bioavailability was also reported [120].

3.3.3.4. Nanoparticles

PLGA loaded Nanoparticles (91.2+5.2nm) were prepared
using the nanoprecipitation technique which gave
68.91+2.31% entrapment efficiency. To check the diffusivity
of prepared Nanoparticles, sheep nasal mucosa was used and
almost 13.21+ 1.59% drug release was found in 210 minutes.
Histopathology and the pharmacokinetic study were per-
formed and found satisfactory [121].

3.3.4. Paliperidone
3.3.4.1. Solid Lipid Nanoparticles

To prepare SLNs of Paliperidone, Campul GMS 50K was
used as a lipid matrix. The particle size of 200 nm was re-
ported and entrapment efficiency was found to be 55% [122].

3.3.5. Lurasidone

It is one of the latest SGA molecules in the market which
is a structural analog of ziprasidone. Lurasidone was discov-
ered by the Dainippon Sumitomo Pharma in Japan and ap-
proved by the FDA in 2010. The prescribed dose of Lurasi-
done is in the range of (20-100mg/day) in humans. Its solu-
bility is reported less in the water. Film-coated tablets are
majorly used in clinical studies [123]. After the supervision
of safety and efficacious data Lurasidone has been launched
in the United Kingdom in 2014.
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3.3.5.1. Nanocrystals

Lurasidone nanocrystals (228 nm) were prepared using
the media milling technique. The process was optimized and
characterized by different parameters, such as PXRD and
prepared crystals had shown good saturation solubility,
which enhances its efficacy.

4. SALT-BASED CPA

Addition of pamoic acid, palmitic acid or decanoic acid
(Counter ions) declines the drug aqueous solubility, which
helps in the retardation of a drug in the body. However, a
pKa difference between the drug and counter ion is most
noticeable criteria to develop salt of any drug. In recent past,
reports published on anti-Alzheimer’s nanocrystals formula-
tions (Memantine hydrochloride and donepezil hydrochlo-
ride) justify that salt based nanocrystals were more effica-
cious than other available dosage forms [124, 125]. An in-
volvement of nano-idea in the salt formation has doubled the
profits of drugs, in terms of both sustaining & reducing the
dose of the drug. These outcomes have pulled the attention
of scientists working on long-acting parenteral.

4.1. Olanzapine Pamoate

Pamoate salt of Olanzapine is insoluble in the water
which plays a key role in enhancing the half-life of this
formulation for up to 4 weeks [126]. The complex (mi-
crocrystalline salt) was formed between Olanzapine and
pamoic acid, which is further suspended in the aqueous
phase [127]. This formulation has increased the effectiveness
of the Olanzapine.

5. SUMMARY OF CPF IN PSYCHOSIS

From the different author’s point of view, we can say that
each type of formulations have shown great potential in ex-
tending the time period of a drug in the body. However, the
latest demand for Pharma is gaining much attention in the
area of Nano formulation due to cut-edge merits in all the
manners that is already described above. The absence of
polymer reduced the tasks of pre-formulation study as well
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use of nano dose helps to reduce the high dose which ulti-
mately avoid the chances of any side effects. Not limited to
this, investigation involving such as the development of
nanocrystals formulation also helped to attain the controlled
and prolonged drug delivery in a tremendous manner. In
short, we can confidently say that the application of nanoni-
zation in the upcoming formulation will be much more ad-
vantageous for the treatment of Psychosis.

6. NEWLY INTRODUCED ANTIPSYCHOTIC MIGHT
BE A GOOD OPTION AS DEPOTS IN THE FUTURE

6.1. Brexpiprazole

It’s SGA’S developed by Ostuka brand name Rexulti
(April 2015 by FDA), a potent antagonist molecule of the
SHT2A receptor (2-4mg/day). It is structurally similar to
aripiprazole, but (An approved drug in the market) a neuro-
chemical character distinguishes brexpiprazole from
aripiprazole [128]. This drug has an affinity for dopamine as
well as serotonin receptors to generate the antipsychotic ef-
fects. To date, various clinical and pre-clinical studies have
been conducted which give the evidence of its efficacy
[129]. As brexpiprazole has a potent dose, a long-acting or
depot formulation might be a good option to avoid dosing
schedule.

6.2. Cariprazine

Cariprazine (Vraylar) is a recent drug in the market
(Forest Laboratories) for the schizophrenia treatment
(D2 and D3 receptors). It requires daily dosing (once) as a
capsule (1.5-6 mg) and mainly prescribed in the United
States and Europe [130]. As it possesses good physico-
chemical properties, a long-acting formulation of cariprazine
can be a good option to treat Psychosis.

6.3. Asenapine

Asenapine is available in the market as a Neutral Anti-
psychotic (Dose: 10 mg, Half-Life: 24 hr). It has antagonistic
action on 5HT, serotonin and dopamine receptors. Currently,
it is used for the cure of Acute Mania. It has been reported

TableS. Patents on antipsychotic drugs.
S. No. Drug Formulation Patent No. Company Refs.
Olanzapine . A
With the salt of Eli-Lill
L. Pamoate [ e satt o US 7932249 Y [132]
. Pamoic acid and Co
Dihydrate
2. Paliperidone Hydrogel WO02011018246A2 - [133]
. . Aqueous Janssen
3. Risperidone . US 9320707 [134]
suspension Pharma
4. Iloperidone Suspension US 8293765 - [135]
A tuk
5. Aripiprazole quisous US 8952013 Ostuka [136]
suspension Pharmaceuticals
6. Haloperidol Implant US 8758795 University of Pennsylvania [137]
7. Iloperidone Crystals US 20050250813A1 Novartis Wieckhusen, 2005
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for causing various effects like sedation, akathisia, taste dis-
turbance, low prolactin secretions, and weight gain [131].
Special advice is given to the patients that it must not be
swallowed (avoidance of food or drink 10 min priorly before
administration) as it involves first pass metabolism. This
recommendation forces researchers to develop depot
(injectable) that can help to reduce dose along with the
avoidance of metabolic effects.

7. PATENTS ON ANTIPSYCHOTIC DRUGS

Table 5 shows a list of patents related to the anti-
psychotic drugs.

CONCLUSION

A condition with changes in behavior, cognitive prob-
lems, mood alterations, and difficulties while speaking or
hearing are the primary symptoms that indicate a person
might need anti-psychotic therapy. Notably, more than 1
million people (both pediatric and geriatric) suffer from im-
pairment with the psychosis per year. It is believed that Psy-
chosis is mainly associated with an increased level of dopa-
mine and drugs available up until now, usually works by
antagonizing the dopamine. Recent literature throws light on
other involved neurotransmitters, neurotensin, glutamate,
and Gamma-aminobutyric acid (GABA) which might be a
promising target for future therapy. The market of anti-
psychotic has gained huge attention with the arrival of CPA
and it is lucrative.

In 2008, Antipsychotic depot Risperdal Consta (J&J) has
earned around $780 million in the sale. After seeing profit in
terms of market and patient compliance, the importance of
CPF has been sharpened gradually. Enrichment of the prin-
cipal moiety on chemical structures, which is responsible for
depot formations, gives a glorious way to work on CPAs.

The beauty of parenteral administration has noticeably
been enhanced after the introduction of controlled parenteral
drug delivery and reports show that it is intrinsically advan-
tageous. With an idea to promptly attain the therapeutic con-
centration and to sustain the drug constantly for an extended
period, controlled parenteral came into existence. Data gath-
ered from many scientific databases (Google Scholar, Sci-
ence Direct, Pubmed, etc.) reveal that globally, the dynamic
contribution has been made till date, which encourages the
formulator to prepare CPF in a remarkable manner. CPF has
been accepted as an emerging tool for the diseases, which are
associated with long or continuous treatment and recidivism.
Almost all studies showed that CPA has significant potential
to treat Psychosis condition. Currently, the market expressed
that CPA is under commercial use but still much room is
remaining for the translational outcomes. The need for the
proper regulating body for in vitro in vivo correlation
(IVIVC) will surely open a door for the thorough investiga-
tion of the CPF [138]. Furthermore, it is beneficial to know
if any toxicity or adverse effects caused by long-term medi-
cines, lacking in any data might be responsible for not listing
under the Generally Regarded as Safe GRAS is for excipients
list. With the expectation, this review will show the importance
of the futuristic research to be carried out on CPA. Continu-
ous efforts made towards the new anti-psychotic molecules
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probably will be able to decrease the morbidity and mortality
caused by psychosis. The deep investigation says there are so
many areas (anti-epilepsy, local anaesthetics) where researchers
are taking an interest to deliver the drug as a depot formula-
tion and hopefully near future will be boosted by upcoming
controlled release formulation. As earlier, it was a barrier to
deliver the drugs due to high or low solubility and perme-
ability which were limiting their potency. This paper summa-
rizes the strategies employed on controlled antipsychotics so
far which will assist to the others.

CURRENT AND FUTURE DEVELOPMENTS

Development of the CPF is challenging than other drug
delivery systems in the aspect of both cost and method of
preparations. In relation to this, burst release, selection of
proper dose and IVIVC guideline development are the
bottleneck in the pipeline of CPF. To diminish these hurdles,
amendment of proper rules and guidelines will be well
appreciated. Tremendous applications of CPF in the cure
for Human Immunodeficiency Virus (HIV), Parkinson’s,
Alzheimer’s, hormone-related disease, epilepsy, tuberculosis,
and diabetes has been clearly studied well. After seeing a
worldwide contribution on CPF, it clearly indicates that de-
pot formulations can be an excellent vehicle to drive patient
care with efficacious data and fewer side effects.

LIST OF ABBREVIATIONS

API = Active Pharmaceutical Ingredient

AUC = Areaunder Curve

BCS =  Biopharmaceutical Classification System

CATIE = Clinical Antipsychotic Trials of Interven-
tion Effectiveness

Cmax = Maximum Concentration

CPA = Controlled Parenteral Antipsychotic

CPF = Controlled Parenteral Formulation

DMSO =  Dimethylsulfoxide

ERT = Electroconvulsive Therapy

FDA = Food and Drug Administration

FGA =  First-generation Antipsychotic

FTD = Flupenthixol Decanoate

FTIR = Fourier-transform Infrared

FZD = Fluphenazine Decanoate

GRAS = Generally Regarded as Safe

HD = Haloperidol Decanoate

M = Intra-muscular

v = Intravenous

IVIVC = InVitro In Vivo Correlation

PLA = Polylactic Acid

PLG = Poly (D, L-lactide-co-glycolide)

PLGA = Polylactic-co-glycolic Acid
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PP
PXRD
SAIB
SGA
SLNs
SEM

Tmax

= Paliperidone Palmitate

= Powder X-ray Diffraction

= Sucrose Acetate Isobutyrate

= Second-generation Antipsychotic
= Solid Lipid Nanoparticles

= Scanning Electron Microscopy

= Maximum Time
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