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ABSTRACT 

Background  

Schizophrenia is a complex, long-lasting mental health condition marked by 

hallucinations, delusions, disorganised speech or behaviour, and impaired cognitive 

function. Around 24 million people, or 1 in 300 persons (0.32%), globally suffer with 

schizophrenia.  

Cariprazine hydrochloride (CPZ) is a new atypical antipsychotic used to treat 

schizophrenia. CPZ is a BCS class II drug having low aqueous solubility (0.1159 

mg/L). It exhibits oral bioavailability 52%. CPZ has a moderate first-pass effect. 

Conventional dosage forms of CPZ exhibits adverse effects like insomnia, akathisia, 

nausea, hyperprolactinemia, EPS, headache, dizziness, tremors, and gastrointestinal 

disturbances. Many antipsychotics are not suited for oral administration from a 

pharmacokinetic point of view due to limited bioavailability brought on by 

gastrointestinal enzymatic degradation, hepatic first-pass effects, and/or gastrointestinal 

adverse effects. Additionally, due to a lack of aqueous solubility and unfavourable 

physical/chemical or toxicological qualities, not all medications have injectable drug 

formulations available. Intranasal delivery of nano lipid carriers enhanced the 

bioavailability of drug molecules by obviating their first-pass metabolism and delivers 

them directly to the brain. 

Objectives 

The present study was an attempt to systemically deliver Cariprazine HCl, a 

schizophrenic drug via intranasal route using nanostructured lipid carrier. 

Methodology 

The CPZ loaded NLCs were developed using Box Behnken design and developed 

formulations were monitered for improving CPZ bioavailability. NLCs loaded CPZ was 
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formulated by melt emulsification ultrasonication method. NLCs is a blend of solid 

lipid, liquid lipid and surfactant to encapsulate water-insoluble drugs. 

Results 

The optimized CPZ- NLC formulation shows entrapment efficiency of 96.1±0.57 %, 

particle size of 173.3±0.6 nm with polydispersity index 0.30 and zeta potential of 6.22 

mV. In vitro study showed drug release of 96.11± 2 % at the end of 30 min. An Ex Vivo 

permeability study revealed that, after 35 minutes, 75.83% of the CPZ had permeated. 

Experiments on nasal ciliotoxicity demonstrated that all of the excipients utilized in the 

formulation of CPZ-loaded NLCs were safe enough to be delivered through the nasal 

route.  In Vivo study showed that concentration of drug that reaches the brain after 

intranasal administration was much higher as compared with oral administration. 

Conclusion 

The findings show that nanostructured lipid carrier is novel and potential drug delivery 

approach for the intranasal administration of Cariprazine hydrochloride in the treatment 

of schizophrenia. 

 

Keywords 

Nanostructured lipid carrier; Cariprazine; Schizophrenia; Intranasal; Box Behnken 

design; Brain targeting; Solid lipid; Liquid lipid. 

 



 

Introduction 

KLE College of Pharmacy, Belagavi  1 

 

INTRODUCTION 

1.1 BACKGROUND 

Schizophrenia: 

The severe mental disorder known as Schizophrenia has an impacts a person's feelings, 

opinions, and actions. Individuals with schizophrenia may experience a profound 

detachment from reality, creating distress not only for themselves but also for those in 

their immediate circle (1). Originally referred to as "dementia praecox" by Kraepelin 

(1896), and subsequently termed "schizophrenia" by Bleuler (1911)(2). The condition 

is defined by disturbances in cognition, perception, and a blunting of affect.   A person 

with an active condition may encounter periods of time when they are unable to 

differentiate between genuine and imaginary sensations. While the intensity, length, and 

frequency of symptoms might vary, as is the case with schizophrenia typically 

experience a decrease in severe psychotic symptoms as they older(3). 

There are primary categories for symptoms(3)  

Positive symptoms encompass exaggerated or distorted perceptions, beliefs, and 

behaviors in individuals with conditions like schizophrenia. These may manifest as 

hallucinations, such as hearing voices or seeing nonexistent objects, as well as instances 

of  paranoia. 

Negative symptoms include a decrease or loss of the ability to communicate, express 

emotions, make decisions, or have fun. 

Disorganized symptoms include difficulty in thinking and speaking clearly, odd 

behavior or unusual gestures, abnormal movements, and difficulty in applying 

reasoning or acting strangely. 
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Research shows there are multiple causes of schizophrenia. The interaction of genes 

and environmental factors is believed to be the cause of schizophrenia. The 

development and progression of schizophrenia can be influenced by psychosocial 

factors. Excessive cannabis use is associated with an elevated risk of developing this 

condition (4).   

The first line of treatment for symptoms of an acute schizophrenia episode is typically 

antipsychotics. They work by blocking dopamine or other substance’s effect on the 

brain. Antipsychotics usually take a few hours to start reducing emotions of anger or 

anxiety, but it may take days or weeks to start reducing other symptoms like 

hallucinations or delusional thinking (5) (6). 

Cariprazine hydrochloride 

 

Figure 1: Structure of Cariprazine Hydrochloride 

IUPAC name(7) 

3-[4-[2-[4-(2,3-dichlorophenyl)piperazin-1-yl]ethyl]cyclohexyl]-1,1-dimethylurea 

Molecular formula C21H32Cl2N4O 

Molecular weight 427.4 
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Log P 4.98 

pKa1 = 7.91 

pKa2 = 15.48 

Solubility- Soluble in methanol, DMSO. Water-insoluble (BCS class II drug) 

Half-life ~2-4 days 

Dose 1.5 mg (maximum tolerated dose per day 6 mg) 

Vraylar is a branded medication that falls under the category of atypical antipsychotics, 

prescribed to control bipolar disorder and schizophrenia symptoms. Cariprazine is the 

active ingredient in Vraylar, contributing to its therapeutic effects in addressing these 

mental health conditions. In 2015, Permission to use the drug was given by the Food 

and Drug Administration (FDA) of the United States in treating schizophrenia among 

adults. Following that, in 2017, the FDA broadened its approval to include the acute 

treatment of adult bipolar I disorder-related manic or mixed episodes. 

One of the newest “atypical” second generation antipsychotics, or dopamine serotonin 

partial agonist, is Cariprazine. Originally, the word "atypical" was used to define 

antipsychotics with a lower or negligible risk of producing EPS (8). Cariprazine belongs 

to the same pharmacological class as brexpiprazole and aripiprazole as both are partial 

agonists of dopamine and serotonin. More precisely, Cariprazine exhibits a different 

profile from both brexpiprazole and aripiprazole, binding with high potency dopamine 

D3 and D2 receptors as well as 5HT2B serotonin receptors, and moderate potency to 

the serotonin receptors 5HT1A and 5HT2A (9,10). Didesmethyl and desmethyl 

cariprazine (DDCAR), its two principal active metabolites, are equally in charge of the 

overall therapeutic action and are pharmacologically equivalent to cariprazine(8). 
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CYP3A4 and CYP2D6 metabolises cariprazine to DCAR and DDCAR to a greater or 

lesser degree. (8). Most common adverse events that have been reported were akathisia, 

EPS, headache, dizziness, tremors, and gastrointestinal disturbances(11,12). 

 

Figure 2: Pharmacokinetics of Cariprazine(12) 

Nasal drug delivery: 

Nasal drug delivery has a long history that begins with the topical administration of 

medications meant for localized effects. In the Indian Ayurvedic system, nasal therapy 

also known as “Nasya Karma”. One major benefit of administering drugs via the nose 

is that the drug is quickly absorbed because of the physical conditions of the nose, such 

as the mucosa's good blood circulation, which produces a local effect quickly. Rapid 

local absorption helps to prevent unintended drug distribution throughout the body and 

minimizes the side effects of the active ingredient. Nasal mucosa has been seen to 

getting attention recently as a potential alternative for achieving better and faster 

drug absorption. The administration of drugs through the nasal route, taking advantage 

of the high permeability of the nasal mucosa, has a historical legacy dating back 

thousands of years. The nasal mucosa has been recognized as a therapeutically possible 

alternative(13). When compared to oral administration, nasal administration offers 
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numerous benefits, including a high rate of absorption, minimum drug degradation, and 

a quick onset of action. By utilizing the olfactory nerve pathways to cross the blood-

brain barrier, it permits drug delivery from the nasal passage to the brain. It has great 

patient compliance, and self-administration as compared to intravenous 

administration(14). 

Advantages of nasal drug delivery(15) 

1. Quick onset of action and rapid drug absorption. 

2. Rapid drug absorption via highly vascularized mucosa. 

3. Absorption enhancers and other methods can be used to increase the 

bioavailability of drug. 

4. As an alternative to the parenteral route, the nasal route can be used for proteins 

and peptides. 

5. Large nasal mucosal surface area for absorption. 

6. First pass metabolism is absent. 

7. Non-invasive and Ease of administration. 

8. Minimal side effects. 

9. Self-administration. 

10.  Improved convenience and compliance. 

Limitation(15) 

1. The safety of absorption enhancers employed in nasal drug delivery systems 

remains uncertain in terms of their potential toxicity. 

2. Nasal irritation is a potential concern. 

3. The nasal cavity has a smaller surface area for absorption compared to the 

gastrointestinal tract (GIT). 
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Various dosage forms used for nasal drug delivery 

1. Nasal powders 

2. Nasal gels 

3. Nasal sprays 

4. Nasal drops 

Nanostructured lipid carrier: 

A mixture of liquid and solid lipids makes up a formulation known as a nanostructured 

lipid carrier (NLC). Because NLC is simple to prepare, can be scaled up easily, is non-

toxic, has improved targeting efficiency, and can be delivered to a specific site by a 

variety of administration routes, it has found extensive use in pharmaceutical and 

cosmetic industries(16). The first class is the imperfect kind, where different lipid 

structures are combined with both liquid and solid fats (oil). Because of an improper 

lipid matrix structure that creates a space between the triglyceride fatty acid chains in 

the crystal, drugs are more able to pass through the matrix. As a result of lacking a 

crystalline structure, the second class of NLC’s known as the amorphous type prevents 

the expulsion of loaded drugs. This type of NLC is called the formless type (non-

crystalline matrix). The drug is more soluble in liquid lipid than in solid lipid known as 

multiple type. This type of NLC resembles w/o/w emulsions. A larger percentage of oils 

can be employed in multiple emulsion NLC. Surfactant solutions ranging from 0.5% to 

5% help in stabilizing the system.(16,17) 
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Figure 3: Components of nanostructured lipid carriers (NLC): drug, surfactant, 

liquid lipid (oil), and solid lipid (Created with Biorender.com) 

Advantages of NLC’s(18) 

1. Improved physical stability. 

2. Targeted drug release and controlled particle size. 

3. High entrapment of lipophilic drug and feasibility of carrying both lipophilic 

and hydrophilic drug. 

4. Superior drug loading. 

5. As it is water-based method, organic solvents can be avoided. 

6. Most of lipids are biocompatible and biodegradable. 

Brain targeting with NLCs 

Drug distribution to the brain is limited by the blood-brain barrier” (BBB)) therefore, 

strategies to get beyond the body's defenses are essential. The following features make 

NLCs a promising strategy for brain targeting (19). 

1. Nano size- Due to their nanoscale size, NLCs can be readily internalized and 

transported via the brain's microvasculature using the endocytosis and 

transcytosis transport mechanisms. 
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2. Lipid solubility- Nearly all drugs for the brain are small molecules soluble in 

lipids. They can traverse the blood-brain barrier (BBB) through free diffusion 

facilitated by lipids, enabling the delivery of even water-soluble drugs to the 

brain. 

3. Improving the bioavailability and preventing the degradation of labile drugs - It 

has been shown that NLCs greatly increase the encapsulation efficiency of 

hydrophilic and hydrophobic labile drugs. 

4. Active targeting: The main advantages of active targeting are less dose-related 

adverse effects and greater drug retention in brain tissue. Active targeting 

involves modifying carriers, such as ligands, proteins, or receptors, to enhance 

its capacity to pass through the blood-brain barrier. 

Methods of fabrication of NLCs 

Nanostructured lipid carriers (NLCs)”are typically prepared by emulsifying the 

aqueous phase, containing surfactants or emulsifiers, with the lipophilic phase, 

consisting of a combination of lipids, both liquid and solid. 

There are several methods used for the preparation of NLCs. Few of these methods 

listed below(17–20) 

1. Melt emulsification ultrasonication 

2. Solvent emulsification evaporation 

3. High pressure homogenization 

4. Microemulsion method 

5. Supercritical fluid method 

6. Phase inversion method 

7. Membrane contractor technique. 
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Quality by Design (QbD)(21,22): 

Quality by Design (QbD) an organised method of developing and producing formulation 

based on an emphasis on predetermined goals and a thorough comprehension of process 

and product variability. When applied to nanostructured lipid carriers (NLCs), QbD 

principles can help ensure the production of high-quality pharmaceutical products with 

desirable attributes. Here's how QbD can be implemented in the context of 

nanostructured lipid carriers: 

Critical Quality Attributes (CQAs): Identifying and defining the key attributes of the 

nanostructured lipid carriers that are critical to their quality. A number of variables, 

including stability, drug loading, release profile, polydispersity index, and particle size, 

may be included 

Critical Material. Attributes (CMAs): Identifying and understanding the critical material 

attributes of the components used in the formulation, such as lipids, surfactants, and 

drugs. The quality and properties of these materials can significantly impact the 

performance of NLCs. 

Critical Process Parameters (CPPs): Identifying and controlling critical process 

parameters during the manufacturing process. This includes parameters related to the 

homogenization process, temperature, pressure, and mixing speed, which can influence 

the characteristics of NLCs. 

Design of Experiments (DOE): The process of designing experiments to systematically

 investigate how different factors (material and process parameters) affect the critical N

LC quality attributes. This helps in optimizing the formulation and manufacturing 

process. 
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Risk Assessment: Identifying potential risks associated with the formulation and 

manufacturing of NLCs. This includes identifying potential failure modes and 

developing strategies to mitigate or control these risks. 

Establish Control Strategies: Establishing control strategies involves developing 

measures based on a thorough comprehension of important process variables and 

important material characteristics. These strategies should be designed to ensure that the 

product consistently meets the predefined quality attributes. 

Continuous Monitoring and Improvement: Implement a system for continuous 

monitoring of the NLC manufacturing process and product quality. This includes in-

process monitoring, testing, and analysis to ensure that the product remains within the 

defined quality parameters. 

Documentation and Reporting: Maintain thorough documentation of the entire 

development process, including rationale for critical decisions, experimental data, and 

results. This documentation is crucial for regulatory compliance and future process 

improvements. 

By applying QbD principles to nanostructured lipid carriers, pharmaceutical companies 

can enhance the robustness of their processes, improve product quality, and increase the 

likelihood of regulatory approval. This approach fosters a more thorough understanding 

of the relationship between formulation and product performance, leading to more 

efficient and reliable production processes. 

A fishbone diagram is a visual aid that helps identify and arrange the causes of a certain 

problem or effect. It is also known as an Ishikawa or cause-and-effect diagram. It is 

named for its resemblance to a fish skeleton, with the "bones" representing different 

categories of factors contributing to the issue. In the context of nanostructured lipid 
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carriers (NLCs), use of fishbone diagram to explore and categorize potential factors 

influencing the quality or performance of the NLCs. Here's the fishbone diagram for 

NLCs: 

 

 

Figure 4: Fishbone Diagram for the development of CPZ-NLC formulation 
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1.2  REVIEW OF LITERATURE 

Maryam Alaayedi (2023): A more effective drug delivery method was developed using 

an intranasal administration of nanoemulsion since the anticancer drug lomustine had 

major side effects and poor bioavailability. The most promising drug delivery method, 

which released 100% of the drug in 15 minutes, has the potential to be a safe and 

effective replacement for taking the medication orally. Nanoemulsion exhibit 

acceptable properties as nanocarrier. Drug can bypass the liver metabolism, reduce their 

toxicity, and potentially target the brain faster(23).  

Zhiqiang Tian (2013): Precirol ATO 5, Captex 100, Tween-80, and fenofibrate were 

the ingredients of NLCs. NLCs were developed using the melting emulsification 

method. Within 15 minutes, almost 90% of the NLCs could be released from the 

solidified NLC pellets. The method of fluid bed coating utilised for making solidified 

NLC formulation from liquid formulation (24). 

Mingyue Gao (2019): 2,3,5,6- tetramethylpyrazine (TMPP) was model drug for 

intranasal drug delivery. Tween 80 was used as an absorption enhancer. Tween 80 was 

a potential excipient to boost drug concentration in both plasma and brain via intranasal 

route, based on the pharmacokinetic parameter. TMPP can potentially move through 

the “blood-brain barrier” passively more effectively if polysorbate 80 (also known as 

Tween 80) added to formulation which can improve a drug's systemic absorption. This 

facilitation allows for direct transport from the nasal administration route to the brain 

(25). 

Yasir Mehmood (2023): To enhance the bioavailability and intranasal absorbance of 

azelastine, a nanosuspension-based nasal spray was prepared. The azelastine 

nanosuspension demonstrated a rapid drug release pattern within the initial ten minutes. 
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Within 60 minutes, approximately 97% of the drug had been released, indicating 

effective and efficient delivery through this formulation. In comparison to a pure 

reference sample, the drug dissolution and diffusion study showed a 2.0-fold 

increase(26). 

Javed ali et al. (2019): The formulation of an intranasal nanostructured lipid carrier 

(NLC) for the delivery of lurasidone hydrochloride (LRD) to the brain involved the 

utilization of the solvent evaporation method.” The optimized LRD-NLC exhibited a 

particle size of 207.4 ± 1.5 nm, a polydispersity index of 0.392 ± 0.15, and an 

entrapment efficiency of 92.12 ± 1.0%. Transmission and scanning electron microscopy 

were used to assess the surface morphology and particle size of LRD-NLC. When 

administered through the nasal route, the formulated NLC exhibited a two-fold 

enhancement in the amount of LRD present in the brain, surpassing that achieved with 

the conventional drug solution. The results indicate that utilizing the intranasal route 

holds promise as an effective technique for releasing the drug to the brain directly. This 

approach not only improves the drug's effectiveness in treating schizophrenia but also 

provides a practical alternative to oral medication (27). 

Singh et. Al (2016): Asenapine NLC intranasal delivery for the treatment of 

schizophrenia was found to significantly reduce extrapyramidal side effects while 

boosting antipsychotic effect(28). 

Kokare C et. al (2018): A potential risk associated with second-generation 

antipsychotic drugs is the possibility of developing agranulocytosis. Kokare et. al 

formulated olanzapine loaded NLCs via the intranasal route. The NLC was prepared 

using melt emulsification, and the optimization of the formulation was achieved using 

the Box-Behnken design methodology. The intranasal formulation of olanzapine NLCs 

did not exhibit any variation in leukocyte, RBC, or platelet count, based the results of 



 

Introduction 

KLE College of Pharmacy, Belagavi  14 

 

an in vivo hematological investigation conducted on the drug. So, it can be considered 

that Olanzapine NLC was safely and effectively delivered for CNS disorders through 

the nose to the brain (29). 

Gowda D V et al (2019): Ziprasidone loaded NLCs was prepared using central 

composite statistical design. Pharmacokinetic study shows 10-fold increases for NLCs 

administered via nasal route. Study shows that a potential nose to brain transport of 

ziprasidone by effective bypassing of the blood brain barrier(30). 

Ana Cláudia Paiva-Santos et al (2023): The primary approach to treating psychotic 

disorders such as bipolar disorder and schizophrenia involves the use of oral 

antipsychotic medications. Unfortunately, the risk of unfavorable drug reactions poses 

a challenge to clinical outcomes, leading to patient noncompliance. The blood-brain 

barrier's restrictive qualities make it difficult to design formulations that aim “to 

improve the delivery of drugs to the” brain. The benefits of the intranasal route over 

oral and intravenous delivery have been proven by recent pharmacokinetic and 

pharmacodynamic in vivo studies, notwithstanding these difficulties. This route 

facilitates direct transport of the drug through neuronal pathways from the nasal region 

to the brain, minimizing systemic side effects and enhancing therapeutic effects. 

Various nanosystems, including nanostructured lipid carriers, nanosuspensions 

polymeric mixed micelles, spanlastics, nanoemulsions, nanoemulgels and niosomes 

have demonstrated potential for incorporating antipsychotic drugs when administered 

through the intranasal route. In summary, the intranasal delivery of nanosystems 

emerges as a highly promising approach for addressing schizophrenia, bipolar disorder, 

and related conditions (31) 

Shreeja Nair et al (2021): It is essential to seek emergency medical attention for acute 

epileptic seizures as they create a risk of death. Intravenous phenytoin sodium continues 
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to be the second-line treatment option for the timely management of epileptic seizures. 

For the treatment of acute seizures, the intranasal delivery of nanolipid carriers (NLCs) 

containing phenytoin sodium seems to be a successful method. Three different 

nanosized phenytoin sodium loaded NLCs were developed using the melt 

emulsification technique, and these were subsequently further characterized. The ex 

vivo permeation study revealed that nanostructured lipid carriers (NLCs) with a size 

less than 50 nm exhibited deeper permeation through the olfactory epithelium compared 

to the control drug solution. In in-vivo pharmacokinetic studies, intranasal 

administration of phenytoin sodium NLCs with a size <50 nm demonstrated higher drug 

concentration in the cerebrospinal fluid/brain within 5 minutes, surpassing both the 

control drug solution and commercially available intravenous phenytoin sodium. The 

olfactory epithelium plays a crucial role in facilitating direct and rapid drug transport 

from the nose to the brain (32).   
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1.3  JUSTIFICATION 

Schizophrenia is a chronic mental health condition marked by a variety of cognitive, 

emotional, and behavioral symptoms. Typically emerging in late adolescence or early 

adulthood, its precise origin remains incompletely understood. Nonetheless, the 

consensus suggests that a blend of genetic, biological, environmental, and 

psychological factors plays a role in its onset. Because atypical antipsychotic drugs 

cause less extrapyramidal symptoms, tardive dyskinesia, dysphoria, and improve 

cognition, they are used more often than typical antipsychotic drugs in the therapy for 

schizophrenia 

Cariprazine is a type of atypical antipsychotic medication employed in the management 

of schizophrenia and bipolar disorder sold under the brand name Vraylar. This drug 

obtained approval in 2015 from the “Food and Drug Administration (FDA)” in the 

United States for treating schizophrenia in adults. Additionally, in 2017, it gained 

approval for the acute management of adult bipolar disorder-related manic or mixed 

episodes. 

CPZ belongs to BCS (Biopharmaceutics Classification System) Class II, indicating that 

it has low aqueous solubility. It shows first-pass metabolism. The most often reported 

side effects included akathisia, EPS, headaches, dizziness, tremors, and gastrointestinal 

issues. The nanostructured lipid carrier of CPZ is meant to overcome bioavailability 

and side effects by making at site site-specific. Because of its excellent stability and 

high drug entrapment efficacy, NLC has been chosen as a drug carrier.  NLC's quick 

absorption by the brain makes it a good option for brain delivery. The biocompatibility 

of lipid-based carriers results in extremely low toxicity. Improvements in solubility, 

release modification, nano size, tailored surface, and multifunctionality of nano drug 
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delivery help to increase bioavailability. Including permeation enhancers into the 

formulation will facilitate the paracellular transport of the chosen moieties by loosening 

the barrier's tight joints. 

Intranasal drug delivery offers a non-invasive approach to convey medications directly 

to the brain, bypassing the blood-brain barrier. The administration of nanolipid carrier 

intranasally bypasses the first-pass metabolism of the drug and directly delivers it to the 

brain, increasing its bioavailability. 

In situations where a patient is unconscious, unable to swallow, or experiences 

gastrointestinal issues or disorders affecting motility and absorption, the necessity for 

alternatives to oral delivery becomes evident. Numerous antipsychotics present 

challenges for oral administration due to factors such as limited bioavailability, hepatic 

first-pass effects, and gastrointestinal adverse effects. Additionally, the absence of 

injectable formulations for certain medications is attributed to challenges like 

inadequate aqueous solubility or unfavorable physical, chemical, or toxicological 

characteristics. Because of many benefits, including self-administration, safety, and 

affordability, non-invasive administration is preferred over invasive ones. The nasal 

route is favored due to its advantageous features, including high blood flow, a porous 

endothelium membrane, substantial surface area, and the ability to bypass first-pass 

metabolism.  

Thus, in the planned study, efforts will be undertaken to develop and characterize   

intranasal NLC formulation of Cariprazine using QbD concept. 
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1.4 OBJECTIVE AND PLANE OF WORK  

AIM  

“To formulate and characterize a nanostructured lipid carrier intranasal spray of 

Cariprazine hydrochloride.” 

OBJECTIVES  

➢ To formulate and characterize a nanostructured lipid carrier (NLC) spray of 

Cariprazine for brain targeting via nasal route using QbD approach. 

➢ To access the bioavailability of drug-In vivo study  

SECONDARY OBJECTIVE 

➢ To develop suitable analytical methods. 

PLAN OF WORK 
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2. MATERIALS AND METHODS 

Table 1: List of instruments 

 

S.No EQUIPMENTS MANUFACTURER 

1. Electronic Balance  Sartorius 

2.  Sonicator  RC system, India. 

3. Milli Q water System  Merck Pvt. Ltd. 

4. Zetasizer Nano ZS  Malvern Instruments Corporation, UK 

5. Magnetic Stirrer  Remi Moors, Mumbai 

6. Brookfield viscometer  Brookfield Engineering 

7. DSC  DSC 60 Shimadzu Corporation, Japan 

8. Digital pH meter Systronics, India 

9. Probe Sonicator  Fischer Scientific 

10 Dialysis membrane  Hi Media Ltd, Mumbai 

11. UV Visible spectrophotometer 
UV -1900 Shimadzu Corporation, 

Japan. 

12. Humidity control chamber M/s Lab Control equipment, Mumbai 

13. Homogenizer   T25 Ultra Turax, IKA 

14. HPLC Agilent Technologies 

15. Franz diffusion cell T. C. Scientific glass work, Harayana 

16. HPTLC  CAMAG, Switzerland 

17. 

Fourier Transform InfraRed 

(FTIR) 
Bruker Alpha II, USA 
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Table 2: List of chemicals 

 

S. No Chemical Supplier 

1 Cariprazine hydrochloride MSN Labs, Hyderabad 

2 Glyceryl monostearate Mohini Organics PVT. LTD. 

3 Capmul MCM ABITEC, USA 

4 Acconon MC8 ABITEC, USA 

5 Captex 300 ABITEC, USA 

6 Tween 80 Sigma Aldrich, India 

7 Compritol 888 ATO Gattefosse, France 

8 Gelot 64 Gattefosse, France 

9 Peceol Gattefosse, France 

10 Transcutol P Gattefosse, France 

11 Precirol ATO 5 Gattefosse, France 

12 Citric acid Merck, India 

13 Benzalkonium chloride Merck, India 

14 Methanol Merck, India 

15 Trifluoroacetic acid Fisher Scientific, India 

16 Castor oil Fisher Scientific, India 

17 Olive oil Fisher Scientific, India 

18 Coconut oil Fisher Scientific, India 

19 Peppermint oil Fisher Scientific, India 
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2.1 Analytical methods for estimation of Cariprazine Hydrochloride 

2.1.1 UV spectrophotometric method 

Methanol was chosen throughout the study because Cariprazine hydrochloride exhibits 

solubility in organic solvents, including methanol and dimethyl sulfoxide (DMSO). 

 A Shimadzu UV 1900 UV spectrophotometer was used to scan a working standard 

solution containing 10 μg/ml of CPZ between 400 to 200 nm wavelength.   

Stock and a working standard solution preparation 

10 mg of capricrazine hydrochloride was carefully weighed and added to a 100 ml, dry 

volumetric flask. Using methanol, the drug was dissolved and diluted to the required 

amount. This was considered to be a standard stock solution (100 μg/ml). To prepare 

the working standard, a volume of 1 ml from the stock solution was measured using a 

pipette and subsequently “diluted to a total volume of 10 ml” resulting in a 

concentration of 10 μg/ml. Further required dilution were made to get the desired 

concentration(33–35). 

2.1.2 “Development and Validation of RP-HPLC Method for Cariprazine” (36–40) 

Instrumentation  

Agilant 1260 Infinity II, Quaternary pump with degasser (G7111A), auto-injector 

(G7129A), DAD detector (G7115A), and Openlab Ezchrom software were used. 

Chromatographic.conditions  

The HPLC system was connected to an Agilent Zorbax Bonus – RP column (250 mm 

× 4.6 mm, 5 µm), facilitated the chromatographic separation. A sample of 10 µL was 

injected into the system, which operated at a flow rate of 1 ml/min and maintained a 
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column temperature of 30℃ and detection was at 248 nm. The mobile phase consisted 

of Methanol and 0.1% Trifluoroacetic Acid in a ratio of 52.5:47.5 v/v. 

Preparation of standard stock solution and calibration curve” 

Cariprazine hydrochloride 5 mg” was dissolved into 10 ml of diluent, vortex for 1 min. 

Sonicate for 5 minutes. Concentration of Cariprazine HCL standard stock solution 500 

µg/mL (Diluent -Methanol and 0.1% Trifloroacetic Acid 50:50 v/v) further dilutions 

are carried out to get the calibration curve “ranging from 80 to 120 µg/mL.” 

The method validation was done on basis of recommendations provided by ICH 

guidelines(41). 

2.1.3.“HP-TLC method development and validation for Cariprazine 

Hydrochloride (42–48). 

Instrumentation and chromatographic conditions 

This included a visualizer, a twin trough chamber, a nitrogen cylinder connected to a 

Linomat 5 auto sprayer, and a TLC scanner. The HPTLC system (CAMAG®, 

Switzerland). Version 3 of the Vision CATS software was used. The stationary phase 

utilized in the process comprised pre-coated silica gel 60F254 HPTLC plates, with 

dimensions of 10×10 cm and 20×10 cm, and a layer thickness of 0.1 mm. These plates 

were obtained from E Merck KGaA, Darmstadt, Germany. The application of the 

samples onto the plates was carried out using a ‘TLC-Hamilton® glass syringe’, 

sourced “from Hamilton-Bonaduz Schweiz, Camag, Switzerland.” Samples were 

applied in the presence of a constant nitrogen gas stream. A twin trough chamber was 

employed during the development process. (10×10cm and 20×10cm). For the mobile 

phase, 10 minutes was the ideal chamber saturation time. A deuterium lamp was used 
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as the radiation source. The wavelength at which the bands were examined was 254 

nm. 

Method development 

The application of samples onto the pre-coated silica gel 60F254 HPTLC plates was 

performed using a micro syringe and a Camag Linomat 5 sample applicator with a 6 

mm bandwidth. Various concentrations of reference standard solutions for CPZ were 

prepared, and these solutions were applied “as bands on 60 F254 plates.” A twin trough 

glass chamber was utilized for plate development. Before the plate was developed in 

“the chamber, the mobile phase was” given ten minutes to saturation. The solvent 

system was allowed to run on around 70 mm of the plate. Once the plate reaches a 

length of 70 mm, it is allowed to dry with the assistance of an air dryer. Following the 

drying process, the TLC scanner 4 is employed to analyze the fully dried plate, and the 

resulting chromatograms are used for result interpretation. The spectra were identified 

using UV-Range Scanners.  

According to ICH Q2 (R1) recommendations, the developed technique was validated. 

Various parameters were evaluated, encompassing range, linearity, accuracy, precision, 

specificity, quantification limit, and robustness.  

2.2 Preparation of CPZ NLCs by QbD approach 

Quality by Design is a systematic concept of product development that focuses on 

ensuring the quality of the quality of the end product. It involves designing and 

developing processes with a thorough understanding of how variations in factors can 

affect the final product's quality (Figure 5). The goal is to build quality into the product 

from the beginning rather than relying on quality control measures at the end of the 

manufacturing process. 
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Table 3: Elements of the QTPP & CQA for development of the CPZ-NLC 

QTPP Target Justification 

Drug delivery system NLC Bioavailability enhancement 

Dosage form Nasal spray Quick onset of action 

Route of administration Nasal Easy to administer 

Drug release More than 70% 
Essential to attain therapeutic 

activity 

CQA   

Particle size 
Less than 

200nm 

Absorption and bioavailability 

improved 

Entrapment Efficiency More than 90% Improved therapeutic outcome 

 

 

Figure 5: QbD approach 
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2.2.1 Selection of lipids  

 

In the formulation of Nanostructured Lipid Carriers (NLC), liquid and solid lipids were 

selected based on their superior solubility for the drug in both components. The drug 

must have high solubility in lipid and oil to achieve maximum loading. The solubility 

of CPZ in solid lipids, Comritol 888 ATO, stearic acid, Gelot 64, Glyceryl monostearate 

and Precirol ATO 5 were determined by melting 1 gram of lipids above their melting 

point and then integrating small amounts of the drug into the molten lipids. The clarity 

and transparency of the resulting mixture were assessed, and the point at which 

transparency was lost indicated the drug's saturation point in the lipid, signifying its 

solubility limit. (49) 

Liquid lipid or oil phase and surfactants screened for this study include Castor oil, Olive 

oil, Coconut oil, Peppermint oil, Cinnamon oil, Isopropyl Myristate, Acconon MC 8, 

Captex 300, Capmul MCM, Capryol 90, Kolliphor EL, Labrafac PG, Transcutol P, 

Transcutol HP, Kolliphor RH 40, Tween 40, Tween 80, Tween 60, Span 80, Span 20. 5 

ml of each chosen ingredient were transferred into a glass beaker and positioned on a 

magnetic stirrer at room temperature to evaluate the solubility of the drug. The drug 

was added to the oil and surfactant in predetermined amounts, with each addition being 

stirred for 30 minutes. The point of saturation was identified by the loss of transparency. 

After that, the resulting mixture underwent centrifugation for a duration of 15 minutes 

at 15,000 rpm in order to separate the undissolved drug. The drug content was then 

determined by collecting and analyzing the supernatant by using an HPLC (27,50). 

2.2.2 Formulation of CPZ-loaded NLCs 

The NLCs were made using the emulsification–ultrasonication technique(28,29,51,52). 

In brief, predetermined amounts of “glyceryl monostearate (solid lipid, SL), Capmul 
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MCM (liquid lipid, LL), and Cariprazine were blended and heated to 70°C with stirring 

to form a consistent lipid phase. Following this, Tween 80 and Transcutol P were 

dissolved in distilled water and heated to 70°C. The heated aqueous phase was then 

slowly introduced to the lipids, and the resulting mixture was homogenized at 11,000 

rpm for 15 minutes using an IKA Ultra-Turrax T18 homogenizer (IKA, Wilmington, 

NC, USA). To further refine the emulsion, a probe sonicator (Sonics Pvt. Ltd., India) 

was employed, subjecting the pre-emulsion to” ultrasonication at 30% amplitude with 

a 10:10 on-off cycle for 10 minutes. The finalized formulations were subsequently 

stored at room temperature. 

2.2.3 Optimization of the Nanostructured lipid carrier system using BBD design 

Key factors affecting the ideal attributes of the nanostructured lipid carrier intranasal 

formulation were pinpointed in preliminary screening studies. Initial experiments 

demonstrated that the favorable attributes of the nanostructured lipid carrier system 

were directly modulated by the choice of surfactant, liquid lipid, and solid lipid. 

Constraints were established for each factor that could influence the formulation 

features, guided by careful observations. Table 4 displays the chosen level of 

independent variables that were applied to prepare CPZ-NLC. 
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Table 4: Independent and Dependent Variable Levels in BBD for CPZ-NLC 

Preparation 

Factors/ 

Independent 

Variables 

Low (-1) High (+1) 

A=Solid lipid  0.5% 1% 

B=Liquid lipid 0.6% 2.5% 

C=Surfactant 4% 6% 

Dependent variables  Particle size (Y1) Minimum 

 Entrapment efficiency (Y2) Maximum 

 

The Design Expert 13.0.5.0 software, developed by State-Ease Inc. based in 

Minneapolis was used to optimize NLC and a three-factor, 3 level “Box Behnken design 

(BBD) design. The design consisted of 15 experimental runs.  

2.3 Characterization of CPZ NLC  

2.3.1 Particle size, Polydispersity index, and Zeta potential 

Employing dynamic light scattering technique (DLS), the Zetasizer Nano ZS (Malvern 

Instruments Ltd., Malvern, UK) was utilized to assess the zeta potential, polydispersity 

index (PDI), and particle size of the CPZ-NLCs at 25°C. Subsequently, all samples were 

diluted with deionized double-distilled water and filtered through a 0.45 µm membrane. 

The determination was executed in triplicates. If the PDI is less than 0.3, the size 

distribution is uniform(53,54). 
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2.3.2 Entrapment efficiency 

A predetermined volume of NLC was centrifuged at 15,000 rpm for 30 minutes to 

assess the amount of CPZ added to the lipid phase and its entrapment efficiency. The 

resultant supernatant was suitably diluted and tested using UV spectrophotometric 

analysis at a wavelength of 252 nm (UV 1900, Shimadzu, Japan), and the amount of 

CPZ entrapped was calculated using the following formula (55,56). 

 %𝐸𝐸 =
𝑊𝑑 − 𝑊𝑠

𝑊𝑑
× 100 

In the formula, where “EE” represents “entrapment efficiency,” Wd denotes the total 

weight of the drug taken, and Ws signifies drug's weight in the supernatant 

2.3.3 Surface Morphology 

Transmission Electron Microscopy 

The size and morphology studied using a Philips CM 200 (Germany) transmission 

electron microscope (TEM). The Cariprazine Nanostructured Lipid Carrier (NLC) 

dispersion was appropriately diluted with distilled water prior to the examination. For 

imaging purposes, a portion of the diluted dispersion was applied onto “a copper grid 

coated with carbon, and the grid was left to dry.” An acceleration voltage of 200 kV 

was used during the observations (57). 

Scanning Electron Microscopy 

On a scanning electron microscope (magnification: 50; accelerating voltage: 15.0 kV), 

images were captured. The analysis was conducted at 25°C. The NLC dispersion was 

appropriately diluted and ultrasonicated. On the grid, a few drops of the dispersion were 

placed and allowed to dry. After samples were thoroughly dried, an image was captured. 
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2.3.4 Differential Scanning Calorimeter Analysis 

An aluminium DSC pan was filled with significant quantities (3 mg) of the sample 

using a DSC loading puncture and sealed. Using a differential scanning calorimeter, the 

sample was heated at a rate of 5°C per minute and it was scanned between 25° and 

300°C in an inert atmosphere of nitrogen. To determine any changes in the drug 

about enthalpy and interaction with excipient, the DSC was used(28). A differential 

scanning calorimeter was used to characterize CPZ HCl, GMS CPZ, physical mixture, 

and CPZ loaded NLCs (DSC-60 Shimadzu). 

2.3.5 “FT-IR” Analysis 

The IR spectra of CPZ, physical mixture, CPZ NLC formulation were recorded by 

Fourier Transform Infrared spectroscopy (Bruker, Model: Alpha II) based on ATR 

Technique (Attenuation Total Reflection). The sample was kept in an IR cell and runed 

out 48 scan over sample with IR beam. Sample undergoing molecular vibration on the 

absorbance of IR beam of light. Vibrational frequencies will be measured in term of 

wavenumbers (cm-1) versus percentage transmittance. Wavenumbers in the term cm-1 

is an indication of a functional group at different positions. 

2.3. “In vitro release study” 

A dialysis bag containing NLC (2 ml) equivalent to 2 mg was sealed on both ends. The 

dialysis bag was submerged in a 100 ml phosphate buffer, serving as the dissolution 

medium. Subsequently, it was stirred at 50 rpm using a magnetic stirrer, maintaining a 

temperature of 37°C. One milliliter of aliquots were taken out and substituted with a 

fresh one dissolution medium at predetermined intervals. Samples were withdrawn and, 
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following appropriate dilutions, spectrophotometric analysis was done at 252 nm. 

(27,58,59). 

2.3.7 Study of ex vivo permeation using sheep nasal mucosa 

The nasal mucosa was acquired from a freshly sacrificed sheep at a nearby 

slaughterhouse. The excised tissue was then placed in ice-cold PBS (pH 6.4) and 

maintained in an aerated condition. The excised nasal mucosa was cut into thin, 0.2 

mm-thick pieces to place the samples on the donor and receptor parts of the diffusion 

cell. The mounted mucosa sample was stabilized for 15 minutes at 37± 1°C using PBS 

(pH 6.4) treatment. A 1 mL sample of Nanostructured Lipid Carriers (NLCs) was 

introduced into the donor compartment, while the receptor compartment was filled with 

phosphate buffer (pH 6.4). 1 mL aliquots were removed from the receiver compartment 

at predetermined intervals and replaced with PBS (pH 6.4) buffer. Withdrawn samples 

were diluted and tested using UV spectrophotometric analysis (UV1900, Shimadzu, 

Japan) at a wavelength of 252 nm. Triplicates of each measurement are made, and the 

data is displayed as mean±SD (60,61). 

2.3.8 Studies on Nasal Ciliotoxicity 

Freshly isolated sheep mucosa was used for the nasal ciliotoxicity investigations. Each 

tissue sample underwent a two-hour exposure to optimized CPZ NLCs, PBS pH 6.4 

(utilized as the negative control), and isopropyl alcohol (employed as the positive 

control). The resulting tissue samples were then preserved in 10% formalin solution 

and stained with hematoxylin and eosin for histological imaging (60,62,63). 

2.3.9 Drug content  

The 1ml of NLCs loaded with cariprazine was transferred into 10 ml volumetric flasks, 

dissolved, and then further diluted to reach the required volume with methanol.”The 
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solution was immersed in an ultrasonic bath for 15 minutes to achieve complete drug 

dissolution. Following this, the samples were filtered through a 45 μm membrane and 

the sample was analysed using the developed HP-TLC method(47,64). 

2.3.10 “In vivo Pharmacokinetic study” 

With permission from the institutional ethical committee of KLE College of Pharmacy, 

Belagavi, healthy male albino Wister rats weighing 200–250 g were utilized for 

pharmacokinetic research (221/Po/Re/S/2000/CPCSEA RNo 34). The experimental 

animals were housed at a temperature of 25°C in standard laboratory conditions. 

Animals are divided in 3 groups having each 6 animals.  Group 1- Intranasal CPZ NLC, 

Group 2- CPZ suspension IN, Group 3- CPZ Oral. The dose was 1 mg/kg. Five animals 

each time point were sacrificed in each group to collect their blood and brain. An 

anticoagulant-containing Eppendorf tube was used to collect blood samples.“Blood 

samples were centrifuged for 15 minutes at 4°C at 15,000 rpm to separate the plasma. 

Brain samples were collected, and using a tissue homogenizer, they were homogenized 

in phosphate buffer. Brain homogenate and plasma samples were extracted by 

acetonitrile. The cariprazine quantification in plasma and brain samples was done by 

HPLC system(27,28,65).  

2.3.11 Stability study 

Short term stability study was carried out to check physical stability of formulation. 

CPZ-NLCs (F6) was kept under accelerated conditions and room temperature for three 

months. At designated time interval sample was analyzed for particle size, poly 

dispersity index, and entrapment efficiency. 

2.4 Nasal spray evaluation(66–68) 

A digital pH meter was used to measure the pH of formulations. 
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Using a Brookfield viscometer, the viscosity of formulations was determined.  

Clarity test - The dispersion in the test tube was examined under light against a black 

and white background using a clarity testing device. 

Pump delivery - The formulation was put into the bottle (weight of bottle noted down) 

and actuated ten times in a reweighed bottle. The weight of the bottle was measured 

once more after ten actuations, and the difference was computed.    

A study of content uniformity is utilized to determine the drug amount in various 

formulations. “1 ml of spray solution was accurately measured and transferred to a 10 

ml volumetric flask, and 5-7 ml of diluent was mixed for 2 minutes and make up the 

volume to the mark with diluent. Analyzed with HPLC system.
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RESULT & DISCUSSION 

3.1 Analytical methods for estimation of Cariprazine Hydrochloride 

3.1.1 UV Method Development for Cariprazine Hydrochloride 

It had been found that Cariprazine hydrochloride was stable and soluble in methanol at 

room temperature. As a result, this solvent was utilized to determine the appropriate 

detection wavelength and working concentration of the standard. 

The sample was scanned by using methanol as a blank between the wavelength ranges 

400-200nm. The UV spectra were displayed in Figure 6 and the absorption curve 

revealed two distinct absorption maxima at 217 nm and 252 nm. Dilution of the working 

sample “solution with methanol to give concentration range 10-50 µg/ml.” The UV 

spectra of CPZ were obtained by scanning between 400 -200 nm. The wavelength was 

selected 252 nm. 

There was no interference shown by the solvent (methanol) spectrum at 252 nm. The 

UV spectrum of Cariprazine Hydrochloride is represented in Figure 6. 

 

 

 

 

 

 

 

 

Figure 6: Cariprazine hydrochloride standard UV spectrum 

Figure 7 displays the overlay spectrum of Cariprazine hydrochloride's linearity, whereas 

Figure 8 displays the standard calibration curve. 



 

Result & Discussion  

 

KLE College of Pharmacy, Belagavi  34 

 

 

Figure 7: Overlay spectrum of cariprazine hydrochloride 

 

Figure 8: Cariprazine hydrochloride linearity graph 

3.1.2 HPLC method development and validation of CPZ 

HPLC analysis was performed for CPZ and retention time was found to be 3.85 at 248 

nm. The HPLC chromatogram for CPZ were shown in Figure 9. The system suitability 

were found to be within acceptable limits. The number of theoretical plates (N > 2000), 

the tailing factor (T < 2%), and the relative standard deviation of the peak area (% RSD 

< 2%). The regression analysis data for the calibration curve shows a linear relation 

over the concentration range of 80-120 µg/mL for CPZ. The correlation coefficient was 
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found to be R2=0.999.  The regression equation for the calibration curve was y= 17117x 

– 19735 as shown in Figure 10. The % RSD value for the precision of the method 

(repeatability) was 0.14%. The LOD and LOQ values were “44.8 ng/mL and 135.6 

ng/mL” respectively. Minor variations in flow rate, mobile phase composition, and 

column temperature exhibit negligible impact on chromatographic parameters. The 

chromatogram displaying the linearity overlay of Cariprazine hydrochloride is 

presented” in Figure 11. 

Table 5:  Final Chromatographic Conditions 

Sr. No Parameter Condition 

1 HPLC Instrument Agilent 1260 Infinity II 

2 Column Agilent Zorbax Bonus RP (250 x 4.6 mm, 5 micron) 

3 Wavelength 248 nm 

4 Mobile Phase 
52.5 Methanol:  47.5 0.1% Trifluoroacetic acid in 

water 

5 Diluent 
Methanol:  0.1% Trifluoroacetic acid in water 

(50:50) 

6 Run time 8 minutes 

7 Injection Volume 10 µl 

8 Column Oven temperature 30˚C 

9 Flow Rate 1 ml/min 
 

 

Figure 9: HPLC chromatogram for CPZ 
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Figure 10: Calibration curve of CPZ by HPLC 

 

Figure 11: Linearity overlay chromatogram of cariprazine hydrochloride 

3.1.3 HP-TLC method development for CPZ 

HP-TLC (High-Performance Thin Layer Chromatography) analysis was performed for 

CPZ. The wavelength at which the highest absorbance of Cariprazine hydrochloride 

was observed, 253 nm, was chosen for analysis (Figure 13). The mobile phase consisted 

of Toluene: Methanol (7:3 v/v).  A 10-minute chamber saturation time has been given.  

Retention time was found to be 0.64. The chromatogram of both CPZ and CPZ NLCs 

y = 17117x - 19735

R² = 0.9995
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were shown in Figures 14,15 resp.  The ICH Q2 (R1) guideline was followed in the 

validation of the method. 

 

Figure 12: A schematic diagram for the HP-TLC instrument along with method 

development for determination of CPZ 

 

Figure 13: CPZ Spectra 
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Figure 14: CPZ Typical chromatogram 

 

Figure 15: CPZ NLC formulation at 253 nm 

Within “the concentration range of 1–5 µL/band for CPZ,”a remarkable linear 

correlation is observed with a regression coefficient of 0.993. Figure 16 provides a 

visual representation of the linearity on the HP-TLC developed plate. The drug exhibits 

a well-defined band at Rf 0.64, and the corresponding linear regression equation is 

expressed as Y = 0.0008X + 0.0042 (Figure 17). The linearity chromatogram is 

displayed in three dimensions in Figure 18 using the Vision CATS software. It was 

found that the limit of detection and quantification were 0.50 µg/band and 1.52 

µg/band, respectively.” The % RSD for intraday and interday precision (n=6) was 0.27 

and 0.24, which is less than 2%. Variations in “the mobile phase volume and saturation 
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time” resulted in a percent relative standard deviation (RSD) within 2%, indicating the 

robustness of the new technique. 

 

Figure 16: Developed plate of linearity 

 

 

Figure 17: Linear regression of CPZ standards 
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Figure 18: “Linearity chromatograms of CPZ (1, 2, 3, 4,5 µL/band TRACK 1-5) 

in 3D view” 

3.2 Preparation of CPZ NLCs by QbD approach 

3.2.1 Lipid selection 

Glyceryl monostearate (GMS) and Capmul MCM were selected as the solid and liquid 

lipids, respectively,” considering the drug's maximum solubility in each. “The solubility 

of the drug in different lipids” is illustrated in Figure 19 and Figure 20. 

 

Figure 19: Drug solubility in various solid lipids 
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Figure 20: Drug solubility in different liquid lipid and surfactant 
 

3.2.2 Formulation of Nanostructured Lipid Carriers (NLCs) Loaded with CPZ 

The melt emulsification method was employed to formulate nanostructured lipid 

carriers for CPZ. This choice was influenced by the recognition that the concentrations 

of solid lipid, liquid lipid, and surfactant are pivotal factors impacting both particle size 

and entrapment efficiency. Box Behnken design was employed to” optimize the 

formulation. The flowchart of the preparation of CPZ NLCs is shown in Figure 21. 

 

Figure 21: The flowchart of the preparation process of CPZ-NLC 
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3.2.3 Optimization of the Nanostructured Lipid Carrier System using BBD Design 

15 experimental runs with three center points have been generated for formulations 

using BBD design. Table 6 displays the responses from these runs. The two response 

variables, Y1 (particle size) measured in nanometers and Y2 (entrapment efficiency) in 

percentage, exhibit ranges of 173–252.5 nm and 81.45–98.32%, respectively. Table 7 

provides information on the percentage coefficient of variation, standard deviation 

(SD), and R2  for each response. A three-dimensional graph, Figure 22 and Figure 23 

displays the effect of the independent variable’s solid lipid, liquid lipid, and surfactant 

concentration. 

Table 6: Observed responses in BBD design 

 

 

Influence of Independent Variables on Particle Size: Y1 

Response 1 (Y1):  The particle size observed in all 15 experimental runs ranged from 

173.3 to 252.2 nm. 

 

Batch Solid lipid 

GMS (%) 

Liquid lipid 

Capmul 

MCM (%) 

Surfactant 

Tween 80 

(%) 

Particle size 

(nm) 

Entrapment 

efficiency (%) 

F1 0.75 2.5 4 252.2±1.3 98.02±0.6 

F2 1.00 1.55 6 196.1±1.18 98.12±1.4 

F3 0.5 1.55 6 180.4±1.2 90.14±0.57 

F4 0.5 1.55 4 245.3±0.5 92.43±1 

F5 0.75 0.6 6 178.6±0.7 84.04±1.5 

F6 0.75 1.55 5 173.3±0.6 96.1±0.57 

F7 0.75 2.5 6 206±1.0 97.12±1.5 

F8 1.00 2.5 5 198.4±1.7 98.32±2.08 

F9 1.00 0.6 5 197±0.5 84.1±1.0 

F10 0.75 0.6 4 246.1±1.15 81.45±0.63 

F11 0.75 1.55 5 178±0.5 97±0.57 

F12 0.5 2.5 5 194±1.2 95.09±1.0 

F13 0.75 1.55 5 173.9±0.3 97.14±0.50 

F14 1.00 1.55 4 248±1.15 92.78±0.65 

F15 0.5 0.6 5 197±1.1 84±0.52 
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Particle Size =+174.97+2.85A+3.99B-

28.81C+1.10AB+3.25AC+5.33BC+9.18A2+12.45B2+33.3C2………. Equation 1 

 

Figure 22: “Three-dimensional response surface plot illustrating the impact of 

independent variables on particle size.” 

Based on the equation above, it was determined that the particle size of NLC grows 

along with changes in the concentrations of liquid and solid lipids. Particle size was, 

however, decreased as surfactant concentration increased. 
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Figure 23: “Three-dimensional response surface plot illustrating the impact of 

independent variables on entrapment efficiency” 

Influence of Independent Variables on Entrapment Efficiency: Y2 

The entrapment efficiency for all 15 formulations fell within the range of 84-98.32%. 

EE = +96.71+1.46A+6.87B+0.5925C+0.7825AB+1.91AC-0.8725BC1.56A2-

4.77B21.78C2 ……………. Equation 2 

From equation 2, the results of the research indicate that entrapment efficiency 

increases with lipid concentration. The entrapment efficiency is influenced by the 

amount of liquid lipid present, since a higher lipid content results in a higher entrapment 

efficiency. 
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Table 7:  Summary of Regression Analysis 

Models SD R2 
Adjusted 

R2 

Predicted 

R2 
Press Remark 

Response 1: Particle Size 

Linear 21.20 0.5802 0.4657 0.3195 8014.20 
 

2FI 24.45 0.5939 0.2893 0.2443 14654.32 
 

Quadratic 6.23 0.9835 0.9539 0.7531 2907.20 
Suggested 

Response 2: Entrapment Efficiency 

Linear 3.34 0.7643 0.7000 0.6041 205.82 
 

2FI 3.58 0.8028 0.6550 0.4081 307.74 
 

Quadratic 1.14 0.9875 0.9651 0.8209 93.11 
Suggested 

“SD- Standard deviation, Press-Predicted residual error sum of square, 2FI- 2 Factor 

interaction,” R2-Multiple correlation coefficients 

 

The optimized batch with CPZ NLC (F6) had a mean particle size of 173.3± 0.6 nm. 

The optimized NLC formulation had a 96.1± 0.57 % entrapment efficiency.  Particle 

size (174.2 nm) and entrapment efficiency (96.53%), these values closely aligned with 

the predicted values derived from the BBD design. To characterize the morphology, the 

optimized formulation underwent additional scanning electron microscopy (SEM) and 

transmission electron microscopy (TEM) analyses. The details of the optimized NLC 

preparation formula are presented in Table 8. Transcutol P has been used as Co- 

surfactant as well as a penetration enhancer, sodium hydroxide and citric acid used to 

adjust the pH of formulation. Benzalkonium Chloride used as preservative. 
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Table 8: Optimized Formula 

Material Amount in % 

Cariprazine HCL 0.1 

Solid lipid GMS 0.75 

Liquid lipid Capmul MCM 1.5 

Tween 80 5 

Transcutol P 1 

Sodium Hydroxide (pH) qs 

Citric acid (pH) qs 

Benzalkonium Chloride 0.02 

 

 

Figure 24: Overlay plot (Design space) 
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3.3 Characterization of CPZ-loaded Nanostructured Lipid Carriers 

(NLCs)” 

3.3.1 Particle size, Polydispersity index (PDI), and Zeta potential (ZP) 

The intranasal route of drug administration is influenced by the particle size of the 

formulation. The absorption through the nasal route is significantly influenced by 

particle size. As the liquid lipid increased, the particle size decreased. The mean particle 

size of the optimized formulation was determined to be 173.3± 0.6 nm, with a mean 

Polydispersity Index (PDI) of 0.30± 0.6, signifying a uniform distribution of the drug. 

Zeta potential 6.22 ± 2.5 mV. “Zeta potential distribution and particle size of the 

optimized batch (F6) were shown in Figure 25. The delivery of drugs via the intranasal 

route is influenced by the formulation's particle size. Drug release via monodispersed 

NLC formulation is indicated by a lower PDI, which suggests a homogeneous 

distribution of NLC particles. The intranasal route of brain delivery is facilitated by the 

greater surface area of the nanosized formulation. The surface charge of nanoparticles 

is analyzed using zeta potential characterization. The hydrophobic tail of Tween 80, a 

hydrophilic non-ionic surfactant, prevents the particles from aggregating together due 

to static repulsion, which facilitates steric stabilization of the formulation (29). 
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Figure 25: “Particle size distribution (A) and ZP (B) of optimized formulation” 

3.3.2 Entrapment efficiency 

The nature of an oil phase determines the entrapment efficiency (%) of a formulation. 

Because more drug particles were caught in the lipid's core, the maximum amount of 

total lipid can entrap more drugs and result in a higher percentage of EE. A formula that 

has been optimized shows 96.1±0.57% EE. 
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3.3.3 Surface Morphology 

Transmission Electron Microscopy (TEM) and Scanning Electron Microscopy 

(SEM) 

Utilizing TEM and SEM, an examination of the external morphological structure of the 

prepared NLC was”conducted, revealing the spherical shape of the NLCs. The size of 

the NLC, determined by SEM and TEM, ranged between 160 and 200 nm, aligning 

well with the particle size measured by a particle size analyzer using dynamic light 

scattering. 

 
Figure 26: SEM image of optimized CPZ loaded formulation 

 

 

Figure 27: TEM image of optimized CPZ loaded formulation 
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3.3.4 “Analysis by Differential Scanning Calorimetry” (DSC) 

DSC thermogram” of CPZ HCl, GMS CPZ mixture, Physical mixture, and CPZ loaded 

NLCs are shown in Figure 28. The crystalline nature of CPZ HCl (T onset = 263.20) 

and GMS (T onset = 63.71) was shown by a strong endothermic peak that corresponds 

to their melting point.  A broad, asymmetric melting peak was seen in the NLCs loaded 

with CPZ thermogram. The absence of a CPZ melting peak in CPZ NLC could be 

attributed to CPZ HCL's molecularly dispersed inside the lipid matrix. A broader 

endothermic peak was associated with the possible effect of “liquid lipid and surfactant 

on the GMS crystal lattice” (28).  
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Figure 28: DSC thermogram of (A) Cariprazine hydrochloride, (B) Physical 

Mixture, (C) GMS and CPZ Mixture, (D) CPZ NLCs formulation, (E) Overlay 
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3.3.5 FTIR spectrum analysis 

The spectrum of CPZ, Physical mixture and CPZ NLC are shown in Figure 29. “The 

IR spectrum of CPZ revealed the characteristic absoption bands” at 3318.82 cm-1 

(seconary amine stretching), 2896 cm-1 (alkane), 1645.65 cm-1 (C=O secondary amine), 

1442, 1349, 1178 cm-1 (C-H bending -CH3 Group), 1051 cm-1 (C-N Stretching), 954 

cm-1 (C=C Bending),781 cm-1 (C-H bending), 718 cm-1  (C-Cl ). IR spectrum of physical 

mixture shows absorption bands at 3341 cm-1 (N-H stretching amine), 2921 cm-1 (C-H 

Stretching alkane), 2862 cm-1 (C-H Stretching), 1733 cm-1 (C=O Stretching), 1456cm-

1 (C-H Bending alkane), 1249 cm-1 (C-N Stretching amine), 942 cm-1 (C=C Bending), 

850 cm-1 (C-Cl), 723 cm-1 (C-Cl Stretching). The presence of CPZ in the nanostructured 

lipid carrier is confirmed by the presence of 3368 cm-1,2922 cm-1,1639 cm-1,1459cm-1, 

and 1096 cm-1 in the CPZ NLC formulation. These results indicate that there is no 

chemical interaction between the drug and lipid matrix. Due to changes in the chemical 

environment and intermolecular interactions brought on by the dispersed drug molecule 

in the lipid matrix, there has been a slight shifting of the CPZ absorption bands in CPZ 

NLC. 
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Figure 29: FTIR spectra of (A) CPZ, (B) Physical Mixture, (C) CPZ- NLC 

Formulation and (D) Overlay 
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3.3.6 “In vitro release analysis” 

“The in vitro drug release study utilized the dialysis membrane technique” with a 

molecular weight cut-off of 12000-14000 Dalton. The results demonstrated a drug 

release of 96.11±2% for the F6 formulation, 91.23±0.57% for the F2 formulation, and 

89.54±1.60% for the F8 formulation at the end of 30 minutes. The drug molecules 

trapped in the matrix have a shorter average diffusion path due to their smaller-sized 

nanosystems, which facilitates quicker diffusion and increases drug release. The in vitro 

data obtained for CPZ NLC were subjected to fitting with various kinetic models.  

The coefficient of regression (R2) for different kinetics revealed a better fit with the 

first-order model, suggesting that drug release is directly proportional to the 

concentration gradient (58,59,69) 

(F2, F6 and F8 formulations show low particle size and high entrapment efficiency 

among all other formulation)  

 

Figure 30: In vitro drug release of F2, F6, F8 batches 
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 3.3.7 Study of Ex Vivo permeation using sheep nasal mucosa 

The true characteristics of drug permeation are shown by a natural membrane. The 

sheep nasal mucosa was chosen for the present study due to its histological similarity 

to the epithelium of the human nasal mucosa. It has been demonstrated that lipid 

nanocarriers are essential for increasing the permeability of both hydrophilic and 

lipophilic drug molecules (29,70). Based on the experimental results of the 

permeability study, the optimized NLC formulation shows permeation of 75.83% of 

CPZ at the end of 35 min, whereas the CPZ suspension allowed for just 26.45%. For 

CPZ NLC, the steady state flux was 174.60 µg/cm2/min, while 66.92 µg/cm2/min was 

recorded for CPZ suspension. Surfactant may be the cause of the increased flow in CPZ-

NLC. Increased lipophilicity of CPZ makes it much more effective in permeating 

through the nasal mucosa. Because of its small size and lipidic nature, CPZ NLC will 

be helpful in permeating drug through the olfactory epithelium. The nasal mucosa 

enables rapid drug delivery to the brain, ensuring a quick onset of action with drug 

release occurring within minutes. This contrasts with the trigeminal mucosal route, 

where such swift delivery is hindered by its high vascularity. Moreover, the surfactant's 

permeation-enhancing effect, which directly influences the cell membrane by opening 

pores in the nasal mucosa, promotes accelerated drug permeation. 
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Figure 31: Ex vivo permeation study by sheep nasal mucosa 

3.3.8 Studies on Nasal Ciliotoxicity  

It is essential to investigate histological alterations in the nasal mucosa induced by the 

formulation. No changes were seen in the nasal epithelium in the mucosa section treated 

with formulation CPZ-NLC. Studies on the toxicity of excipients used in the fabrication 

of NLCs using nasal ciliotoxicity found that nasal mucosa samples treated with PBS 

(negative control) did not exhibit any nasociliary damage and epithelial layers remained 

intact. On the other hand, severe damage to the nasal mucosa caused by IPA (Positive 

Control) treatment resulted in the loss of cilia, epithelial cells, and mucosal layer 

shrinkage (71). Hence, nasal ciliotoxicity experiments demonstrate that each excipient 

employed in the formulation of CPZ-loaded Nanostructured Lipid Carriers (NLCs) is 

deemed safe for administration via the nasal route. 
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Figure 32: Histopathology section of nasal mucosa treated with (A)CPZ NLCs 

formulation, (B)IPA, and (C)Phosphate Buffer. 

3.3.9 Drug Content  

Drug loaded NLCs analyzed by developed HP-TLC method. 1 ml CPZ NLCs 

appropriated diluted with methanol. 0.98 ± 0.034 mg amount of CPZ was found in CPZ 

loaded NLC. The observation showed that the remarkably “low mobile phase 

consumption per sample” resulted in a decrease in acquisition and disposal costs. 

Comparing to UV spectrophotometric method which is more affordable, however HP-

TLC method is “more sensitive than UV method.” In comparison to the HPLC method, 
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“sample analysis is more costly and time”-consuming, requiring an extended duration 

to complete each analysis. 

3.3.10 “In vivo Pharmacokinetic Study”  

During “the in vivo pharmacokinetic study, the concentration of the drug” in both 

plasma and the brain was measured at regular intervals using a validated HPLC method. 

The mobile phase for detection of Cariprazine was Methanol and 0.1% TFA (50:50). 

The linearity range for plasma was found to be 10-50 µg/ml. 

The pharmacokinetic parameters were computed utilizing specialized software 

(Phoenix software version 8.1; Pharsight Corp, USA). Table 9 presents various 

pharmacokinetic parameters. The study centered on examining the distribution of CPZ 

within the brain after the intranasal administration of CPZ NLC, with a comparative 

analysis against intranasal (i.n) and “oral CPZ suspension” in Wistar rats. 

Figure 33 illustrates the time profile of CPZ concentration in the brain after intranasal 

administration of CPZ NLC and CPZ drug suspension. 

 The concentration of CPZ in the brain achieved after intranasal (i.n.) administration of 

Nanostructured Lipid Carriers (NLC) 76.14± 6.23 µg/ml, T max 10 min, AUC0-3 

450.89±28.34 was significantly higher than the oral administration of CPZ suspension 

(30.46±7.24 µg/ml). “This can be attributed to the nanosize of carriers as well as” 

Tween 80, and Transcutol P which enhances the permeation of NLCs. “These results 

are in good agreement with” previous research on the brain-targeting capacity of 

nanoparticles by tween 80(25). 

Nanostructured Lipid Carriers (NLCs) have exhibited exceptional effectiveness in 

improving the bioavailability of CPZ within the brain. This is particularly evident when 
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comparing the drug concentration achieved after intranasal administration with that 

attained through oral administration. The concentration of the drug in the brain 

following intranasal delivery significantly surpasses the levels achieved through the 

oral route. 

Moreover, the lower concentration of the drug in rat plasma following intranasal 

administration suggests reduced distribution to other organs in comparison to oral 

administration. This reduction in systemic distribution is indicative of targeted delivery 

facilitated by NLCs. 

The consequence of this targeted delivery strategy is the minimization of peripheral 

effects associated with CPZ. By optimizing drug concentration in the brain while 

limiting systemic distribution, NLCs offer a promising approach to enhance the 

therapeutic efficacy of CPZ with reduced peripheral side effects. 

. 
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Table 9: Pharmacokinetic parameters data of CPZ (Oral, Intranasal, CPZ NLC 

Intranasal) 

Pharmacokinetic 

parameter 
 CPZ ORAL CPZ IN CPZ NLC IN 

C max (µg/ml) Brain 30.46±7.24 56.37± 9.72 76.14± 6.23 

Plasma 92.53±5.1 78.25±8.23 42.67±5.12 

T max (min) Brain 80±0 30±0 10±0 

Plasma 60±0 45±0 20±0 

AUC 0-t(h µg/ml) Brain 154.80±35.65 209.67±41.46 450.89±28.34 

Plasma 212.76±21.32 226.63±25.43 288.39±35.67 

Bioavailability (%) Brain 86.58 104.87 278.62 

Plasma 101.30 58.02 135.84 

Half-life (h) Brain 0.40±0.2 0.16±0.4 0.003±0.1 

Plasma 0.57±0.1 0.37±0.3 0.35±0.02 

MRT(h) 

 

Brain 0.39±0.2 0.42±0.3 0.51±0.3 

Plasma 0.55±0.04 0.57±0.13 0.33±0.15 
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Figure 33: Brain-drug concentration-time profile of CPZ by various route 
 

 

Figure 34: (A) Intranasal administration of CPZ NLCs formulation  

(B) Brain of rat 
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3.3.11 Stability Study 

Stability studies for the optimized formulation (F6) were carried out, with particle size, 

PDI, and %EE serving as the primary parameters. “The results of these studies are 

presented in Table 10 and Table 11.” CPZ -NLCs showed no changes in color. Phase 

separation and caking were not observed during the stability study. 

 

Table 10: Short term Stability study of optimized formulation F6 at room  

temperature (25°C/60%RH) 

Parameter 0 month ± SD 1 month ± SD 2 months ± SD 3 months ± SD 

Particle size (nm) 173.9±3.59 171.2±1.92 178.4±0.95 181.1±1.45 

PDI 0.33±0.05 0.34±0.01 0.33±0.02 0.32±0.02 

% EE 96±1.63 95.2±1.98 98.2±1.10 94.6±1.20 

 

 

Table 11: Stability assessment under accelerated conditions (40°C/75%RH) 

Parameter 0 month ± SD 1 month ± SD 2 months ± SD 3 months ± SD 

Particle size (nm) 173.9±3.59 172.2±1.51 176.4±0.62 179.1±1.21 

PDI 0.33±0.05 0.32±0.01 0.34±0.01 0.32±0.01 

% EE 96±1.63 96.2±1.33 97.2±1.03 95.6±1.31 

 

 

Throughout a 3-month accelerated stability study, there were no notable changes 

observed in the particle size, PDI, and %EE of the optimized formulation (F6). This 

lack of significant alterations indicates the stability of the prepared formulations. 
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3.4 Nasal Spray evaluation (Non metered) 

pH 

The pH level of the nasal formulation is crucial for maintaining normal physiological 

ciliary activity, preventing the growth of pathogenic microorganisms, and preventing 

irritation of the nasal mucosa. Nasal secretions contain lysozyme, which at acidic pH 

levels is responsible for eliminating specific germs. Under alkaline pH conditions, 

Lysozyme undergoes deactivation, rendering nasal tissue vulnerable to microbial 

infections. The formulation's pH was thus modified to be between 4.5 and 6.5. Digital 

pH meter was used to measure the pH of all developed formulations (66–68). 

Clarity 

The clarity of formulation was observed against white and black background visually 

as a translucent solution (66–68).  

Viscosity  

The Viscosity measurement was performed by using Brookfield Viscometer, Brookfield 

Engineering Laboratories LLC. The Sample was taken in a beaker and the LVT-1 

spindle was used for its measurement. The spindle was dipped in to the sample and the 

rotation speed was carried out at 30 rpm at 25 Degree Celsius and the dial reading was 

noted down. 

To calculate the viscosity (cps), Dial reading was multiplied with the factor. The factor 

for viscosity at 30 rpm and LVT-1 spindle is 2. 

Content uniformity 

From the prepared sample of nasal spray, 1 ml of spray solution was accurately 

measured and transferred to a 10 ml volumetric flask, and 5-7 ml of diluent was mixed 

for 2 minutes and dilutes and made up to the mark with diluent. (Concentration of 

Cariprazine = 100 µg/ml). % Assay was calculated using the following formula; 
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% 𝐴𝑠𝑠𝑎𝑦 =  
𝑅𝑢

𝑅𝑠
 ×

𝐶𝑠

𝐶𝑢
× 100 

where, Ru = Peak response of Cariprazine in the sample 

 Rs = Peak response of Cariprazine in the standard 

 Cs = Concentration of Cariprazine in standard (in µg/ml) 

 Cu = Concentration of Cariprazine in Sample (in µg/ml) 

 

 

Table 12: Nasal spray evaluation results 

Formulation pH Clarity 
g per 10 

actuations 

Viscosity 

cps 

Spray Content 

Uniformity 

%Assay 

F2 5.56 Translucent 4.612 0.96 100.8 

F6 5.54 Translucent 4.921 0.93 101.6 

F8 5.57 Translucent 4.781 0.99 101.3 
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SUMMARY 

Cariprazine is categorized as an atypical antipsychotic medication and is utilized in the 

treatment of schizophrenia. Its therapeutic effects in the treatment of schizophrenia and 

bipolar disorder are believed to result from a combination of partial agonism at 

dopamine D2 receptors, partial agonism at serotonin 5-HT1A receptors, and 

antagonism at serotonin 5-HT2A receptors. CPZ is a BCS Class II drug having low 

aqueous solubility. It shows first-pass metabolism. The most often reported side effects 

included akathisia, EPS, headaches, dizziness, tremors, and gastrointestinal issues. 

Nasal administration offers numerous benefits, including a high rate of absorption, 

minimum drug degradation, and a quick onset of action. In the present study 

formulation and characterization of the intranasal NLC of Cariprazine drug using QbD 

concept was developed.  

HPLC and HP-TLC methods for Cariprazine were developed and validated as per ICH 

guidelines. Cariprazine hydrochloride-loaded NLCs was successfully formulated by 

melt emulsification ultrasonication method. Box Behnken design approach was used 

for optimization of NLCs formulations and 15 formulations were evaluated for Particle 

size and entrapment efficiency. The obtained findings were fitted to various polynomial 

models, and various statistical models were used to identify the best fit model. Thus, 

response surface plots produced by the design expert programme were used to illustrate 

how the independent and dependent variables related “to one another. Glyceryl 

monostearate (GMS) and Capmul MCM were chosen as the solid and liquid lipids 

based on the drug's highest solubility.” The NLCs batch was optimized based on smaller 

particle size and high entrapment efficiency. Zetasizer Nano ZS were used to 

characterize particle size, polydispersity index, and zeta potential. The surface 

morphology of the NLCs was confirmed by SEM and TEM analysis. The compatibility 
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of the drug with other excipients were studied by FTIR and DSC analysis. The in vitro 

drug release study was conducted employing the dialysis membrane technique, 

revealing a drug release of 96.11±2% for the F6 formulation. Additionally, an ex vivo 

permeation study was undertaken using sheep nasal mucosa. Surfactant may be the 

cause of the increased flow in CPZ-NLC. Increased lipophilicity of CPZ makes it much 

more effective in permeating through the nasal mucosa. Freshly isolated sheep mucosa 

was used for the nasal ciliotoxicity investigations. Nasal ciliotoxicity experiments 

show that every excipient used in the formulation of CPZ-loaded NLCs was safe 

enough to be administered via the nasal route. In the in vivo pharmacokinetic study, the 

drug concentration was measured in plasma and brain at regular intervals using the 

validated HPLC method.  Nanostructured Lipid Carriers (NLCs) have shown enhanced 

efficacy in boosting “the bioavailability of CPZ in the brain. The concentration of the 

drug reaching the brain following intranasal administration was significantly higher 

than that achieved through oral administration.” Formulation was found to be stable for 

3 months. Nasal spray evaluated for pH, viscosity, clarity, pump delivery (g per 

actuation), and content uniformity. 
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CONCLUSION. 

In the present research work, an attempt was made to improve the bioavailability of 

Cariprazine hydrochloride by the intranasal route. Successful preparation and 

optimization of cariprazine-“loaded Nanostructured Lipid Carriers (NLCs) were 

achieved using the Box-Behnken Design.” 

FTIR and DSC analyses revealed that there was no interaction between the drug CPZ 

and the excipients used in the formulation. Cariprazine hydrochloride was shown higher 

solubility in methanol and was poorly water-soluble.  The DSC study demonstrated the 

successful loading of the drug. The optimized formulation (F6) shows the desirable 

particle size and greater entrapment efficiency. SEM and TEM study for NLCs reveals 

the spherical shape of nanoparticles. In vitro drug release study for CPZ NLCs showed 

that drug release of 96.11± 2 % at end of 30 min. The coefficient of regression (R2) for 

various kinetics revealed a better fit with the first-order model, suggesting that drug 

release “is directly proportional to the concentration gradient.” Based on the 

experimental results of the permeability study, the optimized NLC formulation 

shows permeation of 75.83% of CPZ at end of 35 min. Nanostructured Lipid Carriers 

(NLCs) have demonstrated significant efficacy “in enhancing the bioavailability of 

Cariprazine (CPZ) within the brain.” Following intranasal administration, the drug 

concentration reaching the brain was notably higher compared to oral administration. 

Additionally, the drug concentration in rat plasma was lower, suggesting reduced 

distribution to other organs.  This intranasal route provides non-invasive method of 

targeting the brain by crossing the BBB and prevent hepatic first pass metabolism as a 

safe and convenient drug delivery strategy for treatment of Schizophrenia’s disease. 

Further preclinical studies required to prove effectiveness of nasal formulation in 
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treatment of Schizophrenia by intranasal route. To fully explore the potential of CPZ- 

NLCs it needs to be investigated exhaustively at clinical level.
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Abstract
Purpose  Cariprazine hydrochloride (CPZ) is a new atypical antipsychotic. A nanostructured lipid carrier (NLC) loaded 
with cariprazine hydrochloride was prepared by the emulsification solvent evaporation method. The HPTLC technique for 
cariprazine hydrochloride has not yet been established.
Methods  A simple and rapid High-Performance Thin-Layer Chromatography (HP-TLC) was developed and validated for 
the quantification of cariprazine hydrochloride-loaded nanostructured lipid carrier on silica gel 60F254 plates, using toluene: 
methanol (7:3 V/V) as mobile phase. The analysis was performed at 253 nm. The method was validated according to the Inter-
national Council for Harmonisation guidelines with respect to linearity, range, precision, accuracy, specificity, and robustness.
Results  Cariprazine hydrochloride presents as a sharp band at Rf 0.64, with a good linear relationship with a concentration 
range of 1–5 µL/band with a regression coefficient of 0.993. The limit of detection and limit of quantification was found to 
be 0.50 μg/band and 1.52 µg/band respectively. The method was found to be precise and reliable.
Conclusion  The technique is appropriate for the routine examination of cariprazine in dosage forms and in bulk. The analysis 
method was found to be simple, accurate, and economical.

Keywords  HP-TLC · Cariprazine · Validation · Nanostructured lipid carrier

Abbreviations
CPZ	� Cariprazine
HCL	� Hydrochloride
RP	� Reverse phase
HP-TLC	� High-performance thin layer chromatography
HPLC	� High-performance liquid chromatography
LOD	� Limit of detection
LOQ	� Limit of quantification
Rf	� Retention factor
SD	� Standard deviation
RSD	� Relative standard deviation
ICH	� International Conference on Harmonization

AVG	� Average 
RPM	� Revolution per minute

1  Introduction

A person with schizophrenia suffers from a severe mental 
illness that affects their thoughts, feelings, and behaviour. 
Schizophrenia patients may appear to have lost all sense of 
reality, which can be upsetting to both them and their loved 
ones. Participating in regular, everyday activities may be 
challenging for someone with schizophrenia, but there are 
effective therapies available. Many people who undergo 
treatment are able to participate in their studies or careers, 
grow into independent people, and cherish their relation-
ships with others [1]. Schizophrenia affects approximately 
24 million people or 1 in 300 people (0.32%) worldwide. 
This rate is 1 in 222 people (0.45%) among adults [2].

Cariprazine hydrochloride (CPZ) is a new atypical 
antipsychotic used to treat schizophrenia. It is chemi-
cally 3-[4-[2-[4-(2,3-dichlorophenyl) piperazin-1-yl]ethyl]
cyclohexyl]-1,1-dimethylurea (Fig. 1).

 *	 Vinayak Mastiholimath 
	 mastiholimath@rediffmail.com

1	 Department of Pharmaceutical Quality Assurance, KLE 
College of Pharmacy, KLE Academy of Higher Education 
and Research (KAHER) Belagavi, Belagavi, Karnataka, 
India

2	 Department of Pharmacognosy, KLE College of Pharmacy, 
KLE Academy of Higher Education and Research (KAHER) 
Belagavi, Belagavi, Karnataka, India

http://orcid.org/0000-0001-7333-5467
http://orcid.org/0000-0002-8560-4705
http://orcid.org/0000-0003-0054-8191
http://crossmark.crossref.org/dialog/?doi=10.1007/s42250-023-00726-z&domain=pdf


	 Chemistry Africa

1 3

The oral atypical antipsychotic cariprazine was developed 
by Gedeon Richter (Vraylar). It binds primarily to the D3 
dopamine receptor and is a potent partial agonist for both D3 
and D2 dopamine receptors. Moreover, cariprazine exhibits 
a weak agonist effect at serotonin 5-HT1A receptors. In the 
USA, cariprazine received its first global approval in Sep-
tember 2015 for the treatment of schizophrenia and the acute 
management of manic or mixed episodes associated with 
bipolar I disorder [3]. Treatment with cariprazine mostly 
results in D3 receptor blockage. Cariprazine has a reason-
ably high affinity for 5HT1A receptors, similar to many other 
antipsychotics, but a lower relative affinity for 5HT2A recep-
tors. The half-life of cariprazine, the longest among all atypi-
cal antipsychotics, is 2–4 days, whereas that of its active 
metabolite is 1–3 weeks [4].

NLCs are modified solid lipid nanoparticles in which the 
lipid phase contains both solid and liquid lipid at ambient 
temperature which are more stable and drug-loading capac-
ity is more [5].

High-performance thin layer chromatography (HP-TLC) 
has become a key technique for the analysis of numerous 
drugs. It offers many benefits, including low operating costs 
and high sample performance, and is currently a standard 
analytical technique. The main advantage of HP-TLC is 
that in contrast to high-performance liquid chromatography 
(HPLC), it uses a little amount of mobile phase to run sev-
eral samples, lowering the cost per study and processing 
time.

1.1 � Advantages of HP‑TLC Method

No specialized person is needed; technically simple to 
understand and operate. There are affordable precoated 
HP-TLC plates available. The whole spectrum is seen at a 
glance. Low maintenance costs due to negligible wear and 
tear. It is easy to prepare samples. Solvents don’t require 
any prior processing, such as filtering and degassing. The 
extremely low mobile phase consumption per sample lowers 
the cost of acquisition and disposal. Analytical-grade sol-
vents are acceptable. No further purification is required. As 

new stationary phase and mobile phase are utilised for each 
study, there is no chance of interference from earlier analy-
ses. The amount of solvent needed on an absolute basis for 
each sample is fairly small, which reduces the disposal issue.

Different analytical methods were reported regarding 
cariprazine, including the spectrophotometric method, and 
HPLC method. Comparing the quantitative determination 
of drugs using statistical methods reveals that the HPLC/
HP-TLC approach is more accurate and precise than the 
UV method. Tiwari et al. analyzed cariprazine using a C-18 
Inertsil ODS-3 (250 × 4.6 mm, 5 μm) column with a mobile 
phase combination of 0.05 M ammonium acetate buffer 
and acetonitrile (50:50 v/v) [6]. Ghumare Vaibhav et al. 
used chemsilods C-18 ((250 × 4.6 mm, 5 μm) column with 
mobile phase Acetonitrile and Ammonium Acetate Buffer 
(pH 4.8) in the ratio 60:40 v/v [7]. Pallekona Sushma et al. 
developed a method for cariprazine and its degradant using 
a waters C18 (150 × 4.6 mm, 3.35-micron) column with a 
flow rate of 1mL/min with a mobile phase of methanol and 
0.1% orthophosphoric acid in the proportion of 50:50 (% 
v/v) [8]. Toujani E et al. analyzed cariprazine using Ace-
tonitrile: Potassium dihydrogen orthophosphate buffer (pH 
4; 50 mM) (30:70 v/v) [9].

There is no HP-TLC method for the estimation of caripra-
zine Hydrochloride in bulk or in a pharmaceutical formula-
tion, according to the literature review. This is a new method 
developed for the estimation of cariprazine hydrochloride. 
The goal of the current work was to develop and vali-
date a new, easy, accurate, precise, and selective HP-TLC 
method for the estimation of CPZ in accordance with ICH 
requirements.

2 � Experimental

2.1 � Materials and Reagents

Cariprazine hydrochloride was a gift sample from MSN 
Labs, Hyderabad. Methanol and toluene were purchased by 
Merck India Ltd. Capmul MCM received as a gift sample 
from ABITEC, USA. Glyceryl monostearate was purchased 
by Ozone International, Mumbai.

2.2 � Instrumentation and Chromatographic 
Conditions

The HP-TLC system (CAMAG®, Switzerland) consisted of 
a TLC scanner with Linomat 5 auto sprayer connected to 
a nitrogen cylinder, a visualizer, and a twin trough cham-
ber. Software called Vision CATS version 3 was utilized.
TLC-Hamilton® glass syringe (Hamilton-Bonaduz Schweiz, 
Camag, Switzerland) Pre-coated silica gel 60F254 HP-TLC 
plates (10 × 10 and 20 × 10 cm, layer thickness 0.1 mm E 

Fig. 1   Structure of Cariprazine 
Hydrochloride
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Merck KGaA, Darmstadt, Germany) was used as station-
ary phase. Samples were applied under a continuous drying 
stream of nitrogen gas. Development was carried out in a 
twin trough chamber (10 × 10 and 20 × 10 cm). The opti-
mized chamber saturation time for the mobile phase was 
10 min. The source of radiation utilized was a deuterium 
lamp. The bands were analyzed at a wavelength of 254 nm. 
Throughout experiment digital analytical balance (Sarto-
rius), Ultra-Turrax T18 homogenizer (IKA, Wilmington, 
NC, USA). Probe sonicator (Sonics Pvt. Ltd., India), Soni-
cator (RC systems) were used.

2.3 � Development of NLC

NLCs of CPZ was prepared by emulsification solvent evapo-
ration method [10–12]. The ratio of drug to lipid was 1:10. 
CPZ was dissolved in 2 ml ethanol and then mixed with 
melted lipid (Glyceryl monostearate as solid and Capmul 
MCM liquid lipid in ratio of 5:5). The 3% tween 80 was 
prepared in distilled water in a another beaker. The lipid 
phase was added dropwise to the aqueous phase with con-
stant stirring for 1 h on a magnetic stirrer. The pre-emulsion 
was homogenized for 15 min at 11 RPM. The emulsion so 
obtained was probe sonicated for 10 min (20% amplitude 
10:10 on: off cycle).

2.4 � Characterization of Prepared NLC

2.4.1 � Particle size, Polydispersity Index, and zeta Potential

The particle size and polydispersity index were determined 
using zeta nano ZS (Malvern Instruments Ltd). The Zeta 
potential of prepared NLC was measured at 25 °C after 
appropriate dilution [13, 14].

2.4.2 � Entrapment Efficiency

The amount of CPZ loaded to the lipid phase and its entrap-
ment efficiency was determined by centrifugation a fixed 
volume of desired NLC for 30 min at 15,000 rpm. The super-
natant so obtained was diluted appropriately and the amount 
of CPZ entrapped was quantified using UV spectrophoto-
metric measurement at 252 nm (UV 1900, Shimadzu, Japan) 
using the following equation [15].

 where EE is entrapment efficiency, Wd is Total weight 
of the drug taken and Ws is the weight of the drug in the 
supernatant.

EE =

Wd −Ws

Wd

2.4.3 � Transmission electron Microscopy and Scanning 
electron Microscopy

The morphology of formulation can be studied with SEM 
(Scanning electron microscopy) and TEM (Transmission 
electron microscopy). The surface morphology, shape, and 
size of the particle are all revealed by SEM. TEM provides 
insight into particle structure from the inside and provides 
information on particle diameter and matrix structure [13].

2.5 � Preparation of Standard Solution and Sample

The cariprazine hydrochloride (10 mg) and cariprazine-
loaded NLCs were put into two separate 10 ml volumetric 
flasks, dissolved, and diluted with methanol to the appro-
priate volume. To achieve complete drug dissolution, for 
15 min solutions were placed in an ultrasonic bath and 
then filtered through a 45 μm membrane prior to analysis. 
Working standard solution of 1000 µg/ml of std drug and 
drug-loaded NLCs as a sample.

2.6 � Method Development by HP‑TLC 
Chromatography

Reference standard solutions of CPZ in various concentra-
tions were made and spotted as bands on 60 F254 plates 
using a Camag Linomat 5 sample applicator with a band-
width of 6 mm and a micro syringe. For plate development, 
a twin trough glass chamber was used. Before developing 
the plate in the chamber, the mobile phase was allowed 
to saturate for 10 min. For the solvent system, for about 
70 mm, the plate was allowed to run. After the plate has 
reached the 70 mm distance, with the help of an air dryer, 
the plate is allowed to dry. When the plate is completely 
dry, it is analyzed using the TLC scanner 4 and the chro-
matograms were used to interpret the results. UV-Range 
Scanners are used to identify the spectra.

2.7 � Analytical Method Validation

The developed method was validated as per ICH Q2 (R1) 
guidelines and the different parameters evaluated were lin-
earity, range, precision, accuracy, specificity, quantifica-
tion limits, and robustness [16–18].

2.7.1 � Linearity and Range

For CPZ, the calibration plot’s linear regression data 
shows an excellent linear relationship between area and 
concentration over the range of 1 to 5 µL/band. Peak area 
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versus concentration was shown on the standard calibra-
tion graph.

2.7.2 � Detection Limit and Quantification Limit

A limit of detection (LOD) and a limit of quantification 
(LOQ) were calculated using statistical principles. Accord-
ing to the formula:

 where ‘σ’ is the standard deviation and ‘s’ is the slope of 
the calibration curve.

2.7.3 � Precision

The method’s precision was determined by repeatability 
(intra-day precision) and intermediate precision (inter-day). 
Repeatability was determined by performing six repeated 
analysis of the same working solution of Cariprazine hydro-
chloride (3 µL/band) on the same day, under the same experi-
mental conditions. The intermediate precision of the method 
was assessed by carrying out the analysis on different days. 
The results are shown in terms of % RSD [19, 20].

2.7.4 � Accuracy

This HPTLC method’s accuracy (or recovery parameter) was 
evaluated by using a standard drug solution at concentrations 
of 80%, 100%, and 120% of the target concentration (using 
the standard addition method). The method was carried out 
in triplicate based on the specific concentrations, and its 
mean results were expressed as a percent recovery [21].

2.7.5 � Specificity

The specificity of the proposed HP-TLC method was deter-
mined by the complete separation of peaks of both formula-
tion and API. The band of CPZ in the sample was confirmed 
by seeing the Rf and spectra of the standard band. The peak 
purity of CPZ was accessed by comparing their respective 
spectra. The method was therefore considered to be specific.

2.7.6 � Robustness

The chromatographic conditions were changed to test 
the method’s robustness. The choice of chromatographic 

LOD = 3.3σ∕s

LOQ = 10σ∕s

conditions involves changing the composition of the mobile 
phase and the saturation time. Each condition was changed 
independently during robustness testing, while the other 
conditions were maintained at their optimized values.

Table 1   NLC Characterization result

Characterization parameter Result

Particle size ± SD (nm) 180 ± 6.15
Polydispersity index ± SD 0.27 ± 0.07
Zeta potential ± SD (mV) 6.42 ± 0.84
Entrapment efficiency 87.2 ± 3.4

Fig. 2   Zeta potential distribution of CPZ NLCs

Fig. 3   SEM image of CPZ NLCs
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3 � Results

3.1 � NLC Characterization

NLC of CPZ was prepared by emulsification solvent 
evaporation method. After preparation of NLCs stored 
in a refrigerator, samples were taken out at the time 
of analysis. Mean particle size and zeta potential were 

found to be 180 nm and 6.42 mV respectively as shown in 
Table 1. Figures 2, 3, and 4 shows the further characteri-
zation results of zeta potential distribution, SEM image 
of NLC, and TEM image of NLC. Particle size of NLCs 
is a crucial factor because it affects drug absorption. The 
smaller particle size provides larger surface area for drug 
absorption. Formulation with zeta potential in the range 
of − 30 to + 30 mV is considered as stable formulation. 
The particles were more homogenous as the polydisper-
sity index value near zero. Higher polydispersity index 
values were the result of increasing the amount of drug 
and solid lipid. The proportion of drug incorporated in the 
lipid matrix (Entrapment efficiency) was determined. The 
appropriate mixture of solid and liquid lipids determines 
how well the drug is entrapped in the lipid matrix. SEM, 
TEM images revealed that NLCs were spherical in shape.

3.2 � Method Optimization for the HP‑TLC

In this study, different mixtures of various solvents were 
tried and the composition of the mobile phase with a chro-
matographic result having acceptable and reproducible Rf 

Fig. 4   TEM image of CPZ NLCs

Fig. 5   Spectra of CPZ
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value was selected. After many trials, the optimized con-
dition that offered a good peak was finalized. The tolu-
ene: methanol (7:3 v/v) was selected as a mobile phase. 
The chamber saturation time of 10 min was given. The 
validation of the method was performed in accordance 
with ICH Q2 (R1) guidelines. A wavelength of 253 nm 
was selected for analysis where Cariprazine hydrochloride 
showed higher absorbance (Fig. 5). A typical chromato-
gram obtained was shown in Fig. 6.

3.3 � Method Validation Results

3.3.1 � Linearity and Range

Cariprazine hydrochloride presents as a sharp band at Rf 
0.64. In the evaluation of linearity, the peak area showed 
a good linear relationship with a concentration range of 

1–5 µL/band. Figure 7 shows the image of the HP-TLC 
developed plate of linearity (Track 1–5, 1–5 µL /band). 
The linear regression equation was Y = 0.0008X + 0.0042, 
R2 = 0.9937 as shown in Fig. 8. 3D view of linearity chro-
matogram as seen in Vision CATS software shown in Fig. 9.

3.4 � Detection Limit and Quantification Limit

The LOD and LOQ values for CPZ were found to be 0.50 
and 1.52 µg/band respectively.

3.4.1 � Precision

The % RSD for intraday and interday (n = 6) was found to 
be 0.24 and 0.23 which is less than 2% indicating the pre-
cision of the method. Table 2; Fig. 10 show the precision 
data for the method. The results showed that the RSD% had 
not exceeded 2% for any concentration, proving that all of 
the suggested procedures could be considered as precise 
method.

Fig. 6   Typical chromatogram 
of CPZ

Fig. 7   Developed plate of linearity
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Fig. 8   Linear regression of CPZ standards
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3.4.2 � Accuracy

At 80%, 100%, and 120% levels, the determined % RSD 
values for cariprazine hydrochloride were found to be 1.48, 
0.68, and 0.72. These were all below the 2% (acceptance 
limit). Results are shown in Table 3. Overall, the method 
demonstrated the accuracy of the established data.

3.4.3 � Specificity

The complete separation of the peaks of both the NLC-
loaded CPZ and API served as a measure for the suggested 
HP-TLC method’s specificity. The Rf and spectra of the 

standard band confirmed the presence of the band of CPZ 
in the sample. The spectra of the standard and sample are 
depicted in Figs. 11 and 12, respectively. By comparing their 
individual spectra at the peak start, apex, and peak end posi-
tions of the spot, the peak purity of CPZ was determined. 
Hence, it was concluded that the method was specific.

3.5 � Robustness

Changes in mobile phase volume and saturation duration 
showed percent RSD within 2%, confirming the robustness 
of the developed method. Table 4 depicts data of robustness.

Fig. 9   3D view of Linearity chromatograms of CPZ (1,2,3,4,5 µL/band TRACK 1–5) 

Table 2   Precision data Conc µL/band Intra-day Inter-day

Peak area Day 1 peak area Day 2 peak area Day 3 peak area

3 0.00729 0.00729 0.00726 0.00728
3 0.00727 0.00728 0.00730 0.00731
3 0.00731 0.00731 0.00727 0.00729
3 0.00727 0.00726 0.00725 0.00728
3 0.00729 0.00729 0.00729 0.00731
3 0.00731 0.00730 0.00729 0.00726
Mean 0.00729 0.00729 0.00729 0.00728
SD 1.78 1.72 1.97 1.94
%RSD 0.24 0.23 0.27 0.26
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Fig. 10   3D view of Precision chromatograms of the developed method

Table 3   Results of Accuracy % Level Concentration 
(ng/band)

Area of sample Area of standard % Recovery SD %RSD

80% 2400 0.00585 0.00574 101.91 1.50 1.48
0.00586 0.00575 101.91
0.0574 0.00578 99.30

100% 3000 0.00725 0.00721 100.55 0.681 0.68
0.00720 0.00724 99.44
0.00722 0.00727 99.31

120% 3600 0.00875 0.00869 100.69 0.068 0.06
0.00874 0.00867 100.80
0.00872 0.00865 100.80

Fig. 11   Chromatogram of CPZ 
in bulk at 253
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3.6 � Quantification

Drug-loaded NLC was quantified in triplicate. The 
results were shown in Table 5 with the mean and stand-
ard deviation.

4 � Discussion

The cost of acquisition and disposal is reduced by the 
extremely low mobile phase consumption per sample in case 
of HP-TLC. Comparing statistical methods for quantitative 
drug determination demonstrates that the HP-TLC approach 
is more accurate and precise than the UV technique. When 
comparing UV spectrophotometric method to HP-TLC, the 
spectrophotometric approach is shown to be more affordable, 
however HPTLC is more sensitive than UV spectrophoto-
metric method [18]. Compared to HP-TLC sample analysis, 
HPLC sample analysis is more expensive and takes longer 
time to complete each sample analysis. Additionally, many 
samples are simultaneously analysed in a short period of 
time in HP-TLC analysis.

5 � Conclusion

A new HP-TLC method was developed for the analysis of 
cariprazine hydrochloride in bulk drug. This technique was 
validated in accordance with ICH recommendations and 
proved to be repeatable, precise, accurate, and robust. As 
compared to other analytical techniques, the approach is 
quick, easy, and reasonably affordable. It is also reasonably 
viable, hence it is recommended for the regular analysis of 
cariprazine hydrochloride.
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Fig. 12   Chromatogram of CPZ 
in the NLC at 253

Table 4   Robustness data

Factors Chromatographic Modifica-
tions

Level Rf value

Mobile phase composition (Toluene: 
Methanol)

± 0.1ml
+ 0.1 0.644
0 0.652
−0.1 0.641

%RSD 0.719
Mobile phase volume ± 1ml
21 + 1 0.642
20 0 0.646
19 −1 0.644
%RSD 0.253
Duration of chamber saturation ± 2 min
8 + 2 0.621
10 0 0.646
12 −2 0.648
%RSD 1.924

Table 5   NLCs loaded CPZ 
quantification

Trials Quantification 
of CPZ (mg)

1 9.91
2 9.89
3 9.87
Mean ± SD 9.89 ± 0.016
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Development of RP-HPLC based analytical method for 
determination of cariprazine hydrochloride in bulk drug and 
pharmaceutical dosage form using box-behnken statistical 
design

Pallavi Chiprikar and Vinayak Mastiholimath*

Abstract
A robust as well as precise technique aimed at determining the concentration 
of Cariprazine in bulk drugs along with formulations using RP-HPLC has been 
developed. The robustness study was optimized using Box Behnken statistical 
design. Separation was achieved using an Agilent 1260 Infinity II HPLC with 
an Agilent Zorbax Bonus RP column, as well as the mobile phase contained 
of methanol and 0.1% trifluoroacetic acid buffer (52.5:47.5) at a flow rate of 
1 ml/min. The wavelength was set at 248 nm, and the method had an overall 
running period of 8 minutes, with the Cariprazine peak retention time at 3.83 
min. The method exhibited linearity and accuracy for concentrations ranging 
from 80 to 120 µg/ml, with an R2 of 0.999 and accuracy RSD of 0.2%, 0.13%, 
and 0.05% for 80%, 100%, and 120%, respectively. Stress stability testing under 
basic conditions revealed 53.32% degradation. The technique’s limit of detection 
(LOD) and limit of quantification (LOQ) were very low, at 44.80 ng/ml and 
135.60 ng/ml, correspondingly. These findings suggest that this method may be 
helpful during regular quality control evaluation of Cariprazine Hydrochloride in 
a variety of pharmaceutical formulations.
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Introduction
Schizophrenia is a mental illness that profoundly 
affects an individual's thoughts, emotions, and 
behaviors. The symptoms of this condition can 
cause an individual to feel disconnected from 
reality, which can be distressing for them and 
their loved ones. Performing routine activities can 
be challenging for someone with schizophrenia, 
but various effective treatments are available. 
With proper treatment, many individuals with 
schizophrenia can successfully attend school, 
work, and live independently while maintaining 
meaningful relationships with others1. Schizo-
phrenia is a relatively uncommon mental 
illness, affecting approximately 1 in 300 people 
globally, which translates to over 24 million 
individuals. The prevalence rate among adults is 

slightly higher, at 0.4%, or 1 in 222 individuals. 
Typically, symptoms start in the latter stages of 
adolescence or the beginning of adulthood, with 
men often experiencing symptoms at an earlier 
age than women2.
	 Cariprazine, also known as Vraylar in the US 
and Reagila in Europe is an atypical antipsychotic 
drug primarily used to treat schizophrenia, 
bipolar mania, and bipolar depression. It 
was approved for the first time in the United 
States in September 2015, for the treatment of 
schizophrenia3. The drug works by acting as a 
partial agonist on both D3 and D2 receptors, with 
a higher affinity for the D3 receptor. Cariprazine 
also shows partial agonist action at serotonin 
5-HT1A receptors4. Phase III trials conducted in 
early 2012 demonstrated its efficacy in treating 
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schizophrenia and mania akathisia, while a Phase 
II trial conducted later in 2015 showed positive 
results in treating bipolar disorder I depression5,6. 
Cariprazine may also be used in conjunction with 
other treatments for severe depressive illness. It 
is prescribed to treat manic or mixed episodes, 
schizophrenia, and bipolar I disorder7. 
	 The chemical name (IUPAC) of 
Cariprazine hydrochloride is N′-[trans-4-[2-
[4-(2,3-dichlorophenyl)-1-piperazinyl]ethyl]
cyclohexyl]-N, N-dimethyl-urea with molecular 
formula C21H32Cl2N4O·HCl (Fig. 1)8,9. It is a 
crystalline, white to off-white solid. Several 
organic solvents, such as methanol and dimethyl 
sulfoxide in which cariprazine HCl is soluble. 
Cariprazine is a BCS class II antipsychotic 
drug that contains piperazine. It is always 
synthesized in salt forms, specifically HCl, 
mesylate, and phenyl sulfonate due to its low 
solubility10. Cariprazine can cause akathisia and 
sleeplessness as the most common side effects. 
Unlike other antipsychotics, it does not affect 
prolactin levels or enhance the QT interval 
on an electrocardiogram. Short-term clinical 
studies have shown additional pyramidal effects, 
including dizziness, nausea, vomiting, anxiety, 
and constipation11. Although the prevalence of 

movement abnormalities in patients treated with 
Cariprazine was described as "quite high" in one 
study, it was deemed not significantly different 
from that reported in patients treated with 
placebo in another study12.
	 Analytical method development is an important 
stage during the development and manufacturing 
of pharmaceuticals, chemicals, and other products. 
It is the process of creating and optimizing a 
set of procedures or methods that are used to 
measure the physico-chemical characteristics of 
a constituent13. Accurate and reliable analytical 
methods are crucial for ensuring the quality, safety, 
and efficacy of products. Analytical methods are 
used to test for impurities, stability, and potency, 
among other factors. Analytical methods must 
comply with regulatory guidelines and standards 
set by agencies such as the FDA and EMA. The 
regulatory approval of a product depends on 
the development and validation of analytical 
techniques14.
	 An extensive literature survey reveals that 
various attempts were made to develop an 
analytical technique aimed at the assessment of 
Cariprazine from bulk drugs and pharmaceutical 
dosage forms. Tiwari et al.15 analysed cariprazine 
using a C-18 Inertsil ODS-3 column with a 
mobile phase consisting of a combination of 0.05 
M ammonium acetate buffer and acetonitrile in a 
50:50 v/v ratio. The pH was used to 4.8 through 
acetic acid and the analysis was performed 
at 217 nm with acetonitrile: water diluent 
combination in a 50:50 v/v ratio. The reported 
asymmetry value was 1.3, and the linearity R2 

value was 0.9954. However, the LOD and LOQ 
values were concluded to be 0.2 and 0.7 μg/
mL, correspondingly, which are significantly 
higher than the industry standards. Additionally, 
the forced degradation data showed only 
6.11% degradation in acid conditions, whereas 
identification of impurities through forced 
degradation requires at least three conditions 
showing degradation between 5-25%15. Ghumare 
et al.16 utilized a chemsilods C-18 column (250 
x 4.6 mm, 5 μm) with a mobile phase containing 
acetonitrile and ammonium acetate buffer (pH 
4.8) in a 60:40 v/v ratio. The wavelength was 
set at 218 nm, and the flow rate was 1 mL/min 

Figure 1. Chemical Structure of 
Cariprazine Hydrochloride
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with a run time of 10 minutes. The linearity of 
the method was good with an R2 value of 0.999. 
However, the theoretical plate was just barely 
within the ICH limits at 2956. The tailing factor 
was significantly high at 1.4, and it increased 
considerably with changes in the flow rate, 
resulting in a high relative standard deviation16. 
Pallekona et al.17 developed a method for 
the analysis of Cariprazine and its degradant 
using a Waters C18 column (150 x 4.6 mm, 
3.35-micron) with a flow rate of 1 mL/min and 
a mobile phase consisting of methanol and 0.1% 
orthophosphoric acid in a 50:50 (% v/v) ratio. The 
method had a short run time of only 6 minutes. 
The analysis was performed at a wavelength of 
216 nm, and the reported theoretical plates were 
4294 with a tailing factor of 1.20. The method 
was found to be linear with an R2 value of 0.999. 
However, the standard cariprazine solution was 
stable for only 24 hours. The stress stability 
study revealed the deprivation of cariprazine in 
acidic, basic, peroxide, in addition to reduction 
circumstances, with degradation exceeding 
23.5%17. 
	 In light of the limitations associated with 
current analytical methods for Cariprazine, 
such as low theoretical plate counts, high tailing 
factors, and the use of non-environmental friendly 
and costly solvents like acetonitrile, the study 
aimed to develop a stability-indicating RP-HPLC 
technique for determination of Cariprazine in both 
bulk drug and formulations. The main objective 
was to establish a precise and accurate method 
that can be utilized commercially in the industry 
for regular daily analysis work. To ensure that the 
method meets regulatory requirements, a Quality 
Target Profile (QTP) was set in accordance with 
ICH guidelines before development.

Material and methods
Chemicals and reagents 
Cariprazine hydrochloride (Purity of Cariprazine 
reference standard 99.95%) was received as a 
gift sample from MSN Labs, Hyderabad. HPLC 
grade Methanol and Trifluoroacetic acid was 
obtained from Merck, India. In-house HPLC-
grade water collected from the Milli-Q system 
was utilized in the experiments. 

Instrumentation 
The equipment used for development and 
validation was Agilent 1260 Infinity II with 
a DAD detector and quaternary pump. The 
software used was Openlab EzChrom Agilent 
software. Wet chemistry instruments were Aczet 
Analytical Balance and Labman Ultrasonicator, 
Vortex. 

Preparation of 0.1% Trifluoroacetic acid
1 ml of Trifluoroacetic acid was transferred 
accurately in 1000 ml of type I HPLC water. 
The mixture was thoroughly stirred before being 
filtered through a 0.45 µm nylon filter. 

Mobile phase mixture
The mobile phase was developed through the 
mixture of 475 mL of 0.1% Trifluoroacetic acid 
with 525 mL of methanol. Both solutions were 
mixed properly and passed with 0.45 µm nylon 
filter twice and sonicated for at 15 mins and 
degassed.

Preparation of diluent
The diluent was prepared by mixing equal 
volumes of Methanol and 0.1% Trifluoroacetic 
acid. The resulting solution was sonicated and 
filtered before use. 

Preparation of cariprazine standard stock 
solution 
5 mg of Cariprazine was weighed precisely 
and transmitted into 10 ml of a volumetric 
flask followed by dilution with diluent. The 
subsequent solution was vortexed and sonicated 
for 5 minutes to give a stock solution of 500 
µg/ml. The solutions with concentrations 
between 80 and 120 µg/mL were obtained 
through additional dilutions. The calibration 
curve was plotted using these concentrations. 

Preparation of cariprazine capsule formulation 
for assay
The weight of 10 capsules powder was weighed 
separately and the weight of each capsule was 
determined. As per the label claim, each capsule 
contained 1.5 mg of Cariprazine. The powder 
correspondent to 5 mg of Cariprazine was 
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weighed up accurately and transmitted in a 10 
ml volumetric flask comprising 7 ml of diluent 
and mixed up properly. The volume was made 
up to 10 ml with diluent. The resulting solution 
was vortexed and sonicated for 10 minutes to 
give a stock solution of 500 µg/mL. The 10 mL 
volumetric flask was filled to the appropriate 
level with the pipette-out 1 ml stock solution. 
The mixture of the solution produced an ultimate 
concentration of 50 µg/mL.

Chromatographic conditions
The chromatographic separation was carried 
out by injecting (10 µL) sample into the HPLC 
system connected to Agilent Zorbax Bonus - RP 
(250 mm × 4.6 mm, 5 µm) operating at 1 mL/
min flow rate, column temperature 30°C. A 
PDA detector with a 200-400 nm wavelength 
range was used to identify the analyte, and 
measurement was performed  at 248 nm. The 
mobile phase included 0.1% trifluoroacetic acid 
and methanol. 

Statistical tools
Design Expert® (Version 13; USA), was used 
to validate and optimize the analytical method. 
The quantitative analyses were completed using 
Microsoft Excel 2010 (Microsoft, USA).

Method development and validation
The ICH Q2 guidelines were used as a framework 
for developing and validating the technique of 
analysis18. The quality target profile (QTP) was 
decided before the development of the analytical 
method. The details are QTP are presented in 
(Table S1).

Specificity
Test is termed specific if the analyte can be 
evaluated without interference from any specific 
components like impurities, degradant, or 
excipients. It was validated by comparing the 
Cariprazine HCl chromatograms to a blank 
chromatogram.

System suitability
System's  suitability was assessed in order to 
verify the resolution and repeatability. Six 

duplicates of the normal concentration (100 
µg/mL) were performed (n=6). The ICH 
parameters for the system's applicability were 
calculated and the RSD of retention time, peak 
area, theoretical plates, and tailing factor were 
compared.

Linearity
Linearity study was performed by injecting 
samples of the concentration ranging from 80 
to 120 µg/mL. When the peak areas from each 
standard were plotted versus concentration, 
the linearity formula and regression coefficient 
could be calculated. The samples were 
injected in triplicates and a chromatogram was 
recorded.

Limit of detection (LOD) and limit of 
quantification (LOQ)
The capability of the technique to identify and 
measure the least amount of analyte is known as 
LOD and LOQ, correspondingly. The subsequent 
equations were used for determining the LOD 
and LOQ utilizing the standard deviation and 
slope of the regression line.
	 LOD = 3.3 Standard deviation (σ) / slope of the 
regression line (s)
	 LOQ = 10 Standard deviation (σ) / slope of the 
regression line (s)

Accuracy
Accuracy of the developed analytical method 
was evaluated by injecting the analyte at 
three different levels (80%, 100%, 120%) of 
concentration as per ICH guidelines. Three 
replicates of the samples were developed for 
each level. In order to determine recovery, the 
linearity equation was used.

Precision of the method (Repeatability)
Precision of the method was investigated through 
execution of six determinations of a similar 
sample.

Ruggedness
Ruggedness was carried out by two different 
analysts using the same HPLC system and 
different columns.
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Robustness
Altering the settings, the robustness of the 
approach was investigated. The change in 
RSD was noticed after injecting the standard 
concentration three times. To determine its 
impact on peak retention and peak area, the 
robustness of the approach to changes in column 
temperature was assessed. The temperature 
varied at points including 2°C above and 2°C 
below fixed method temperature (30°C). The 
effect of changes in the mobile phase composition 
was evaluated by changing the composition. The 
robustness was evaluated by Response Surface 
Methodology (RSM) utilising Box-Behnken 
experimental design19-21.

RSM analysis and optimization using Box-
Behnken experimental design
Box-Behnken statistical design was used to 
develop and optimize the analytical method. 
Theoretical plates (Y1) and retention time (Y2) 
were regarded as dependent variables whereas 
changes in mobile phase composition (% 
Methanol) (A), column temperature (B), and flow 
rate (C) were regarded as independent variables. 
Table S2 provides a summary of the independent 
and dependent variable's coded levels. The actual 
optimization trials considering the Box-Behnken 
experimental design are presented in Table S3.

Solution stability
Solution stability was established through 
periodic investigation of the same sample 
solution.

Force degradation studies
Development of the HPLC technique's stability-
indicating characteristic was performed  in 
accordance with ICH requirements. Cariprazine 
hydrochloride was subjected to forced 
degradation experiments in acidic, alkaline, 
oxidative, UV, and dry heat environments.

Application of developed and validated 
analytical method
The developed and validated analytical technique 
was utilized towards checking its workability by 
determining entrapment efficiency and assay of 

the nanostructured lipid carrier and nasal spray 
respectively.

Preparation of nano-structured lipid carrier 
(NLC)
NLCs were formulated using the hot emulsi-
fication ultrasonication technique22. Concisely, 
quantified quantities of glyceryl monostearate 
(solid lipid, SL), Capmul MCM (liquid lipid, 
LL), Span 20 (amphiphilic emulsifier, 2% w/v), 
and Cariprazine were combined and heated to 
70°C while being stirred to form uniform lipid 
phase. Tween 80 was then dissolved in distilled 
water and heated to 70°C. The hot aqueous phase 
was then added dropwise to the lipids, and the 
resulting dispersion was homogenized at 20,000 
rpm for 3 minutes using an IKA Ultra-Turrax 
T18 homogenizer (IKA, Wilmington, NC, USA). 
A probe sonicator (Sonics Pvt. Ltd., India) was 
used to ultrasonicate the obtained pre-emulsion 
at 35% amplitude (10:10 on-off cycle). The 
prepared formulations were then refrigerated for 
further use in characterization. 

% Entrapment efficiency
Variation within the original drug amount with 
the unbound or unentrapped amount of drug in 
the supernatant with regard to the total amount 
included in the nano lipid carrier formulation was 
used to evaluate the entrapment efficiency. The 
NLCs were centrifuged at 20000 rpm for 10 min 
to determine the degree of entrapment. Following 
centrifugation, 1 mL of the sample's supernatant 
layer was collected in a 10 mL volumetric flask. 
5-6 mL of diluent was added, and the mixture 
was stirred for 2 mins before being built up to the 
required volume with diluent. This solution was 
pipetted out once more before being diluted to a 
volume of 10 mL using a diluent. The solution 
was injected, and the sample area was measured 
and used to assess how much drug was still 
present but not yet trapped23.

	 where, Ru = Peak response of Cariprazine in 
the sample
	 Rs = Peak response of Cariprazine in the 
standard
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	 Cs = Concentration of Cariprazine added in the 
NLCs (in mg/gm) &

	 Where, Td = Total amount of drug added in 
NLC (in mg)
	 Uc = Amount of unentrapped drug (in mg)

In-house build nasal spray of cariprazine 
quantification (% Assay)
From the prepared sample of nasal spray, 1 ml 
of spray solution was accurately measured and 
transferred to a 10 ml volumetric flask, and 
5-7 ml of diluent was mixed for 2 minutes and 
diluted and made up to the mark with diluent. 
(Concentration of Cariprazine = 100 µg/ml).% 
Assay was calculated using the following 
formula:

	 where, Ru = Peak response of Cariprazine in 
the sample
	 Rs = Peak response of Cariprazine in the 
standard
	 Cs = Concentration of Cariprazine in standard 
(in µg/ml)
	 Cu = Concentration of Cariprazine in Sample 
(in µg/ml)

Results and discussion
Optimization of chromatographic condition
Numerous variations were made to various 
parameters throughout the course of 
the development of an HPLC technique for the 
measurement of cariprazine. The most significant 
change was made in the mobile phase ratio, 

which had a significant effect on the peak purity 
of Cariprazine. The optimal wavelength for the 
detection of Cariprazine was found to be 248 
nm to minimize any interference of methanol 
in the chromatogram. Two different columns 
were evaluated during the development phase. 
The Agilent Zorbax SB-Aqs column showed the 
fronting and tailing of the peak, so it was replaced 
with the Agilent Zorbax Bonus RP column. The 
parameters such as Theoretical Plates (TP), 
Asymmetry, and peak purity were optimized 
according to the Quality Target Product Profile 
(QTP) criteria, and trial run 6 was found to have 
the best fit. Therefore, this run was used for 
validation.
	 The method development process is 
summarized in Table 1, which includes the 
different trials conducted and their respective 
results and observations. The chromatograms 
obtained during the development phase are 
shown in Fig. S1 - Fig S6. Fig. S7 shows the 
wavelength selection parameter for Cariprazine. 
Overall, the method development process was 
conducted according to established scientific 
principles, ensuring that the method is robust, 
accurate, and reliable. Table 2 summarises the 
optimised chromatographic conditions used 
during the validation of the method.

Specificity
Specificity is an essential parameter that is 
required to be evaluated as per regulatory 
guidelines such as ICH Q2(R1). The guidelines 
state that the method should be selective for the 
analyte of interest and not be interfered with 
by other components in the sample. Specificity 

Table 1. Method development trials

Mobile phase and ratio Wavelength Retention 
time

Theoretical 
plates

Asymmetry Peak 
purity

50 Methanol and 50 0.1% TFA 282 10.23 9313 1.22 0.93
60 Methanol and 40 0.1% TFA 215 4.83 8258 1.14 0.88
55 Methanol and 45 0.1% TFA 215 3.34 6274 1 1
52.5 Methanol and 47.5 0.1% TFA 215 3.47 7644 0.99 1
50 Methanol and 50 0.1% TFA 248 4.48 5840 1.02 1
52.5 Methanol and 47.5 0.1% TFA 248 3.85 6191 0.99 1
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ensures that the method can detect and quantify 
the analyte of interest without interference from 
other components in the sample matrix24. Blank 
diluent and Cariprazine working standard were 
injected separately. From the chromatogram 
of the blank diluent, It was determined that 
there was not any disruption from blank peaks 
during the cariprazine's time of retention (Fig. 
S8). It was observed that the retention time of 
cariprazine was 3.85 minutes (Fig. S9).

System suitability
The system suitability results are tabulated in 
Table 3. The peak retention time was found to be 
3.83 min. The number of theoretical plates in all 
working standard injections for cariprazine peak 
was not less than 2000, in addition, the tailing 
factor was found to be <2. The system's efficacy 
is indicated by greater theoretical plates and a 
reduced tailing factor. All of the parameters had 
an % RSD less than 2%.

Linearity
The calibration curve of cariprazine HCl 

concentration versus peak area was found to be 
linear (R2=0.999, equation y = 17117x - 19735) 
within the concentration range of 80-120 µg/mL 
(Table 4). By plotting standard concentration vs. 
peak area, the calibration curve demonstrating 
the linearity of the developed technique was 
established (Fig. S10). The linearity overlay 
chromatogram of Cariprazine hydrochloride is 
presented in Fig. 2.

Limit of detection (LOD) and limit of 
quantification (LOQ)
In HPLC technique development, LOD and LOQ 
are two important parameters that define the 
sensitivity of the technique. The LOD is well-
defined as the lowermost amount of an analyte 
that can be consistently identified through a 
signal-to-noise ratio (S/N) of 3:1. This means 
that the signal from the analyte is at least 3 times 
greater than the noise level of the instrument. 
The LOD is a measure of the lowermost quantity 
of the analyte that can be distinguished, but not 
inevitably measured. On the other hand, the 
LOQ is defined as the lowermost quantity of an 

Table 2. Optimised chromatographic conditions

S. No. Parameter Condition
1 HPLC Instrument Agilent 1260 Infinity II
2 Column Agilent Zorbax Bonus RP (250 x 4.6 mm, 5 micron)
3 Wavelength 248 nm
4 Mobile Phase 52.5 Methanol: 47.5 of 0.1% Trifluoroacetic acid in water
5 Diluent Methanol: 0.1% Trifluoroacetic acid in water (50:50)
6 Run time 8 minutes
7 Injection Volume 10 µl
8 Column Oven temperature 30°C
9 Flow Rate 1 ml/min

Table 3. Results of system suitability studies

S. No. Parameter Mean % RSD
1 Retention time (min) 3.83 0
2 Peak area 1695047 0.14
3 Theoretical plates 6156 1.05
4 Tailing factor 1.01 1.03

RSD Relative standard deviation, n=6
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Table 4. Linearity and regression 
analysis results

S. No. Concentration (µg/mL) Area
1 80 1353538
2 90 1512767
3 100 1692374
4 110 1871032
5 120 2030271

R2 0.9995
Slope 17117
Y-intercept 19735

analyte that can be reliably quantified through 
a S/N of 10:1. This means that the signal from 
the analyte is at least 10 times greater than the 
noise level of the instrument. LOQ is a measure 
of the lowermost quantity of the analyte that can 
be accurately measured23. The LOD and LOQ of 
Cariprazine HCl were found to be 44.8 ng/mL 
and 135.6 ng/mL, correspondingly. The slope 
of the equation and the standard deviation were 
used in the current investigation to calculate 
LOD and LOQ.

Accuracy
Accuracy is a validation process to determine 
how closely the measured results of an HPLC 
method match the true values. The accuracy 
of an HPLC method is a measure of how 
well the method can provide results that are 
close to the true value of the sample being 

analyzed. Accuracy study is an essential step 
in the validation of an HPLC method, as it 
provides important information about the 
reliability and accuracy of the method for its 
intended use16. The recovery study was carried 
out to evaluate the precision of the suggested 
methodology. Standard proportions were spiked 
in three duplicates at three levels of the desired 
concentration (80, 100, 120%) and their drug 
content was examined. The % recovery was 
estimated by comparing the calculated drug 
concentrations to the nominal concentrations. 
According to the outcomes, the mean percentage 
of recovery for the three replicates at the levels 
of 80, 100, and 120% was 99.85%, 99.99%, 
and 99.86%, respectively. The results  of the 
accuracy investigation are shown in Table 5.

Precision of method
Precision study is an essential part of HPLC 
method development. It helps towards 
ensuring the accuracy and reliability of the 
technique, identify sources of variation and 
error, and establish the limits of detection and 
quantification. By optimizing the precision of 
the HPLC technique, the sensitivity and range 
of the method can be improved, leading to more 
accurate and reliable analytical results18. The 
precision of the technique was assessed through 
factors like repeatability. In the precision study, 
six injections of standard solution were injected 
and % RSD was calculated. % RSD for the peak 
area is 0.14% for cariprazine HCl peak from 6 

Table 5. Accuracy study results

% Level Spiked Conc. 
(µg/ml)

Area Amount Recovered 
(µg/ml)

% Recovery RSD

80%
79.76 1353538 79.61 99.82

0.2079.76 1351467 79.49 99.66
79.76 1356876 79.81 100.06

100%
99.70 1692374 99.54 99.84

0.1399.70 1696751 99.80 100.10
99.70 1695573 99.73 100.03

120%
119.64 2030271 119.42 99.81

0.05119.64 2031287 119.48 99.86
119.64 2032144 119.53 99.91
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injections of working standard. The outcomes 
of the precision investigations are presented in 
Table 6.

Ruggedness
The Ruggedness study evaluates the robustness 
of the HPLC method by assessing its ability to 
produce consistent results when minor variations 
are introduced in the analytical conditions. These 
variations may include changes in equipment, 
analysts, reagents, or environmental conditions. 
The ruggedness study helps to identify the critical 
factors that distress the efficiency of the technique 
and their effect on the results. By evaluating 
the ruggedness of the method, it is possible to 
optimize the method's conditions and establish 
a range of acceptable variations18. This, in turn, 
improves the reliability as well as reproducibility 
of the technique. The Ruggedness study was 
carried out by two different analysts using the 
same HPLC system and different HPLC columns. 
The % RSD of 6 preparations was 0.10%. Table 
7 summarizes results of precision, ruggedness 
and accuracy which indicates developed method 
was precise, accurate, and rugged.

Robustness
The robustness study evaluates the method's 
ability to remain unaffected by minor variations 
in the experimental circumstances, for example 
changes in pH, temperature, flow rate, and 
column aging. Parameters including mobile 
phase composition, and column temperature did 
not hinder the resolution. Because there were no 

Table 6. Results of precision

S. No. Area
1 1692374
2 1692474
3 1694578
4 1697853
5 1695472
6 1697528

Average 1695047
SD 2374.651

% RSD 0.14

Table 7. Results of precision, 
ruggedness and accuracy

Validation Parameter % RSD
Precision 0.14
Accuracy 80 % 0.20

100 % 0.13
120 % 0.05

Ruggedness 0.10

apparent modifications in the chromatograms, 
it was shown that the RP-HPLC procedure was 
robust.

Optimization trials using Box-Behnken 
statistical design
The robustness of a chromatographic technique 
is defined as its resistance to minor  changes 
resulting from variables like the mobile phase 
composition, flow rate, and column temperature. 
Using factors like the mobile phase composition 
and column temperature, Box-Behnken design 
was used in our investigation to determine 
the robustness of our technique. To assess the 
method's robustness, theoretical plates and 
retention time (min) were also taken into account 
as variables.
	 Box-Behnken statistical design was used to 
develop and optimize the analytical method 
for Cariprazine19,20. Mobile phase composition 
(A), alteration in column temperature (B), and 
alteration in flow rate (C) were deliberated 
independent variables whereas theoretical 
plates (Y1) and retention time (Y2) were 
considered dependent variables. The results of 
all optimization trials are presented in Table S4.
	 It was observed that in all trials, the theoretical 
plates were found to be more than 5000 while 
the retention time was also found to be less than 
5 minutes. Theoretical plates and retention time 
are important parameters in analytical method 
development, particularly in chromatography. In 
analytical method development, the optimization 
of the number of theoretical plates and retention 
time is crucial for obtaining good resolution and 
accurate quantification of analytes. By increasing 
the number of theoretical plates, the resolution 
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of the separation can be improved. Adjusting the 
mobile phase composition and stationary phase 
properties can help optimize retention times for 
specific analytes. Therefore, a balance between 
theoretical plates and retention time is essential 
in analytical method development to achieve 
the desired separation and quantification of 
analytes25. The observed theoretical plates and 
retention time were found to be acceptable in all 
optimisation trials.

Statistical analysis of theoretical plates (Y1) 
Theoretical plates refer to the theoretical number 
of equilibrium stages that a sample must pass 
through as it travels through a chromatographic 
column. The more theoretical plates a column 
has, the better its resolution or ability to separate 
different components of a mixture26. Theoretical 
plates are used to quantify the efficiency of a 
column. The polynomial equation for theoretical 
plates (Y1) can be presented below:
	 Y1 = +6148 + 62.75A + 43.87B + 16.62C +  
57.50AB + 64AC 			   (1)
	 In the above equation, Y1 is theoretical plates, 
A is mobile phase composition (%), B is column 
temperature (°C) and C is the flow rate (ml/min). 
Overall the suggested quadratic model was found 

to be statistically nonsignificant by a p-value 
of 0.1097. The quadratic model was suggested 
for Y1 as shown in Table S5. The correlation 
coefficient (R2) was found to be 0.9649 for Y1 
representing a good fit quadratic model.
	 The model is indicated to be significant by the 
model F value of 9.17 (Table S5). The likelihood 
of noise producing an F-value this large is only 
4.74%. Model terms that have P-values under 
0.05 are considered significant. A, B, AB, and 
AC are important model terms in this situation. 
The 3D surface graph (Fig. 3) shows the impact 
of mobile phase composition (A), and variation 
in column temperature (B) on theoretical plates.
	 It was observed that the effect of mobile 
phase composition (A) and alteration in column 
temperature (B) on theoretical plates was found 
to be statistically substantial with a P-value less 
than 0.05 while flow rate (C) showed a non-
significant outcome with a P-value greater than 
0.05. A direct relation was observed between 
mobile phase composition, and alteration in 
column temperature, in addition to a number of 
theoretical plates as shown in Fig. 3.

Statistical analysis of retention time (Y2)
The retention time of a compound is influenced 

Figure 3. 3D surface responses of mobile phase composition (A) 
and alteration in column temperature (B) on theoretical plates
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by numerous aspects for example the nature of the 
stationary phase, the mobile phase composition, 
the temperature, and the flow rate27.
	 The polynomial equation for theoretical plates 
(Y2) can be presented below:
	 Y2 = +3.74 - 0.0638A + 0.0562B - 0.4975C     (2)
	 In the above equation, Y2 is retention time, A 
is mobile phase composition (%), B is column 
temperature (°C) and C is the flow rate (ml/min). 
With a p-value of 0.0001, the proposed linear 
model was discovered as being of statistical 
significance overall. For Y2, the linear model 
was proposed as shown in Table S6. For Y2, 
the correlation coefficient (R2) of 0.9482 was 
discovered, indicating a well-fitting linear model. 
The model is indicated to be significant by the 
model F value of 54.93 (Table S6). The likelihood 
that noise would cause an F-value this large is 
less than 0.01%. Model terms that have P-values 
under 0.05 are considered significant. The effect 
of mobile phase composition (A) and change 
in column temperature (B) on retention time is 
presented in a 3D surface graph (Fig. 4). It was 
concluded that response Y1 and Y2 are robust and 
depends on factors mobile phase composition, 
column temperature and flow rate. Box-Behnken 
experimental design was employed successfully 

for evaluation of robustness. From results of 
ANOVA and analysis of response surfaces plots; 
it can be concluded that responses to therotical 
plates and retention time are robust for all the 
three factors mobile phase composition, flow 
rate and column temperature of the buffer within 
selected range.

Solution stability
HPLC is a broadly utilized system aimed at 
the analysis of various types of samples. The 
solution stability of the sample and the mobile 
phase is important in HPLC because it affects the 
accuracy, precision, and reliability of the results 
obtained. If the solution is unstable, the analyte 
may degrade, react with the mobile phase, or 
adsorb onto the column, leading to inconsistent 
results. Therefore, it is important to ensure that the 
sample and mobile phase are stable throughout 
the analysis. To ensure the solution stability in 
analytical method development using HPLC, 
it is important to carefully select the mobile 
phase and optimize the sampsle preparation 
and storage conditions. Additionally, regular 
monitoring of the solution stability throughout 
the analysis is crucial to ensure the accuracy 
and reliability of the results obtained28,29. The 

Figure 4. 3D surface responses of mobile phase composition (A) 
and change in column temperature (C) on retention time
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stability of the Cariprazine HCl solution was 
checked by periodic analysis of the same sample 
solution and % RSD and cumulative % RSD of 
peak area was determined and found within the 
acceptable range. Table 8 shows the results for 
solution stability. It has been observed that the 
peak area did not significantly shift from the 
initial peak area even after 6 days. This clearly 
showed that the solution has excellent stability 
over a period of time.

Force degradation studies
The results of the force degradation study (acid, 
alkali, oxidation, UV, and heat) of cariprazine HCl 
are shown in Table 9. Cariprazine was found to 
degrade significantly in an alkaline environment. 
With only a 7.87% loss, it remained stable in the 
acidic environment. cariprazine HCl peak is well 

separated from any other peak due to diluents 
and degradation peak generated during stress 
conditions. Peak purity was observed outside of 
the acceptance criteria due to an interfering peak 
with the analyte peak. The interfering peak could 
be due to a placebo, as an acid, base, and heat. 
There was no interference due to diluent at RT of 
cariprazine HCl peak.

% Entrapment efficiency and assay
The developed and validated analytical 
technique of Cariprazine HCl was applied in 
the determination of % entrapment efficiency of 
NLC, assay of in-house nasal spray and marketed 
capsule formulation to check its workability. The 
average % encapsulation efficiency was found 
to be 85.61% while the assay of nasal spray 
was found to be 99.76% (Table 10). Based on 

Table 8. Solution stability at room temperature

S. No. Day Area % RSD Cumulative % RSD
1 Day 0 1692374 - -
2 Day 2 1691841 0.02 0.02
3 Day 4 1675476 0.5695 0.59
4 Day 6 1725877 1.2475 1.84

Table 9. Forced degradation study of Cariprazine HCl

S. No. Sample name Degradation condition % Degradation
1 Acid 5N Hydrochloric acid 1 ml at 60ºC for 10 min 7.86
2 Base 1N Sodium Hydroxide 20 µl at RT for 10 min 53.32
3 Peroxide 30% Hydrogen peroxide 1 ml at 60ºC for 30 min 3.14
4 UV 254 nm for 24 hours 8.57
5 Dry heat Thermal (80ºC for 3 hours in an oven) 3.31

Table 10. Summary of entrapment efficiency and assay results

S. No. Sample ID Area Unentrapped Content % Entrapment Efficiency
1 Standard 1696463 - -
2 Sample 1 241067 1.421 85.79
3 Sample 2 247175 1.457 85.43
4 Sample 3 243951 1.438 85.62

Average 1.439 85.61
Assay (Nasal spray) 99.76%
Assay (1.5 mg capsule brand name 
"Carilift" by Alkem Laboratories)

99.87%
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the validated method, assay was carried out on 
cariprazine 1.5 mg capsule brand name "Carilift" 
by Alkem Laboratories. The assay was found to 
be at 99.87% for the selected brand as shown in 
Table 10. The method was found to be workable 
and efficiently analyzed the in-house formulations.

Conclusion 
The study has determined that the developed and 
validated HPLC technique is accurate, specific, 
reliable, and simple to use. Specificity testing 
revealed that no interferences were observed at 
the retention time of Cariprazine HCl, which 
was 3.8 minutes. All validation factors analyzed 
through the technique were inside suitable 
constraints. The method is also cost-effective due 
to the usage of fewer exclusive components in 
the mobile phase. The technique was effectively 
functional towards the quantitative determination 
of Cariprazine HCl in the forced degradation 
study as well as EE and an assay of in-house 
formulations. This study demonstrates the 
potential for future use of the method in regular 
quality control investigations of cariprazine HCl 
in different pharmaceutical formulations.
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