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ABSTRACT
Background: Low bioavailability, highly variable blood levels and poor clinical efficacy of 
Aripiprazole (ARP) are primarily linked to its hydrophobic nature. This investigation focused on the 
formulation of ARP loaded Nanostructured Lipid Carriers (NLCs) incorporated in thermoreversible 
in situ intranasal gel for brain delivery. Materials and Methods: The high-speed homogenization 
method was used to formulate ARP loaded NLCs. A factorial design was utilized to optimize 
the particle size, entrapment efficiency and drug release of NLCs by selecting Tween 80 as a 
surfactant and stearic acid and castor oil as solid and liquid lipids, respectively. The ARP loaded 
NLCs thermoreversible in situ gel was fabricated using Poloxamer 407 as a phase transition agent 
and carbopol 940 as a mucoadhesive agent. The gel formulation was characterized for various 
pharmaceutical properties and nasal ciliotoxicity. Results: The optimized NLC (Z7) had nano size 
(~150 nm), good entrapment efficiency (~93%) and higher drug release (~75% in 12 hr). The 
formulated thermoreversible in situ gel (Z2 G) showed ideal gelling temperature, gel strength, and 
pH suitable for nasal use in addition to steady drug release and greater permeation. The toxicity 
study data revealed that the gel is safe for intranasal application. Conclusion: The prepared 
thermoreversible in situ gel of ARP loaded NLCs showed excellent potential for intranasal use and 
can be a feasible alternative to oral therapy in schizophrenia.

Keywords: Schizophrenia, Aripiprazole, Optimization, Poloxamer, Thermoreversible gel, 
Intranasal.

INTRODUCTION

Schizophrenia often entails phases of remission and relapse 
due to its incapacitating and chronic psychotic nature, which 
significantly affects the patient's capacity to function in social 
situations.1 This chronic disorder typically manifests in late 
adolescence or early adulthood and has affected roughly 24 
million population globally during the last decade. World 
Health Organization projects that 20% of Indians will experience 
certain types of mental disease by 2025, while the ICMR (Indian 
Council of Medical Research) reports that mental disorders 
are sweeping the globe, including India, at an epidemic rate.2 
Schizophrenia being a complex endogenous mental illness shows 
three characteristic symptoms.3 The first category (positive) 

symptoms include hallucinations and delusions, as well as 
notable and dramatic shifts in behavior and mental patterns. 
The negative signs (second category) include dementia, impaired 
interpersonal relationships, social detachment, inaction, alogia, 
fatigue, and a shortage of motivation and responsibility to carry 
out routine daily tasks, while the third category (disorganized) 
signs include pronounced deficiencies in spoken and mental 
memory, alertness, and focus.

Neuroleptics, antipsychotics and heavy tranquilizers are the 
three broad categories of medications used for the standard 
treatment of schizophrenia.4 The first line of treatment is 
antipsychotic medication, which is further divided into atypical 
or 2nd generation antipsychotics such as Aripiprazole (ARP), 
risperidone, olanzapine, clozapine, paliperidone, etc. Typical 
or first generation antipsychotics which include drugs such as 
haloperidol, perphenazine, loxapine, etc.5 Second generation 
antipsychotics are considered as a significant advancement, 
primarily due to their reduced risk of developing side effects and 
their expected improvement in efficacy and safety.6 In addition, 
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a general movement towards second generation antipsychotics 
in the management of schizophrenia has been brought about 
by attributes including superiority in the treatment of cognitive 
enhancement, enhanced individual tolerability, and experience.7

ARP belongs to the quinolinone derivative and is a 2nd generation 
antipsychotic drug accepted by the US FDA for the management 
of negative, positive and depressive schizophrenia-related 
symptoms.8 ARP has a unique mode of action and receptor 
binding profile. It facilitates the antipsychotic effect by acting as 
a partial agonist at the Dopamine (D2) and serotonin (5-HT1a) 
receptors while as an antagonist of the 5-HT2a receptor.9 Indeed, 
ARP has a lesser potential to produce additional pyramidal 
symptoms and seems to be more successful in treating the 
accompanying adverse signs of schizophrenia. ARP is available 
commercially as oral tablets, solutions, and intramuscular depot 
injections. Low oral bioavailability, highly variable blood levels 
and irreproducible clinical responses of ARP are caused due to 
the hydrophobic nature and therefore considered as a BCS class 
II drug.10 Moreover, it is extensively metabolised in the liver and 
undergoes P-glycoprotein efflux, which increases the risk of 
side effects that are dose related, such as hypotension, akathisia, 
neuroleptic malignant syndrome, QTc prolongation, dry mouth, 
tremor and high blood sugar (in diabetic patients).11,12 Many 
attempts were reported to enhance the ARP dissolution rate 
and bioavailability by various approaches12-15 including salt 
formation, prodrugs, solid dispersion, solid lipid nanoparticles, 
orodispersible films, etc. However, an ideal formulation in oral 
therapy to provide adequate clinical efficacy is still unmet. This 
low efficiency is well correlated to the limited permeability of 
drugs in CNS disorders to cross the blood brain barrier.11 Thus, 
it seems the clinical efficacy of ARP is not just limited to its 
solubility but is equally influenced by its inability to transport 
through the endothelium, the main barrier to brain delivery. To 
this end, alternative ways of administration such as the intranasal 
route can be more effective.16

With the advancement of nanotechnologies, a number of 
nanocarriers have emerged that have enormous potential for 
improving drug penetration through the BBB and targeting brain 
cells with minimal adverse effects.17-20 Among the drug targeting 
approaches, nose to brain drug delivery has gained wide attention 
recently as a less invasive way to deliver the drug to brain while 
avoiding the liver first pass effect and the blood brain barrier.16,21 
Due to the highly vascularized nasal epithelium and the unique 
way that the olfactory nerve system connects the brain, drugs can 
reach the target region, or brain tissue, very quickly.22 Various 
categories of drug carriers are developed and evaluated for 
their potential for intranasal delivery.17,23 An attempt to deliver 
ARP through intranasal using poly(caprolactone) polymeric 
nanoparticles was recently reported.11

The great potential of drug loaded Nanostructured Lipid 
Carriers (NLCs) over other lipid containing nanoformulations 

in the therapy of various neurological conditions by intranasal 
route has been described in the literature.24-28 Thus, NLCs were 
chosen as cargo to transport ARP to the brain area. However, 
gel formulations are considered a suitable delivery vehicle to 
enhance the retention, reducing post-nasal drip and permeation 
of nanocarriers through the intranasal route for effective CNS 
delivery.24,29,30 In this regard, in situ gelling systems possess several 
advantages over conventional nasal administration systems 
such as improved patient adherence, enhanced drug retention, 
uniformly spread to the mucosal tissue, etc.31 Considering all 
the above facts, the objective of this study was to develop and 
evaluate thermoreversible in situ gel containing ARP loaded 
NLCs for possible nose to brain delivery.

MATERIALS AND METHODS

Chemicals

ARP was purchased from Almon Industries, Vithaludyog Nagar, 
Gujarat, India. Poloxamer 407 was acquired from Glenmark 
Pharmaceuticals, Baddi, India. Stearic acid and castor oil were 
acquired from Qualikems, New Delhi, India. Tween 80, carbopol 
940 and Polyvinylpyrrolidone (PVP) K30 were procured from 
Central Drug House Ltd, New Delhi, India. All solvents and other 
reagents used were of high analytical grade and were procured 
from local distributors.

Screening of Lipids

The selection of solid/liquid lipids was done based on the 
preliminary solubility study performed as described previously.32 
The solid lipids (carnuba wax, stearic acid, glyceryl monostearate) 
were heated on a temperature controlled hot plate to a temperature 
well above its normal melting range before ARP was gradually 
added. The drug’s saturation solubility was considered as the point 
at which it stopped dissolving in the solid melted lipid. To assess 
the solubility of ARP in liquid lipids, the equilibrium solubility 
approach was utilized.33 Briefly, a surplus amount of ARP was 
added to the centrifuge tube that contained 1 g of various liquid 
lipids (oleic acid, paraffin oil, castor oil). The tube was allowed 
to mix in a thermostatic water bath shaker for 24 hr and 30 min 
followed by centrifugation (REMI R-4C, Vasai, India) at 10,000 
rpm. The supernatant collected was mixed with alcohol to get 
proper dilution and measured using a UV spectrophotometric 
technique at 252 nm. The experiment was performed in triplicate.

Formulation of ARP Loaded NLCs

ARP loaded NLCs were formulated using the high speed 
homogenization technique described previously.34 Liquid lipid 
and melted solid lipid were combined under constant stirring 
while maintaining the temperature of the lipid mixture 10-15ºC 
above the melting point. Then the ARP was added to get the 
homogenous dispersion. The required amount of surfactant 
was dispersed in pure water to obtain an aqueous phase and the 
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temperature of the mixture was increased to be similar to that 
of the lipid mixture. The lipid mixture was gradually added to 
the surfactant solution using a high speed mechanical agitator 
(SLISC™, Vasai, India) at 6000 rpm for 45 min followed by instant 
cooling to form NLCs.

Experimental Design

A 32 full factorial was utilized to design the formulation of ARP 
loaded NLCs. Solid lipid and liquid lipid ratios (X1, 1:1, 2:1, 4:1) 
and concentration of surfactant (X2, Tween 80; 1, 2 and 3%) 
were identified as independent variables. On the other hand, 
particle size (Y1), % entrapment efficiency (Y2) and % Cumulative 
Drug Release (CDR) at 12 hr (Y3) were selected as dependent 
variables as described in an earlier study35 and the details are 
shown in Table 1. Batches Z1-Z9 were created by changing two 
distinct components at three different stages, and Design Expert 
software version 13 (Stat-ease, Inc., Minneapolis, USA) was used 
to statistically estimate the dependent variables using Analysis of 
Variance.

For each response, a polynomial equation was generated and the 
effect of the solid to liquid lipid ratios and surfactant amount on 
the dependent variables was also determined using 3D response 
surface methodology.36 The best (optimized) nanoparticle was 
identified based on the small particle size, high effectiveness of 
entrapment and greater % of CDR.

Particle Size

The hydrodynamic diameter of prepared NLCs was calculated 
using the dynamic light scattering technique with the help of 
Zetasizer (Malvern Instruments Ltd., Worcestershire, UK). 
Samples of NLC were taken in a transparent glass cuvette and 
placed in the cavity and the measurement was carried out at 90º 
scattering angle.37

Entrapment Efficiency (%)

For the measurement of the entrapment efficiency of ARP loaded 
NLCs, the prepared formulation was centrifuged at 10000 rpm 
for 45 min at 4ºC in a cooling centrifuge. The supernatant layer 
containing the free drug was separated and quantified using 
UV spectroscopy at 252 nm after appropriate dilution. The 
entrapment efficiency was determined according to the equation 
mentioned earlier.38

ARP Release from NLCs

The release of ARP from the NLCs was carried out in a Franz 
diffusion cell with dialysis membrane (Hi Media Ltd., Mumbai, 
India) as a barrier. The membrane used for the separation of 
the donor and receptor had an actual mesh size of 0.22 μm. The 
formulated NLCs were kept in the donor and the receiver had 
phosphate buffer (pH, 6.4) with 0.5% Tween 80 (to maintain 
sink).39 The temperature of the system was set at 37ºC. At 
predetermined intervals, 2 mL of receiver solution was taken 
and the content of ARP was determined by UV spectroscopy. 
The ARP release kinetics mechanism was evaluated for various 
models according to the literature.37,40 The experiment was 
conducted in triplicate.

Differential Scanning Calorimetry (DSC)

Thermo analytical technique (Q20 V24.4 Build 116, Universal 
V4.5A TA equipment, Newcastle, PA, USA) was used to record 
the sample's thermogram. The specimen was weighed in an 
aluminium container and the scanning was done at 25-400ºC in 
an arid nitrogen environment at a 10ºC/min heating rate.35

Transmission Electron Microscopy (TEM)

ARP loaded NLCs surface morphology investigations were 
carried out using a TEM (Hitachi H-7500, Tokyo, Japan) operated 
at 120 kV. After dilution of the sample (20 times) in deionized 
water, it was put onto a 400 mesh copper grid coated with copper 

Formulation
Code

Drug Lipid Ratio
X1

Tween 80 (%)
X2

Dependent 
Variables

Z1 100 mg 1:1 1
Particle size (Y1)Z2 100 mg 2:1 1

Z3 100 mg 4:1 1
Z4 100 mg 1:1 2

% EE (Y2)Z5 100 mg 2:1 2
Z6 100 mg 4:1 2
Z7 100 mg 1:1 3

% Cumulative drug 
release at 12 hr (Y3)

Z8 100 mg 2:1 3
Z9 100 mg 4:1 3

Table 1: 32 Full factorial design used for the preparation of aripiprazole loaded nanostructured lipid carriers.
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film. The particles were stained using phosphotungstic acid, air 
dried and viewed at a magnification of 8000×.

ARP loaded NLCs Thermoreversible Gel Formulation

The cold technique was implemented in the formulation of 
thermoreversible in situ gel with ARP loaded NLCs.29 The 
composition of various gel prepared are presented in Table 2. 
Different quantities of carbopol 940P or PVP K30 were slowly 
included in the poloxamer 407 dispersion, which was prepared 
by dissolving poloxamer in cold water by slowly mixing using a 
magnetic stirrer. The optimized ARP loaded NLC formulation was 
gradually incorporated into the above dispersion with constant 
stirring and then left undisturbed for 12 hr and stored at 4ºC for 
24 hr to completely dissolve the mucoadhesive ingredients.

Evaluation of ARP Loaded NLCs Gel

The prepared gel was checked for pH, gel strength and gelation 
temperature. A precalibrated pH meter was used to ensure the 
accuracy of the results. The gel strength was determined by the 
method reported in the literature.41 Briefly, the thermoreversible 
gel (50 g) was placed in a beaker and gelled at 27-36ºC using a 
controlled water bath. A standard weight of 35 g was kept on 
the surface of the prepared gel and the time necessary for the 
movement of the object to move down 5 cm was considered as 
its strength. The gelation temperature and time were determined 
by the visual inspection method. The gel was kept in a glass tube 
and the temperature was raised by 1ºC. The temperature at which 
the gel doesn’t flow by tilting the glass tube at a 90º angle was 
observed as gelation temperature and the time as gelation time.42 
Optimized formulation was chosen based on the clarity, and 
highest gelling capacity.

Ex vivo Drug Permeation of ARP loaded NLCs Gel

The permeation of ARP loaded NLCs across the membrane was 
assessed using a standard Franz diffusion cell.43 The goat nose was 
obtained from the nearby slaughterhouse, kept in a 10% formalin 
solution and stored at ice cold temperature. Forceps and scissors 
were used to delicately remove the nasal mucosa, and it was then 
submerged in Ringers’ solution. The nasal mucosa membrane 
was fixed between the two chambers and the temperature was 
maintained at 37ºC. The donor compartment was placed with 

ARP loaded NLC thermoreversible in situ gel (Z2 G, 500 mg) 
equivalent to 10 mg drug or pure drug suspension. Phosphate 
buffer (pH 6.4, 10 mL) with 0.5% Tween 80 (to maintain sink) 
was used as the receiver solution. At predetermined intervals, 2 
mL of receiver solution was taken, properly diluted and analyzed 
by spectrophotometry at 252 nm.

Histopathological Study

For the nasal ciliotoxicity study, the goat nasal mucosa was used. 
Histopathological studies were carried out on three equally 
cut samples of the nasal mucosa (A, B, and C) that were kept 
individually on Franz diffusion cells (maintained at a temperature 
of 37ºC). Sample A was untreated and used as a negative control. 
Sample B was applied with a standard irritant (0.5 mL of isopropyl 
alcohol) to damage the tissues (positive control) while test 
sample C was applied with the ARP-loaded NLC in situ gel. These 
mucosal cells were stained using the hematoxylin eosin method 
after 24 hr of ex vivo drug permeation. The tissues were examined 
by a trained pathologist under high power (400x magnification) 
using a light microscope (Olympus CX23, Tokyo, Japan).3

Stability Studies

The optimized NLC Z7 was subjected to stability assessment 
by storing it in a room for three months at standard conditions 
according to ICH. NLCs were placed in a 5 mL dark vial with 
a cap. In addition, samples were obtained at the start and end 
of the three months to determine the physical appearance, % 
entrapment efficiency, particle size, and % CDR.44

RESULTS AND DISCUSSION

Selection of Lipids Based on Solubility Studies

It is vital to screen the lipids to develop NLCs for brain targeting 
through the nose to brain route to achieve stability as well as 
required particle characteristics.45 In addition, the selection of 
lipids is equally important as it directly affects the drug loading 
capacity as well as its release from the NLCs.46 Furthermore, the 
excellent solubility of drugs in NLCs would eventually aid in dose 
reduction because the entire drug (inside the NLCs) is available 
for pharmacological effect. The solubility of ARP was highest 
with stearic acid (20±5.24 mg/mL) as compared to other lipids 

Formulation Code Poloxamer 407
(% w/v)

Carbopol 940 (% w/v) PVP K30
(% w/v)

Z1 G 25 0.2 -
Z2 G 25 0.4 -
Z3 G 25 0.6 -
Z4 G 25 - 0.2
Z5 G 25 - 0.4
Z6 G 25 - 0.6

Table 2: Composition of aripiprazole loaded nanostructured lipid carrier thermoreversible gel batches.
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tested (carnauba wax ~15 mg/mL and glyceryl monostearate ~18 
mg/mL). Hence, stearic acid was identified as a solid lipid. Stearic 
acid is a saturated fatty acid with an 18-carbon chain and has been 
widely used in developing NLCs including intranasal delivery.47,48 
The ARP presented the highest solubility in castor oil (68±4.23 
mg/mL) followed by oleic acid (~63 mg/mL) and paraffin oil (~59 
mg/mL) and thus castor oil was selected as a liquid lipid for the 
preparation NLCs. The concentrations (1-3%) of Tween 80 used 
here based on the literature.33

Development of ARP Loaded NLCs

Various batches of formulation were effectively developed by 
using the high speed homogenization technique. The influence 
of solid/liquid lipids and surfactant in the physicochemical 
properties of NLCs is well documented,49 hence were considered 
as independent variables. Various parameters were studied such 
as the size of particles, efficiency of entrapment, and ARP release 
on all of the formulations and the results are depicted in Table 3.

Data Analysis for Particle Size

The respective polynomial equations were created to show the 
link between the levels of independent variables and observed 
responses. The response changes that occur when two aspects 
are concurrently altered are represented by the interaction terms 
(X1X

2). To explore non-linearity, the polynomial terms (X1
2X2

2) 

are added. The physical stability, solubility, release kinetics as well 
as biological activity of the NLC is significantly influenced by the 
size of the particles.50 The ARP loaded NLCs ranged in particle 
size from 150 nm to 295 nm, with Z3 having the biggest particle 
size, while Z7 had the smallest particle size (Figure 1), followed by 
Z4, which demonstrates the strong influence of the independent 
factors on the size of NLCs. The proportion of solid to liquid lipid 
displayed a negative effect (i.e. increment) on the size of NLCs 
according to the polynomial equation below.

Particle size (Y1) = 216.78-41.78X1-5.11X1
2+40.56X2-16.78X2

2-
4.56X1X2+13.78X1

2X2+5.78X1 X2
2-2.89X1

2X2
2

The negative effect suggests that the higher the ratio of solid lipids, 
the greater the particle hydrodynamic size of the NLCs. This 
observation also agrees with the results of earlier studies.49 The 
size of NLCs responded favorably to Tween 80 concentration. The 
positive symbol denotes that enhancement in the concentration 
of Tween 80 causes a decline in the NLC size because it decreases 
the interfacial tension that exists at the water/lipid interface, which 
further results in the production of tiny emulsion particles.51 
Thus, adding more concentration of surfactant to the NLC system 
will successfully stabilize the particles and stop coalescence.52

Data Analysis for Entrapment Efficiency

As seen in Table 3, the entrapment efficiency of ARP in the 
prepared nanoparticles varied between 64.69% to 93.41%. 
The values presented here confirmed that the entrapment 
efficiency of ARP loaded NLCs was significantly influenced 
by the independent factors used. The highest entrapment was 
found in formulation Z7 whereas formulation Z3 presented the 
least entrapment efficiency (Table 3). The polynomial equation 
clearly indicates that an increase in the quantity of lipid ratio had 
an opposite effect on the entrapment efficiency i.e. decrease in 
the entrapment efficiency. However, the quantity of surfactant 
increased had a progressive effect i.e. enhances the entrapment 
efficiency. This enhancement could be related to the effect of the 

Formulation Code Particle Size (nm) (Y1) Entrapment 
Efficiency (%) (Y2)

% Cumulative Drug 
Release (Y3)

Z1 211.12±2.10 80.21±0.98 60.32±0.96
Z2 266.23±3.21 71.91±1.25 58.11±1.26
Z3 295.13±5.02 64.69±1.63 54.62±1.09
Z4 164.02±1.21 91.15±1.02 68.53±0.36
Z5 192.12±4.23 85.67±1.62 64.85±0.98
Z6 244.05±3.02 77.24±0.79 62.58±1.34
Z7 150.46±2.24 93.41±1.34 75.45±1.22
Z8 177.34±3.52 90.11±2.13 72.15±1.01
Z9 252.08±4.81 74.72±1.74 70.23±0.63

All values are expressed in ±SD (n=3).

Table 3: Evaluation of ARP loaded NLCs.

Figure 1: Frequency distribution curve of aripiprazole loaded NLC 
formulation (Z7).
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increase in surfactant content decreases the particle size, which 
then increases the entrapment efficiency of the NLCs.28

% Entrapment Efficiency (Y2) = 81.01+7.24X1+1.55X1
2-

8.74X2+3.67X2
2+0.6956X1X2-1.91X1

2X2-0.7811X1X2
2-

0.5678X1
2X2

2

Data Analysis for in vitro Release

The % CDR was determined from the observed in vitro drug 
release profiles of Z1-Z9 NLCs (Figure 2). The CDR ranged from 
54.62% to 75.45% as mentioned in Table 3. NLC Z7 had the 
highest CDR of 75.45%, owing to the particle compact size and 
high entrapment value. The lipid ratio presented an insignificant 
result on the drug release, however, the increase in the amount 
of Tween 80 shown a positive effect, according to the polynomial 
equation observed below.

% CDR (Y3)=65.20+2.90X1-0.1678X1
2-7.52X2+0.1156X2

2-
0.2589X1X2+0.5944X1

2X2+0.3144X1X2
2-0.3022X1

2X2
2

A rise in the Tween 80 levels resulted in an enhancement in the 
drug release pattern. This observation is due to the lower particle 
size and higher drug entrapment in the NLCs. The ARP release 
from all the prepared NLCs (Z1-Z9) shown a biphasic pattern, 
meaning that the drug was initially on the surface of the NLC, 
assisting in quick release and subsequently a steady release from 
the drug core (Figure 2).

To verify the linearity of the release profile and pinpoint the drug 
release kinetics mechanism, the CDR from the prepared NLCs 
was fitted into a variety of release kinetic models that include 
zero, first order, Korsmeyer-Peppas and Higuchi.40 The Higuchi 
model which depicts the biphasic drug release from the NLCs, 
was deemed to be the best fitted model since it had the highest 
coefficient of determination (r2) as presented in Table 4. This 
observation is in agreement with an earlier study wherein it was 
described that the release mechanism of drugs from this type of 
vesicles generally by diffusion.53

Response- Surface Analysis

Figure 3 shows the three-dimensional response surface plots that 
were created for the ARP loaded NLCs graphic optimization. 
Enlargement in the particle size of NLCs was noticed with the 
increment in the solid lipid while it was the opposite with the 
increase in the Tween 80 amount. The maximum entrapment 
efficiency was observed at the highest level of surfactant amount 
(3%) and low levels of solid lipid and liquid lipid ratio (1:1). 
Nevertheless, the highest drug release was observed at the highest 
level of Tween 80, while the lipid ratio has negligible effect. NLC Z7 
had the lowest particle size (~150 nm), the highest percentage of 
cumulative drug release (~75.45%) and the entrapment efficiency 
(~93.41 of all the formulations tested. Thus, the formulation Z7 
was chosen as the optimized preparation and the selected NLC 
was incorporated into the in situ gel.

DSC

The nature of ARP in NLCs was determined with the help of DSC. 
Figure 4 presents the analysis of the thermograms of pure ARP 
and optimized NLC (Z7). As demonstrated in the thermogram 
(Figure 4a) of ARP, there was a pronounced heat absorbing peak 
at 149.94ºC, which represents the melting point of the drug. 
The observed sharp peak signifies the crystalline nature of pure 
ARP. However, the thermogram of ARP loaded NLCs revealed a 
shifting of peak to a lower temperature at 59.85ºC (stearic acid) 
and 132.60ºC (ARP) as well as a decline in the enthalpies in 
Z7 (Figure 4b). The possible explanation for the shifting of the 
endothermic peak (in Z7 NLC) is an indication of the formation 
of the NLC matrix during the heating of APR with molten 
excipients, resulting in a reduction in crystallinity, as reported in 
the literature.47,48

Figure 2: Percentage cumulative drug release of prepared NLCs (Z1-Z9). All 
values are expressed in±SD (n=3).

Figure 3: 3D plots displaying the influence of solid and liquid lipid ratio (X1) 
and concentration of surfactant (X2), on particle size (A), % cumulative drug 

release (B) and % entrapment efficiency (C).
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TEM

The use of TEM has become essential for characterizing vesicular 
drug delivery system architectures. It can be used to investigate 
the general colloidal composition of the associated dispersions as 
well as the size and shape of colloidal carriers.54As demonstrated in 
the TEM image of Z7, the particles are spherical in shape (Figure 
5). The sizes of the NLCs were less than 200 nm, which indicates 
that the prepared vesicles are ideal for intranasal administration. 
In addition, particles are uniform in size and distributed evenly.

ARP loaded NLCs Thermoreversible in situ Gel 
Formulation

The optimized ARP loaded NLC preparation (Z7) was 
subsequently incorporated in an in situ gelling system in order 
to produce better regulated drug release from the gelling system 

(Z1 G to Z6 G) using a direct dispersion approach. Indeed one 
of the goals of the current investigation was to create a dosage 
that would exhibit phase change at the nasal cavity temperature. 
Poloxamer 407 (25% w/v) was used as a phase transition catalyst, 
and the drug level was fixed at 2% in the thermoreversible in 
situ gel. Carbopol 940P or PVP K30 in the concentration of 
0.2-0.6% w/v were utilised are mucoadhesive agents. Poloxamer 
407 solutions exhibit the phase transition (conversion of sol to 
gel) at temperatures below 36ºC. The phase change may cause 
difficulties in handling the formulations at temperatures lower 
than 27ºC. On the other hand, if the gelation temperature is 
more than 36ºC, the main problem is the leakage of medication 
from the nasal cavity. For the formulation of in situ gels, batches 
showing the sol to gel phase transition in the range of 25-32ºC are 
ideal for nostril application.

Evaluation of ARP loaded NLCs Gel

The effects of the selected mucoadhesive polymers (carbopol 
940 and PVP K30) with poloxamer 407 (25% w/v) on gelling 
temperature, gel strength, and pH were examined using in situ 
gels (Z1 G to Z6 G). The observed pharmaceutical characteristics 
are presented in Figure 6. The data in the Figure 6 shows that 
when the amount of mucoadhesive agents increased, the gelation 
temperature reduced (35.2 to 27.1ºC). A similar observation was 
noticed with gel strength as well. Further, the pH of the developed 
formulations was comparable. It was observed that the pH of 
the Z2 G gel was 6.3, which is suitable and nonirritant to nasal 

Formulation Code Zero Order
Model

First order
Model

Higuchi
Model

Korsmeyer-Peppas 
Model

Z1 0.922 0.520 0.994 0.560
Z2 0.920 0.518 0.992 0.559
Z3 0.919 0.517 0.991 0.556
Z4 0.924 0.522 0.995 0.562
Z5 0.922 0.520 0.993 0.560
Z6 0.921 0.519 0.992 0.558
Z7 0.927 0.524 0.996 0.563
Z8 0.925 0.522 0.994 0.558
Z9 0.921 0.518 0.990 0.554

Table 4: Correlation coefficient (r2) values observed in release kinetics of ARP loaded NLCs.

Time (days) Physical Change Particle size (nm) Entrapment Efficiency 
(%)

% CDR at 12 hr

0 No change 150 ±1.20 93.41±1.34 75.45±1.22
30 No change 155±0.56 93.06±0.96 75.01±0.64
60 No change 163±0.42 92.41±0.87 74.29±0.47
90 No change 171±1.33 90.06±1.52 73.17±0.35

All values are expressed in ±SD (n=3).

Table 5: Stability study data of ARP loaded NLCs (Z7).

Figure 4: DSC thermogram of aripiprazole (a) and optimized (Z7) aripiprazole 
loaded NLC (b).
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physiological conditions as the nasal mucosa’s pH normally ranges 
between 5.5 to 6.5.55 As the optimal gel strength is considered as 
in the range of 33-47 s and gelling temperature around 30ºC, the 
in situ gel (Z2 G) which showed ideal characteristics was regarded 
as the optimized formulation.

Ex vivo Drug Permeation Studies

The permeability of selected NLC in situ gel (Z2 G) and the control 
was determined by diffusion experiments using goat mucosa 
membrane. Comparative permeation profiles of ARP loaded NLC 
thermoreversible in situ gel and pure drug suspension (control) 
are presented in Figure 7. The permeation profile noticed here 
with NLC gel indicates the permeation seems to be rapid and 
steady with time and visibly different from the control. It can 
be seen that ARP loaded NLCs showed a greater permeation 
(p<0.0001) of ~60% in 12 hr while the pure drug suspension 
showed a permeation of ~30%. The greater flux observed here 
indicates the ARP loaded NLC gel is capable of permeating the 
nasal mucosa with ease. Meanwhile, the low permeation of ARP 
from control is probably because of its low solubility/permeability 
as similar results were noticed in a recent study.3

Histopathological Studies

Histopathological analysis was performed by comparing the nasal 
mucosal membranes of untreated and treated groups to check 
the histological variations that happened due to the application 
of developed in situ gel formulation (Z2 G). Figure 8 shows 
histopathological pictures of treatments used in investigations 
on nasal ciliotoxicity studies. The test sample (Figure 8C) 
treated with ARP loaded NLC in situ gel (Z2 G) and the positive 
control (isopropyl alcohol treated nasal mucosa, Figure 8B) were 
compared with microscopic images of the untreated nasal mucosa 
(negative control, Figure 8A). Figure 8C  demonstrates that the 
epithelial layer has not been damaged or removed in comparison 
to the normal mucosa (Figure 8A), confirms no substantial 
histological change has taken place and reiterates the safety of 
intranasal administration of developed nasal gel. However, Figure 
8B, in contrast to Figures 8A and C, demonstrates complete 
necrosis of nasal mucosa cells following mucociliary toxic agent 
treatment. This result signifies the nontoxicity of the developed 
formulation as described in similar investigations.29,30

Stability Studies

Table 5 summarizes the stability results of optimized NLCs (Z7) 
stored at 25±2ºC temperature and 60±5% relative humidity for 
three months. Indeed, no visible physical changes were observed. 
However, there was a minor enlargement in the particle size 
during the 3 months of storage. The entrapment efficiency and % 
CDR were found to. decrease marginally.

Figure 5: TEM image of optimized aripiprazole loaded nanostructured lipid 
carrier (Z7).

Figure 6: Gelling temperature (a) and gel strength (b) of in situ intranasal gels.

Figure 7: Permeation profile of pure drug suspension and ARP loaded NLC 
thermoreversible in situ gel (Z2 G) through goat nasal membrane.

Figure 8: Nasal histopathological studies A) negative control, no nasal 
treatment B) positive control, treated with isopropyl alcohol and C) treated 

with ARP loaded NLC in situ gel.
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CONCLUSION

A thermoreversible in situ gel with ARP loaded NLCs was 
successfully developed for intranasal delivery to increase the 
solubility and bioavailability. ARP loaded NLCs were developed 
using the high speed homogenization technique and optimization 
was carried out by selecting independent variables and assessing 
their effect on response. The optimized NLCs were formulated 
into in situ gel. The data observed here indicates that the prepared 
NLCs showed a steady release of ARP and enhanced flux through 
the nasal mucosal membrane. The absence of ciliotoxicity in 
the improved formulation indicates that the components used 
in this investigation are safe for the nasal mucosa. The findings 
of this study suggested that using thermoreversible in situ gel 
incorporating drug loaded NLC is a successful approach for 
delivering ARP to the brain through the intranasal route.
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