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Abstract: This study explores the prospective of risperidone-loaded β-cyclodextrin nanosponges as a therapeutic 
strategy for managing altered mental status (AMS) and delirium in cancer patients. Almost 87% of patients with 
advanced cancer experience AMS or delirium, significantly impacting prognosis and quality of life. The present study 
aims to enhance the solubility, bioavailability, and therapeutic effectiveness of second-generation antipsychotic 
medication risperidone (RSP), with poor aqueous solubility, it was encapsulated in β-cyclodextrin nanosponges. The 
nanosponges prepared by fusion technique using different β-CD: DPC molar ratios, were tested for their ability to 
encapsulation efficiency, drug loading, and dissolutions kinetics. Batch 1, (1:1 molar ratio) exhibits RSP loading capacity 
(454.2 µg/mg) and encapsulation efficiency (90.84%) along with DSC and FTIR also confirmed that the RSP was 
successfully encapsulated and without any chemical interactions. In vitro dissolution studies demonstrated a biphasic 
release profile, with an initial burst followed by sustained release, governed by Fickian diffusion as confirmed by release 
kinetics modeling. The improved solubility and dissolution profile of the nanosponges will be significant to improve 
risperidone delivery, ensuring better symptom management in a vulnerable population. These findings highlight the 
potential of β-cyclodextrin nanosponges as an innovative and adaptable platform for enhancing antipsychotic drug 
delivery. 
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INTRODUCTION  

Globally, neuropsychiatric complications such as 
altered mental status (AMS) and delirium affect a 
significant proportion of patients. These conditions, 
characterized by cognitive dysfunction, confusion, and 
disorientation, impact approximately 40% of geriatric 
patients in emergency settings and up to 87% of 
cancer patients in advanced stages [1]. Another factors 
that may causes AMS and delirium are metabolic 
disturbances, brain metastases, narcotics interactions, 
and systemic inflammation, that significantly impacts 
the patient life. Despite their prevalence, up to 76% of 
delirium cases go undiagnosed due to fluctuating 
symptoms and diagnostic challenges. Management 
medications includes; risperidone, olanzapine and 
quetiapine [2]. Moreover, delirium indicates poorer 
prognosis, of which 50% of cases are reversible when 
triggers are well addressed [3].  

Both mental disorders and cancer management 
reflects substantial clinical challenges and chances for 
exploration. Individuals suffering from neurological 
disorders such as delirium, schizophrenia, bipolar 
disorder, and acute mass seizures tend to have poor  
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prognoses in cancer screening, delays in diagnosis, 
and low medication adherence to standard treatment 
protocols [4]. For example, less diagnostic screening, 
stigma, and healthcare access are some of the 
obstacles that patients with severe mental illnesses 
(SMIs) often encounter when trying to get a timely 
cancer diagnosis and medical treatment [5,6]. 

Furthermore, hallucinations and delusions are other 
psychotic symptoms that make it even more difficult to 
communicate with patients, get them to comply with 
their chemotherapeutics treatment plans, and manage 
them well as a whole [7,8]. 

Chou et al. (2016) explored the complex 
relationship between schizophrenia and cancer, people 
with schizophrenia have a 20% shorter life expectancy 
than the overall population. Schizophrenia affects 
0.31–1% of the population [9]. Poor lifestyle habits, 
cognitive impairments, physician bias, and institutional 
stigma are often cited as causes of the incongruences 
in cancer care. These factors contribute to lower 
screening rates, longer treatment delays, and less 
access to effective therapies. Curiously, there is 
evidence that tumor-suppressor gene activity or the 
effects of antipsychotic drugs may be responsible for a 
reduced incidence of certain cancers in schizophrenia 
patients. But mortality rates are still high, mostly 
because people are diagnosed too late and don't get 
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enough treatment. Additionally, studies investigating 
the chemotherapeutic effects of antipsychotic 
medications need to be exploited [10].  

Higher cancer mortality due to delayed diagnoses, 
suboptimal treatment, and stigma was emphasised by 
Grassi et al. (2023) in their analysis of cancer care 
disparities affecting individuals with severe mental 
illness [11].  

Emerging evidence indicates that cancer and 
psychiatric disorders share complex biological 
interactions, involving immune dysregulation, 
heightened natural killer cell activity, tumor suppressor 
gene overexpression, systemic inflammation, and 
neuroinflammatory pathways, underscoring the need 
for integrated oncology and psychiatry care [9,12-14]. 
Antipsychotic medications like risperidone (RSP) are 
effective in managing neuropsychiatric symptoms in 
cancer patients, with remission achieved in up to 40% 
of delirium cases [15].  

Drug selected for this study was RSP, soluble in 
organic solvents such as ethanol, poorly aqueous 
soluble, mol.wt (410.49 g/mol), and a pKa (8.7) [16]. It 
acts primarily by antagonizing dopamine D2 and 
serotonin 5-HT2A receptors, reducing positive 
symptoms and improving negative symptoms in 
schizophrenia while minimizing extrapyramidal side 
effects. Its sedative effects are related to its moderate 
activity at adrenergic and histamine H1 receptors. The 
drug is metabolized by CYP2D6 into 9-hydroxy-
risperidone, readily excreted in urine, and has a half-life 
of 20hours. It is quickly absorbed and has a 
bioavailability of approximately 70% and a plasma 
protein binding affinity of around 90%. For the 
treatment of schizophrenia, bipolar mania, and autism-
related irritability disorders, the recommended dosage 
is 2–5 mg per day for adults and 0.25–0.5 mg per day 
for children [17-19].  

By addressing issues like low solubility and 
bioavailability, nano delivery systems like β-
cyclodextrin nanosponges improve therapeutic efficacy 
through better dissolving and sustained release. 
[20,21]. Cancer care for people with mental illness is 
already complicated, and the psychosocial component 
just makes things worse. Combining pharmaceutical, 
psychological, and social interventions in novel patient-
centered ways is necessary to address these systemic 
disparities [4,7,22]. 

The present study aims to enhance the solubility, 
bioavailability, and therapeutic effectiveness of poorly 

water soluble second-generation antipsychotic 
medication risperidone (RSP), by encapsulating it in β-
cyclodextrin nanosponges. 

MATERIALS AND METHODS  

Materials 

β-cyclodextrin (βCD), Diphenyl carbonate, Dimethyl 
sulfoxide (DMSO), Trimethylamine are procured from 
Sigma Aldrich, Germany. All the other solvents were 
used as procured without any processing. 

Higuchi and Connors Solubility Studies 

Calibration curve was constructed for 2.5 - 25 
µg/mL by serially diluting a stock solution of 100 ppm 
(100 µg/mL) risperidone HPLC garde Methanol, drug 
concentration was then determined by HPLC (HPLC 
System, Waters, Illinois, USA) using UV detector at 
284 nm. Phase solubility study was performed by 
adding RSP in excess amount to the β-CD solution 
prepared in water with final concentrations of 0.5 - 5 
mM, suspension was then subjected to thermody-
namically stable water bath mechanical shaker (Julabo 
SW23 Shaking Water Bath, Seelbach, Germany) 
adjusted at 25°C, 100 rpm for 72 hours [23]. The 
aliquots were then membrane filtered (0.45 µm filter) 
and analyzed for the drug absorbance at 284 nm [24-
26]. Solubilized RSP concentrations were calculated 
using the calibration curve. The stability constant (Kc) 
was calculated using the equation: 

Kc =
slope

1! slope
 

where the slope is derived from the phase solubility 
plot. Complexation Efficiency (CE) was also calculated 
to evaluate the efficiency of β-CD in forming inclusion 
complexes. 

Preparation of β-CD Nanosponges 

Four batches of 5gm each blank β-CD 
nanosponges were prepared by fusion technique 
wherein β-CD and cross linker diphenyl carbonate 
(DPC) in molar proportion (1:1,1:2,1:3 and 1:4) were 
prepared by melting them in porcelain dish at 90°C 
after formation of melted dispersion 0.5mL 
trimethylamine (Et3N) was also added to accelerates β-
CD crosslinking with DPC by catalyzing nucleophilic 
substitution reaction. Fused β-CD-DPC nanosponges 
may contains the residual phenol moieties which could 
be removed by washing with milli-Q water followed by 
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extraction using organic solvent acetone. Prepared β-
CD nanosponges then subjected to the hot-air oven at 
40°C to remove the moisture and packed in glass vial 
for upcoming drug loading process [27]. 

RSP Loading in β-CD Nanosponges 

Drug (RSP) was loaded in 1:1 ratios in all the four 
batches of prepared β-CD nanosponges, by 
solubilizing RSP in EtOH:DMSO(1:1;2mL) followed by 
dispersing it in the aqueous solution of β-CD 
nanosponges (3mL). the suspension was then 
ultrasonicated (2min). RSP loaded β-CD nanosponges 
was then kept on magnetic stirrer (100rpm) to 
evaporate the solvents. The samples then scrapped 
and sealed for further analysis.  

Encapsulation Efficiency and Drug Loading 
Capacity  

To assure optimal drug encapsulation and 
therapeutic efficiency, it is crucial to quantitatively 
analyze Encapsulation Efficiency (EE %) and Drug 
Loading Capacity (DLC) and to evaluate the efficacy of 
β-CD nanosponges in prepared batches. Drug-loaded 
nanosponges were dissolved in ethanol and analysed 
at 284 nm using HPLC (HPLC System, Waters, Illinois, 
USA) to determine the concentration of the 
encapsulated drug. DLC and RSP loading capacity EE 
(%) were used to calculate the encapsulation process's 
effectiveness. These computations highlights the 
efficacy of the drug-loading process and the 
nanosponges' applicability for drug delivery 
applications [24-26].  

EE(%) =Weight of RSP Encapsulated
Initial Weight of RSP added

!100  

DLC =
Weight of RSP Encapsulated

Total Weight of !CD Nanosponges + RSP
 

The results of these calculations enlighten on how 
well the drug-loading technique and β-CD –DPC ratios 
worked and whether or not the nanosponges were 
appropriate for use as drug delivery vehicles.  

Fourier-Transform Infrared Spectroscopy 

FTIR was performed to analyze RSP, β-CD, RSP-
loaded β-CD nanosponges, and their physical mixture. 
Each sample was finely powdered, mixed with KBr in 
gray agate mortar Pestle, filled to die and compressed 
by into thin pellets using a hydraulic press. The FTIR 
spectra (FTIR- Spectrophotometer, Jasco model 4700, 
Tokyo, Japan) were recorded in the range of 4000–400 
cm-1. The spectra were analyzed to detect 
characteristic peaks, shifts, or changes, providing 
insights into the interactions between RSP and β-CD in 
the nanosponges. 

Differential Scanning Calorimetry 

The thermal characteristics of RSP, β-CD, RSP-
loaded β-CD nanosponges, and their physical mixture 
in approximate amount (5mg) were examined by 
Differential Scanning Calorimetry (DSC) (Scinco, model 
N-650, Seoul, Korea), samples were filled and 
crammed into a hemispherical aluminum pan. To avoid 
oxidation, samples were heated in a nitrogen 
environment from 40°C to 250°C at a rate of 10°C per 
minute. In order to identify thermal transitions such 
melting points, glass transitions, or breakdown, 
thermograms were recorded [28]. 

In-Vitro Dissolution and Release Kinetics  

A USP-II apparatus (Erweka model DT 600, 
Heusnstamm, Germany), a rotating paddle at 50 rpm, 
PBS (pH 7.4) + 0.5 percent surfactant (SLS), and 
37±0.5°C parameters were used for the dissolution 
study. Maintaining the sink condition after withdrawing 
5mL sample at pre-determined time intervals, 
membrane filtered and analyzed as disused in the 
aforementioned EE method. Excel 2016 software used 
to calculate the cumulative % RSP released with 
respective to time, release profiles plotted, for RSP-
Pure, RSP- β-CD and β-CD nanosponges (batch1) 
containing equivalent 10mg RSP. The dissolution data 
further processed for the release kinetics to determine 
the mechanism of release by fitting the data in four 
kinetic model as showed in the Table 2 [29].  

Table 1: Formulation and Characterization of β-CD Nanosponges 

Batch β-CD:DPC Molar Ratio β-CD (g) DPC (g) Moles β-CD Moles DPC EE (%) DLC (µg/mg) 

Batch 1 01:01 4.55 0.45 0.00401 0.0021 90.84 454.2 

Batch 2 01:02 4.03 0.97 0.00355 0.00455 85.64 428.2 

Batch 3 01:03 3.53 1.47 0.00311 0.00687 70.56 352.8 

Batch 4 01:04 3.06 1.94 0.0027 0.0091 67.54 337.7 
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Mean Dissolution Time & Dissolution Efficiency  

The Mean Dissolution Time (MDT) and Dissolution 
Efficiency (DE) were calculated by; 

MDT =
(ti .!Mi )"
!Mi"

 

DE =
y(t)dt

0

t
!
y100 . t

"100  

The midpoints of the time intervals were calculated 
as the average of successive time points, and the 
incremental drug release (ΔMi) was determined as the 
difference in %CDR between successive time points. 
The weighted sum of the midpoints (ti⋅ΔMi) was divided 
by the total incremental drug release (ΣΔMi) to 
calculate MDT. 

DE is a significant parameter as it reflects the 
overall release efficiency, integrating both rapid and 
sustained phases of drug release. A high DE value 
indicates effective drug dissolution and highlights the 
suitability of the delivery system for therapeutic 
applications [30]. 

RESULT  

Higuchi and Connors Solubility Studies 

According to the Higuchi and Connors classification 
method, the phase solubility profile indicated an AL-
type profile, with RSP solubility increasing linearly with 
increasing β-CD proportions. The baseline solubility of 
RSP in the absence of β-CD was 4.36 µg/mL. The 
solubility increased dramatically with increasing β-CD 
concentrations, peaking at 20.14 µg/mL at 2 mM β-CD, 

which is 4.6 times higher than baseline. The solubility 
plateaued after 2 mM, most likely as a result of the β-
CD cavity becoming saturated. A computed stability 
constant (Kc) of 147.2 M-1, indicating a moderate 
binding strength, was obtained from the phase 
solubility plot with a slope of 0.032. With complexation 
efficiency (CE) values ranging from 0.065 to 0.206, the 
effectiveness of β-CD in solubilizing RSP was 
confirmed. With β-CD, RSP's solubility increases 
linearly, maximum peak values that indicated binding 
strength. Similar patterns were noted with methylated 
β-CDs, which Sbarcea et al. [31] found further 
improved solubility.  

Preparation of β-CD Nanosponges 

The fusion technique was used to successfully 
prepare four batches of β-CD nanosponges with 
different molar ratios of β-CD to diphenyl carbonate 
(DPC) Table 1. Batch 1 had a ratio of 1:1, 4.55 g β-CD 
and 0.45 g DPC; Batch 2 had a ratio of 1:2, 4.03 g β-
CD and 0.97 g DPC; Batch 3 had a ratio of 1:3, 3.53 g 
β-CD and 1.47 g DPC; and Batch 4 had a ratio of 1:4, 
3.06 g β-CD and 1.94 g DPC. To ensure efficient 
crosslinking, trimethylamine (Et3N), a catalyst for the 
nucleophilic substitution process, was added. To 
remove any last traces of phenol moieties, we soxhlet 
extraction with acetone was done followed by Milli-Q 
water washing. The nanosponges were then dried at 
40°C to make sure they were free from moisture and 
water traces before being stored in sealed jars.  

RSP Loading in β-CD Nanosponges 

RSP loading process into the β-CD nanosponges 
by first solubilizing it in a solvent system 
(EtOH:DMSO), followed by ultrasonication enabled the 

 
Figure 1: Effect of β-CD Concentration on RSP Solubility. 
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drug to interact with the nanosponge cavities. The 
encapsulation was solidified by aiding solvent 
evaporation through magnetic stirring.  

Encapsulation Efficiency and Drug Loading 
Capacity  

EE represents the proportion of RSP within the β-
CD nanosponges. Batch 1 exhibited the highest EE% 
(90.84%), followed by Batch 2 with 85.64%, Batch 3 
with 70.56%, and Batch 4 with 67.54%, highlighting the 
impact of increasing cross linker decreasing RSP 
encapsulation. Similarly, Drug Loading Capacity (DLC), 
which quantifies the amount of RSP encapsulated per 
milligram of nanosponges, was highest in Batch 1 
(454.2 µg/mg) and progressively decreased to Batch 4 
(337.7 µg/mg). These results (Table 1) demonstrate 
that lower crosslinking densities enhance both EE% 
and DLC, offering better encapsulation efficiency and 
drug loading capacity. 

Fourier-Transform Infrared Spectroscopy 

The FTIR spectrum of pure RSP showed 
characteristic peaks, including C=O stretching 
vibrations around 1650–1700 cm-1, NH bending near 
3300–3400 cm-1, and aromatic C=C stretching at 

1500–1600 cm-1. β-CD exhibited distinct peaks, such 
as O-H stretching at 3300 cm-1, C-H stretching at 2900 
cm-1, and C-O-C vibrations near 1150–1200 cm-1. In 
RSP-β-CD nanosponges (Batch 1), shifts in the C=O 
stretching and reduced O-H stretching intensity 
confirmed hydrogen bonding and encapsulation of RSP 
within β-CD cavities, with the disappearance of some 
RSP peaks further supporting inclusion complex 
formation. The absence of chemical interactions was 
confirmed by the RSP-β-CD physical mixture, which 
displayed a straightforward superimposition of RSP 
and β-CD spectra. 

Differential Scanning Calorimetry 

The Differential Scanning Calorimetry (DSC) 
thermograms of pure risperidone (RSP), β-CD, RSP-
loaded β-CD nanosponges (Batch 1), and the physical 
mixture of RSP and β-CD revealed significant 
differences. The crystalline nature of pure RSP was 
indicated by a sharp endothermic peak at about 176°C, 
whereas a broad endothermic peak about 110–130°C 
for β-CD. In RSP-loaded β-CD nanosponges, the sharp 
melting peak of RSP was absent, indicating successful 
encapsulation, along with a broadening and shift in the 
β-CD peak, suggesting interactions between RSP and 

    

  
Figure 2: FTIR Spectra of RSP, β-CD, Nanosponges, and Physical Mixture. 
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β-CD. In contrast, the physical mixture showed 
overlapping peaks of RSP and β-CD with presence of 
RSP peak, confirming the low drug encapsulation. 

In-Vitro Dissolution and Release Kinetics  

The in-vitro dissolution study of β-CD nanosponges 
revealed a biphasic drug release profile over 120 
minutes. An initial burst release was observed, with 
over 75% of the drug released within the first 30 
minutes (75.73 ± 6.39), followed by 100% release at 
the end of the study (100 ± 3.99). This release behavior 
suggests the rapid diffusion of surface-bound RSP 
molecules during the initial phase, followed by a 
sustained release from the nanosponges' matrix. 
These findings highlight the superior performance of β-
CD nanosponges in enhancing drug release efficiency. 
In comparison, RSP Pure exhibited a much slower 

release of only 25.5% at 120 minutes (25.55 ± 0.61), 
while the Physical Mixture (PM) achieved 70.6% drug 
release (70.59 ± 8.03) over the same duration, Figure 
4. 

Moreover, the dissolution data of β-CD 
nanosponges was fitted to various release kinetics 
models. The First-Order model provided the best fit, 
with an R2 (0.976) followed by the Korsmeyer-Peppas 
model (0.952) and the Higuchi model (0.931). The 
Zero-Order model showed the least fit with an R2 
(0.724). The n-value obtained from the Korsmeyer-
Peppas model was 0.401, indicating Fickian diffusion. 

Mean Dissolution Time & Dissolution Efficiency  

An average of 25.09 minutes was determined to be 
the Mean Dissolved Time (MDT), which indicates how 

 
Figure 3: Thermograms of RSP, β-CD, Nanosponges, and Physical Mixture. 

 
Figure 4: Dissolution Profiles of RSP Pure, PM, and β-CD Nanosponges. 
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long it takes for the drug to dissolve completely. The 
controlled release characteristics of the delivery system 
and the efficacy of the dissolving process were 
demonstrated by the determination of a Dissolution 
Efficiency (DE) of 78.5% over the 120-minute duration.  

DISCUSSION  

Higuchi and Connors Solubility Studies 

The results confirm the formation of a 1:1 inclusion 
complex between RSP and β-CD, as reflected by the 
Addition, Linear (AL) type phase solubility profile. The 
significant enhancement in solubility, particularly the 
4.6-fold increase, revealed the ability of β-CD to 
encapsulate the hydrophobic RSP, thereby improving 
its aqueous solubility. The stability constant (Kc) of 
147.2 M-1 is within the optimal range for pharmaceutical 
applications, ensuring sufficient stability for complex 
formation while facilitating drug release. At higher β-CD 
concentrations, the solubility plateau indicates a 
saturation effect, which is typical in inclusion complex 
systems. These results show that β-CD can be used as 
a solubilizing agent, providing a viable method for 
increasing the bioavailability of RSP and other 
medications that are poorly soluble.  

Preparation of β-CD Nanosponges 

The crosslinking efficiency and structural properties 
of the β-CD nanosponges were greatly affected by the 
molar ratios of β -CD to DPC. Encapsulating larger or 
hydrophobic drug molecules became much easier with 
less dense crosslinking produced by lower ratios 
(Batch 1, 1:1), which allowed for more flexible cavities. 
On the other hand, denser cross-linked matrixes were 
produced by higher ratios (Batch 4, 1:4), which reduced 
cavity flexibility but may have improved stability for 
applications involving prolonged drug release. As a 
catalyst, trimethylamine was vital in hastening the 
nucleophilic substitution reaction and guaranteeing 
consistent β-CD nanosponges formation.  

RSP Loading in β-CD Nanosponges 

The β-CD nanosponges that are loaded with RSP 
show promise in enhancing the bioavailability and 
solubility of hydrophobic medications. Ideal for high 
solubilizations of medication and stability due to its 
superior encapsulation efficiency.  

Encapsulation Efficiency and Drug Loading 
Capacity  

Batch 1, with a β-CD:DPC molar ratio of 1:1, 
exhibited the highest EE of 90.84% and DLC of 454.2 
µg/mg, reflecting efficient drug encapsulation due to 
the flexible and accessible β-CD cavities. In contrast, 
Batch 4 (1:4 molar ratio) showed the lowest EE 67.54% 
and DLC 337.7 µg/mg, attributed to increased rigidity 
and reduced cavity availability caused by higher 
crosslinking density. Lower crosslinking densities, as 
seen in Batch 1, favor encapsulation for applications 
requiring rapid drug release and high drug content, 
while higher crosslinking densities, as in Batch 4, 
provide structural stability for prolonged drug release. 
These promising of β-CD nanosponges as a versatile 
platform for encapsulating hydrophobic drugs like 
risperidone (RSP), with customization achievable by 
adjusting the β-CD:DPC molar ratio to suit specific 
therapeutic applications. 

Fourier-Transform Infrared Spectroscopy 

The RSP-β-CD nanosponges (Batch 1) and the 
physical mixture show clear spectral differences in the 
FTIR analysis. The achievement of RSP encapsulation 
within β-CD, leading to the formation of an inclusion 
complex, is validated by the noted peak shifts and 
intensity reductions in the nanosponges, RSP and β -
CD cavities interact, and these changes, especially in 
the C=O and O-H regions, show strong hydrogen 
bonding. The absence of these spectral changes in the 
physical mixture, on the other hand, suggests that no 
interaction took place independent of the formation of 
nanosponges. This provides more evidence that 
prepared Batch 1 nanosponges can effectively 

Table 2: Release Kinetics Models and R2 Coefficient 

Kinetics Model Equation R2 Value 

Zero-Order C = k0xt 0.724 

First-Order log(C) = log(k1) - k1xt 0.976 

Higuchi C = kH x sqrt(t) 0.931 

Korsmeyer-Peppas log(C) = log(k) + n x log(t) 0.952 
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encapsulate RSP, and supports its functionality for 
enhancing RSP's solubility. 

Differential Scanning Calorimetry 

It is evident from the DSC thermograms that the 
RSP is enclosed within the β-CD nanosponges. The 
presence of RSP in the nanosponges matrix, most 
likely as a result of interactions at the molecular level, 
is confirmed by the fact that the thermograms of RSP-
loaded β-CD nanosponges (Batch 1) does not show 
the sharp melting peak of RSP. The presence of 
hydrogen bonding or other forces between RSP and β-
CD is further supported by the broadening and shift of 
the β-CD peak, which suggests these interactions. The 
lack of encapsulation or interaction was confirmed by 
the fact that the physical mixture maintained the 
characteristic peaks of both components. These results 
demonstrate that the β-CD nanosponge preparation 
method successfully encapsulates RSP and increases 
its stability, which could be useful in drug delivery 
systems.  

In-Vitro Dissolution and Release Kinetics  

Release mechanism of RSP from β-CD 
nanosponges was found to be diffusion, supported by 
the First-Order model, which strongly suggests a 
concentration-dependent mechanism, and by the 
Higuchi and Korsmeyer-Peppas models, the latter of 
which confirms Fickian diffusion due to the n-value 
(0.401). The results also emphasize, use of β-CD 
nanosponges for sustained drug delivery, with the 
capability to achieve biphasic release comprising both 
rapid and prolonged phases. This approach could have 
clinical significance by maintaining drug release within 
the therapeutic window. Consequently, the developed 
drug delivery systems may prove effective in managing 
AMS and delirium in patients with neurological 
challenges. 

Mean Dissolution Time & Dissolution Efficiency  

Both the short MDT and the high DE value indicate 
that the prepared drug delivery system can deliver a 
therapeutic dose within short time, and that the 
sustained release phase is very efficient. In the first 
burst release phase, the quick onset of action is 
guaranteed by the surface-bound drug molecules 
rapidly diffusing through the medium. On the other 
hand, the sustained release phase ensures that the 
drug remains available for a longer period of time by 
controlling the slow diffusion of the drug through the 
nanosponges' nanostructure. The suitability of β-CD 

nanosponges for both immediate and sustained drug 
delivery is further highlighted by their DE value of 
78.5%, which further strengthens their dissolution 
efficiency.  

CONCLUSION  

Risperidone-loaded β-cyclodextrin nanosponges 
show promise in improving medication solubility, and 
dissolution could be beneficial for both AMS and 
delirium in cancer patients. The high encapsulation 
efficiency, drug-loading capacity, and enhanced 
dissolution features of the nanosponges improve 
patient adherence and symptom management. The 
nanosponge-based delivery system tackles risperidone 
administration problems by enabling improved 
medication release, making it a unique and effective 
alternative for susceptible and underserved patients. 
Future studies should explore clinical applications to 
validate these findings and further optimize this delivery 
system for broader therapeutic use including cancer 
therapy. 
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