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Abstract  
Risperidone is atypical antipsychotic agent used mainly in treating schizophrenia; it is classified as class II 

in BCS classification. Nanovesicular system may provide a circumvent to these hurdles. This study aims to 

enhance the delivery of risperidone using nanovesicular system while minimizing environmental impact, 

potentially increasing therapeutic efficacy. The preparation method was ecofriendly direct sonication. Span 60, 

cholesterol, and drug at a fixed amounts were added to different concentrations of dicetyl phosphate ((0,3,6,12,18, 

and 24mg)/10 mL) to give six formulations. The final mixtures were added to phosphate buffer saline pH 7.4 and 

sonicated at 60 °C without usage of organic solvents along the process of formulation. Dynamic light scattering, 

zeta potential, entrapment efficiency percentage, transmission electron microscopy (TEM), and in vitro release 

were used to assess the characteristics of the formulations. Fourier transform infrared (FTIR) spectra were 

implemented to investigate possibility of drug-excipients interactions. The particle size range was (193.97±1.85 - 

427.23±199.27 nm), particle size distribution (PDI) (0.13±0.06 - 0.62±0.10), TEM showed a vesicular shape of 

the prepared formula, and entrapment efficiency percentage (48.07±0.20 - 87.40±0.33%).  Formula containing 

dicetyl phosphate at concentration (18mg/10 ml) showed the lowest mean particle size (193.97 nm), lowest mean 

of PDI (0.13), lowest zeta potential mean (-20.10mV), and entrapment efficiency percentage mean of 50.9%. 

Furthermore, the release was 68.17% of drug after 12 hours, and the FTIR spectra reveal no interaction between 

drug and excipients in the formula. Most physical characteristics of risperidone nanovesicles were improved by 

adding dicetyl phosphate, compared with formulation without dicetyl phosphate. A stable nanovesicular system 

can be achieved by utilizing direct ultrasonication method and addition of charge inducing agent (dicetyl 

phosphate) without the need of using organic solvent.  
Keywords: Dicetyl Phosphate, Nanovesicular, Risperidone, Span 60, Ultrasonication. 

Introduction  
Nanovesicular system was used as a novel 

drug delivery system for both hydrophilic and 

hydrophilic drugs; nonionic vesicles without 

phospholipids (noisomes) are more economic in 

expenses; niosomes contain cholesterol instead of 

phospholipids, which are used in formulation of 

liposomes and other lipid vesicles such as ethosomes 
(1,2).Niosomes consist of non-ionic surfactants, 

which exhibit greater chemical stability than the 

phospholipids utilized in liposomes. This stability 

mitigates the risk of oxidation and degradation, 

prevalent concerns in liposomal systems. 

Furthermore, cholesterol provides rigidity to the 

membrane of the vesicles. Consequently, the 

niosomes exhibit physical stability higher than other 

lipid containing vesicles (3). 

In addition, niosomes were used to improve 

bioavailability, as Abou‐Taleb et al.  found that 

niosomal vesicles containing nefopam 

hydrochloride, an analgesic drug, can be effectively 

used for nasal drug delivery to improve 

bioavailability, and a significant increase in 

bioavailability by nearly 4.77-fold compared to the 

oral solution of the drug was achieved (4).  

Ultrasonic direct method was used for 

vesicular formulations preparation for decades 

earlier, but it gets more attention recently due to its 

advantages of time saving and organic solvent free 

processes. Charge inducing agents are added to 

these vesicles to increase their physical stability (5,6). 

Risperidone, classified as a second-

generation atypical antipsychotic, exhibits a reduced 

incidence of systemic adverse effects 
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compared to first-generation typical antipsychotics 
(7). Many novel formulations were developed for 

risperidone delivery for many administration routes, 

such as oral, intravenous, intramuscular, and 

transdermal, as nano and nanovesicular systems, 

such as spanlastics, nanoemulsions, and solid lipid 

nanoparticles, have been investigated for their 

potential in delivering risperidone effectively to the 

brain (8,9,10). 

 Abdelrahman et al. conducted a study to 

investigate the suitability of a spanlastics 

nanovesicle for risperidone intranasal delivery. The 

spanlastics were made from Span® 60, a cosolvent 

(ethanol), and polyvinyl alcohol (PVA). The 

prepared system had a mean particle size of 103.4 

nm, a poly dispersity index (PDI) of 0.341, and a 

zeta potential of −45.92 mV, indicating physical 

stability and minimal aggregation. The in vivo study 

reveals higher brain targeting for spanlastics than 

drug solution for intranasal delivery, suggesting the 

superiority of the developed nanosystem and high 

drug partitioning. The formulation was also found to 

be safe for intranasal administration, showing high 

biocompatibility in a histopathological study (sheep 

nasal mucosa) (11). 

 Abdallah et al. aimed to highlight the 

potentiality of intranasal ethanol/glycerin-

containing lipid-nanovesicles (glycethosomes) 

incorporated into in situ gels for risperidone delivery 
(12). Đorđević et al. designed two risperidone 

nanoemulsions for parenteral administration. These 

nanoemulsions showed a lower elimination rate 

constant and a longer half-life time than other 

administered forms. Intranasal administration led to 

a lower plasma drug concentration, minimizing 

extravascular drug distribution and potential 

systemic side effects, making it a safer option than 

other routes of administration (13).  

Though the previous studies mentioned above, there 

is a growing demand for developing efficient drug 

delivery   for risperidone with environmentally 

friendly formulation method that can enhance the 

bioavailability and efficacy of risperidone while 

reducing the use of harmful solvents and minimizing 

waste production in pharmaceutical manufacturing 
(14,15). 

 Materials and Methods 
Materials  

Risperidone was obtained from Meryer 

Shanghai Biochemical Technology limited, China. 

Cholesterol was obtained from Hangzhou Dingyan 

Chem Limited, China.  span 60 was provided by 

Sisco Research Laboratory Pvt. Ltd., India.  Dicetyl 

phosphate (DCP) was purchased from Shanghai 

Macklin Biochemical Technology Co., Ltd., China. 

Other agents and solvents were of analytical grade 

or HPLC grade. 

Methods 

Preparation of risperidone nanovesicles 

The preparation of nanovesicles was done by 

modified direct ultrasonication method, in which the 

intended amount of drug was added to a constant 

amount of span 60 and cholesterol, and then DCP 

was also added in different amounts (0,3,6,12,18, 

and 24mg). The final mixtures were added to 10 ml 

of phosphate buffer saline (PBS) pH 7.4 to prepare 

six formulations (ND0-ND5) (16,17), as illustrated in 

Table 1. 

 

Table 1. The Composition of Formulae   

Materials ND0 ND1 ND2 ND3 ND4 ND5 

Span 60 (mg) 50 50 50  50 50 50 

Cholesterol (mg) 45 45 45  45 45 45 

Risperidone (mg) 24 24 24 24 24 24 

Dicetyl phosphate (mg) 0 3 6  12 18 24 

PBS pH 7.4 (mL) 10  10 10 10 10 10 

 

The aqueous mixture was ultrasonicated by 

probe ultrasonicator (Q SONICA 500WATT 

20kHz, USA) for two minutes at 30% amplitude (50 

seconds on and 10 seconds off), then formula 

undergoes  a sonication in a sonication bath at 63 °C 

for 15 minutes, followed by another two minutes of 

probe ultrasonication as described earlier (18). 

Dynamic light scattering and zeta potential 

measurement 

 For dynamic light scattering (DLS), the 

sample was diluted appropriately to detect the 

vesicle size and particle size distribution index 

(PDI). The sample was measured by backscatter 

position; the angle of measurement was 183. The 

same procedure was repeated for zeta potential to 

detect electrophoretic mobility. The measures are 

represented as triplicate ±SD for vesicle size, PDI, 

and zeta potential. The measurement for DLS and 

zeta potential are done by Malvern zetasizer (19,20).  

Transmission electron microscopy 

By using transmission electron microscopy 

(TEM), the morphological features of the vesicular 

system for specific formulas were analyzed. A small 

amount of formulation was mixed with 1% of 

phosphotungstic acid. One drop of this mixture was 

placed on a carbon coated grid, and the excess 

sample was drawn out using filter paper. The sample 
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was subsequently dried, and following the drying, 

the TEM analysis was conducted (21,22). 

Entrapment efficiency 

Entrapment efficiency is a measure for the 

amount of drug encaged in nanosystem. Ideally, 

high entrapment efficiency indicates there is no or 

little loss of drug during preparation process. Thus, 

high stability and targeting will be achieved with 

increasing entrapment efficiency (23,24). 

Ultrafiltration method was used to separate 

free drug from formula by Amicon® 10000 Da., in 

centrifuge at 4000 rpm for 30 minutes at room 

temperature, then specified amount of filtrate was 

diluted in 10 ml of PBS pH 7.4 and 

spectroscopically measured by UV (Shimadzu, 

UV1900i) at 277 nm (25). 

The entrapped amount is calculated by 

subtracting the free amount from the total amount of 

the drug in the formula. The entrapment efficiency 

as percentage (EE%) was calculated according to 

equation (1). Measures were done as triplicates and 

listed as mean ± SD. 

𝐸𝐸% =
𝑇𝑜𝑡𝑎𝑙 𝑑𝑟𝑢𝑔 𝑖𝑛 𝑓𝑜𝑟𝑚𝑢𝑙𝑎−𝐹𝑟𝑒𝑒 𝑑𝑟𝑢𝑔 

𝑇𝑜𝑡𝑎𝑙 𝑑𝑟𝑢𝑔 𝑖𝑛 𝑓𝑜𝑟𝑚𝑢𝑙𝑎
× 100%    

(1) 

Release study  

Release study was executed by dialysis 

method. The dialysis membrane (8000-14000 

molecular weight cutoff) was   24 hours soaked and 

washed in distilled water before the test. The dialysis 

membrane was sealed from one side, and a volume 

of 1 ml of formula was poured inside a dialysis 

membrane. The membrane was then clamped and 

immersed in a beaker containing 50 ml of 0.5% 

sodium dodecyl sulphate (PBS pH 7.4) over a 

magnetic stirrer at 50 rpm stirring speed and 37°C to 

assure sink condition (26).  

The test was performed in triplicate for 

each formula. Samples were withdrawn from the 

release medium at scheduled time intervals (5, 10, 

15, 30, 45, 60, 90, 120, 180, 240, 360, 540, 720 min) 

and the release medium was continuously 

replenished with fresh medium to maintain a fixed 

volume of 50 ml. 

Finally, the samples were analyzed on the 

UV-VIS spectrophotometer at 277 nm wavelength 
(27).  

Fourier transform infrared spectroscopy 

The FTIR spectra were utilized on powder 

specimens (2-3 mg) that were mixed and 

compressed with KBr, corresponding to the samples 

of SPAN 60, cholesterol, risperidone, and physical 

mixture.  

The FTIR analysis was conducted using 

ATR-FTIR on a liquid sample of the optimal 

formula, eliminating the need for KBr pretreatment 
(28,29,30). 

Statistical analysis 

One-way ANOVA and Tukey's tests were 

used to analyze multiple groups of data triplicates 

using GraphPad Prism 8.1, and DD solver addon 

was used for in vitro release data analysis using the 

similarity factor (f2), which is a logarithmic 

reciprocal square root transformation of the sum of 

squared error as an assessment of the similarity in 

the percentage (%) dissolution between the two 

curves. The dissolution profiles were considered 

similar when f2 was in the range of 50 to 100 (31). 

Results and Discussion 
From dynamic light scattering, particle size 

of vesicles was from 193.97±1.85 nm to 

427.23±199.27 nm. As in Table-2, it was noted that 

the vesicle size decreases insignificantly (p>0.05) 

when the DCP concentration increases till reaching 

18 mg/10 mL (ND4) at that concentration the 

decrease is significant (p<0.05) when compared 

with ND0 (formula without DCP). Additional 

increase of the DCP concentration to 24 mg/10 ml 

(ND5) did not result in further particle size decrease 

(Table2) (32). 

 

Table 2. The Characteristics of Vesicular Formulae n=3±SD 

Formula code  Size (nm) PDI 

 

Zeta potential 

(mV) 

Entrapment 

efficiency (%) 

ND0 427.23±199.27 0.57±0.19 -14.24±4.59 87.40±0.33 

ND1 403.10±34.87 0.62±0.10 -15.75±5.80 76.97±0.50 

ND2 245.87±39.55 0.28±0.08 -11.38±2.88 68.02±1.39 

ND3 219.23±6.43 0.26±0.01 -12.88±8.57 63.66±0.05 

ND4 193.97±1.85 0.13±0.06 -20.10±2.17 50.90±0.50 

ND5 221.10±25.60 0.15±0.02 -15.52±6.10 48.07±0.20 
 

PDI was not directly decreased as DCP 

concentration increased (as shown above for particle 

size), though when reaching ND4 PDI is the lowest 

with significance of p<0.01when compared with 

ND0 (formula without DCP). Moreover, Zeta 

potential was lowest (p>0.05) as the DCP 

concentration reached 18 mg/10 mL (ND4), which 

is related to the physical stability of nanovesicular 

system; this may be due to the negative charge 

induced by DCP (Table 2) (32).  

TEM micrograph (Figure.1) gives an obvious 

spherical vesicular shape in nano size range (29,33,34). 
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Figure 1. Transmission electron microscopy (TEM) micrograph of ND4. 

 

Entrapment efficiency was decreased 

significantly as the DCP concentration increased 

(p<0.0001 for all formulations containing DCP), 

maybe due to a decrease of nanovesicular system 

size and/or the increase in the overall concentration 

of surfactants, which makes the drug more soluble 

in aqueous media, as in Table 2 (7,35). 

DCP's negative charge caused smaller 

vesicles, which led to a decrease in entrapment 

efficiency. The vesicles are forced to be more curved 

and smaller in size due to repulsive forces caused by 

the charge on the surface of the bilayer. The smaller 

the size, the less volume enclosed in the core, and 

the fewer drugs entrapped (36). 

FTIR of span 60 showed characteristic bands 

at 2916 (broad), 2846, and 1741 cm-1, as (-OH 

stretch), (-OH stretch), and 5-membered cyclic ring, 

respectively (18,37), indicating that the span 60 used is 

pure. Cholesterol spectrum had bands at 3408 (broad 

band), 2931 (broad band), and 1465 cm-1 as H- 

bonded alcohol, hydrocarbon band, and 

hydrocarbon band, respectively (37,38), which 

confirming the purity of cholesterol used. 

Risperidone showed the following bands at 1649, 

1539, 1130, and 956 cm-1  as C=O stretching of 

aromatic ketone, C=C stretching of arene ring, C=F 

stretching of the aryl fluoride, and C-H aromatic 

bending, respectively, in   risperidone spectrum, 

physical mixture of  risperidone, span 60, 

cholesterol, and DCP (1:1:1:1) spectrum, and ND4 

spectrum, which gave an evident of purity of 

risperidone used and no chemical interaction 

occurred between the drug and excipients in the 

formula (39,40,41,42), as shown in Figures. (2,3,4,5, and 

6). 
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     Figure 2. FTIR spectrum of span 60. 

 
   Figure 3. FTIR spectrum of cholesterol. 

 
    Figure 4. FTIR spectrum of risperidone. 
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    Figure 5. FTIR spectrum of physical mixture. 

 
    Figure 6. ATR FTIR spectrum of ND4. 

 

The effect of addition of DCP on in vitro 

release can be seen obvious when compare the 

formulae ND0 (no DCP added and represent the 

formula with the largest size) and ND4, which is the 

formula of the smallest size (DCP 18 mg/10 ml) and 

ND5 (the highest concentration of the DCP in this 

study). Release rate comparison (by similarity factor 

F2 calculated with DDsolver addon) reveals a good 

similarity between ND4 and ND5 (F2=73.43), a 

difference between ND0 and ND4 (F2=43.12), and 

a difference between ND0 and ND5 (F2=39.04). 

Accumulative   release was 60.5%, 68.17%, and 

71.33% of drug after 12 hours for ND0, ND4, and 

ND5, respectively (31), as shown in Figure.7. 

 

 
Figure 7. Release profiles of ND0 (no DCP added), ND4(1.8 mg/ml of DCP), and ND5 (2.4 mg/ml of DCP) 

in PBS pH 7.4. 

Conclusion  
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Nano vesicular system of risperidone can be 

prepared by ecofriendly direct sonication method, 

the addition of charge inducing agent is necessary to 

decrease vesicle size and maintain stability, however 

unfortunately the entrapment decreased with 

decreasing vesicle size. 

Further work for increasing entrapment is 

advised such as optimization of process variable 

and/or formula variables or adding excipient that 

may increase rigidity and stability of vesicular 

structure.  
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تصييغ نظام  نانوي حويصلي نيوسومي لعقار الرسبريدون  بواسطة طريقة الموجات فوق الصوتية  

 المباشرة )الصديقة للبيئة( 
 2فاطمة جلال الجوهري  و 1محمد إقدام الشديدي

 1 وزارة الصحة،  دائرة صحة بغداد  ، الرصافة ، قسم الصيدلة ، بغداد ، العراق. 

 2فرع الصيدلانيات، كلية الصيدلة، جامعة بغداد، بغداد، العراق. 
 

 الخلاصة 
التصنيف  إن الرسبريدون دواء مضاد للذهان غير نمطي يستخدم بشكل أساسي في علاج الفصام، و مصنف من الفئة الثانية في نظام 

نانوية  الحيوي الصيدلاني. إذ يوفر النظام النانوي تحسينا لهذه الخصائص. تهدف هذه الدراسة إلى تعزيز توصيل الرسبريدون باستخدام الأنظمة ال 

لمباشرة وهي طريقة  كانت طريقة التحضير المتبعة هي الموجات الفوق صوتية  ا .مع تقليل التأثير البيئي، مما قد  يسهم بزيادة الفعالية العلاجية

و   18و 12و6و3و 0والكوليسترول  مع الدواء  بمقادير ثابتة و ثنائي سيتيل الفوسفات بتراكيز ) ( Span60)  60صديقة  للبيئة.  بإضافة مادة سبان 

ا  إلى الموجات  ، وتعريضه 7.4مل  للحصول على ست صيغ مختلفة ، وإضافة المخاليط إلى محلول ملحي متوازن بدرجة حموضة  10\ملغ ( 24

استخدم التشتت الديناميكي للضوء و جهد زيتا و المجهر   .مئوية دون استخدام المذيبات العضوية في عملية التصنيع 60الفوق صوتية  عند درجة 

تحت الحمراء للتحقيق في   الإلكتروني النافذ ونسبة كفاءة الاحتجاز والتحرر الدوائي  خارج الجسم  لتقييم التركيبات. وأطياف تحويل فورييه للأشعة

±   427.23  - 1.85±  193.97إذ كان نطاق حجم الجسيمات ) إمكانية ظهور تداخلات أو تفاعلات  بين العامل الدوائي و الأسوغة المستخدمة.

حويصلات  (، وكما اظهر المجهر الإلكتروني النافذ شكل ال0.10±0.62 - 0.06±0.13نانومتر(، ونطاق مؤشر التشتت الحجمي ) 199.27

  18٪(. أظهرت الصيغة المحتوية على ثنائي سيتيل الفوسفات وبتركيز )0.33±   87.40 - 0.20±  48.07واضحا ، وان نسبة كفاءة الاحتجاز )

- (، وأدنى متوسط لجهد زيتا )0.13نانومتر(، وأدنى متوسط لمؤشر التشتت الحجمي ) 193.97مل( أدنى متوسط لحجم الجسيمات ) 10\ملغ

ساعة، ولم تكشف  12٪ من الدواء بعد 68.17٪(. علاوة على ذلك، كان الانحلال  50.9للي فولت(، ومتوسط نسبة كفاءة احتجاز )م 20.10

أطياف تحويل فورييه للأشعة تحت الحمراء للصيغة  عن أي تفاعل بين الدواء والأسوغة. كما تحسنت  معظم الخصائص  الفيزياوية لحويصلات  

الإمكان تحقيق نظام . بعن طريق إضافة ثنائي سيتيل الفوسفات مقارنة بالصيغة التي لا تحتوي على ثنائي سيتيل الفوسفات  الرسبريدون النانوية

ام  نانوي مستقر  باستخدام طريقة الموجات فوق الصوتية المباشرة وإضافة عامل تحفيز الشحنة )ثنائي سيتيل الفوسفات( دون الحاجة إلى استخد

 مذيب عضوي. 
 ، فوق الصوتية. 60ات المفتاحية: ثنائي سيتيل الفوسفات، نانوي حويصلي، الرسبريدون، سبان الكلم
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