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ABSTACT  

The main need for this study was to study the formulated Nano emulsion drug that is constituted with Risperidone (RSP) 

to prove the nose to brain drug delivery system. Drug content was measured on the basis of concentration of Risperidone 

Nano emulsion (RSP) and Muco adhesive Nano emulsion (RMNE) based on the drug release rate, ph, transmittance of 

the drug release, globule size and zeta potential. The bio- availability of the drug depends upon the drug release at the site 

of action, by the bio-distribution of the drug on quantitative composition of RNE, RMNE and a physiological solution of 

Risperidone drug solution that is used in the study of pharmacological action. In order to prove the above study, based on 

the reviews experiments were illustrated on albino rats subjected to intra nasal drug delivery (i.n) and intra- venous drug 

administration (i.v) by the formulation of RSP formulations. The instrument used for rat imaging characterised in this 

study is the Gamma scintigraphy of the rat brain constituting the i.v. and in. route of administration to study the effect on 

the brain. As a result the following study concluded that the effective drug release was rapid and larger for the transport 

of RSP by RMNE using intra-nasal drug delivery by RMNE on the contrary to RS and RMNE into the rat brain.  
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INTRODUCTION 

Based on the study it was found that the drug formulated is based on target release of the drug at a specific site of 

action. The study is stressed upon intrinsic activity for the drug used in TDDS. For specific release the pre- 

compartmental model was not illustrated since it was a process for the study of this mechanism for non- target cells. 

This method is implemented only for site specific which is the nose to brain drug delivery system (Alagusundaram 

M et al 2010). The drug formulated is site specific using the targeted drug delivery system. There has been some 

improved technology in the study of the pharmacological action of the drug using Nano emulsion formation of the 

drug in the site specific or organ specific action for the release of the drug. Brain is a delicate organ hence it is 

critical for implementing certain types of mechanisms for the drug deposition into the brain for the isolation in the 

rodent species. Unfortunately some mechanisms are not possible to be generated for this study. As we know the 

brain has BBB that is the blood brain barrier that is site specific and organ specific, hence it will not be easy to 

transport the drug easily into the organ, and the therapeutic channels will also be delicate for implementing the 

study. 

Hence, there have been newer techniques and methodology such as the invasive approach which generates 

the BBB disruption, physiological approach like the ligand binding, peptide bonds and also the pharmacological 

approach which involves the liposome activity, Nano particles formation, chemical drug formulated in delivery 

system that was used in the transport of drug into the brain, or also nose to brain drug delivery system was used as 
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the main aspect for drug deposition which was proved by connection between nose and brain can be exploited for targeting 

of CNS acting drug molecule(Soni et al., 2004; Chien et al., 1989) that was also used for curing diseased conditions like in 

Alzheimer’s disease, migraine, schizophrenia, etc(Khan A et al 2018). 

In the earlier studies (Sakane et al., 1999; Li et al., 2002; Vyas et al., 2006a,b) had explained that the intranasal 

route of administration rendered a desired effect on the drug release that was rapid in to the site of the brain. It showed 

advantageous to be administered by this route of drug deposit into the brain site specific targeted that transported via 

crossing the blood brain barrier and hence showed itself proof enough to be a better option for this target into the brain that 

was illustrated by (Behl et al., 1998; Candace and Pollock, 2005; Ileum, 2002).  

However, it is thought that the formulation study has to be monitored on a regular basis and analysed for the study 

of formulation and process parameters, to obtain the desired end point and target the specific site by designing the 

experiment. This study only stresses upon the pharmacological of a drug formulated as Nano emulsion (Sofi HS et al 

2020).  

2. MATERIALS AND METHODS 

2.1 Drugs and other Ingredients 

Based on the other reviews the drug was obtained from the external source of a pharmaceutical industry, as wells the other 

excipients and chemicals. Formulation aspects aren’t being illustrated in detail, the sample base of the formulation methods 

were illustrated along with the method used for the formulation of Nano emulsion solvent extraction technique was 

indicated in the Intra-nasal Nano emulsion based brain targeting drug delivery system of risperidone Mukesh Kumar (Md S 

et al 2018).  

Formulation was prepared by the inter- mixing of the drug in oil phase with the addition of distilled water 

followed by the addition of co- solvent of desired measured quantity generated with continuous stirring as a result lead to a 

transparent and a homogeneous preparation of the required Nano emulsion. The end point drug formulated was a muco 

adhesive Nano emulsion (Agrawal M et al 2020). 

The final drug formulation was studied by using UV spectrometric method for the study of the drug release and 

content in each of the batch. As a result zero order derivation was performed for the estimated drug formulation of 

wavelength 300nm. The globule size PSD was generated by photon correlation spectroscopy and the desired requirements 

in the process was produced. The equipment was programmed to a size of 1mm laser in diameter and zeta cell potential 

followed in the study of (Rolan et al., 2003) with an in-built software using Helmholtz–Smoluchowski equation( 

McDonough J ET AL 2010). 

2.2 Animals 

Mice were chosen with an average weight of 25g and were kept for study of locomotor activity. Albino rats roughly 4-5 

months of age and weighing around 200 – 250 g were studied for paw test and bio- distribution. Three animals were 

studied for each base of the formulation.  

2.3 Preparation of -drug formulation of RS, RNE and RMNE 

The required formulations of RMNE, RNE and RS were formulated for the desired Nano-emulsion drug. The method used 

for the formulation parameter was Direct labelling method as referred from Saha, 1993; Eckelman, 1995; Babbar et al., 
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2000; Koziara et al., 2003 

During the formulation process, stannous chloride di-hydrate of about 2mg/ml in 10% acetic acid was added in 

order to adjust the pH level in the range between 6-6.5 by the usage of sodium bi-carbonate solution. From the mixture 

generated, it was filtered through 0.22m nylon 66 membrane to maintain it within the required volume. Sterile 99mTc-

pertechnetate was also added in order to improve the radioactivity of the solution which was further incubated at 30±5◦C 

for 30min. As a result the formulation that was generated rendered 100% Ci/20l of radio-activity. 

The radioactive purity for the desired formulations were determined by the usage of thin layer chromatography 

technique with the help of silica gel coated fibre glass sheets and the desired mobile phase was acetone for the study. The 

parameters necessary for this study was detected as incubation time, pH of the medium and stannous chloride 

concentration for optimum release characteristics of the drug profile at the site of administration.  

2.1 Pharmaco- dynamic studies 

2.2.1 Paw test: For this study, based on the reviews this method was chosen to be suitable for proofing the 

pharmacological studies. Swiss albino rats of 4-5 months and weighing of about 200-250g were preferred for this study. 

According to the research three different variants in the formulation aspects were done as a result 3 rats were taken for 

each formulation study. The formulation of varied proportion was administered in each of the nostrils in the vein of the rats 

(the designed formulation is not stressed in this study only the pharmacological activity is illustrated in detail below) by 

nose to brain drug delivery system (Akel H, et al 2010).  

For the study, the paw test was done using the Perspex platform of measurement 30cm×30cm, and a height of 

20cm. Top of the platform consisted of two holes each of 4cm diameter for the forelimbs and also had two larger holes 

5cm in diameter for hind limbs and a slit for his tail. After complete administration of the drug into the intra nasal delivery 

system, roughly about 30mins the test was performed by the administration of the drug that gradually lowers the hind limbs 

followed by the fore limbs. The repeated action of the paw test was done at 40 and 50 min after the administration of the 

formulations were completed. This process was illustrated and proved by the following (Braso et al., 2003; Powell and 

Miyakawa, 2006; Ellenbroek et al., 2006). 

2.2.2 Loco motor activity: For this test, mice were used of both sex having an average weight of 25g restrained from food 

and water about 24 hrs prior to the test. In order to prevent from cardiac rhythm, the procedures were done during 8.00am 

to 12.00 am. Three mice were chosen from time point and then the formulated drug was administered in the desire route of 

administration of a desired dose calculated and micro-pipette was measured according to the nostril of the mice chosen etc. 

the experimentation was conducted according to the specifications. As a result the locomotor activity was measured for 

about 10mins by placing the animals on the instrument for the intra venous type of administration route to the study the 

locomotor activity for about 10mins. This process was illustrated by the following study (Mohr et al., 2001; Powell and 

Miyakawa, 2006; Carey et al., 1995). 

2.2 Bio-distribution studies 

The same set of rats were chose for this test as well. Swiss albino rats males, ones weighing of about 200-250g and 4-5 

months old, were chosen for this study. The drug formulation was injected of the same route nasal to brain drug delivery 

system. The drug was injected in the nostrils using a micropipette tube of diameter 0.1mm in the internal at the site of 

delivery. The animal was held at the back in a slanting position during the stage of administration. The rats were sacrificed 
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and the time intervals varied and were calculated depending upon the animal consistency and the blood was collected via 

cardiac puncture. Eventually, the brain and other tissues were also dissected for the study which were washed twice with 

the physiological saline solution and weighed. Radioactivity that was generated in each tissue was rendered using shielded 

gamma scintillation compartment. 

Eq. (1)  

 Counts in sample  100 

%Radioactivity / tissue =   

 Weight of the sample * total number of counts injected 

Pharmacokinetic parameters were studied and analysed based on the theories and methods of the following (Keck 

and Elray, 2002) for RSP type of formulations. This specific method was chosen because it was a complex Nano 

formulation and CNS Drug delivery route of administration is itself a complicated route and the study of the drug from 

nose to brain route has some specific calculations. Hence for brain targeting it is necessary to calculate the drug targeting 

efficiency percentage by the average of the following formulations prepared for the study, which is represented as follows,  

Eq. (2) 

DTE% (AUC of brain/AUC of blood) intra nasal × 100 

(AUC of brain/AUC of blood) intra venous  

It is also important to determine the nose to brain direct percentage for transport site specific which was according 

to the following equation,  

Eq. (3) 

DTP% 100  

Whereas, Bx is the fraction of drug in brain AUC towards its systemic circulation, Bi.v. represents the AUC0–480 of 

the brain followed by the intravenous route of administration, on the contrary Pi.v. is the AUC0–480 comprised of blood same 

route of administration, Bi.n. is the AUC0–480 of the brain using the intranasal mode of administration, Pi.n. is the AUC0–480 of 

blood using the intranasal administration route for the transport of drug, these are positive results because it has the 

tendency to pass through the blood brain barrier. 

2.3 Cell culture 

The animals chosen were dissected and the SH-SY5Y cells were kept in a culture of DMEM/F-12 maintained in an 

equilibrium culture of 1:1 ratio nourished with glutamine L and 10% of bovine syrup and 1% of penicillin under a 

condensed system of co2 (5%). The culture was transported when it had attained 80% of its fluidity using 0.25% of EDTA 

which consisted of 1-18 cells in the medium (Long Y et al 2020).  

3. RESULTS AND DISCUSSIONS 

3.1 Bio-distribution studies 

It was found that the formulated choice of the drug was complicated, oriented in composition in the form of Nano- 
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emulsion. The choice of route for distribution is itself a task as the size of the particles are relative, the capacity and 

quantity of the complex drug passing through the BBB in to the site of administration affects the study. The BBB itself 

won’t be able to accept drug molecules into the brain. Hence for brain targeting, it is necessary to calculate the drug 

targeting efficiency percentage by the average of the formulations prepared for the study, which is represented as follows, 

 

Figure 1: RSP concentration in rat blood at different time intervals following  

RS (i.n.), RNE (i.n.), RMNE (i.n.) and RNE (i.v.). 

 

Referred from Intranasal nano emulsion based brain targeting drug delivery system of risperidone Mukesh Kumar. 

 

Figure 2 Drug concentration at different intervals of time using different routes of  

administration with varied concentration of drug in blood. 

 

Referred from (Saha et al 1993).  
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Figure 3: This figure illustrates the Brain/blood ratio after the administration of the (1) RS, (2) RNE, (3) RMNE 

and (4) intravenous administration of RNE at 0.5h post the drug administration in the Swiss albino rats for the 

study. 

 

Bio- distribution studies of 99mTc-RSP formulations following intravenous administration (RNE) and intranasal 

administrations (RS, RNE and RMNE) on Swiss albino rats were performed and the radioactivity was estimated at 

different intervals up to 8h (Table 4). The brain–blood ratio of the drug at all sampling time points for different 

formulations was also calculated and is recorded in Table 4. The RSP concentration in brain following the intranasal (i.n.) 

of RMNE (Fig. 1) were found to be significantly higher at all the time points compared to both 

Table 1: Compartmental distribution of 99mTc-RS (i.n.), 99mTc-RNE (i.n.), 99mTc-RMNE (i.n.) and 99mTc-RNE (i.v.) 

at different time interval in normal Swiss albino rats 

Formulation Organ/tissue  0.5h 1.0h 2.0h 4.0h 8.0h 

RS (i.n.) Blood  0.034 ± 

0.01 

0.073 ± 0.03 0.096 ± 0.04 0.079 ± 0.02 0.008 ± 

0.003 

 Brain  0.021 ± 

0.01 

0.039 ± 0.03 0.034 ± 0.02 0.016 ± 0.02 0.0009 ± 

0.01 

RNE (i.n.) Blood  0.057 0.03  0.098  0.05 0.172 0.14 0.129 0.08 0.017 ± 

0.02 

 Brain  0.043 0.02  0.058 0.04 0.049 0.03 0.021 0.01 0.002 ± 

0.01 

RMNE (i.n.) Blood  0.078 ± 

0.02 

0.140 ± 0.03 0.191 ± 0.09 0.131 ± 0.05 0.022 ± 

0.01 

 Brain  0.074 ± 

0.02 

0.110 ± 0.06 0.094 ± 0.05 0.064 ± 0.03 0.01 ± 

0.01 

RNE (i.v.) Blood  1.04  0.02  0.820  0.09 0.440 0.05 0.291 0.11 0.027 ± 

0.01 

 Brain  0.056 0.03  0.067 0.05 0.060 0.04 0.043 0.01 0.007 ± 

0.01 

RS (i.n.) Brain/blood  0.617 ± 
0.08 

0.534 ± 0.06 0.354 ± 0.09 0.203 ± 0.06 0.113 ± 
0.08 

RNE (i.n.) Brain/blood  0.754 ± 

0.07 

0.592 ± 0.05 0.285 ± 0.03 0.163 ± 0.08 0.118 ± 

0.07 

RMNE (i.n.) Brain/blood  0.948 ± 

0.12 

0.786 ± 0.14 0.492 ± 0.21 0.489 ± 0.09 0.318 ± 

0.14 

RNE (i.v.) Brain/blood  0.054 ± 

0.06 

0.081 ± 0.08 0.136 ± 0.09 0.148 ± 0.05 0.296 ± 

0.013 

Referred from Illum, 2000, 2003; Vyas et al., 2005; Mathison et al., 1998; Chow et al., 1999. 
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The rats were administered with 100Ci 99mTc-risperidone and the radioactivity was measured in percent per gram of tissue 

of the administered dose. Each value is the mean ± S.E.M. of three estimations. Radioactivity was measured at 0h and all 

the measurements were performed using 0h sample of corresponding tissue/organ as blank sample. 

3.2 Cytotoxicity assay  

Mitochondrial activity of the cells were analysed and studied by the effect of surfactants and nanoparticles. The cultured 

cells were placed on a 96-plate instrument of density 1* 104 cells/well and was kept for 24 hrs. The surfactant and 

nanoparticles were embedded around the cells of different concentrations about 1-72 hrs. The concentration of the particles 

were about 0.0025 – 1.4 mg/mL. The procedure for the treatment is as follows, the cultured cells were rinsed using DPBS 

and was then added into 90 L of fresh medium with 10% FBS. 10 L of 5 mg/mL MTT solution was the immersed into 

each cell chamber and kept under incubation at 37degrees for about 2hrs. Followed by the removal of supernatant and then 

addition of 100 L DMSO I order to induce the formation of crystals. The plates were then still kept for incubation for 

more 10 minutes maintained under the same temperature at λ=570 nm (Sur S et al 2019).  

3.3) Cellular uptake analysis  

a) Flow cytometry: SH-SY5Y cells were subjected to 12-well plate chamber of maintained density of about 0.2 x 106 

cells/well. Nile red was used for loading into the cultured cells at the selected time points. Which was further washed under 

DPBS and left detached using 0.25% trypsin-EDTA. Centrifugation method was used to collect the cultured cells which 

was in-turn re-dispersed in 500 L cold DPBS. The cell cultured samples were placed on ice before the analysis of the 

medium began for experimentation. The effect of fluorescence was rendered by the usage of an excitation laser medium of 

light of effect about was found to be= 488 nm and emission = 613 nm (Abou Youssef NAH et al 2018).  

b) Fluorescence microscopy: The required cells for study were kept in the same condition same as that of flow analysis 

with nanoparticles treatment about 1,4,24 hrs. Followed by the addition of DPBS using 4% paraformaldehyde.  

3.4) Clathrin-mediated endocytosis inhibition using chlorpromazine: This method and analysis was performed in order 

to inherit mediated endocytosis for the cultured medium cells. The following was then subjected to chlorpromazine for 

about 90 minutes. Prior to the nano-particles treatment, the medium that pertained to chlorpromazine was removed, and 

was then subjected for a wash with DPBS (Chatterjee B et al 2019). 

Table 2: Drug targeting efficiency and direct nose to brain transport following intranasal administration of 99Tc-

RS, 99Tc-RNE, 99Tc-RMNE 

Formulation and route of 

administration 

Drug target efficiency 

(DTE (%)) 

Direct nose to brain 

transport (DTP (%)) 

RS (i.n.) 265 ± 2.51 62 ± 1.23 

RNE (i.n.) 232 ± 1.92 57 ± 1.56 

RMNE (i.n.) 476 ± 2.14 78 ± 1.31 

Referred from Qizhi et al. (2004) 

CONCLUSIONS 

Hence, from this study it was concluded that specific amount of the formulated drug had a faster and stabilised effect on 

the site of administration to the brain by intra nasal route, since the texture of the drug was a muco-adhesive system. The 

study that was performed in the rats proved that intra-nasal drug delivery showed a better anti-psychotic activity by the 

action of the locomotor test. This route of administration is very optimal in the CNS targeted dose form for oral drugs, 
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hence the quality of the drug obtained plays an important role in the release at the site of administration. The brain is 

targeted in order to cure the CNS the characteristic of the drug plays an important role. Based on this study, the qualitative 

and quantitative analysis was performed and proved that Nano emulsions are the best in order to treat the neuro disorders 

though it is compared with intravenous administrations nose to brain drug delivery plays an important role as it directly 

targets the brain CNS. The role of surfactant in the formulation of Nano emulsion also plays an important role for a 

successful drug release and also the PSD of the molecules generated. 
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