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Abstract 

The objective of present study was to create, characterise, and assess Fluoxetine HCl nanoemulsion 
(FXH-NE) for PC12 cell protection against corticosterone-induced cell death. The FXH nanoemulsion 
was initially created using the water titration method, improved upon by BBD, and assessed. After 
conducting optimization research, an optimised batch was created, and its parameters were then 
tested in vitro and in vivo. The optimized nanoemulsion formulation (ONE) was clear, pH-1.2, 
viscosity-140 cP, droplet size-90 nm and zeta potential (-27.3 mV). In- vitro permeation study 
showed that about 94.866±0.039% &95.653±0.051 % drug was permeated in 0.1 N HCl&SGF, 
respectively. In the P12 cell line, the antidepressant action was seen. The information gathered 
indicated that a damage concentration of 400 µM corticosterone was suitable. Additionally, 
statistical analysis showed that cells treated for 48 hours with a 50 µmol/L FXH nanoemulsion and 
then subjected to a corticosterone shock had considerably higher vitality than untreated PC12 cells 
subjected to the same insult (F = 0.38, df = 2,21, p <0.001).The model group's PC12 cells' survival 
rate considerably dropped as compared to the control group, and the FXH nanoemulsion at doses of 
50 (p < 0.01), 100 (p < 0.01), 200 (p < 0.01), and 400 μg/ml (p < 0.01) could reverse the decrease in 
cell survival rate induced by corticosterone. 
Keywords:Fluoxetine HCl,Nanoemulsion, PC12 cells, Corticosterone, Fluoxetine HCl nanoemulsion 
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Introduction 

The most common psychiatric diseases are 

anxiety disorders, which also carry a heavy 

burden of sickness.(Chisholm et al., 2016; 

Kessler et al., 2012; Wittchen et al., 

2011)Specific (isolated) phobias, which have a 

12-month incidence of 10.3 percent, are the 

most prevalent anxiety disorders, however, 

those who have isolated phobias rarely seek 

therapy.(Jacobi et al., 2014)The onset age for 

anxiety disorders varies depending on the 

disease. With a median age of onset of 7 

years, separation anxiety disorder and 

particular phobia begin in childhood, followed 

by SAD (13 years), agoraphobia without panic 

attacks (20 years), and panic disorder (24 

years).(Kessler et al., 2005)The first-line 

treatments for PD (Pain Disorder), GAD 

(Generalized Anxiety Disorder), and SAD 

(Social Anxiety Disorder) have been 
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demonstrated to be selective serotonin 

reuptake inhibitors (SNRIs) and selective 

serotonin reuptake inhibitors.(Bandelow et 

al., 2015)According to a recent meta-analysis, 

the majority of SSRIs and SNRIs are more 

effective than placebo in treating GAD, with 

duloxetine and escitalopram perhaps having 

the biggest effect sizes.(Garakani et al., 

2020)Since the advent of tricyclic 

antidepressants (TCAs) and monoamine 

oxidase inhibitors (MAOIs) roughly 30 years 

earlier, fluoxetine (Prozac) represented the 

first significant advancement in the treatment 

of depression. In comparison to TCAs and 

MAOIs, it was the first selective serotonin 

reuptake inhibitor (SSRI) to receive approval 

from the US Food and Drug Administration. It 

also had fewer negative effects.(Wenthur et 

al., 2014) 

Methodologies must be established for the 

investigation of this complicated condition. 

Animal studies are vital for understanding 

behavioural conditions. The 4Rs programme 

of scientific study (replacement, reduction, 

refinement, and responsibility) is becoming 

more and more crucial, nevertheless.(Sharma 

et al., 2022)Therefore, it's crucial to use 

exploratory research techniques, such 

studying cells, namely neuronal and glial cell 

lines. These include the human SH-SY5Y 

neuroblastoma, mouse HT-22 hippocampus, 

glioma C6, and BV2 microglial cell lines, to 

name a few.(Jantas, 2016)It is crucial to 

concentrate on biomarkers linked to 

depression utilising cell models. Thus, these 

chemical pathways may be thoroughly studied 

at the cellular level. The utilisation of 

hydrogen peroxide and glucocorticoids as 

stress inducers in cells, which is observed in 

vivo and has also been confirmed in several 

research studies, is one theoretical way to 

carry out this type of study.(Lieberknecht et 

al., 2020; Tian et al., 2018; Xiong et al., 

2009)In reality, researchers have looked into 

and identified the function of oxidative stress 

in depression. High levels of oxidative stress 

and poor levels of antioxidant defence, 

including ascorbic acid and superoxide 

dismutase, are typical characteristics of 

people with depression.(Bajpai et al., 

2014)For instance, a recent study on rats 

showed that the antioxidant N-acetylcysteine 

can limit neuronal damage by reducing 

oxidative stress. This has antidepressant 

benefits and supports the theory that 

oxidative stress plays a role in major 

depressive disorder.(Fan et al., 2020)It is vital 

to note that oxygen free radicals contribute to 

the disease's progression by exacerbating the 

impacts of pro-inflammatory pathways, which 

in turn results in abnormalities of brain 

functioning and neuronal signalling.(Bhatt et 

al., 2020) 

In this study, with a focus on cell viability and 

DNA damage, we aimed to test the induction 

of stress in human PC12 pheochromocytoma 

cells through exposure to corticosterone as 

well as the testing of the reversal of this stress 

through the application of an antidepressant 

drug with a clinically well-characterized 

nanoemulsion formulation, namely Fluoxetine 

HCl (FHX).With the use of this established 

model, it is now simpler to do preliminary 

research on major depressive disorder, 

making it feasible to repurpose alternative 

medications that may be useful in treating this 

disease before using animals or more 

complicated study models. 

Material and Methods 

The supplier of the fluoxetine HCl was La 

Chemico in Kolkata, India. Abitec Capmul 

MCM, Columbus, Ohio. We bought Labrasol 

and Labrafac-CC from Gattefosse in Mumbai 

and Maharashtra, India. TCI Pvt. Ltd. in Tamil 

Nadu, India provided the ethyl laurate, and 

Dadia Chemical Industries in Mumbai, India 

provided the iso-propyl myristate.We bought 

Tween 80 and propylene glycol from Rankem 

Gurugram (HR), India. A methanol-based 

solvent was purchased from CDH Pvt. Ltd. in 

Delhi, India. For in vivo activity, Neuro-2A 

(mouse neuroblastoma) cells, PC12 rat 
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pheochromocytoma cell line, LDH test kit, 

SOD Assay Kit-WST, Bicinchoninic acid protein 

assay kit, and corticosterone were purchased 

from Sigma-Aldrich Chemicals Pvt. Ltd., U.S., 

along with RPMI 1640 medium, glutamine, 

foetal calf serum, all of the materials were 

purchased from reputable businesses. 

Methodology 

Formulation design of Fluoxetine HCl (FHX) 

nanoemulsion 

Based on the solubility of Fluoxetine HCl (FXH) 

in the various solvent media, a Fluoxetine HCl 

(FHX) nanoemulsion was first created in the 

current work utilising Capmul MCM as the oil, 

Tween 80, and propylene glycol as the 

surfactant and co-surfactant, respectively. 

Ternary phase diagram was prepared by using 

oil (Capmul MCM) and different ratio of 

surfactant (Tween-80) to co-surfactant 

(Propylene glycol) (Smix) from 1:9-9:1 (w/w) 

and 1:1, 1:2 and 1:3 was selected to analyze 

the effect of surfactant concentration on 

globule size.The levels of the independent 

variables to be employed in the Box-Behnken 

experimental design (BBD) to ascertain the 

impacts of the investigated factors over 15 

runs were provided by the pseudo-ternary 

phase diagram. Factor A was the Capmul 

MCM oil percentage = 40%, 45%, or 50%; 

factor B was the Smix percent = 10%, 15%, or 

20% and factor C was the HLB of Smix = 10, 14, 

or 18. The dependent variables were the 

globule size (Y1) and stability index (Y2). The 

formulations were optimized using the BBD. 

Fifteen batches of Nanoemulsion were 

prepared using different drug, oil, surfactant 

& co-surfactant ratio and water using by Box-

Behnken design which were analyzed to 

obtain an optimized batch.(Hosny et al., 2021) 

Preparation of Fluoxetine HCl Nanoemulsion 

The phase diagram-derived composition of oil, 

surfactant, co-surfactant, and water was then 

employed to create nanoemulsions using the 

water titration method. Using a homogenizer 

(Silverson Mixer Homogenizer, US), Capmul 

MCM, Tween 80, and propylene glycol were 

combined. After achieving transparency, it 

was treated with water and stirred 

continuously for two hours. To create a 

nanoemulsion, the medication was eventually 

added to the mixture above while being 

continuously stirred.(Mantena et al., 2015) 

Evaluation of Nanoemulsion 

Droplet Size, Stability Index, Centrifugation 

Stress Testing, pH, Rheological Study, Drug 

Entrapment Efficiency, Zeta Potential, and In-

Vitro Permeation Studies were tested for the 

generated FXH nanoemulsion batches.(Aher& 

Tekade, 2019; Ahmad et al., 2014) 

Evaluation Parameter of Optimized Batch 

The resulting optimised batches were 

additionally assessed for droplet size, thermal 

stability, centrifugation stress, pH 

measurement, rheological study, percent drug 

content, zeta potential, in-vitro permeation 

investigations, and release kinetic analysis. 

In-vivo anti-depressant activity of Fluoxetine 

HCl nanoemulsion optimized batch (ONE) 

Cell Culture Conditions 

Cells were grown at 37°C in air that was 95 

percent humidified and contained 5% carbon 

dioxide in collagen-coated flasks. The cells 

were removed off the flask surface using a 

medium flow from a pipette when they were 

80% confluent, and they were then dispersed 

with a 22-gauge needle. 96-well collagen-

coated plates with a seeding density of 3 ×104 

cells per well were used to cultivate the 

dispersed cells, which were then developed 

using a variety of culture conditions and drug 

regimens. Following either a 24 or 48-hour 

addition of FXH nanoemulsion to the cells' 

culture medium, the cells were cultured for an 

additional 4 hours with 400 mol/L 

corticosterone. Without any treatment or 

exposure to corticosterone, control cells were 

produced. All medications were bought from 

reliable sources. 

Corticosterone Treatment 

Firstly, the appropriate damage concentration 

of corticosterone was selected on the basis of 

previous study done by Li et al., (2013).(Li et 
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al., 2013)PC12 cells were planted in 96-well 

plates for 48 hours (1×104/well), and then 

received varied corticosterone dosages for an 

additional 24 hours (0, 50, 100, 200, 400, and 

800 M). The cells were collected and the OD 

value was calculated using the MTT method. 

The appropriate CORT concentration was 

chosen for the subsequent tests when cell 

viability fell to about 50% (Jiang et al., 2015). 

Determination of cell viability  

PC12 cells in the exponential growth phase 

were seeded onto 96-well plates (1×104 

cells/well) and allowed to proliferate for 48 

hours before being cultured in various 

dosages of FHX. 

To investigate the effects of Fluoxetine HCl 

(FXH) nanoemulsion on cell survival, the PC12 

cells were divided into nine groups: a control 

group (foetal bovine serum-free media), 5, 10, 

15, 20, 25, 50, 100, 200, and 400 µg/ml 

fluoxetine groups. Colorimetric detection of 

the reduction product of 3-[4,5-

dimethylthiazol-2-yl]-2,5- diphenyltetrazolium 

bromide was used to determine the vitality of 

the cells after the PC12 cells had been 

exposed to the experimental reagents for the 

allotted amounts of time (MTT).After 

removing the original medium from the 96-

well plates, the cells were cultured in RPMI 

1640 medium with 1 percent foetal bovine 

serum and 0.5 mg/mL MTT for 4 hours at 

37°C. In order to dissolve the formazan that 

had accumulated in the wells, the wells were 

then filled with a 100-L aliquot of acid-

isopropanol (0.04 mol/L hydrochloric acid). 

The plates were then incubated at 37°C 

overnight. Reduced MTT refers to the process 

of measuring each well's optical density (OD) 

at 570 nm using a kinetic microplate reader 

(Molecular Devices, Palo Alto, Calif.). The 

amount of protein in cell lysates was 

measured using a bicinchoninic acid protein 

assay kit. (Sigma-Aldrich Chemicals Pvt. Ltd., 

U.S.). By stirring the mixture at a low pace for 

10 minutes at room temperature, the 

resulting blue-purple crystals were completely 

dissolved. The value of each treatment group 

was converted to a proportion of the control 

group. The percentage of cells that survive is 

calculated as follows: 

(OD value of the treatment group / OD value 

of the control group) * 100%. 

Neuroprotective Effects of FXHnanoemulsion 

on CORT-Treated PC12 Cells  

In succeeding tests, 400 µM corticosterone 

and various doses of FXH nanoemulsion were 

applied to 96-well plates containing 

exponentially proliferating PC12 cells. The 

PC12 cells were divided into nine groups: a 

control group, 5 μg ml/1 FXH nanoemulsion, 

10 μg ml/1 FXH nanoemulsion, 15 μg ml/1 

FXH nanoemulsion, 20 μg ml/1 FXH 

nanoemulsion, 25 μg ml/1 FXH nanoemulsion, 

100 μg ml/1 FXH nanoemulsion, 200 μg ml/1 

FXH nanoemulsion, and 400 g ml/1 FXH 

nanoemulsion. Basic medium was used to 

cultivate the control group. After 24 hours of 

coincubation with corticosterone and various 

quantities of FXH nanoemulsion, the findings 

of the MTT assay were assessed.(Kolla et al., 

2005) 

Determination of SOD enzyme activity  

The level of SOD enzyme activity in PC12 cells 

was assessed using the SOD Assay Kit-WST 

(Sigma-Aldrich Chemicals Pvt. Ltd., U.S.) using 

the method previously described by Wei et al. 

The PC12 cells were cultured with the 

experimental compounds for the allotted 

times, and then the original media from the 

96-well plates was withdrawn. After that, the 

PC12 cells were lysed for 20 minutes at 4°C 

using Nonidet P-40 lysis buffer (1 percent NP-

40, 50 mmol/L Tris-HCl [pH 7.5], and 0.05 

mmol/L ethylenediamine tetra-acetate). In 

order to assess the SOD enzyme activity, 20 L 

of this sample solution was used after the 

lysates had been centrifuged at 300g for 10 

minutes. The value of each treatment group 

was converted to a proportion of the control 

group.(Kolla et al., 2005; Wei et al., 2003) 

Lactate Dehydrogenase Release Activity  
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PC12 cells were cultivated for 48 hours in 96-

well microplates at a density of 1 ×104 cells 

per well. Then, PC12 cells were treated with 

400 M corticosterone and various 

concentrations of FXH nanoemulsion (5, 10, 

15, 20, 25, 50, 100, 200, and 400 µg/ml, 

respectively).For the control group's 

cultivation, basic medium was used. LDH was 

quantified using cell supernatants and an LDH 

test kit as directed by the manufacturer. 

(Sigma-Aldrich Chemicals Pvt. Ltd., U.S.). In 

brief, pyruvate, matrix buffer, and coenzyme I 

solution were successively added to the cell 

supernatants, which were then incubated at 

37° C for 15 min. Then 2,4-

dinitrophenylhydrazine was introduced and 

given 15 minutes to react.Finally, a NaOH 

solution at 0.4 mol/L was used to terminate 

the reaction. The OD values were then 

calculated at 450 nm.(Kumar et al., 2018) 

 

Statistical Analyses  

The mean ± SD is used to express all results 

(standard deviation). GraphPad Prism 6.0 

software (San Diego, CA, United States) was 

used to create the figures, and SPSS 18.0 

(IBM, Chicago, IL, United States) was used to 

test for differences between various groups 

using an ANOVA and Dunnett's post hoc test. 

Statistical significance was defined as p < 0.05. 

Results and Discussion 

Formulation design of Fluoxetine HCl (FHX) 

nanoemulsion 

The chosen drug's solubility in various solvent 

mediums was assessed in order to construct 

the FXH nanoemulsion. Figure 1a shows 

graphically the solubility data for FXH in 

various oils, surfactants, and co-surfactants. 

Capmul MCM, Tween 80, and Propylene 

glycol were chosen from a variety of oils, 

surfactants, and co-surfactants based on their 

solubility of FXH for the building of a 

pseudoternary phase diagram (Figure 1b) and 

formulation development of an FXH 

nanoemulsion. 

 
Figure 1a: Solubility of FXH in different excipients; 1b:Pseudo ternary phase diagram of 

FXHshowing the oil (Capmul MCM),Smix (Tween 80 & Propylene glycol) and water ratios 

Evaluation of FHX nanoemulsion 

Under in-vitro circumstances, the produced 

FXH nanoemulsion was assessed for a number 

of evaluation parameters. The nanoemulsion 

batches (F1–F15) droplet 's sizes and stability 

indices varied from 90.8–138.2 nm and 61–95 

percent respectively. The majority of 

nanoemulsion batches successfully 

underwent centrifugation stress testing. Each 

batch's pH was closer to 1.2 and its viscosity 

ranged from 136.9 to 439.6 cps.Maximum 

drug entrapment efficiency for batch F14 was 

determined to be 99.98%, while lowest 

entrapment for batch F4 was found to be 

90.85%. The range of the zeta potential was 

determined to be -11.64 to -48.83 mV. In 0.1 

N HCl and SGF, the percentage drug release 

varied from 73.153 to 94.265 and 74.675 to 

95.465, respectively. The batch with the 

highest percentage release was discovered to 

be F14. 

Optimization of Fluoxetine HCl NEs(FXH-NE) 

The most advantageous Fluoxetine HCl 

nanoemulsion formulation (FXH-NE) was 
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created based on the data gathered. The 

software provided a number of 

recommendations for various combinations of 

the parameters at various levels. About 49.99 

percent of factor A, 19.43 percent of factor B, 

and 17.95 percent of factor C were present in 

the ideal formulation. The best NE 

formulation (FXH-NE) produced droplets that 

were 89.311 nm in size, had a stability index 

of 95%, and had a desirability of 1.000. The 

resulting optimised batch was used for 

additional research. The analysis of the 

optimised batch of FXH nanoemulsion was 

shown in Table 1. 

Table 1: Evaluation Parameters for Optimized batch of FXH nanoemulsion (ONE) 

S. No. Parameter Inference 

1. Clarity Clear 

2. pH 1.2 

3. Viscosity (cP) 140 cP 

4. Zeta potential -27.3 mV 

5. Droplet size (nm) 90 nm 

6. In- vitro permeation study 94.866±0.039% in 0.1 N HCl 

95.653±0.051 % in SGF 

 

Effect of antidepressants on viability of PC12 

cells exposed to corticosterone  

In contrast to lower concentrations of the 

nanoemulsion, which had no effect on cell 

viability, treatment for 24 hours with 200 

µmol/L of FXH nanoemulsion drastically 

decreased cell viability (Fig. 2A). After 48 

hours of incubation, there was still a further 

decline in cell viability (Fig. 2B). In addition, 

after being exposed to 200–400 µM 

corticosterone, the cell survival rate dropped. 

The information gathered indicated that a 

damage concentration of 400 µM 

corticosterone was suitable. Additionally, 

statistical analysis showed that cells exposed 

to corticosterone after being treated with 50 

µmol/L FXH nanoemulsion for 48 hours 

exhibited considerably higher vitality than 

untreated PC12 cells exposed to the same 

corticosterone stress (F = 0.38, df = 2,21, p < 

0.001; Fig. 3B). The PC12 cells survival rate in 

the model group was much lower than that of 

the control group, and the FXH nanoemulsion 

at doses of 50 (p < 0.01), 100 (p < 0.01), 200 (p 

< 0.01), and 400 μg/ml (p < 0.01) could 

reverse the decrease in cell survival rate 

induced by corticosterone (Figure 2C). The 

protective effect of FXH nanoemulsion was 

diminished when the cells were co-treated for 

48 hours with 50 µmol/L FXH nanoemulsion 

and 1.0 mmol/L diethyldithiocarbamic acid 

(DETC, a metal chelating chemical that 

suppresses SOD activity) (Fig. 3B). The LDH 

release rate of the model group was much 

higher than that of the normal group, as seen 

in Figures 4A and 4B. The impact of 

corticosterone concentration on PC12 cells is 

depicted in Figure 5. 
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Fig. 2A: The cell viability was measured by 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 

bromide (MTT) reduction assay. PC12 cells were exposed to different concentrations of FXH 

nanoemulsion (5, 10, 15, 20, 25, 50, 100, 200 and 400 μg·mL‒1) for 24 hours 

 

 
Fig. 2B: The cell viability was measured by 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 

bromide (MTT) reduction assay. PC12 cells were exposed to different concentrations of FXH 

nanoemulsion (5, 10, 15, 20, 25, 50, 100, 200 and 400 μg·mL‒1) for 48 hours 
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Fig 2C: Comparison between cell viability measured by 3-[4,5-dimethylthiazol-2-yl]-2,5-

diphenyltetrazolium bromide (MTT) reduction assay with cells exposed to different concentrations 

of FXH nanoemulsion for 24 hours and 48 hours respectively 

 

 

Effects of FXH nanoemulsion on SOD activity of PC12 cells  

After being exposed to FXH nanoemulsion for 24 hours, no appreciable increase in SOD activity was 

seen (Fig. 3A). Cell viability was the same as control under these circumstances, while SOD activity 

after treatment with FXH nanoemulsion for 48 hours was maximum at drug concentrations of 50 

µmol/L (Fig. 3B). The cells treated with 100 µmol/L fluoxetine for 24 hours showed no discernible 

increase in SOD activity. SOD activity levels in PC12 cells treated for 48 hours with 50 µmol/L 

fluoxetine were considerably greater than in control cells (Fig. 3B). 

 
Fig. 3A: The SOD activity for 24 hours. Data are presented as mean (and standard error of the 

mean) from different experiments for SOD activity calculated at different FXH nanoemulsion 
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Fig 3B: The SOD activity was carried out for 48 hours. Data are presented as mean (and standard 

error of the mean) from different experiments for SOD activity calculated at different FXH 

nanoemulsion concentrations 

LDH Activity  

The LDH release rate of the model group was much higher than that of the normal group, as seen in 

Figures 4A and 4B. While FXH at doses of 200 and 400 mg/ml could significantly lessen the 

production of LDH from PC12 cells when observed for 48 hours, FXH nanoemulsion at doses of 100 

and 400 mg/ml could significantly lessen the production of LDH from PC12 cells when observed for 

24 hours (p < 0.01 or p < 0.01, respectively). 

 
Fig 4A: Effects of FXH nanoemulsion (5, 10, 15, 20, 25, 50, 100, 200 and 400 μg·mL−1) on the LDH 

leakage in CORT-treated PC12 cells for 24 hours. The values given are the mean ± SD (n = 5); ##p < 

0.01 compared with the control group; **p < 0.01 compared with the model group (0 & 400 is 

representing the concentrations of Model drug and Corticosterone, respectively) 
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Fig 4B: Effects of FXH nanoemulsion (5, 10, 15, 20, 25, 50, 100, 200 and 400 μg·mL−1) on the LDH 

leakage in CORT-treated PC12 cells for 48 hours. The values given are the mean ± SD (n = 5); ##p < 

0.01 compared with the control group; **p < 0.01 compared with the model group 

For 24 hours, PC12 cells were exposed to a range of corticosterone concentrations (5, 10, 15, 20, 50, 

100, 200, and 400 µM). It was shown that as corticosteroid concentration increased, the percentage 

of control cells that survived the exposure decreased considerably (Fig.5) 

 
Fig 4C: PC12 cells were exposed to different concentrations of CORT (5, 10, 15, 20, 50, 100, 200, 

and 400 μM) for 24 h 
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Fig 5: Comparison between the effect of corticosterone and FXH nanoemulsion on cell survival (% 

of control) at different drug concentrations ((5, 10, 15, 20, 25, 50, 100, 200 and 400 μg/mL) and (5, 

10, 15, 20, 50, 100, 200, and 400 μM) respectively) 

Discussion 

A colloidal particle system in the submicron 

size range known as a nanoemulsion serves as 

a vehicle for medicinal molecules. They range 

from 10 to 1,000 nm in size. They improve the 

therapeutic effectiveness of the medicine as a 

drug delivery mechanism and reduce toxic 

and adverse effects. Additionally, 

nanoemulsion can prolong the effects of 

medications. Nanoemulsions include tiny 

droplets with a larger surface area, which 

increases absorption.(Jaiswal et al., 2015)As a 

result, nanoemulsion is a viable choice for 

improving drug delivery to the site of action. 

Fluoxetine HCl (FXH) nanoemulsion's 

antidepressant activity was assessed in the 

current study using both in-vitro and in-vivo 

tests. After creating a pseudoternary phase 

diagram, the nanoemulsion was made by 

selecting an acceptable quantity of Capmul 

MCM, Tween 80, and propylene glycol. The 

water titration method was used to prepare 

the nanoemulsion batches (F1-F15), and Box-

Behnken design was used to optimise them. 

After evaluating each batch of nanoemulsion 

that had been prepared, an optimal batch was 

created according to the composition found 

through the optimization study. The 

optimised batch was assessed to see if it met 

the required standards. The results showed 

that they were in line with expectations. Using 

PC12 cell line activity, the optimised 

nanoemulsion batch (ONE) was further 

assessed for in-vivo anti-depressant effect. 

An increasing amount of evidence indicates 

that the use of herbs to treat depression 

involves the hypothalamic-pituitary-adrenal 

axis, neurotransmitter re-uptake, 

neuroprotection, brain plasticity, and other 

mechanisms. Behavior tests are required for 

initial screening in the creation of 

antidepressants before more complex 

preclinical research.(Castagné et al., 2011) 

Endogenous oxygen free radicals, which are 

created as a byproduct of enzymatic oxidase 

activity or as a result of the dismutation of 

superoxide anion catalysed by SOD, have an 

impact on the baseline level of cellular 

oxidative stress. The antioxidant enzymes 

catalase and glutathione peroxidase are well 

known for their ability to protect cells from 

the harm brought on by the production of 

free radicals from oxygen at a fundamental 

level. On the other hand, exogenous oxygen 

free radicals have the potential to intensify 

oxidative stress beyond what endogenous 

antioxidant defence mechanisms can sustain, 

causing cultured neurons and PC12 cells to 
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undergo apoptosis or necrosis.(Abdel-Razaq 

et al., 2011; Jia et al., 2019)Strong evidence 

from in vitro studies shows that astrocytes 

respond to oxidative stress by increasing the 

levels of protective molecules like SOD1.(Bai 

et al., 2022)Quinolinic acid, a cytotoxic 

medication, has been found to enhance SOD1 

in activated astrocytes, according to other 

investigations. Upregulation of SOD1 and 

associated antioxidant enzymes may stop 

these cells from going through apoptosis or 

necrosis after exposure to a range of 

neurotoxicants. 

In-depth research on the mechanisms behind 

neurotoxicity, neuroprotection, and neuronal 

healing has been done using the PC12 cell 

line. SOD1 has been connected to the PC12 

cell response to antidepressants in earlier 

research.(Kolla et al., 2005)Although an 

increase in apoptotic cell death is linked to a 

drop in SOD1,(Slamon et al., 2000) It has been 

shown that elevating endogenous SOD1 

activity is necessary to protect neurons from 

staurosporine-induced apoptosis.(Nath, 2019; 

Slamon & Pentreath, 2000; Wei et al., 

2003)However, the effects of SOD1 may 

become hazardous when this enzyme is 

overexpressed and the produced oxygen free 

radicals overwhelm catalase or glutathione 

peroxidase detoxification mechanisms. Some 

studies have even proposed that increased 

SOD1 expression, which results in an excess 

production of oxygen free radicals, may be 

partially to blame for the brain damage found 

during foetal hypoxia-ischemia.(Cai et al., 

2020) 

Studies show that stress exacerbates the 

hyperactivity of the HPA axis, which 

contributes in the stress response and 

elevates corticosterone levels via the action of 

adreno-corticotropic hormone (ACTH). High 

levels of corticosterone may harm healthy 

hippocampal neurons, contributing to 

depression. Antidepressants may be able to 

successfully protect PC12 cells against the 

cytotoxicity that corticosterone can cause at a 

certain dosage.(Greene & Tischler, 1982)In 

this study, a PC12 cell damage model was 

used to examine the protective impact of FXH 

optimised nanoemulsion (ONE). The results of 

the MTT, SOD, and LDH tests showed that the 

survival rate of PC12 cells decreased as 

corticosterone concentration rose. However, 

the cell survival rate significantly enhanced 

following pre-treatment with FXH optimised 

nanoemulsion (ONE) at various doses: 5, 10, 

15, 20, 25, 50, 100, 200, or 400 µg/ml. 

It was found throughout the investigation that 

higher SOD1 activity may be related to the 

processes by which FXH optimised 

nanoemulsion (ONE) shields PC12 cells from 

harm. This is supported by the fact that FXH 

optimised nanoemulsion (ONE) was unable to 

restore the inhibition of SOD1 activity. 

However, the underlying mechanisms by 

which the drug boosts SOD1 activity are still 

unknown. Despite the fact that SOD1 activity 

was about 10%–20% higher in cells treated 

with subcytotoxic dosages of than in control 

cells, there were no differences in cell viability 

between the 2 groups. Furthermore, there 

was no overt indication of cell death in the 

treated cells. 

No appreciable increase in SOD activity was 

detected after taking fluoxetine for 24 hours. 

SOD activity peaked at medication doses of 50 

µmol/L when FXH optimised nanoemulsion 

(ONE) was delivered for 48 hours, but cell 

survival remained unaffected. For 24 hours, 

cells were exposed to 100 µmol/L FXH 

nanoemulsion, but no appreciable increase in 

SOD activity was seen. SOD activity levels in 

PC12 cells treated with 50 µmol/L FXH for 48 

hours were significantly higher than in control 

cells. 

However, FXH optimised nanoemulsion (ONE) 

at doses of 100 and 400 mg/ml could 

significantly lessen LDH production from PC12 

cells when observed for 24 hours, whereas 

FXH optimised nanoemulsion (ONE) at doses 

of 200 and 400 mg/ml could confirm that FXH 

optimised nanoemulsion (ONE) had 
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neuroprotective effect in PC12 cells injured by 

corticosterone. Additionally, it was noted that 

the LDH release rate in the model group was 

significantly higher than that in the normal 

group. 

Future studies should investigate whether 

antidepressants increase catalase or 

glutathione peroxidase synthesis. Our results 

suggest that antidepressants administered at 

subcytotoxic doses may shield PC12 cells 

exposed to corticosteroids by increasing the 

levels of the antioxidant enzyme SOD1. 

Further investigation will be needed to 

ascertain the mechanisms by which different 

doses and exposure times cause reactive 

reactions, as well as whether these dosage 

approaches fall within the therapeutic range 

for achieving remission from depression in 

humans. An important limitation of an in vitro 

model is the difficulty to properly compare 

doses that result in alterations in the culture 

dish with those to which endogenous cells 

may be exposed in the central nervous 

system. Extrapolating results from a culture 

system to an in vivo investigation requires 

caution because there are currently no 

relevant data. 

Conclusion 

The FXH nanoemulsion was created and 

assessed in the current work using in-vitro 

and in-vivo tests. An optimised batch with a 

comparable composition to that 

recommended by the design expert 

optimization tool was created. The optimised 

batch was assessed to see if it met the 

required standards. The results showed that 

they were in line with expectations. Using 

PC12 cell line activity, the optimised 

nanoemulsion batch (ONE) was further 

assessed for in-vivo anti-depressant effect. 

After being exposed to 200 µmol/L of FXH 

nanoemulsion for 24 hours, cell viability was 

considerably decreased; however, lesser 

concentrations of the nanoemulsion had no 

effect. After 48 hours of incubation, there was 

still a further decline in cell viability.  

In addition, after being exposed to 200–400 

µM corticosterone, the cell survival rate 

dropped. Further investigation will be needed 

to ascertain the mechanisms by which 

different doses and exposure times cause 

reactive reactions, as well as whether these 

dosage approaches fall within the therapeutic 

range for achieving remission from depression 

in humans. 
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