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ABSTRACT:   

The goal of this study was to create biodegradable pegylated chitosan nanoparticles and 

assess how well they might target specific areas of the brain on a single platform. The 

PEGylated chitosan nanoconjugate was created and tested to transfer Thujone, a natural 

anti-Alzheimer constituent to the brain. Using the ionic gelation process, the 

nanoconjugate (TPNs) was created and assessed for a number of optical and in-vitro 

parameters. The Thujone loaded PEGylated nanosystem had IC50 values of 0.42, 0.49, 

0.67, and 0.75 µM, according to the MTT experiment conducted on UCSD229i-SAD1-1 

human astrocytoma cells. Enhanced uptake and biodistribution tests by confocal 

microscopy and apoptosis assay, which notably revealed increased accumulation of 

nanoconjugate in brain as compared to free Thujone solution, are authenticated by the in 

vitro cell lines evaluation. When compared to free Thujone solution, the targeting potential 

of TPNs was shown to be twice as significant. Conclusion: In order to improve the 

delivery of anti-Alzheimer medications to the brain for better treatment outcomes, 

bidoegradablePEgylated chitosan nanoconjugate may be employed as a possible nano-

targeting to add PEGylated chitosan nanoparticles. 

 

1. Introduction 

One of the most complicated neurological conditions, 

Alzheimer's disease (AD) is a leading cause of severe 

dementia in the elderly. Decreased cognitive capacities 

resulting from cholinergic deficits are a hallmark of 

Alzheimer's disease (AD), a neurodegenerative disease 

that progresses over time [1]. Pathological markers such 

as neurofibrillary tangles, senile plaques, and neuronal 

and synaptic loss are used to further identify AD. 

Despite ongoing research, not all therapeutic targets or 

therapies have been found for AD; the disease's etiology 

remains unknown, and its medical demands remain 

unfulfilled. The complexity of AD makes it challenging 

to create a viable treatment [2]. 

Unfortunately, a number of obstacles, including the 

blood-brain barrier (BBB), low bioavailability, or 

pharmacokinetic profile, prevented many 

therapeutically effective compounds for the treatment of 

AD from reaching the ideal pharmacological 

concentration. To address these issues, a number of 

alternative approaches have been proposed to transport 

drugs directly to the brain, including high dose therapy 

and the creation of drug carrier systems such liposomes, 

nanoparticles (NPs), or chemical delivery systems [3–

4]. 
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Biodegradable polymeric nanoparticles (NPs) are one of 

the innovative drug release strategies that have drawn 

attention as a promising drug delivery system (DDS) for 

neurological diseases because of their ability to both 

deliver a variety of therapeutic molecules to the targeted 

region for sustained, controlled, and/or site-specific 

release, as well as to protect the drug while transporting 

it to the damaged brain area. Polymeric nanoparticles 

have received a lot of attention lately as a potential 

medication delivery vehicle [5]. One definition of a 

nanoparticle is a submicron drug-carrier system, usually 

made of polymers. The medications or other molecules 

can be connected, entrapped, encapsulated, adsorbed, or 

dissolve into the nanoparticles. 

These systems are appealing since the preparation 

techniques are typically straightforward and scalable. 

Numerous substances, including polysaccharides, 

copolymers, gelatin, albumin, and PEG (polyethylene 

glycols), can be used to create nanoparticles. 

Additionally, nanoparticles are essential for therapeutic 

targeting [6-7]. It is evident that a multitude of 

medication delivery methods can be employed to 

distribute nanoparticulate carriers. Drugs that are 

hydrophilic or hydrophobic, proteins, vaccinations, and 

biological macromolecules can all be delivered using 

nanoparticles. N-acetylglucosamine and glucosamine 

copolymers make up chitosan. Due to its weak base 

nature, chitosan is soluble in diluted aqueous acidic 

solution (pH less than 6.5) but insoluble in water and 

organic solvents [8]. 

In alkaline solutions, it precipitates and gels at lower pH 

levels. Chitosan is mucoadhesive and has a positive 

charge in contrast to many other polymers. Moreover, it 

has antimicrobial, biodegradable, and biocompatible 

properties [9]. In accordance with the historical roots of 

pharmaceutical research, plants possessing active 

ingredients are emerging as novel potential treatments 

for Alzheimer's disease. Plant active secondary 

metabolites work in concert with other components 

from the same plant to counteract the harmful effects of 

AChE and BChE, in addition to neutralizing the 

poisonous effect of chemicals. Many plants have been 

utilized to treat various neurological conditions, such as 

neurodegenerative disorders and neuropharmacological 

disorders, according to the history of drug development 

[10–11]. 

The herb Salvia officinal is isolated Thujone is 

frequently used in traditional medicine to treat 

neuropathy, lung and urine infections, cancer, blood 

pressure reduction, improved digestion, and premature 

ejaculation. It is also used as a disinfectant. Colloidal 

carriers, particularly those composed of mucoadhesive 

polymers, are of particular interest among the various 

strategies investigated thus far since they guarantee 

drug time retention at the absorption site [12-13]. In this 

work, a natural Salvia officinalis derived Thujone was 

included using glucosesamine-anchored PEgylated 

Chitosan nanoparticles as a stable and safe vehicle for 

brain targeting against Alzheimer disease. 

Few reports have been made about the use of chitosan 

combined with the isolated Thujonefrom Salvia 

officinalis as a nanotherapy technique to treat 

Alzheimer's disease. Through ligand-oriented brain 

targeting that may have synergistic effects, we have 

shown in this study the increased targeted efficiency of 

PEGylated nanoparticles to include these extracts and 

bring about significant benefits against Alzheimer's 

disease [14-15]. 

2. MATERIALS AND METHODS 

2.1 Collection and Authentication of Plant Material 

The isolated pure Thujone continent was purchased 

from The Ayurveda medicologycenter, Bengaluru, 

Karnataka, India. Additionally, we bought sodium 

tripolyphosphate (TPP) and low molecular weight 

chitosan from Sigma Aldrich (Lisbon, Portugal). For the 

low molecular weight (LMW) CS, the degree of 

deacetylation was 85%, and the purity grade was 85%. 

We bought pure acetic acid from Pornalab in Lisbon, 

Portugal. Merck supplied the hydrochloric acid (HCl) 

and sodium hydroxide (NaOH) (Darmstadt, Germany). 

Using Millipore water purification technology 

(Millipore, Billerica, MA), ultra-purewater was 

produced in the lab. 

2.2 Preparation of Nanoparticles and PEgylated 

process  

The isolated Thujone was meticulously encapsulated 

during the production of chitosan using the ionotropic 

gelation process. Glacial acetic acid (GAA) solution 

containing 1% v/v and 100 mg of accurately weighed 

Thujone and 0.4% w/v chitosan were dissolved in it. At 
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a rate of 2 milliliters per minute (12 milliliters of TPP in 

20 milliliters of drug polymer solution), 0.4% sodium 

tripolyphosphate solution (TPP) was added drop wise to 

the drug polymer solution [16]. To obtain nano-sized 

particles, the resultant particle dispersion was subjected 

to sonication using a probe sonicator (S-4000; Misonix, 

Farmingdale, NY) at medium amplitude (50%) for five 

minutes. In order to ensure maximum transportation at 

the intended site, the dispersion was next filtered using 

a 0.2 um hydrophilic filter (Minsart, Sartorius) to isolate 

smaller nano size particles [17]. 

The resulting nanoparticles were then meticulously 

refined using ultrafiltration (Amicon 8200 against 

double-distilled water at the ideal temperature, using a 

millipore PBMK membrane, MWCO 300000). 

Ultrafiltration makes it easier to get rid of leftover 

unreacted solvent and unbound medication. In order to 

perform the PEgylation process, precisely 50 mL of 

0.3% chitosan nanoparticles were added in a 3:1 ratio to 

a polyethylene glycol (PEG) solution, and the mixture 

was agitated for one hour at 500 rpm. To create 

homogenous PEG-Chitosan nanoparticles, the mixture 

was further treated to dispersion for 60 seconds [18]. 

3. Characterization  

3.1 Particle size, Zeta potential, pH and Morphology  

The Malvern Zetasizer 3000 particle size and zeta 

potential analyzer (Malvern Instruments, Bedfordshire, 

UK) was used to measure the developed TPNs, particle 

size, and surface charge. By smearing the 

electrophoretic mobility of particles in an applied 

electrical field, the Zeta potential of TPNs was 

investigated [19]. For prospective evaluation, the 

concentration of TPNs nanoformulation was adjusted to 

0.01% w/v using pure water or in a 0.01 M sodium 

chloride solution. A digital pH meter (HI-TECH 

WATER TECH, New Delhi, India) was used to 

calculate the pH. After the pH meter was first calibrated 

using a buffer tablet, it was post-calibrated by dipping it 

in a beaker containing TPNs nanoformulation [20]. The 

measurement was done three times, the 

nanoformulation was evaluated in triplicate, and an 

average value with standard deviation was given. 

 

 

3.2 Dynamic Light Scattering (DLS)  

The Brook-heaven BI 9000 AT instrument 

(Brookheaven Instrument Corporation, USA) was 

utilized to investigate mean diameter and PDI of the 

TPNs nanoformulation by Dynamic Light Scattering 

(DLS). The more accurate and meaningful assessment 

of TPNs nanoformulation was determined using the 

DLS examination. For TPNs and nanoformulation, the 

DLS evaluation was carried out at wavelength 417 at a 

temperature of 25°C [21]. 

3.3 Transmission Electron Microscopy (TEM) 

To measure the TEM of the TPNs nanoformulation, a 

Hitachi H-7500 TEM analyzer was used. To visualize 

the form and structure of the nanoformulation, TEM 

metaphors were created. After being put in a copper 

disc grid, the TPNs nanoformulation was coated with 

2.5% w/v of phosphor-tungstic acid (PTA) solution 

[22]. After that, the grid was dried out using a 60-watt 

LED lamp (Philips, India Ltd.), put into the disc holder, 

and scanned for TEM analysis. 

3.4 Scanning Electron Microscopy (SEM)  

Using a German SEM, the Nova Nano SEM 450, the 

morphology and structure of the prepared TPNs 

nanoformulation were examined. The formulations were 

lyophilized using a freeze-dry lyophilizer (REMI, New 

Delhi, India) prior to the SEM examination. Then, using 

dual adhesive tape at 50mA for 5–10 minutes via 

sputter (KYKY SBC-12, Beijing, China), the dried 

formulations were mounted on a SEM stub [23]. The 

produced TPNs nanoformulation was digitally imaged 

using a SEM assisted by a secondary electron detector. 

3.5 Entrapment Efficiency (EE): 

In order to provide the desired therapeutic benefit, EE is 

crucial in delivering the bioactive to the intended 

location at the precise therapeutic dose. The pellets 

from the nanoformulation were obtained by centrifuging 

it for five minutes at 10,000 rpm in order to quantify the 

EE. The drug content was measured 

spectrophotometrically using a UV spectrophotometer 

(Schimadzu, Japan) set to 317 nm for TPNs 

nanoformulation in comparison to a blank solvent after 

the collected supernatant had been thoroughly diluted 

with PBS of pH 7 [24]. The following formula can be 

used to calculate the EE: 
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EE= weight of drug in nanoformulation / initial 

weight of drug taken x 100 

3.6 In vitro Drug Release studies 

To forecast the diffusion and kinetic behavior of the 

nanosystem for the intended therapeutic efficiency, the 

release from the TPNs nanoformulation was monitored. 

The TPNs that were left over after centrifugation were 

suspended in 10 milliliters of a pH 7.4 phosphate 

buffered saline (PBS) solution for release tests [25]. 

After being transferred to a clean Eppendorf tube, the 

nanoparticle suspension was stirred and kept in a water 

bath at 37 °C. Samples were taken out of the bath after 

0.5, 1, 2, 4, 6, and 24 hours, and they were centrifuged 

for five minutes at 14,000 rpm (BOECO, Hamburg, 

Germany). The amount of medication released from the 

nanoparticles over the allotted time was determined by 

UV spectroscopic analysis of the supernatants [26]. 

Every time, samples were examined in triplicate. 

3.7 Cell Line studies 

3.7.1 Cell Culture and Harvesting 

The NCCs in Pune provided the Human UCSD229i-

SAD1-1 human astrocytoma cell line, which was 

preserved in Dulbecco's modified Eagles Medium. 

Next, 10% fetal bovine serum (FBS), 100 U/mL 

penicillin, and 100 µg/mL streptomycin (PAA 

Laboratories GmbH, Austria) antibiotic solution were 

added to the cell line. The UCSD229i-SAD1-1 cell line 

was grown in 75 cm2 tissue culture flasks and kept at 

37°C in an environment with 5% CO2. The cells were 

trypsinized using 0.25% trypsin EDTA solution (Sigma, 

USA) once they reached 90% confluency. The 

UCSD229i-SAD1-1 cells were seeded at a density of 

50,000 cells per well in a 6-well plate (Costars, Corning 

Inc., NY, USA) for additional statistically qualitative 

analysis of cell uptake and apoptosis [27]. 

3.7.2 Cell uptake Assay by CLSM  

UCSD229i-SAD1-1 cell lines were used in the 

qualitative cell uptake assay to test the 

nanoformulation's dispersal capabilities using confocal 

laser microscopy (CLSM). For three hours, the cells 

were grown using TPNs formulation and free Thujone 

solution, which is equivalent to one microgram per 

milliliter. Following the gestation period, the 

formulation-containing media were detected using an 

Olympus FV1000 CLSM after three rounds of washing 

with Hanks buffered salt solution (PAA Laboratories 

GmbH, Austria) [28]. 

3.7.3 MTT Assay 

In order to perform the MTT assay, the UCSD229i-

SAD1-1 cell line was seeded in 96-well plates and 

cultured in media containing TPNs, free Thujone 

solution(equivalent concentrations of 0.1, 1, 10, and 20 

µg/mL), normal saline solution-treated cells as the 

negative control, and Triton X-100 as the positive 

control [29]. Following a 24-hour gestation period, the 

medium containing the samples were dissected, and the 

cells underwent three rounds of HBSS washing. Then, 

each well received 150 uL of the MTT solution (500 

µg/mL in PBS), which was added and incubated for an 

additional four hours. Following four hours, the 

formazan crystals were dissolved in 200 microliters of 

DMSO after the MTT solution had been articulated. 

After that, an ELISA plate reader (Bio Tek, USA) was 

used to screen the resulting solution's optical density 

(OD) at 570 nm [30]. 

3.7.4 Apoptosis Analysis  

The ability of the TPNs formulation and free Thujone 

solutionto cause apoptosis in UCSD229i-SAD1-1 cell 

lines was used to measure their cell cytotoxicity. The 

phosphatidyl serine discovery of the plasma 

membrane's outer layer and its interaction with Annexin 

V is the basis for the Annexin V apoptosis assay [31]. In 

a nutshell, UCSD229i-SAD1-1 cell lines were sown in a 

6-well cell culture plate and stored at 37°C and 5% CO2 

for the entire night. After that, the media was clarified 

and replaced with one that included the TPNs 

formulation together with free Thujone solution(10 

µg/mL), and it was allowed to gestate for six hours. 

Following incubation, the media was enunciated, the 

cells were treated with 6-carboxyfluorescein di-acetate 

(6-CDFA) Annexin V Cy3 TM Apoptosis Detection kit, 

Sigma, USA, and Annexin V Cy3.18 (AnnCy3). The 

cells were also washed three times with HBSS. 

Afterwards, using CLSM, the UCSD229i-SAD1-1 cell 

was seen in the green and red channels for 6-CDFA and 

AnnCy3, respectively [32]. Additionally, the 

fluorescence strength ratio of the green channel, which 

indicates vitality, to the red channel, which indicates 
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apoptosis, was analyzed to determine the Apoptosis 

index. The U.S. National Institutes of Health, Bethesda, 

Maryland, USA, Image j program was used to estimate 

the fluorescence signals in the photographs. 

By dividing the percentage of apoptotic cells (annexin+) 

by the total percentage of cells in the sample (apoptotic 

[annexin+] plus no apoptotic cells [annexin-]), one can 

compute the apoptotic Index (AI). The apoptotic index 

was computed using the following formula: 

AI=%AV+C/ (%AV+C+%AV-C) 

Where %AV+C represent the percentage of annexin V 

positive cell and %AV-C represent the percentage of 

annexin V negative cells [33]. 

3.8 Statistical analyses  

The mean ± SD was used to express the values. Data. 

One-way analysis of variance (ANOVA) was used to 

statistically analyze the data using origin software; a 

value of p<0.01 was deemed significant for n = 3 [34]. 

4 Results & Discussion 

As soon as the pawn anion TPP was combined with the 

consistent chitosan polymer solutions, the natural 

Thujone obtained from Salvia officinalis was ensnared 

by PEGylated chitosan nanoparticles. Ionic interactions 

between the positively charged amino groups of 

chitosan and the negatively charged ion TPP led to the 

production of nanoparticles. In order to achieve stable 

dispersion and the production of nanoscale particles, the 

CS/TPP ratio was tuned. Initial tests were conducted to 

determine the ideal CS and TPP concentrations for NP 

production. To produce physiochemically and thermally 

stable nanoparticles, the formulation and process 

parameters were carefully tuned. The resulting 

nanoparticles were classified as an aggregate, an 

opalescent suspension showing a Tyndall effect (TNPs), 

or a transparent solution. 

4.1 Particle size, Zeta Potential and Morphology 

The generated TPNs formulations with sizes ranging 

from 150 to 200 nm were clearly distinguished by the 

zeta sizer measurement results (Figure 1-a). Because of 

the formulation and process optimization, the TPNs 

formulations' nano size showed respectable bio 

constituent encapsulation in the polymer matrix. The 

synthesized nanoformulation TPNs was discovered to 

have a negative charge, as evidenced by its surface 

charge of -12.22 mV (Figure 1-c). Better stability and 

optimal candidacy for improved brain targeting were 

demonstrated by the formulation's negative charge. The 

pH of the TPNs nanoformulation was found to be 6.4 ± 

0.12, which is important for delivering the drug to 

almost neutral microenvironments for effective brain 

targeting. The primary component of the onsite 

breakdown of the polymer matrix is the pH assisted 

targeting mechanism. The intended therapeutic potential 

was achieved by enhancing drug release at a controlled 

rate through the activation mechanism of polymeric 

breakdown.   

4.2 DLS Analysis 

The prepared TPNsnanoformulation'snanosize range 

dispersion is again determined using the DLS. The ideal 

nanosize range of 160–240 nm for improved BBB 

crossing is represented by a nearly similar size 

distribution pattern in the produced nanoformulation. 

The produced nanoformulation's ideal nanosize range 

showed improved brain delivery and onsite targeting 

that effectively complies with the size of cells and their 

microenvironment. Diverse size distributions and 

dispersion patterns were revealed by the DLS research. 

The PDI that TPNs displayed was determined to be 

0.243 ± 0.13. The produced nanoparticles between 100 

and 500 nm had an equal size distribution pattern and 

improved stability, according to the DLS data (Figure 1-

b). When brain targeting, this constant pattern of 

nanosize makes it easier for prepared nanoparticles to 

diffuse across blood-brain barriers and reach their 

maximum pharmacological potential. It is so 

unequivocal to say that the created nanoformulation 

shown ideal and consistent nano dispersion 

characteristics for the operational brain targeting against 

Alzheimer treatment in a clinical platform. 
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Figure 1: Image (a) showingzeta sizer evaluated particle size and distribution pattern of developed TPNs 

nanoformulation, whereas images (b)displaying dynamic light scattering diameter of TPNS nanoformulation. 

Image c showing zeta potential of developed TPNS formulation, (mean ± SD, n=3). 

4.3 Transmission Electron Microscopy (TEM) 

The produced nanoformulation TPNs oval-shaped 

nanoparticles were revealed by the TEM investigation 

to be extremely discrete in size. The TEM examination 

for TPNs revealed a size range of 100-200 nm, which is 

consistent with the DLS measurement zeta sizer 

analysis (Figure 2-a). The entrapment of natural isolated 

constituent resulted in nanoparticle production that 

demonstrated improved crosslinking between the 

polymer and cross linker, preventing undesired leakage. 

Additionally, it was discovered that there was very little 

nanoparticle agglomeration, indicating improved 

chitosan boundary PEGylation. The 

transencephalogram (TEM) results indicated that the 

two nanoformulations had a respectable appearance of 

BBB infiltration and a viable nano carrier system for 

efficient brain delivery. 

4.4 Scanning Electron Microscopy (SEM)  

The results of the TEM assay and zeta sizer, which 

demonstrate the generation of tiny particles with smooth 

morphology and spherical shape, were greatly improved 

by the SEM examination. The SEM pictures clearly 

show that the developed nanoformulation with 

improved PEGylation technique has strong oval 

borders. The SEM pictures also make clear that there is 

no evidence of cluster formation or particle aggregation 

with a noticeable PEG outer layer. The generated TPNs 

optimal brain targeted delivery features were further 

confirmed by the zeta-sizer analysis, and the SEM 

analysis results showed a size range of 120-200 nm, 

qualitatively verifying the TEM (Figure 2, b). 

 

 

Figure 2: Image a &b showing Transmission electron microscopy (TEM) and Scanning electron microscopy 

(SEM) of developed TPNsnanoformulation at 100 and 200 nano scale resolution respectively, (mean ± SD, n=3). 
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4.5 In-vitro drug release studies 

Figure 3(a) showing in vitro drug release data of 

Thujoneloaded with PEGylated nanoformulation.  A 

non-linear release profile, marked by a considerably 

rapid initial drug release over the first 3–4 hours, 

followed by a slower release in the latter period, was 

seen in the drug release pattern from the produced 

nanoformulation TPNs at different pH values (4.0 & 

7.4). In order to thoroughly assess the impact of 

nanoformulation for improved brain targeting and onsite 

delivery, two pH ranges were supplied. By using 

nanoformulation, the biphasic drug release pattern was 

observed, with the first 8 hours of the release being a 

gradual release followed by the first 8 hours of 

nanoparticle bursting. According to in-vitro drug release 

tests, TPNs first allowed for burst release of the drug 

constituent at a pH of 4.0. It was discovered that the 

drug release for TPNs was 87.22 ± 1.67% at 6 hours, 

89.54 ± 3.07 at 8 hours, 90.11 ± 2.29 percent at 6 hours, 

and 93.65 ± 3.56% at 8 hours. Conversely, at pH 7, the 

drug release from TPNs was considerably (P < 0.05) 

delayed after 24 hours. Therefore, at 24 hours into the 

experimental drug release phenomena, the release rate 

of bio constituent forTPNs was shown to be 

considerable. 

4.6In vitro cellular uptake  

UCSD229i-SAD1-1 human astrocytoma cell line was 

used to assess and quantify the produced 

nanoformulation TPNs ability to target cells and 

transport intracellularly. The human astrocytoma cell 

line is a crucial component of the blood-brain barrier 

and is often used to study brain delivery. When assessed 

by CLSM analysis, the created TPNs demonstrated 

notable cellular uptake and circulation in comparison to 

the free drug Thujone solution. When treated with 

Rhodamine B isothiocyanate (RITC), the generated 

TPNs CLSM signals were more robust and crisp, 

exhibiting enhanced absorbance when compared to the 

free drug Thujone solutionsolution after 12 hours of 

incubation (Figure 4). 

Furthermore, the nanoformulation's bright fluorescent 

signals revealed by confocal laser scanning microscopy 

clearly indicated the vesicular localization of the 

nanoparticles, indicating enhanced advancement of the 

endocytic pathway. In vitro cellular uptake and 

resilience were shown to be twice as high with TPNs in 

comparison to freeThujone solution on brain cell 

membranes, according to the results of the CLSM 

intensity examination. Following a 12-hour incubation 

period, the Thujone solutiontreated cells were also 

quantitatively observed using inductively attached 

plasma optical emission (ICP-OE) spectrometry. 

The transwell assay at the basolateral side validates the 

results, which effectively indicate that around ~45% of 

TPNs and ~13% of the free Thujone 

solutionnanoformulation have sharply penetrated into 

the BBB layer. Due to early adsorption at the cell 

membrane that limits direct diffusion to the cells, the 

free Thujone solutiondemonstrated scarce diffusion 

across the BBB via UCSD229i-SAD1-1 human 

astrocytoma cells of around 13%, indicating non-

significant intracellular transport and penetrating 

efficiency. Overall, at various incubation times, TPNs 

cell uptake and transportation capacity outperformed 

free drug Thujone solutionwith bright fluorescent 

advertisements, regardless of any morphological 

variations in cell lines, leading to improved brain 

targeting efficacy. 

 

 

Figure 3: Image a showing drug release kinetics of developed TPNs at pH 4 and 7 using dialysis bag membrane, 

whereas image b elaborating MTT cell cytotoxicity assay of developed TPNs nanoformulation at different 

concentration, (mean ± SD, n=3). 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(4), 1031-1041 | ISSN:2251-6727 

  

 

1038 

 

Figure 4: Elaboration of in-vitro cellular uptake and CLSM localization analysis on UCSD229i-SAD1-1 human 

astrocytoma cells line by developed TPNs and comparing with free Thujone solutionat 30µm scale bar after 12 h 

incubation respectively, *p<0.05 and *p<0.01 compared to the untreated cell, (mean + SD, n=3), 

4.7 In vitro cytotoxicity assay  

The generated TPNs nanoformulation was investigated 

in relation to UCSD229i-SAD1-1 human astrocytoma 

cells using the MTT assay. After a 24-hour incubation 

period, the MTT assay qualitatively demonstrated the 

nanoformulation's strong anti-proliferation potential. 

The studies demonstrated that the normal control group 

(saline solution) had 100% cell viability, while the 

negative control group (Triton X 100 surfactant 

solution) had 10% cell viability. After 24 hours of 

incubation, the produced TPNs demonstrated 

noteworthy cell viability of 94%, 87%, 72%, and 66% 

at varied concentrations (0.1, 1, 10, and 20 μg/mL of 

individual concentration) (Figure b). In contrast, after 

24 hours of incubation, the free Thujone 

solutiondemonstrated cell viability of 97%, 80%, 59%, 

and 38%. 

The MTT study demonstrated a nonlinear relationship 

between incubation time and anti-proliferation 

efficiency by demonstrating non-significant cell 

cytotoxicity by various substances after 24 hours of 

incubation. The MTT results unmistakably showed that, 

after 24 hours of incubation, the nanoformulation 

significantly increased cell viability over Thujone 

solution, indicating biologically safe brain targeting 

efficiency with little toxicity on human astrocytoma 

cells. Better physiochemical compatibility between the 

nanocomposite, which leads to effective cellular 

transport and brain administration, is the cause of the 

increased cell viability demonstrated by the developed 

TPNs. When comparing the nanoformulation with free 

drug Thujone solution, TPNs has a higher cell survival 

and less cell cytotoxicity at higher concentrations than 

the free drug Thujone solution. Better endocytosis and 

robustness of TPNs were demonstrated by the 

intercomparison results, which were determined to be 

statistically significant when examined using the 

student's T test. Overall, the results of the cell toxicity 

tests make it abundantly evident that the created 

nanocomposite may be utilized as a unique drug carrier 

that contains natural bio constituent and is intended to 

be used as a targeted delivery system for the treatment 

of brain disorders. 

4.8 Apoptosis assay 

The examination of apoptosis shown by free Thujone 

solutionand the created TPNs confirmed apoptosis at all 

doses. When compared to the free drug Thujone 

solution, the produced TPNs displayed inherent 

apoptosis. It has been observed that both TPNs 

exhibited the phenomena of mitochondrial apoptosis or 

death activator through activation of cell surface 

receptor. The caspase cascade is activated by activating 

cell surface receptors, which sets optimal cell death and 

initiates the appropriate apoptotic process. The 

Thujonewas shown to have an apoptosis index of 0.36 

in free drug bio constituent, while the produced TPNs 

exhibited an apoptotic value of 0.69. When compared to 

ordinary free natural constituent, the nanoformulation 

demonstrated roughly two times greater apoptotic 

action, which was deemed to be significant (*P<0.01) 

(Figure 5). 

The main factor driving the nanosized particles' superior 

apoptosis over free drug constituent is their ability to 

facilitate faster onsite drug delivery, adequate 
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dispersion, and improved release. When the TPNs and 

free drug Thujone solutionare compared, the student T 

test indicates that TPNs has a much higher apoptotic 

potential than the free drug solution. Overall, chitosan 

nanoparticles that have been pegylated have improved 

circulation within the brain microenvironment, resulting 

in prolonged release and little drug toxicity, and 

improved brain targeting in the fight against 

Alzheimer's disease. 

 

 

Figure 5: Images (A & B,) showing apoptosis assay of free Thujone solutionand developed TPNs(10 µg/ml; 6h 

incubation) on UCSD229i-SAD1-1 human astrocytoma cells line; (a) Green channel depicts the fluorescence from 

carboxy fluorescein (cell viability marker dye); (b) Overlay image of figure, (c) Red channel depicts fluorescence 

from Annexin Cy3.18 conjugate (cell apoptosis marker dye); (a) and figure (b); whereas, (d) depicted differential 

contrast image of representative cells. The apoptosis index measured as ratio fluorescence intensity from the red 

channel to that of green channel. The fluorescence intensities of the images were measured using Image J 

software, U. S. National Institutes of Health, Bethesda, Maryland, USA, http://imagej.nih.gov/ij/. (n=3, data 

expressed as average ± SE,*denotes p<0.01). 

 

5 Summary and Conclusion  

The Thujone constituent was effectively entrapped and 

studied in PEGylated chitosan-based nanoparticles in 

the current work using a modified ioinic gelation 

technique to improve brain delivery. The first 

observation confirmed a stable optimization process that 

controlled the bio constituent release by altering the 

amount of medication and the polymer system's ideal 

size and percentage of encapsulated capacity. Several 

physiochemical techniques, including TEM and SEM, 

were used to precisely characterize the created 

nanoformulation system. Additionally, qualitative 

assessments were conducted to establish the creation of 

spherical shaped nanoparticles free from undesired 

agglomeration. The in-vitro drug release mechanism 

demonstrated a prolonged release of drug from the nano 

vesicle for improved brain targeting, and the 

cytotoxicity assay demonstrated the nano formulation's 

remarkable cell survival at all concentrations. Through 

cell proliferation CLSM assessments, the in-vitro cyto-

compatibility tests verify the enhanced absorption and 

dispersion of TPNs in the cell line with enhanced cell 

trans-cytosis signals. On the other hand, the novel brain 

targeting via natural bio constituent encapsulated 

biodegradable nano vesicle system, which offers 

advantages over conventional formulations such as low 

dose frequency, elevated bioavailability, and good 

patient compliance, is made possible by the recent 

developments in nanomedicine. 
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