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ABSTRACT 

Introduction: Gallic acid (GA), a phenolic molecule that occurs naturally, has been shown to have 

anti-tumor properties for a number of cancer types. The effect of GA on breast tumor cells MDA-MB-

231 Triple Negative was examine in the current study. 

Methods: Techniques were utilised for cell cycle analysis, GSH concentration, Annexin V assay, light 

and fluorescence microscopy, restriction of cell growth (MTT assay), preparation, characterisation, 

and measurement of the mitochondrial membrane potential. 

Results: It was shown that the produced GANP significantly reduced the ability of MDAMB-231 

cells to multiply. Moreover, this might result in glutathione depletion, an increase in ROS levels, and 

cytotoxic activity in MDA-MB-231 cells. Analysis using flow cytometry revealed so as to the GANP 

enhanced the inhabitants of sub-G1 cells. Also, the Annexin V/PI test and fluorescence labelling both 

established so as to the addition of GA dramatically increased the amount of apoptotic cells. Therefore, 

research of the oxidative damage-related sickness revealed that the amalgamation of GA greatly 

decrease oxidative damage in healthy cells while increasing glutathione levels and lowering lipid 

peroxidase levels in MDA-MB-231 cells 

Conclusion: These consequences propose that GA as GANP may have potential as a chemopreventive 

treatment for triple negative breast cancer. 

 Keywords: Apoptosis, triple negative breast cancer 

 

 

INTRODUCTION 

Breast cancer is the most frequent reason of 

cancer-related death worldwide, with more than 

a million novel cases being identified every year. 

According to research, the distribution of cancer 

rates among immigrant populations is similar to 

the distribution in the nation of residence. The 

incidence of breast cancer varies by region.  

This shows that non-genetic lifestyle decisions, 

including nutrition, may have an impact on the 

development of cancer. 

According to research on both humans and 

animals, the oestrogen receptor (ER) is involved 

in bone metabolism, reproduction, 

neuroendocrine and cardiovascular system 

modulation, as well as sexual
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behaviour and development in both sexes. 

Tamoxifen, the most popular endocrine treatment 

medicine and the most commonly prescribed 

anti-estrogen, is linked to a more aggressive 

tumour phenotype and decreased susceptibility to 

ER gene expression reduction This significantly 

contributes to the spread of breast cancer. 

Tamoxifen, a medication that is sold over the 

counter, binds to the oestrogen receptor, stops it 

from working, and stops the growth of breast 

cells. Myeloid Cell Leukemia-1  is a member of 

the Bcl-2 gene family and one of the most 

effective antiapoptotic agents for regulating ER 

appearance and cancer cell survival [1]. The 

survival of hematogenous and solid tumour cells 

is impacted by the oncogene Mcl-1. Mcl-1 down-

regulation is necessary but insufficient to cause 

apoptosis to begin.. 

several chemotherapeutic moiety endorse the 

synthesis of pro-apoptotic molecules including 

P53, which controls cellular stress through 

mitochondrial and death receptor-mediated 

apoptotic pathways. appearance of exacting 

molecular markers, such as P21, influences 

whether cancer cells will ultimately become 

malignant cells. The progression of the cell cycle 

is regulated by P21WAF1/CIP, which also 

functions as a common inhibitor of cyclin-

dependent kinases. Tumorigenesis and other 

oncogenic mutations result from P21 deficiency. 

P21 can affect the way other positive cell cycle 

regulators work, and since cancer cells make 

more P21 than normal cells do, it is more 

challenging to "stop" cell growth at the G1 

checkpoint. The ability of P21 to improve cell 

cycle inhibition may depend on its power to 

mediate P53-dependent gene suppression, given 

that P21 is both necessary and enough for P53-

dependent repression of the genes driving cell 

cycle advancement. On the other hand, in 

response to particular cellular stresses, P21 may 

cause cell death through P53-dependent and P53-

independent pathways. The main goal of efficient 

anticancer medications is to kill cancer cells by 

activating signalling pathways that lead to 

apoptosis [2]. 

Fruits, vegetables, coffee, and phenolic acids, 

including gallic acid (3, 4, 5trihydroxybenzoic 

acid), may have anti-cancer, anti-inflammatory, 

antibacterial, immunoregulatory, and antioxidant 

properties. Two proposed mechanisms for their 

anticancer actions comprise enhancing P53 and 

P21 gene expression and decreasing CDK2 gene 

appearance, which may cause a G0/G1 cell cycle 

arrest [3]. Although recent research has linked 

these substances to the development of some 

tumours, the fundamental mechanisms are yet 

unknown. 

The aspire of this learn was to examine the 

property of gallic acid and gallic acid-loaded 

nanoparticles on the triple negative breast cancer 

cell line and their impacts on the anti-breast 

cancer effects. Also, the impact of the chemical 

on cell cycle analysis, morphological cell 

changes, and enzymatic analysis of cells was 

looked into. We concentrated on the intrinsic 

apoptotic signalling system, which is a prominent 

apoptosis route, and the relationship between 

these genes and prospective treatment 

possibilities [4]. We evaluated these chemicals' 

interactions with cancer cells using receptor 

binding activity to understand the principles 

underlying how GA-induced regulation of breast 

carcinogenesis works. In order to detect 

morphological and proliferative alterations[5]. 

 

MATERIALS AND METHODS   

Materials 

The Merck Corporation sold GA to GA 

(Germany). The subsequent compounds were 

purchased from Sigma-chemical Co. in St. Louis, 

Missouri: 2,7-dichlorodihydrofluorescein 

diacetate (DCFD), rhodamin123, 5-dithiobis (2-

nitrobenzoic acid), 3- (4,5-dimethylthiazol-2-yl) 

MTT, acridine orange, ethidium bromide, 

sulfanilamide, N-1- 

naphthylethylenediaminedihydrochloride 

(NED), and RNase A are examples of tetrazolium 

compounds. 

Cell Signaling Corporation provided the 

antibodies (UK). From Gibco Co., we acquired 

RPMI 1640 medium, Trypsin/EDTA, and  Fetal 

Bovine Serum (FBS) (Grand Island, USA). 

Amersham Bioscience provided the ECL kit and 

Polyvinylidenedifluoride (PVDF) membrane 

(Arlington Heights, USA). Roche Life Sciences' 
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Annexin V-Fluos staining kit was obtained 

(Penzberg, Germany). 

 

Methods   

Preparation of standard curve 

The stock solution was diluted to 10 mcg/ml. 

Using the same solvent, the secondary stock 

solution was now diluted to produce solutions 

with concentrations of 2, 4, 6, 8, and 10 (mcg/ml). 

A standard plot was placed next to the regression 

line after the solution had been analyzed with a 

UV/VIS spectrophotometer at 264 nm [6]. 

 

Pre-formulation Studies 

Before being transformed into a dosage form, a 

pharmaceutical substance must be chemically 

and physically defined. Using the knowledge 

gained from preformulation studies, researchers 

can devise a plan for mixing a pharmacological 

agent with pharmaceutical excipients to produce 

a dosage form. The drug's physiochemical profile 

is We used descriptive language to notice and 

record organoleptic characteristics, such as 

colour and scent. 

 

Determination of melting point and solubility   

To decide the substance's melt point, a little 

quantity of the drug was put in a capillary tube 

that was closed at one end. It is additionally 

linked to the thermometer that is positioned in the 

middle of a heating bath in order to track the 

temperatures at which melting begins and stops 

and to gradually heat the bath [7].The 

equilibrium solubility method was used to 

calculate the solubility. Separate doses of 

gallicacid were injected into screw-capped 

beaker vials that held 5ml of the solvent [8]. The 

vials were automatically shaken on a shaker for 

24 hours. The combination was centrifuged at 

6000 rpm for 20 minutes after 24 hours. 

 

Pre-formulation studies  

The paramaters of pre-formulation studies was 

carried out as per standard procedures given in IP 

 

 

Procedure 

The solid lipid nanoparticles were produced by 

the nanoprecipitation procedure. A precise 

amount of soy lecithin (10 mg) and gallic acid (20 

mg) be dissolve in ethanol and then agitated with 

TPP at the proper rpm for 10 minutes. The 

solution was then dropped into a 10 ml solution 

of 1% v/v aqueous acetic acid, poloxmer, and 

chitosan while being stirred [9]. To evaporate the 

ethanol, the resultant dispersion was stirred at 

800 rpm at space temperature for a whole night. 

After being collected, the nanoparticles were 

centrifuged at 13,500 rpm for an hour, three times 

in distilled water, and then lyophilized to produce 

a dry powder of nanoparticles. 

 

Drug Encapsulation Efficiency (EE) and 

Loading Capacity (LC)   

Using a centrifugal filter tube and the filtering 

method, the EE (%) and LC values of GA-loaded 

SLNs be planned. The unloaded GA must be 

dissolved, and then isolated from the dispersed 

SLNs in order to compute the EE correctly. After 

the GA particles were diluted with ethanol to 

dissolve them, a sample of the preparation which 

included SLNs and likely unloaded GA was 

obtained. The dissolve GA was then alienated 

from the SLNs by centrifuging it for 10 minutes 

at 5000 rpm [10]. The GA in the obvious solution 

at the base of the  tube was found using UV-

visible with a maximum wavelength of 264 nm. 

 

FTIR  

FTIR examines the rotation and vibration of 

molecules using a particular infrared light 

wavelength. Infrared spectroscopy is based on 

the discovery that electromagnetic radiation in 

the infrared area vibrates at a frequency that 

matches that of the link atoms, producing a series 

of vibrational motions. This vibrational motion is 

brought on when infrared rays enter a molecule. 

100 mg of KBr discs and 10 mg of each sample 

were used in the spectroscopy. Then, 30 mg of 

the mixture was crushed at 15 tonnes for 10 

seconds to produce clean discs for IR spectra 

[11]. 
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DSC and XRD 

DSC was used to examine the following 

substances: gallic acid, chitosan, GA-Chi, SLN, 

and SLN-PF68. The Central Instrumentation 

Laboratory (CIL) at the Vels Institute of Science 

and Technology used a DSC-3 series device. 

Samples were dried for 48 hours at 55°C without 

the use of a cryoprotectant after being submerged 

in liquid nitrogen for 15 minutes to freeze dry 

SLNs. Nitrogen gas flowing at a rate of 20 

ml/min and a scan rate of 20 °C/min were both 

used to evaluate the samples (5 mg). 40 to 350 °C 

was the temperature range used for the analysis. 

An X-ray Diffractometer Smart lab model 

produced the X-ray diffraction patterns for the 

samples. It was a scan with an angle range of 5° 

to 50°. 

 

In vitro dissolution study   

The dialysis bag diffusion technique was used to 

analyze the results of the in vitro drug release 

testing of the GA-NPs formulations. The 

following step involved using a beaker with 20 

millilitres of pH 4.8 phosphate buffer, 0.1% SDS 

(v/v), and 2.5% tween 80 (v/v), as well as a 

dialysis bag with two millilitres of drug-loaded 

nanoparticles. To keep the assembly's 

temperature at 37 °C during the experiment, the 

beaker was set over a magnetic stirrer [13]. The 

experiment's target speed was set at 100 

revolutions per minute (rpm). Each time, a new 

100 L of dialysis buffer was introduced in place 

of the 100 L sample that had been taken out. The 

samples were then assessed using a 264 nm UV-

visible spectrophotometer.. 

 

Kinetic study  

Kinetic study-KorsmeyerPeppas model 

A simple semi-empirical model developed by 

Korsmeyer exponentially connects the release of 

medication to the passage of time (t). 

Kktn = Qt/Q 

This release behaviour study can be used by the 

formulator to compare results [14]. The release 

exponent can be obtained from the slope of the 

graph between the left side of the equation's 

logarithmic versions and log t, and the constant 

can be found from the intercept (Kk). 

 

Nanoparticle size determination  

A laser particle size analyzer was used to 

determine the mean size distribution, mean 

nanoparticle size, and polydispersity index 

(Shimadzu SALD-2300). After being diluted in 

double-distilled water, each batch of 

nanoparticles was filtered separately (0.22 m). 

Three average size measurements were taken for 

each set. Plots of the results were made according 

to the number and size of the nanoparticles. 

 

SEM  

The sample is sprinkled on double-sided carbon 

tape and placed on a brass stub. The surface is 

coated with a thin layer of palladium (about 30 

μm) in an auto fine coater [15]. Then, it is placed 

in the sample chamber of a scanning electron 

microscope and the morphology of the complex 

is observed.  

 

Zeta potential study  

Surface zeta potentials will be measured using 

the laser zeta meter. Liquid samples of the 

nanoparticles (5ml) have to be diluted with 

double distilled water (50 ml) using NaCl as 

suspending electrolyte solution (2 x10-2 m NaCl) 

[16,17]. The pH has to be adjusted to the required 

value. The samples are to be shaken for 30 

minutes. After shaking, the equilibrium pH has to 

be recorded and the zeta potential of the particles 

should be measured. The results are shown in Fig 

9 

 

Particle size 

The analysis has to be carried out at a scattering 

angle of 90° at a temperature of 25°c using 

nanoparticles dispersed in deionized distilled 

water (2 mg of sample was dissolved in 5ml of 

deionized water and then sonication has to be 

done in a sonicator. Particle size distributions of 

the nanoparticles are to be reported as a 

polydispersity index.  
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TEM   

The structure of SLN and c-SLN was examined 

using transmission electron microscopy (TEM). 

Using the JEOL-2100F at a 100 kV accelerating 

voltage, the samples were evaluated. A drop of 

the SLN dispersion was used to create a thin 

liquid layer on a copper grid that had been coated 

with carbon. After five minutes, the additional 

sample was collected using filter paper [18]. The 

sample was then naturally dried at room 

temperature after being negatively stained with 

2% phosphotungstic acid to increase contrast.. 

 

In-vitro cell line study  

It is possible to show that the manufactured 

GANPs had a negative impact on the viability of 

human cancer cells using the cellular toxicity 

assay 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl 

tetrazolium bromide (MTT). Individual cells 

were seeded into 96-well plates at a cell density 

of 5 105 cells per well. Cells were starved for an 

hour at 37°C after being washed twice with 100 

L of media devoid of serum for 24 hours. 

Following a fast, cells were exposed to increasing 

doses of the test medication (20 L) for 48 hours 

at 37 °C in a humidified 5% CO2 environment. 

The addition of 40 L of MTT solution per well 

was done after the initial 4 hours of medium 

incubation. On an ELISA microplate reader, the 

purple-blue formazan dye was measured 

spectrophotometrically at 570 nm (ELx808 

Absorbance Reader). Once the experiment was 

carried out three times, the average number of 

viable cells was determined. The percentage of 

viable cells and dilution were displayed on a 

graph [19, 20]. The information was presented as 

a percentage of relative viability for vehicle 

control. 

 

AO double staining  

The addition of 40 L of MTT solution per well 

was done after the initial 4 hours of medium 

incubation. On an ELISA microplate reader, the 

purple-blue formazan dye was measured 

spectrophotometrically at 570 nm (ELx808 

Absorbance Reader). Once the experiment was 

carried out three times, the average number of 

viable cells was determined. The percentage of 

viable cells and dilution were displayed on a 

graph [19, 20]. The information was presented as 

a percentage of relative viability for vehicle 

control. 

 

Cell cycle analysis  

To investigate the apoptotic effect of PF68 

loaded GANPs 1x105 cells were seeded in 1.98 

mL of growth medium and incubated for 24 

hours at 37°C with 5% CO2. After incubation, 20 

μL GANPs were added to the concentration of 

drugs ranging from 50, 100, 300, and 500 g/mL 

for MCF-7 cell lines. Then, these treated cells 

were continually fostered in the medium at 37°C 

with 5% CO2 for 72 hours [21,22]. Untreated 

cells were used as a control group. After 

incubation, the cells were transferred to a falcon 

tube and centrifuged at 800 rpm for 5 minutes. 

When centrifugation was completed, the pellet 

was dissolved in 5 mL of PBS and centrifuged 

another time. Then  resuspended in 200 μL of 

buffer added  to 2 L of Annexin V-FITC and PI. 

The stained cells were incubated for 15 minutes 

at room temperature. Finally, the mixture was 

determined by a flow cytometer.  

 

Measurement of glutathione levels 

The 5'-thio-2-nitrobenzoic acid (TNB), which is 

visible at 412 nm and may be used to quantify 

glutathione, is created by first oxidising GSH 

with the sulfhydryl reagent 5,5'-dithio-

bis(2nitrobenzoic acid) (DTNB). At the 

beginning, we produced the cell lysate and 

measured the glutathione level using the DTNB 

reagent and a spectrophotometer calibrated to 

412 nm. 

 

Measurement of mitochondrial membrane 

potential  

Cells were cultured in 35 mm culture dishes with 

Nunc cover glass that was covered in collagen. 

Cells were grown for four hours in new medium 

containing 30 g mL-1 of GANPF68 nanoparticles 

after a 24-hour incubation period. The nuclei and 

mitochondria were stained with DAPI (1 g mL) 

and JC-1 for 30 minutes, respectively, in fresh 

medium in place of the nanoparticle-containing 
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solution (1 g mL). After three PBS rinses, the 

cells were fixed for 15 minutes using 4% 

paraformaldehyde in PBS. The cover glasses 

were imaged using the Olympus FluoView 

FV1000 confocal microscope following anti-fade 

mounting solution mounting on a glass slide 

(Vector Laboratories). 

 

Antioxidant Activity  

With a slight modification to the previously 

published DPPH scavenging test method, the 

formulations' antioxidative activity was assessed. 

Several amounts of ascorbic acid (a positive 

control) were made in an ethanol solution, 

ranging from 5 to 50 g/mL. A positive control 

was utilised, acid ascorbicum. To test different 

formulation concentrations, we made a 2 mL 

batch of 0.1 mM DPPH-ethanol solution. A UV-

Vis spectrophotometer (UV-2600, Shimadzu, 

Tokyo, Japan) set to a wavelength of 520 nm is 

used to measure the absorbance after fully 

vortexing the combined solutions and 30 minutes 

of room temperature incubation in the dark [23, 

24]. The DPPH scavenging percentage was 

calculated using the following equation: 

DPPH scavenging percentage (%)=[(Absorbance 

test / Absorbance control)] 100% 

 

Stability study   

After being freeze-dried and combined with 

phosphate buffered saline, pH 7.4, the GA-NPs 

were maintained at 4 °C for three months while 

being protected from light. At intervals of 0 days, 

1 month, and 3 months, NPs' particle size, PDI, 

and zeta potential were assessed [25]. 

 

RESULT AND DISCUSSION 

Pre-formulation studies: Pre-formulation 

parameter results show that the drug and polymer 

have good flow characteristics and can be used to 

produce nanoparticles. 

 

Drug's physiochemical description: 

All nine formulas created a uniformly smooth 

surface texture that was dry, elastic, and yellow, 

according to the results of an organoleptic 

investigation. Alcohol and ethanol made the 

chemical soluble, while water did not. 

Melting point determination: According to 

research, the melting point of gallic acid is 

274°C. 

 

Study on solubility determination 

According to the solubility analysis, glycerin is 

not soluble in water but is soluble in alcohol. 

Moreover, it is easily dissolved by ethanol. 

Solubility increases with particle size due to the 

larger surface area in contact with the solvent. 

Gallic acid-containing medicine dissolves 

considerably better in ethanol than in water. 

Table 1 displays the results. 

 

TABLE 1: Gallic acid solubility study 

Reagents  samples Solubilized gallic acid (mg/ml)  

Aqueous medium Gallic acid  0.02 ± 0.003 

acetonitril Gallic acid  3.32 ± 0.08  

Ethanol  Gallic acid  4.21 ± 0.01  

 

TABLE 2: entrapment efficiently and drug loading of gallic acid nanopartcles 

Formulation 

code  

EE (%)  PDI  SIZE (nm)  LC (mg/g)  

F1  72.2±1.8  0.54±0.01  218.6±2.1  32.4±0.4 

F2  74.3±0.1  0.45±0.03 248.1±0.1 30.6±0.2 

F3  70.9±9.1  0.56±0.06 232.5±9.1 33.9±0.1 

https://www.mdpi.com/1424-8247/14/11/1071
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F4  71.1±0.3  0.63±0.02 208.4±0.2 40.1±0.4 

F5  82.4±2.2  0.46±0.01 195.6±1.2 42.6±0.1 

F6  80.9±2.2  0.34±0.02 198.9±2.1 43.8±0.2 

F7  80.1±1.1  0.52±0.02 183.4±2.1 47.4±0.1 

F8  84.8±0.3  0.38±0.01 147±.4±0.9 48.9±0.2 

 

 

FTIR   

 

 

FIG 1: FTIR spectrum of GA(Gallic acid), CHI (Chitosan). SLN(Gallic acid loaded solid lipid 

nanoparticles). GA-CHI (Gallic acid and Chitosan) and SLN-PF68 (Gallic acid loaded lipid 

nanoparticles with surfactants 

 

Gallic acid nanoparticles underwent FTIR 

analysis. The molecular link between gallic acid 

and the chitosannanocarrier is verified using 

FTIR. Figure 1 [26] shows the results of the FTIR 

examination of the nanoparticles. The aromatic 

hydroxyl (-OH) group between 3200 and 3500 

cm-1, the carbonyl (-C=O) group at 1702 cm-1, 

and the aromatic carbon between 1500 and 1600 

cm-1 were all clearly visible in the FTIR 

spectrum of gallic acid. Figure 2 shows the 

infrared spectra of the chitosan polymer, which 

are The large absorption peak visible in this 

image in the (3273-3446) cm-1 region is caused 

by the stretching vibration of the interfering 

bonds (O-H) and (N-H) [27].].  

The absorption beam visible in (2881) cm-1 is the 

result of the (C-H) finger's stretching and bending 

vibration. Conversely, it is thought that the 

(1656) cm-1 peak is brought on by the (N-H) 

bond's stretching vibration. The cyclotide bond 

stretching vibration (C-O-C) is visible as an 

apparent peak in the polymer FTIR spectrum of 

the chitosannanoparticle at (1155) cm-1, 

however the alcohol groups' (C-O) bond 

vibration is perceptible as an apparent peak at 

(1022 cm-1). A large hydroxyl (-OH) stretching, 

wide amine group (-N-H) band, and broad N-H 

bands at 3200 cm-1 are also visible. Moreover, 

the relationship between gallic acid and the 

chitosannanocarrier has been shown by a very 

wide absorption band at 3000-3700 cm-1 in the 

FTIR spectra of gallic acid nanoparticles (fig. 1). 
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XRD  

 

 

FIG 2: XRD diffractogram of GA(Gallic acid), CHI (Chitosan). SLN(Gallic acid loaded solid lipid 

nanoparticles). GA-CHI (Gallic acid and Chitosan) and SLN-PF68 (Gallic acid loaded lipid 

nanoparticles with surfactants 

 

When X-ray diffraction technology is used, the 

chemical composition, crystalline structure, and 

small size of the produced compounds are all 

thoroughly described. The X-ray diffraction of 

the polymer and GA-loaded chitosan 

nanoparticles is shown in Figure 2 [28]. The 

peaks at 16.43°, 19.2°, and 23.96°, respectively, 

correspond to the crystallographic planes for 

gallic acid, poloxamer F68, and amorphous 

chitosan. The polymer is amorphous, as indicated 

by the large peak at 2 of roughly 200. No other 

peaks that would suggest the produced chitosan 

is of high purity also don't show up. The CS 

nanoparticles' XRD pattern, Both of the 

biomolecules' peaks, which had peaks at angles 

higher than the diffraction angle, vanished, 

showing that they had been absorbed into the 

nanoparticles in an amorphous condition. The 

formulations' extraordinarily high crystalline 

biomolecule encapsulation efficacy in 

comparison to untrapped molecules is more 

evidence for this conclusion [29]. 

 

DSC  

 

 

FIG 3: DSC thermogram of GA(Gallic acid), CHI (Chitosan). SLN(Gallic acid loaded solid lipid 

nanoparticles). GA-CHI (Gallic acid and Chitosan) and SLN-PF68 (Gallic acid loaded lipid 

nanoparticles with surfactants 
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Gallic acid displayed distinct endothermic peaks 

at 129.94 °C and 259.68 °C, which were in 

agreement with their melting temperatures. The 

peak of gallic acid at 91.73 °C may have been 

caused by moisture evaporation [30]. On the 

Poloxamer 307 thermogram, the endothermic 

peak, which occurred at 58.92 °C, could be seen 

(Fig. 3). However, the thermogram of chitosan 

showed a noticeably bigger endothermic peak at 

roughly 84.37 °C (Fig. 3). The thermogram of the 

physical combination only shows the 

superimposition of individual components and 

gives no indication of interaction (Fig. 3). As 

evidenced by the absence of the unique main 

peak of biomolecules near the end of the 

crystalline DSC thermogram of CS 

nanoparticles, gallic acid has completely 

enclosed the nanoparticles, changing their state 

from crystalline to molecularly dispersed 

amorphous (Fig. 3). 

 

In-vitro dissolution study  

 

 

FIG 4 : in-vitro dissolution profile of GANP-PF68 

 

Chi nanoparticles that were GA-loaded 

underwent in vitro dialysation in the tumour cells' 

acidic pH environment. In general, the 

investigations were conducted at pH 4.8. the 96 

percent of the loaded GA was released after 48 

hours of incubation in PBS, according to our 

findings. The drug is progressively released over 

48 hours, based on the release profile of 

nanoparticles loaded with GANP-PF68 in an 

acidic environment (Figure 4). The drug 

molecules, which were only loosely linked to the 

surface of the chitosan nanoparticles, dissociated 

to create the effect. Furthermore, it is evident 

how their close proximity to nanoparticle 

surfaces affects the first rapid release of protein. 

The second characteristic of the release profile is 

the slow, roughly constant release of drug 

molecules from nanoparticles. After 48 hours, it 

seems that the drug is breaking down more 

quickly than it is releasing. 

 

Kinetic study  

The plots revealed that the zero order equation 

best explained the drug release data and had the 

highest linearity (r2=0.975), followed by 

Higuchi's equation (r2= 0.941). The optimum 

option for drug release was zero order kinetics, 

hence it is presumed that the rate of drug release 

is concentration independent. The mechanism of 

drug release was found using the Korsmeyer-

Peppas equation, which demonstrated strong 

linearity (r2= 0.959). The diffusion exponent "n," 

which ranged from 0.5 to 1.0, indicating a non-
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fickian diffusion process. Also, it demonstrates 

that a variety of processes, such as diffusion and 

dissolution, were used to control the drug's 

release. [31]. 

 

 

 

 

FIG 5: Kinetic release modeling of optimized formulation 

 

Antioxidant activity   

Using the DPPH assay, the capacity of free and 

nano-encapsulated gallic acid to scavenge free 

radicals in vitro was assessed. While evaluating 

the antioxidant activity of various compounds, 

the stability of the organic free radical DPPH is 

taken into consideration. Trolox was a suitable 

choice for a control because it degrades in water. 

Due to the presence of GANPs nanoparticles, the 

DPPH in this test transformed from a dark violet 

to a light or colourless solution. GANPs had a 

DPPH scavenging activity of  85.6% for the 

amounts of 200 g/mL, respectively, but free 

gallic acid had a scavenging activity of only 

25.4%, 46.6%, and 62.3% for the same 

concentrations (p 0.05). In light of this, gallic 

acid's Even after being nanoencapsulated in gum 

arabic nanoparticles, the entire functioning was 

retained. At comparable concentrations, trolox 

demonstrated a significant scavenging activity of 

94.6% against DPPH [32]. 
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FIG 6: DPPH scavenging activity of GA and GANPs 

 

Zeta potential   

 

 

FIG 7: Zeta potential measurement of optimized formulation 

 

The strength with which particles are brought 

together or maintained apart is measured by the 

zeta potential. Accurate measurement is crucial 

for electrostatic dispersion management since it 

reveals the mechanism. Several sectors, 

including brewing, ceramics, pharmaceuticals, 

medicine, mineral processing, and water 

treatment, depend on zeta potential evaluation. 

Zeta potential was 43.4 mV, or mV. Due to its 

cationic makeup, chitosan was discovered to 

have a higher zeta potential of 42.8 mV. [33]. 

 

SEM and TEM  

 

 

FIG 7 A): Optical microscopic images of prepared nanoparticles 
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FIG 7 B): SEM of optimized formulation   FIG 8: TEM of optimized formulations 

 

The new formulation's sem photography, as seen 

in fig. 9, displays a spherical shape with a 

smooth, rounded surface. The TEM image 

suggests that the particle is crosslinked and thick, 

and that the high density of the polymer would 

enable the formulation to have a controlled 

release. The surface morphology of the optimised 

formulation was also validated by tem. The 

production of vesicles was amply demonstrated 

by the TEM study of the nanoparticle, which 

displayed a black, spherical nanoparticle against 

a light backdrop. The generated nanoparticle was 

appropriately identified as having a bilayer lipid 

membrane, an usually spherical morphology, and 

a range of nanometric sizes, as is evident from the 

results. Moreover, nanoparticles showed no signs 

of fusion or aggregation, and pictures showed 

that they were smooth, spherical, and free of drug 

crystals. The outcome was displayed in fig 8. 

 

In-Vitro Cell Line Study 

To determine the vitality of the MDA-MB-468 

cells, an MTT experiment was conducted. Figure 

depicts the effects of GA treatment after 24 and 

48 hours on MDA-MB-468 cells. Figure 9 

demonstrates how the GA treatment considerably 

raised the cell inhibitory rate when compared to 

the control group. These findings demonstrated 

that GA significantly reduced the viability of 

triple-negative breast cancer cells [34]. 

 

 

FIG 9: in-vitro cell line study of optimized formulation 

 

Using an inverted microscope, the morphology of 

the triple negative breast cancer cells changed 

after treatment with various GA doses for up to 

48 hours (0, 200, 250, and 300 M). Figure 9 

depicts the control group's cells, which were in 

great condition, were still attached to the wall, 

had a distinct cell contour, and had a high cell 

density. The GA treatment groups' cells, on the 

other hand, shrank, had fractured nuclei, had 

lower cell densities, and were in an apoptotic 

state [35]. 
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AO/EB fluorescent staining study 

 

 

FIG 10: Fluorescent staining study of optimized formulation 

 

 (AO/EB) fluorescence labelling, which may be 

viewed with a fluorescent microscope, can be 

used to spot apoptotic changes in cell membranes 

[36]. The negative control group had no apoptotic 

symptoms (Figure 10). Yellow green AO nuclear 

staining with crescent or granular morphology 

identified cells in the experimental group that 

were in the early stages of apoptosis. Staining 

was unevenly distributed inside the cells [25]. 

Larger doses and longer treatment times led to an 

increase in early-stage apoptotic cell numbers. 

Asymmetrically distributed late-stage apoptotic 

cells with strongly orange nuclear EB staining 

were also discernible. (See Figure 10.) Necrotic 

cells made up a greater percentage of the 

population, and their edges fluoresced unevenly 

in an orange-red colour. The cells appeared to be 

dividing (figure 10). 

 

Mitochondrial membrane potential study 

 

 

A)Control   B)GANP-PF68 

 

FIG 11: Mitochondrial membrane potential study of GA and GANPs 
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As seen in Figure 11, the mitochondria were 

labelled red after coming into contact with the 

cells, and the GANP-PF68 released green 

fluorescence [32,33]. Red and green fluorescence 

combining indicates that GANP-PF68 may 

penetrate the mitochondria [37, 38]. JC-1 was 

used as a fluorescent probe to examine how 

GANP-PF68 affected the changes in MMP. 

When MMP is high, JC-1 aggregates and emits 

red fluorescence; when MMP is low, JC-1 emits 

green fluorescence. [34] Figure 11 shows that JC-

1 fluoresces red in the control [39]. When 3 M of 

GANP-PF68 (a positive control) is incubated 

with JC-1 for 24 hours, the fluorescence is mainly 

green with very little red. The fact that the 

fluorescence changed from red to green shows 

that GANP-PF68 can destroy MMP. The 

red/green fluorescence ratio was computed with 

MateXpress6 to more precisely compare how 

GANP-PF68 affected the alterations in MMP. 

The red/green fluorescence ratio for the control 

was 1.72 to 0.16, as shown in Figure 4B. The 

red/green fluorescence ratios were 0.690.06 and 

1.08 0.21 following a 24-hour GANP-PF68 

treatment, respectively. The findings 

demonstrate that measuring glutathione and 

MDA levels 

 

 

 

FIG 12: Measurement of GPX and MDA levels of GA and GANPs 

 

The level of mitochondrial GSH in the cisplatin 

group significantly decreased when compared to 

the control group (P 0.001). Gallic acid (50 

mg/kg), nano-gallic acid (10 mg/kg), and gallic 

acid (100 mg/kg) groups received significantly 

higher levels of renal mitochondrial GSH than 

the cisplatin group (P 0.01). The renal 

mitochondrial MDA level significantly increased 

in the cisplatin group compared to the control 

group (P 0.001). Gallic acid (100 mg/kg) and 

nano-gallic acid (10 mg/kg) treatment groups had 

renal mitochondrial MDA levels that were 

significantly lower than those of the cisplatin 

group (P 0.01). Renal mitochondrial GSH was 

considerably lower in the group treated with 

gallic acid 50 mg/kg than in the group treated 

with nano-gallic acid (P 0.01). The renal 

mitochondrial GSH was higher in the 10 mg/kg 

nano-gallic acid treatment group compared to the 

100 mg/kg gallic acid treatment group, despite 
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the difference not being statistically significant 

[42]. Between the control group and the nano-

gallic acid 10 and 100 mg/kg alone groups, there 

were no differences in the levels of renal 

mitochondrial GSH and MDA. However, when 

nanogallic acid 100 mg/kg was administered 

alone and in the treatment group, the renal 

mitochondrial GSH level was dramatically 

decreased and the renal mitochondrial MDA 

level was elevated in comparison to the control 

group. These results illustrated the risk associated 

with the dosage of nanoparticles. Assessment 

study of nuclear morphology 

 

 

a) Control    b) GA             c) GANPs 

FIG 13: Morphological assessment study of GA and GANPs 

 

It is possible to swiftly identify between viable, 

apoptotic, and necrotic cells using nucleus 

morphology. Fluorescence microscopy was used 

to examine how DAPI labelling affected 

apoptosis (Figure 13). Pictures of the stained 

cells with DAPI reveal that, as compared to GA, 

GA-loaded SLNs (Figure 13 c) significantly 

speed up chromatin breakdown or nucleus 

condensation (Figure 13C) [43]. The study's 

positive and negative controls were cells that had 

not been treated (Figure 13 A) and cells that had 

been treated with 5% DMSO (Figure 13). 

Particle Size Distribution 

Dynamic light scattering was employed with the 

ZetasizerNano S90 to calculate the polydispersity 

index (PDI) and particle size distribution of the 

SLN dispersion [44]. After being properly diluted 

with distilled water, the dispersion was seen 

using a disposable cuvette at 25°C (18.2 M cm1). 

After each measurement was finished, the mean 

size and PDI were calculated using at least three 

sets of 15 runs.

 

 

FIG 14:  Determination of particle size of GANPs 
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Stability studies  

According to ICH recommendations, 

investigations on the enhanced formulations' 

short-term stability were done. As well as 

25°C2°C/60%5%RH and 4°C2°C, the storage 

conditions employed for stability studies were 

37°C2°C and 75%5%RH. Following in-vitro 

release, a sample of GANPs was examined for its 

physical characteristics, drug content, and release 

properties at 0 and 6 months. The NCs were 

examined, and the results are displayed in Table 

No. 3. The findings showed that none of the 

characteristics showed a significant difference. 

 

TABLE  3: stability study of prepared nanoparticles 

Code  Conditions Time  Assay(%) In-vitro release 

GANP-PF68 25±2ºc/ 60±5% RH 6 99.4 96.3 

 37±2ºc/75±5% RH 6 98.6 95.9 

 4±2ºC 6 98.4 95.4 

 

CONCLUSION 

The results of the present investigation imply that 

the apoptotic properties of PF-68 nanoparticles 

coated with the naturally occurring phenolic 

component GA may have been enhanced 

synergistically. It was discovered that GSH and 

MDA depletion followed by mitochondrial 

dysfunction are the main causes of apoptosis 

induction by creating PF-68 embedded 

nanoparticles, which can form pores, inhibit the 

efflux mechanism of cancer cells, and possibly be 

able to stimulate apoptosis in TNBCs, which 

rarely respond to chemotherapeutic agents. This 

demonstrates that NDDS therapy may be 

transformed into an effective, all-encompassing 

cancer treatment. 
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