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Abstract 
Gallic acid (GA), is a polyphenolic compound exceptionally well absorbed compared with other polyphenols, and it has many biological and 
pharmacological activities, it is renowned for its antioxidant, anticancer, anti-inflammatory, and antibacterial properties. Mesoporous Silica 

Nanoparticles (MSNs) of varied sizes, produced with variable amounts of NH3OH, are used in this study to deliver GA intracellularly and 

explore its cytotoxicity to specifically target laryngeal cancer cells (HEP-2), these MSNs were loaded with GA. The GA-loaded MSNs were 
characterized using Dynamic Light Scattering (DLS) analysis and Scanning Electron Microscopy (SEM). The encapsulation efficiency of GA 

within the MSNs was determined using High-Performance Liquid Chromatography (HPLC). The cytotoxicity of both the MSNs and GA-

loaded MSNs was evaluated at concentrations ranging from 4.5 to 10000 µg/ml using the MTT assay over 72 hours on HEP-2 cells. Our 

findings revealed that   MSN sizes increased as a result of NH3OH-increased MSNs. The viability of HEP-2 cells was seen to decrease at high 

concentrations of MSNs and MSN-GA and increase at low concentrations., particularly the smaller MSN1, demonstrated high encapsulation 
efficiency for GA and lower toxicity than MSN2 and MSN3. This underscores the potential of small MSNs to enhance drug delivery without 

inducing cellular damage. Notably, the structural integrity of GA was maintained upon encapsulation within the MSN pores. GA-loaded 

MSN2 and MSN3 demonstrated comparable anticancer efficacy to free GA, and following intracellular uptake, the GA-loaded MSNs could 

release GA into the cells. In conclusion, due to their small size and high encapsulation efficiency, MSNs emerge as ideal nanocarriers for GA 

delivery. The cellular uptake of GA-loaded MSNs was studied by MTT test and results showed their high biocompatibility  This presents a 

promising therapeutic strategy for the treatment of HEP-2 human laryngeal carcinoma cells, leveraging the natural antioxidant properties of 

GA.. 
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1. Introduction 
                      One kind of cancer that attacks the tissues of the larynx is called laryngeal cancer, or laryngeal carcinoma It is 

the second most frequent cancer in the upper aerodigestive tract. Laryngeal carcinoma is the term for the situation when 

carcinoma cells form in the tissues of the larynx [1]. Every cancer starts with a mutation in a cell's DNA. Our cells get their 

fundamental set of instructions from DNA, including when to divide and proliferate. The instructions that regulate cell growth 

can be changed by a mutation in DNA, which causes cells to proliferate instead of stopping when they should. This leads to 

the cells proliferating uncontrollably, resulting in the formation of tissue known as cancer [2]. Antioxidant gallic acid is 

categorized as a secondary polyhydroxy phenolic [3]. Plants contain GA in either its free-state or ester form [4] It is available 

in a variety of fruits and vegetables [5] [6]. GA is exceptionally well absorbed compared with other polyphenols, and it has 

many biological and pharmacological activities, such as a potent antioxidant effect, antimicrobial, gastroprotective, anti-

inflammatory, anti-HIV, and anticancer [8,14,15]. GA scavenges free radicals, which lowers oxidative stress, including 

hydroxyl (HO) and superoxide (O2.−), two examples of reactive oxygen species (ROS). also, by scavenging oxidizing 

molecules that are not radical, including hydrogen peroxide (H2O2) [9] Free radical buildup and excessive H2O2 can cause 

DNA damage to cells, which can result in mutations that start and encourage carcinogenesis GA possesses redox 

characteristics and metal chelation, which cause cancer cells to undergo apoptosis, among its other antioxidative effects 

[10,17] It has been observed that GA can protect DNA and cells from oxidative damage at low doses. However, GA itself has 

the potential to harm DNA and cells in larger quantities [11,18]. GA's poor bioavailability and permeability, restricted 

absorption, and quick metabolism are the primary obstacles to its usage as a prodrug. These are caused by the hydrophilic 

qualities of GA, which hinder its passive diffusion over the gut tract. [12]. Although numerous studies have demonstrated that 

GA is both safe and effective, its pharmacokinetic properties of it is the poor absorption, low bioavailability, and rapid 

metabolism, the drug received is low in concentrations, and therefore its removal is too fast [13][20] [16].  Therefore, it is 

clear that there is a need to create transport methods that ensure both the protection and controlled release of GA. 

Encapsulating GA in nanoparticles makes sense to effectively increase its bioavailability and boost therapeutic output in 

cancer tissue by enhancing its absorption via transcellular or paracellular processes [13]. Over the past few decades, the use of 

drug delivery systems made possible by nanotechnology has drawn more and more attention. It is being used in more and  
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more tumour-targeted applications [19]. It has significant benefits for cancer treatment, such as drug resistance, targeting 

cancer cells with high accuracy, and minimizing adverse effects [21].  MSNs are among the extensively studied applications 

of inorganic nanoparticles in medicine [22,23,24]. Its many positive traits help improve the drug's properties, such as its 

ability to resist external hydrolysis, pH, thermal, and mechanical stress due to the particle morphology and its inorganic robust 

framework [25,26].  

            The MSNs have a particle size distribution of (50–300) nm., whose structure allows for endocytosis-mediated uptake 

by live cells [27]. Uniform porous structure, big pore size, and surface area allow for high drug loading, improved dissolving 

rate, and water-soluble loading; so, in the treatment of cancer, it was utilized to transport drugs that had low solubility in water 

[27,28,29]. MSNs are negatively charged, which enhances their permeability and retention in the tumor tissue [30]. The Food 

and Drug Administration in the United States has deemed MSN safe for consumption, so it is biocompatible and 

biodegradable, has good encapsulation, and is easy to form [28]. Its production is easy and inexpensive [27]. These properties 

have made mesoporous widely used in many biomedical applications and other fields, such as gene therapy, photodynamic 

therapy [6], tumor therapy [31], bioimaging [32], and stem cells [33].  

                  There are many different ways to treat cancer: radiotherapy, surgery, chemotherapy, and targeted cancer drugs. 

When the drug is taken orally or injected, it will enter the circulatory system, causing side effects that cannot be controlled [6]. 

Due to the high ability of the MSN to load a large amount of the drug, especially the hydrophobicity, this property can prevent 

poisoning of healthy tissues. Their appealing features make MSNs exciting options for improving cancer therapy [34]. Studies 

have shown that the silanol groups on the surface of MSNs, which could connect accidentally to specific proteins on the cell 

membrane and cause cell death, are primarily responsible for the cytotoxicity of MSNs [35]. Zeta potential, surface 

modification, and particle size significantly affected MSN cytotoxicity [6].  

                 MSN Synthetic Manufacturing done by Alkoxysilanes are hydrolyzed, and the hydrolysis products are then 

condensed. Various techniques are used for this process, including the Stöber method (sol-gel method), hydrothermal 

synthesis methods, and micro‐emulsion [36,37]. MSNs provide an essential tool for the managed release of different 

medicines. The particle size and distribution are dependent on the processing conditions of the MSNs; therefore, in this work, 

We Study How Ammonia Volume Affects MSN Size were synthesized by the Stöber method and then loaded gallic acid into 

the pores of the three different sizes of mesoporous materials, MSN1 and MSN2, and MSN3, and evaluate their release and 

cytotoxicity into human larynx carcinoma cells (HEP-2) with MTT assay.  

 

2. Materials and Methods  

2.1. Materials 

 Ammonia hydroxide 28% (NH4 OH), N- cetyl tri methyl ammonium bromide (CTAB), tetra ethoxy ortho silicate 

(TEOS), Gallic acid, and Dimethyl sulphoxide (DMSO) acquired from Sigma Aldrich, Germany. 96% Ethoxy Ethanol 

(C4H10O2) acquired from Diachem Chemicals, USA. (Di methyl thiazole-2-yl)-2, 5-diphenyltetrazolium bromide) (MTT), 

Ethanol (C2H5OH), (PSB) Phosphate buffer pH 7.4, cellulose ester dialysis bag was obtained from Sigma CO. Ltd. (USA). 

  

2.2. Methods 

2.2.1 Preparation of MSNs 

 Three sizes of MSNs were prepared: MSN1, MSN2, and MSN3. Briefly, In 70 ml of distilled water, 0.5 g of CTAB 

was dissolved, placed on a magnetic stirrer, and heated to 50 degrees Celsius to dissolve CTAB; after that, we just let the 

solution cool down. For MSN1, we mixed 0.25 ml of 28% ammonium hydroxide with 30 ml of ethoxy ethanol and stirred the 

mixture for 30 minutes. Then, 2.5ml TEOS was added to each sample. Samples were left for 24 hours on a magnetic stirrer. 

After 24h, samples were preserved in the refrigerator until the next day to permit the swelling of the MSN. Using deionized 

water and ethanol, samples were washed three times before being dried at 80 degrees Celsius for 24 hours at room 

temperature. Calcination was used to remove the surfactant. The calcination process for MSNs started at 25°C and then heated 

to 550 °C at a rate of 1 °C/min was achieved for 4 hours. Other MSNs: MSN2 and MSN3 were prepared following the same 

process outlined above but by adding (0.5 ml) Ammonia hydroxide 28% to prepare MSN2 and (1 ml) Ammonia hydroxide 

28% to prepare MSN3. 

 

2.2.2. Loading of Gallic acid on MSNs 

(10 mg) of MSN1 (40 mg/ ml) of GA- ethanol was added at room temperature in darkness and stirred for 48 hours at 

100 rpm. MSN-GA1 was washed thrice with ethanol by centrifugation at room temperature at 8000 rpm. 1µl of the ethanol 

was used to dilute the filtrate to 10 ml, and the amount of loaded GA was determined by (UV/V) spectroscopy at 272 nm. The 

same method described above was used for MSN2 and MSN3. 

 

2.3. Characterization of the prepared formulations  

2.3.1. Encapsulation efficiency calculation (EE %)  

The efficiency of encapsulation for MSN1, MSN2, and MSN3 was figured out by centrifuging. The samples were 

spun at 8,000 RPM for 30 minutes (VS-18000M, Korea, 220 V/50 HZ) to remove the samples from the supernatant. The clear 

residue was then gathered and stirred to get a mixture that was all the same. After centrifugation, the pellets were mixed with 

10 ml of saline buffer (pH 7) and sonicated for 10 minutes. HPLC (Young Lin Instrument, Korea) measured the free drug 

concentration in the solution for the MSN1, MSN2, and MSN3 samples. The following equation was used to figure out how 

well they were encapsulated: 
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Encapsulation efficiency % = (
initial concentration − supernatant concentration

initial concentration
 ) × 100 % 

 

2.3.2. Particle size and zeta potential 

      Malvern Instruments' Zetasizer Nano ZS90 was used to quantify the zeta potential and particle size of the MSN1, MSN2, 

and MSN3 samples using dynamic light scattering (DLS) analysis. Before analysis, each sample was diluted with the 

necessary volume of deionized water. Following three measurements of each sample, the means and standard errors of the 

means were computed.  

 

2.3.3. Scanning electron microscopy (SEM) 

       MSNs and MSNs-GA were examined using an SEM (Philips xl-30) to determine their structure and particle shape.  

 

2.3.4. In-vitro drug release  
       The dialysis bag method was employed to assess the GA release from MSNs by adding 10 mg of MSNs-GA inside the 

dialysis bag containing 1ml of ethanol and 4ml of PBS (pH 7.4) and then suspending the dialysis bag in 15-ml PBS in tubes 

and at 37 °C stirred it for 84h and then determined the released of GA from MSNs by the spectrometer at 274 nm every thirty 

minutes. 

 

2.3.5 The MTT assay 

        The MTT experiment is a colorimetric method that measures cell viability, a quantitative and reliable technique. 

Evaluating MSNs and MSNs-GA's cytotoxicity and free GA on larynx cancer cells is necessary. The different formulations 

were incubated at different concentrations of 0-10000 (µg/ ml) for (72 h) and evaluated using 3-[4,5-dimethylthiazol-2-yl]-2, 

5-diphenyltetrazolium bromide (MTT) reduction. In (96) well plates, larynx cancer cells were seeded. Followed by 24 hours 

of incubator incubation at 37 degrees Celsius. Decanting growth medium (relative humidity (95%) and CO2 (5%)). Sonicating 

DMEM with different amounts of MSNs, MSNs-GA, and free GA (0-10000 g/ ml) for 20 minutes. After that, (100μl) of the 

different prepared concentrations of MSNs, MSNs-GA, and GA were added into the cell and incubated for 72 hours. At the 

end of the incubation, 25 µl of MTT 0.5% was added to each well. The plates were then incubated for another three hours at 

37oC. After removing the medium, 0.05 ml of Dimethyl sulphoxide (DMSO) was added to each well for 30 minutes. The 

plates were then placed in the shaker for 30 minutes to dissolve the crystals of dark blue formazan. Platform readers were used 

to measure the plates' absorbance at a wavelength of 570 nm. According to this formula, cell viability was measured as a 

percentage: 

cell viability = ((Abs570 treated cells)/ (Abs570 control cells)) *100% 

 

2.3.6. Statistical analysis 

         The data generated in this study were derived from a minimum of three independent experiments, and the outcomes 

were expressed as the mean ± standard deviation (SD). Statistical analyses, including comparisons for both independent and 

dependent materials, were performed using SPSS version 26. 

 

3. Results 

3.1. Drug Encapsulation Efficiency  

          For MSN1, MSN2, and MSN3, the drug loading efficiencies were 99.9%, 99.84%, and 99.70%, respectively. These 

findings demonstrated the successful encapsulation of the medication. and we observed the small size of msns  

3.2. Characterization of MSNs  

3.2.1. Particle size             

Particle size distributions for the various formulations are depicted in Fig. 1. MSN1(178.3±2.51) nm, MSN2 (186±37.3) nm, 

MSN3 (241±32.5) nm, MSN1-GA (329.1±92.9) nm, MSN2-GA (337.7±42.10) nm and MSN3-GA (356.4 ±112.3) nm. 
NH4OH accelerated hydrolysis and polymerization rates and sped up the reaction kinetics, resulting in larger particle sizes 

[43]. The effects of the amounts of NH3OH on the particle size of MSNs are shown in Fig. 2. The PDI (polydispersity index 

distribution) was MSN1 (0.44), MSN2 (0.37), MSN3(0.54), MSN1-GA (0.48), MSN2-GA (0.28), and MSN3-GA (0.51). 

PDI (polydispersity index) evaluates the uniformity and homogeneity of the nanoparticles' size. PDI value between 0.1 and 

0.5 suggests a relatively narrow dispersion. When the PDI is more than 0.5, there is a wide dispersion. [45]. The narrowest 

PDI width focuses on colloidal stability and demonstrates suitability for use as a drug delivery system via systemic therapy 

[46]. The PDI value denotes monodispersed and uniform formulations [43]. 

 

3.2.2. Zeta potential 

It was determined that the average zeta potential of several unloaded formulations was -31.4 mv, -35.6 mv, and -

24.2 mv for MSN1, MSN2, and MSN3, respectively these results indicate the colloidal stability of MSN1, MSN2, and MSN3 

resist aggregation and The surface hydroxyl groups of the MSNs were given a negative zeta potential. [50, 51]. At the same 

time, those for loaded formulations were found to be -19.9 mV, -15.5 mV, and -12.9 mV for MSN1-GA, MSN2-GA, and 

MSN3-GA, respectively, these results refer to the possible aggregation of nanoparticles and zeta potential values of all MSNs 

decrease with increasing nanoparticle size. as shown in Fig. 3. 

. 
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Figure 1:  Particle size distribution of the different mesoporous silica nanoparticles and gallic acid-loaded mesoporous silica nanoparticles 

formulations, The PDI value denotes monodispersed and uniform formulations (a) MSN1, (b) MSN2, (c) MSN3, (d) MSN1-GA, (e) MSN2-

GA, (f) MSN3-GA. 

 

 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2: Effects of the amounts of NH3OH on the particle size of MSNs observed an increase in the size with the increase of NH3OH 



 EVALUATION OF THE CYTOTOXICITY OF MESOPOROUS SILICA NANOPARTICLES.. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 68, No. 5 (2025)  

171

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Zeta potential of the different mesoporous silica nanoparticles and gallic acid-loaded mesoporous silica nanoparticle formulations 

these results indicate the colloidal stability of(a) MSN1; (b) MSN2; (c) MSN3; (d) MSN1-GA;(e)MSN2-GA; (f) MSN3-GA. 

 

3.2.3. SEM micrographs 

                       Micrographs taken with a scanning electron microscope reveal the presence of uniformly sized spheres (Philips 

XL-30) SEM shows that MSNs are regular spherical particles that are generally homogeneous. The average size of these 

MSNs is 84 nm,187 nm, and 214 nm, respectively, as shown in Fig.4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Figure 4:  SEM images of Mesoporous silica nanoparticles show regular spherical particles that are generally homogeneous 

 (a) MSN1, (b) MSN2, (c) MSN3,(d) MSN1-GA, (e) MSN2-GA, ( f) MSN3-GA 
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3.2.4. In vitro release study of GA 

           Nanoparticles were produced and loaded with GA to determine the optimal conditions for preparation in drug delivery 

applications. Figure 5 displays the cumulative drug release across all samples. The drug release rate for MSN1, which is 84 

nm in size and has an EE of 99.9%, was 29% during the first four hours and gradually decreased after that. The initial four 

hours of drug release were the fastest (38%) and 40%) for MSN2 and MSN3 with size (178 nm and 214 nm) and high EE 

(99.89% and 99.70%), respectively. This result indicates that the firing rate of GA from MSN1 is lower than that of MSN2 

and MSN3. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Cumulative release of GA from prepared MSN 1 showed low drug release while the release of MSN2 and MSN3 showed the 

highest drug release. 

 

3.2.5 MTT assay 

This test was essential to estimate the cytotoxicity of different sizes of MSNs, MSNs -GA containing (40 mg/ml) of GA 

compared to free GA. The cellular uptake efficiency was determined after incubation with HEP2 cells at different 

concentrations (10000-4.488 µg/ ml) for 72 hours of incubation. the MTT assay showed that GA no toxicity was observed at 

(4.8-19.5 µg/ ml) after that the cell viability of HEP-2 cells decreased in a dose- and time-dependent manner; and we observed 

no toxicity at the low concentration for MSN1 (4.488-312.5 µg/ ml) while the concentration increase, we observed low 

toxicity; after loaded GA we observed MSN1-GA show no toxicity at the low concentration (4.488-156.25 µg/ ml) and an 

increase of the concentration the toxicity increased. For MSN2 (4.488-312.5 µg/ ml) no toxicity at the low concentration was 

observed but the toxicity was increased at high concentration. while at the biggest size of MSN3, we observed no toxicity at 

(4.488-78.125 µg/ ml) and high toxicity at high concentrations. these results indicate that the cell viability of HEP2 decreased 

at high concentrations of MSNs as shown in Fig .6. (a) but for MSN2-GA and MSN3-GA the cell viability of HEP2 decreased 

at high concentrations begins to decrease at low concentrations as shown in Fig .6. (b). The IC50 value is the concentration of 

medication at which 50% of cells die after a given period. A lower IC50 value indicates more cytotoxicity [54]. GA as a 

positive control has the lowest IC50 value and exhibited the most potent cytotoxicity on HEP-2 cancer cells which is 

estimated to be (183 µg/ml), (634 µg/ml) MSN1-GA, (704 µg/ml) MSN2-GA, (773.9 µg/ml) MSN3-GA (774 µg/ml) MSN1, 

(1210 µg/ml) MSN2 and (371.38 µg/ml) MSN3 for 72 h incubation, respectively as shown in Fig .7.  (a,b). The cell viability 

of GA was estimated to be 17.3, 72.3, and 100%; MSN1 was estimated to be 26.9, 100 and 100 %, MSN2 was estimated to be 

32,100 and 100%; and MSN3 was estimated to be 49, 99 and 100 %, For MSN1-GA, the cell viability was estimated to be 

41.50,100 and 100 %. , MSN2-GA, the cell viability was estimated to be 32, 93, and 100 %, and for MSN3-GA, 27.37, 82, 

and 100 %, the cell viability of HEP2 decreased at high concentration begins to decrease at low concentrations as shown in 

Fig .6. (b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6: (a) The Viability of HEP2 after 72 h of incubation with MSN1, MSN2, and MSN3 at different concentrations (4.9, 9.8, 19.5, 39.1, 

78.1, 156.3, 312.5, 625, 1250, 2500, 5000, 10000) µg/ml decreased with the increased of the concentration. 
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Figure 6: (b) The Viability of HEP2 after 72 h of incubation withMSN1-GA, MSN2-GA, and MSN3-GA at different concentrations (4.9, 

9.8, 19.5, 39.1, 78.1, 156.3, 312.5, 625, 1250, 2500, 5000, 10000) µg/ml decreased with the increased of the concentration. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7:  (a) IC50 values for MSN1 nanoparticles showed more significant cytotoxicity on HEP-2 cancer cells than MSN2 and MSN3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7:  (b) IC50 values for MSN1-GA nanoparticles showed more significant cytotoxicity on HEP-2 cancer cells than MSN2-GA and 

MSN3-GA 
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3.2.6. Statistical analysis 

In the present study, as detailed in Table 1, we observed varying levels of cytotoxicity in HEP-2 cells when exposed to 

different concentrations of MSN1, MSN2-GA, and MSN3-GA . At 10000, 5000, and 2500 µg/ml concentrations, MSN1, 

MSN2-GA, and MSN3-GA demonstrated a non-significant increase in cytotoxicity relative to the control group. In contrast, 

significant increases in cytotoxicity were observed for MSN2, MSN3, and MSN1-GA. Similarly, at a concentration of 1250 

µg/ml, MSN1, MSN2-GA, and MSN3-GA showed a non-significant increase in cytotoxicity relative to the control group, 

while MSN2, MSN3, and MSN1-GA demonstrated significant increases. At lower concentrations of 625 and 312.5 µg/ml, 

MSN1, MSN2, and MSN3-GA did not show an increase in cytotoxicity relative to the control group. However, significant 

increases in cytotoxicity were observed for MSN3, MSN1-GA, and MSN2-GA. Finally, at a concentration of 156.2 µg/ml, 

MSN2, MSN3, MSN2-GA, and MSN3-GA showed non-significant increases in cytotoxicity relative to the control group. In 

contrast, significant increases were observed for MSN1 and MSN1-GA, and at a concentration of 78.12 µg/ml, MSN1-GA, 

MSN2-GA, and MSN3-GA exhibited non-significant increases in cytotoxicity, while significant increases were observed in 

HEP-2 cells compared to the control group for MSN1, MSN2, and MSN3. At a concentration of 39.06 µg/ml, MSN3, and 

MSN1-GA showed non-significant increases in cytotoxicity, while MSN2-GA and MSN3-G displayed non-significant 

decreases. However, significant increases in cytotoxicity were observed in HEP-2 cells compared to the control group for 

MSN1 and MSN2. At a concentration of 19.35 µg/ml, MSN1, MSN2, MSN3, and MSN1-GA showed non-significant 

increases in cytotoxicity, while MSN2-GA and MSN3-G showed non-significant decreases in HEP-2 cells compared to the 

control group. 
At a concentration of 9.76 µg/ml, MSN3, MSN1-GA, and MSN2-GA showed non-significant increases in cytotoxicity, while 

MSN3-GA showed a non-significant decrease. However, significant increases in cytotoxicity were observed in HEP-2 cells 

compared to the control group for MSN1 and MSN2. Finally, at a concentration of 4.882 µg/ml, MSN3, MSN1-GA, MSN2-

GA, and MSN3-GA showed non-significant increases in cytotoxicity in HEP-2 cells compared to the control group, while 

significant increases were observed for MSN1 and MSN2. These results are illustrated in Figure 8.a&b. 

 

Table 1: Statistical Analysis: Impact of Cytotoxicity Induced by Free GA, MSN1, MSN2, MSN3, GA-MSN1, GA-MSN2, 

and GA-MSN3 on HEP-2 Cells across 12 Distinct Concentrations; * Denotes Significant Heterogeneity at P <0.05. 

  

 

  

 

 

 

 

 

 

 

 

 

  
Figure 8: (a) Effect of cytotoxicity of free GA, MSN1, MSN2, MSN3 and GA-MSN3 on the (HEP-2) in 12 different concentrations; * 

significant heterogeneity at P <0.05 
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D% mean 

±S.E.M 

 

D% mean 

±S.E.M 

 

D% mean 

±S.E.M 

 

mean 

±S.E.M 

 

 

0 0.06±0.002a 
17 0.07±0.004a 

133 0.14±0.003b 
167 0.16±0.01b 

133 0.14±0.03b 
0 0.06±0.003a 0.06±0.001a 

10000 

17 0.07±0.003a 
17 0.07±0.004a 

167 0.16±0.024b 
200 0.18±0.01b 

133 0.14±0.006b 
17 0.07±0.01a 0.06±0.003a 

5000 

17 0.07±0.01a 
50 0.09±0.003a 

200 0.18±0.003b 
200 0.18±0.01b 

133 0.14±0.03b 
17 0.07±0.014a 0.06±0.003a 

2500 

57 0.11±0.01d 
71 0.12±0.006de 

200 0.21±0.01ae 
157 0.18±0.01bc 

143 0.17±0.01ac 
43 0.1±0.02ad 0.07±0.01d 

1250 

167 0.24±0.03ab 
233 0.30±0.03a 

189 0.26±0.01a 
189 0.26±0.04a 

111 0.19±0.05ab 
156 0.23±0.02ab 0.09±0.03b 

625 

233 0.30±0.02ab 
278 0.34±0.01a 

233 0.3±0.03a 
356 0.41±0.02a 

211 0.28±0.08ab 
344 0.4±0.06ab 0.09±0.01b 

312.5 

19 0.31±0.07bc 
35 0.35±0.02ab 

123 0.58±0.04a 
69 0.44±0.05ab 

85 0.48±0.06ab 
104 0.53±0.04ac 0.26±0.02b 

156.2 

15 0.31±0.05b 
33 0.36±0.02bc 

115 0.58±0.08bc 
104 0.55±0.04ac 

148 0.67±0.08a 
148 0.67±0.05a 0.27±0.05b 

78.12 

-11 0.33±0.1 b 
-3 0.36±0.04 b 

70 0.63±0.04ab 
59 0.59±0.03ab  

89 0.7±0.07 a 95 0.72±0.08 a 0.37±0.04b 
39.06 

-10 0.38±0.1 ab -2 0.41±0.03 b 48 0.62±0.04ab 43 0.60±0.07ab 81 0.76±0.09 a 74 0.73± .08ab 0.42±0.08ab   
19.53 

-5 0.41±0.1b 
2 0.44±0.02b 

51 0.65±0.04ab 
47 0.63±0.02ab 

91 0.82±0.06a 
77 0.76±0.06a 0.43±0.02b 

9.76 

11 0.49±0.005b 16 0.51±0.08b 
50 0.66±0.04ab 45 0.64±0.0 ab 89 0.83±0.03 a 80 0.79±0.04a 0.44±0.02b 

4.882 
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Figure 8: (b) Effect of cytotoxicity of free GAGA-MSN1, GA-MSN2and GA-MSN3 on the (HEP-2) in 12 different concentrations; * 

significant heterogeneity at P <0.05 

 

4. Discussion 

The Stöber method is a chemical process that is frequently used to produce monodisperse (uniform-sized) silica particles [39]. 

This procedure was developed by German scientist W. Stöber in the 1960s., involves the treatment of tetraethyl orthosilicate 

(TEOS) in an alcoholic solution by hydrolysis and condensation, often with the use of a base catalyst such as ammonium 

hydroxide, which facilitates the hydrolysis of (TEOS) into silicic acid. (NH₄OH) plays a crucial role in controlling the size and 

uniformity of the mesoporous silica nanoparticles (MSNs). [40, 41,42] NH4OH accelerated hydrolysis and polymerization 

rates and sped up the reaction kinetics, resulting in larger particle sizes the growth rate and final size of the nanoparticles are 

determined by the rates of hydrolysis and condensation. [43]. The inclusion of the hydration layer created surrounding the 

nanoparticles when introduced in a media may account for the larger size of MSNs acquired using the DLS approach as 

compared to that obtained using the SEM [44] [56]. The effect of ammonia concentration on the PDI of MSN first decreased 

and then increased when the ammonia concentration increased from 0.25 ml/L to 1 ml/L value [43]; when adding ammonia, 

the hydrolysis reaction represented a nucleophilic reaction, with the hydroxyl attacking the silica molecule of TEOS and 

producing silicic acid. Under alkaline conditions, silicic acid loses its hydrogen and attacks another silica molecule, resulting 

in a condensation reaction. Because there were fewer intermediates in this process, the hydrolytic rate was faster than the 

condensation rate, thus dominating the reaction rate. As the concentration of ammonia increased, the hydrolytic rate increased, 

which increased the MSN particle size [47].Zeta Potential is a good measure of how much colloidal particles interact with 

each other, and it is used to figure out how stable colloidal systems are [48]. The strength of electrostatic repulsion between 

neighboring, similarly charged particles is proportional to the zeta potential of the dispersion. A solution or dispersion with a 

high zeta potential will contain stable molecules or particles that do not stick together. Due to the low potential, the attractive 

forces are more potent than the repulsive ones. Another possibility is that the dispersion is disrupted and flocculated. The 

physical stability of the preparations is confirmed by greater Zeta values, which imply a more substantial surface charge and 

prevent the aggregation of the nanoparticles [49].the colloidal stability in this research the result of Zeta Potential indicates the 

colloidal stability of MSN1, MSN2, and MSN3 resist aggregation and The surface hydroxyl groups of the MSNs were given a 

negative zeta potential, while After GA loading in MSN, the charge of MSN1-GA, MSN2-GA, and MSN3-GA also became 

negative. Still, the magnitude decreased these results refer to the possible aggregation of nanoparticles and zeta potential 

values of all MSNs decrease with increasing nanoparticle size [50, 51]      Hydrogen bonding occurred between the carboxyl 

group of GA and the Si-OH groups of silica, enclosing GA within the pores of MSNs. The integration of the drug into the 

nanoparticle must be responsible for the growth in size following drug loading. All samples of   MSN indicate a high drug 

encapsulation level in the nanoparticle. The MSN1 cumulative drug release profile was the lowest at the predetermined time 

points. Despite its high loading, the MSN1 sample showed deficient drug release. The low rate of drug release seemed to be 

due to the association of the drug and the tiny silica pores of MSN1 .These features would be favorable, except for the release. 

MSN2 and MSN3   showed the highest drug release, which implied that they would not be preferred for drug delivery 

applications because drugs cannot be stored in their pores for a long time. Therefore, the drug might be released into the 

biological system before reaching the target cell [52]. MSNs were used to carry chemical substances as nanocarriers to 

increase their bioavailability. Because of the poor absorption, low bioavailability, and rapid metabolism of Gallic acid (GA), it 
has low bioavailability which contribute to its fast removal [20]; therefore, it has been suggested to encapsulate GA in 

nanoparticles to efficiently enhance their bioavailability and improve their therapeutical results in cancer tissues through 

increasing absorption by transcellular or paracellular mechanisms [38,20]  Evaluating the toxicity of nanoparticles to cancer 

cells is a beneficial technique The potential toxicity of nanoparticles could significantly vary depending on changes in their 

physical-chemical characteristics, such as diameter size, a charge on the surface, and morphology. Smaller nanoparticles may 

be more reactive in biological systems because they have more significant surface areas; higher surface activities in smaller 

sizes could facilitate cellular uptake, tissue penetration, and systemic distribution Therefore, Smaller MSNs are characterized 

by a larger surface area and higher surface reactivity, which may render them more active chemically and biologically [53]. 

Consequently, the toxicity caused increases as the particle size decreases. This was the outcome of the MTT test in this 
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research, which showed that the dose and duration of exposure to GA reduced the cell viability of HEP-2 cancer. Cell viability 

decreased with time and increasing concentrations of free GA [55], MSN1 possesses a greater surface area to volume ratio, 

allowing them to interact with biological tissues and cells on a greater level. Their greater surface area may raise their 

reactivity and potential for harm, and it may make it easier for them to pass through cellular membranes, thus increasing their 

toxicity and having more profound intracellular effects so it was more suitable for enhancing the effect of GA to treat 

laryngeal cancer   compared to the MSN2 and MSN3. [56]. 

5. Conclusion 

Mesoporous silica nanoparticles (MSNs) of varying sizes were synthesized by the Stöber method and characterized the 

conclusion of our observations that larger particles are generated faster due to faster hydrolysis and condensation, an increase 

in ammonia concentration also causes the MSNs to grow in size. These MSNs were used as nanocarriers to carry the powerful 

anticancer drug gallic acid (GA). High encapsulation efficiency for GA was demonstrated by smaller MSN1mor than MSN2 

and MSN3. HEP-2 cells exhibited cytotoxicity uptake of GA-loaded MSNs across a range of concentrations (4.88-10000 

µg/ml). On HEP-2 cells, the smaller MSN1 showed good encapsulation efficiency for GA and lower toxicity than MSN2 and 

MSN3. However, after being loaded with GA, MSN1 showed noticeably higher toxicity than MSN2 and MSN3 loaded with 

GA. In conclusion, due to their small size and high encapsulation efficiency, MSNs emerge as ideal nanocarriers for GA 

delivery, presenting a promising therapeutic strategy for treating laryngeal carcinoma cells. 
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