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Pharmacological Evaluation of Solanum americanum Leaf Extract: Antioxidant, Anti-Arthritic, Anti-Sturative, and Anti-Sickling Activities

Abstract 
Solanum americanum, a medicinal plant traditionally used to treat inflammation, anemia, and kidney disorders, was evaluated for its antioxidant, anti-arthritic, anti-struvite, and anti-sickling properties. Methanolic extracts of S. americanum leaves (MESAL) were prepared and tested in vitro using DPPH scavenging, protein denaturation, struvite crystallization, and sickle cell reversal assays. The extract demonstrated notable antioxidant activity with an IC₅₀ value of 10.73 µg/mL, surpassing that of ascorbic acid (21.86 µg/mL). In the anti-arthritic assay, MESAL achieved 90.73% inhibition of protein denaturation at 1000 µg/mL, comparable to diclofenac sodium (94.59%). Struvite inhibition studies revealed a concentration-dependent decrease in crystal formation, with maximum inhibition of 87.45 ± 1.11% at 1 mg/mL, exceeding the standard drug Cystone. Additionally, MESAL showed strong anti-sickling activity, reversing sickled cells by 81.37 ± 1.25% at 10 mg/mL after 150 minutes, outperforming Phenylalanine. These findings highlight the therapeutic potential of S. americanum and support its development as a plant-based intervention for oxidative stress, arthritis, urolithiasis, and sickle cell anemia.
Introduction

Medicinal plants play an essential role in modern medicine. Around one-fourth of prescription drugs originate from plant-based compounds (Wachtel-Galor et al., 2012). These natural sources continue to inspire the discovery of new therapeutic agents. Researchers value medicinal plants because they often produce fewer side effects, are cost-effective, and can be highly effective compared to synthetic drugs (Farzaneh et al., 2015).

Solanum americanum, also known as American black nightshade, belongs to the Solanaceae family (Kaunda et al., 2019). It is widely used in traditional medicine to treat various health issues such as inflammation, anemia, infections, and gastrointestinal disorders (Ukwubile et al., 2024). Previous research on S. americanum revealed several beneficial compounds, including alkaloids, flavonoids, glycosides, and polyphenols (Elizalde-Romero et al., 2021). Several studies have documented its antimicrobial, anti-inflammatory, analgesic, hepatoprotective, and antidiabetic properties (Shazhni et al., 2018; Shomudro et al., 2023). However, despite these findings, certain pharmacological properties remain underexplored. Specifically, limited research exists on its antioxidant, anti-arthritic, anti-sturative, and anti-sickling activities.

Antioxidant activity involves the neutralization of harmful free radicals or reactive oxygen species (ROS). Free radicals cause oxidative stress, leading to chronic diseases such as cancer, cardiovascular diseases, and accelerated aging (Sun et al., 2013; Gulcin, 2020). Therefore, natural antioxidants help maintain health by preventing cellular damage and inflammation.

Similarly, anti-arthritic activity refers to the capacity of substances to reduce inflammation and protect joint cartilage (Laev et al., 2015). Arthritis, particularly rheumatoid arthritis, is characterized by chronic inflammation, pain, and progressive joint damage. Effective natural anti-arthritic agents can regulate inflammation by inhibiting pro-inflammatory molecules such as TNF-α and interleukins (Patidar et al., 2022; Shomudro et al., 2023).

Additionally, anti-struvite activity refers to the ability of compounds to prevent or reduce the formation and aggregation of struvite crystals (Smanthong et al., 2022). Struvite crystals, composed of magnesium ammonium phosphate, cause kidney stones and urinary tract blockages, leading to significant discomfort and potential kidney damage. Compounds with anti-struvite properties help maintain urinary tract health by preventing crystal formation and facilitating their dissolution, thereby protecting renal function (Mammate et al., 2023).

Furthermore, anti-sickling activity describes the ability of compounds to prevent sickle-shaped red blood cell formation (Oyenike et al., 2019). Sickle cell anemia, a genetic disorder, is caused by abnormal hemoglobin polymerization leading to distorted red blood cells. Natural compounds that prevent sickling can reduce symptoms such as severe pain, anemia, and oxidative stress (Anorue et al., 2024).

This study aims to address these critical gaps by examining the antioxidant, anti-arthritic, anti-sturative, and anti-sickling activities of Solanum americanum leaf extract using in vitro experimental models. Examining these properties will enhance our understanding of the bioactive compounds present in S. americanum. Moreover, it could lead to new therapies for arthritis, sickle cell anemia, edema, and oxidative stress-related conditions. Findings from this study might also encourage the development of novel medications derived from Solanum americanum, expanding its relevance in modern medicine.

2. Material Method
2.1 Plant sample

In July 2024, the plant specimen of Solanum americanum Mill was collected at West Delpara, Kutubpur, Narayanganj, Dhaka, Bangladesh. The experts at Bangladesh National Herbarium, Mirpur, Dhaka, confirmed the identification (Accession Number: DACB 87210). The dried powder would be of the leaves of the plant, dried in the shade.
2.2 Preparation of plant extract

For the extraction process, cold maceration was chosen. Four hundred grams of plant-leaf powder was soaked in 800 mL of methanol for 10 days, after which the solution was filtered. There were another 7 days of air drying after filtering the solution. After all drying processes, the total of the crude extracts was 29g (Shomudro et al., 2023).
2.3 Antioxidant Assay

2.3.1 DPPH free radical scavenging assay

Antioxidant power of the extract by the DPPH radical scavenging method. 2mL of the methanol solution of the extract at different concentrations was mixed with 2 mL of methanol containing DPPH at 20 μg/mL concentration. The samples were kept in the dark at room temperature for another 30 minutes to allow completion of the reaction. The Absorbance of the sample was determined at 517 nm using a UV-VIS spectrophotometer, as previously reported, against methanol used as the blank. For each sample, the IC50 value was worked out and shown. Ascorbic acid (AA), an antioxidant, was used as a positive control (Shomudro et al., 2023).

Percent of inhibition was calculated using the following formula: 
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2.4 Anti-Arthritis test

In total, 0.5 mL of a reaction mixture consisting of 0.45 ml of bovine serum albumin (5% aqueous solution), 0.05 mL of MESAL crude extract (62.5, 125, 250, 500, 1000 μg/mL), and 0.05 mL of aspirin (reference drug) was used and the pH of each solution was adjusted to 6.3 with 1 N HCl. After complete dissolution, the samples were incubated for 20 minutes at 37° C (biological temperature), and then heated for 30 minutes at 57° C. The reading was taken at 660 nm on a spectrophotometer after adding 2.5 mL of phosphate buffer. For the product control, instead of BSA, 0.05 ml of distilled water was used in the test control (Ritu et al., 2024). Protein denaturation's percent of inhibition was measured by using the following formula:
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2.5. Antilithiatic Activity In Vitro Study

2.5.1. In Vitro Study of Struvite Crystallization

This experiment aimed to determine the effect of MESAL on struvite crystals formed in the presence and absence of extracts. This experiment was conducted using a modified version of the in vitro struvite crystallization protocol of C. Sadki et al [21,31]. In this protocol, two solutions were prepared: solution A consisted of 0.1 M potassium dihydrogen phosphate (KH2PO4), and solution B consisted of magnesium chloride (41 g), ammonium chloride (50 g), and 20 mL of ammonium hydroxide (10-fold dilution) in 50 mL of bi-distilled water. A total of 1mL of solution A was laid in glass tubes, after which 1mL of the extract at various concentrations (0.1, 0.25, 0.5, 0.75, and 1 in mg mL −1) was added. The negative control tubes had 1 mL of distilled water instead of the extract, whereas the positive control tubes had 1 mL of cystone at different concentrations (0.1, 0.25, 0.5, 0.75, and 1 mg mL −1) instead of the extract. At this stage, the correct volume of solution B was added (1 mL), and the tubes were incubated at 37 °C for 30 minutes. The samples were then examined for the morphology and the number of struvite crystals using an OLYMPUS U-SPT Japan microscope (500×) (Hmamou et al., 2024).
2.5.2. Turbidity Inhibition Test

The turbidimetric method was used to evaluate the anti-ammonium–magnesium phosphate activity of struvite crystals that we synthesized in Section 2.5.1 (in vitro study of struvite crystallization). The inhibition of struvite crystallization was studied by measuring the optical density of the solutions prepared in the absence and presence of MESAL in a LABTRON LUS-Series, UK, double-beam UV/Vis spectrophotometer, and the optical density was determined at λ = 620 nm (Mammate et al., 2023). The percentage of inhibition (%) of struvite crystals produced by the plant extracts studied was calculated using the following formula:
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Absorbance of control = Absorbance without inhibitor.

Absorbance of test = Absorbance in the presence of inhibitor.
2.5.3 Characterization of the Crystals

The crystals obtained per Section (4.3.1) were characterized using Fourier transform infrared spectroscopy. 1 mL of solution A ((KH2PO4) 0.1 M) and 1 mL of solution B ((MgCl2 (41 g), NH4Cl (50 g), and 20 mL of NH4OH (diluted 10 times) in the presence (and absence) of 1 mL each of MESAL and the cystone (positive control) were stirred for 30 min and after being put into a rack at 37 °C for 24 h, the resulting precipitate was dried for analysis. To facilitate this work, a suitable test was prepared by dissolving 5% of the precipitate in 95% KBr, which was slightly heated and then mixed in a condenser. The final homogeneous powder was put into a 13 mm diameter pellet mold that uses a foam cap for pressing. The mound was placed under 10 tons of pressure for about 3 min with a vacuum press and analyzed the translucent pellets were about 1 mm thick and were analyzed with the elephant masc in a FT-IR instrument (Burker Optic GMBH, Co. KG., Ettlingen, Germany); analysis was achieved over a wide range of wavelengths (4000 and 400 cm−1) (Smanthong et al., 2023).
2.6 Anti-sickling activity (Emmel Test)
Blood samples were collected from a 14-year-old patient under treatment at the Sickle Cell Institute in Raipur after obtaining written consent from the parents. The sickle blood was diluted with a 150mM Phosphate Buffered Saline solution with 30mM NaH₂PO₄, 120mM Na₂HPO₄, and 150mM NaCl. The diluted blood was then mixed in equal quantity with 2% sodium metabisulfite. A small amount of this solution was placed on a microscope glass slide with anthocyanin extracts and covered with a cover slip. In order to create a hypoxic environment, the edges of the coverslip were sealed with paraffin wax so that there was no air (Famojuro et al., 2021). 

To investigate the anti-sickling properties of the plant extracts, a reversal experiment was conducted. In the experiment, the erythrocytes were exposed to sodium metabisulfite and then incubated for a period of two hours.
Following the incubation period, the cells were observed under a microscope, and the percentage of sickling was determined using the provided formula.
% of Sickling=[image: image8.png]Number of sicklings
Total number of cells



 x 100

If the sickling percentage is less than 100%, time will have been adjusted accordingly to obtain 100% sickling. In our work, we obtained 100% sickling after incubating for 2 hours.
2.7 Reversibility Test

Plant extracts were prepared in an aqueous saline solution containing 0.86% NaCl at different concentrations, ranging from 50 µg/ml to 10 mg/ml, and were tested against sickle cells at varying time points. In each assay, 150 µl of plant extract was mixed with 150 µl of the blood sample previously incubated for two hours with sodium metabisulfite. The same was done for the positive control (Phenylalanine) and negative control (Salawu et al., 2025). 

The following expression describes the correlation between the percentage of sickle cells remaining with time:
Percentage of residual sickle cell =[image: image10.png]Sickle cell Average at Tx
Sickle cell average at TO



 x 100
Tx = 0, 30, 60, 90, 120, and 150 minutes 
T0 = temperature initial
The given formula calculated the percentage of reversibility of sickle cell:
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 x 100
3. Statistical Analysis
The experimental data were replicated three times, and the mean and standard deviation were utilized to represent the results. Excel is also used for statistical studies. 

4. Results

4.1 Antioxidant activity

Antioxidant assays revealed that MESAL has an IC50 value of 10.73, which is moderate, while the IC50 value for the standard drug ascorbic acid is 21.86.
Table 1. Results of the antioxidant activity of MESAL by DPPH assay
	Samples
	Concentrations
	% Inhibition
	IC50 in DPPH radical scavenging analysis (μg/mL)

	Ascorbic Acid
	7.81
	55.72
	21.86



	
	15.625
	59.67
	

	
	31.25
	70.57
	

	
	62.5
	73.70
	

	
	125
	81.60
	

	
	250
	88.55
	

	
	500
	93.86
	

	MESAL
	7.81
	52.52
	10.73

	
	15.625
	58.99
	

	
	31.25
	61.15
	

	
	62.5
	64.74
	

	
	125
	65.46
	

	
	250
	73.38
	

	
	500
	88.48
	


4.2 In vitro anti-arthritic activity

According to Table 2, it has been revealed that the denaturation of BSA's property is very significant compared to the standard drug.
Table 2: In vitro anti-arthritic activity of MESAL compared with diclofenac sodium.
	Samples
	Concentrations 

(μg/mL)
	% of inhibition

	Diclofenac Sodium
	62.5
	84.64

	
	125
	87.38

	
	250
	89.18

	
	500
	93.69

	
	1000
	94.59

	MESAL
	62.5
	60.86

	
	125
	64.27

	
	250
	71.07

	
	500
	80.08

	
	1000
	90.73


4.3 Antilithiatic Activity In Vitro Study

4.3.1 In Vitro Study of Struvite Crystallization
The microscopic crystallization of struvite crystals, measured in mm³ using an optical microscope, occurs with different concentrations of aqueous and ethanolic extracts of the studied plants, as well as the cystone solution (positive control). The data in Table 3 indicates that as the concentration of the extracts increased, the number of crystals decreased.
Table 3. The number of struvite crystals in the presence of extracts of the plant and Cystone solution.
	Concentrations
	Cystone Solution
	MESAL
	


	0.1 mg mL−1
	>1000/mm3
	>1000/mm3
	

	0.25 mg mL−1
	>700/mm3
	>900/mm3
	

	0.5 mg mL−1
	>600/mm3
	>800/mm3
	

	0.75 mg mL−1
	500/mm3
	>700/mm3
	

	1 mg mL−1
	400/mm3
	700/mm3
	


The findings shown in Figures 2, 3, and 4 showed that the number of struvite crystals that formed after the addition of the plant extracts (2.0 mg/mL - 0.75 mg/mL) was lower than that without any extracts. It is also noted that the morphology of the crystals changed at the concentration of the ethanolic extract of (1 mg / mL), while the crystals were smaller at (0.75 mg / mL and 1 mg / mL) for all the solutions. The number of crystals was shown to decrease between (0.1 mg / mL and 1 mg/mL) for the ethanolic extract, from (>1000/mm3 to <100/mm3) under a light microscope (400x).
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Figure 1. Microscopic observation of struvite crystals at different concentrations of MESAL

[image: image14.png]


Figure 2. Microscopic observation of struvite crystals at different concentrations of cystone.
4.3.2 Turbidity Inhibition Test

We evaluated the percentage inhibition of struvite crystals of the aqueous and ethanolic extracts of the plant at different concentrations (0.1, 0.25, 0.5, 0.75, 1 mg mL−1) using the turbidimetric method, with cystone as a positive control. The data from the curves shown in Figure 5 showed that the MESAL inhibited the struvite crystals more than the positive control, furthermore, the highest crystal inhibition ratio was (87.447 ± 1.107) (p < 0.001) and (78.565 ± 0.422) (p < 0.001) at a 1 mg/mL concentration for ethanolic extract, respectively.
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Figure 3. Effect of MESAL on struvite crystallization. (Each value represents the average of three trials ± SD). * p value < 0.05, *** p value < 0.005, **** p value < 0.001.
4.3.3 Characterization of the Crystals by FT-IR

The chemical composition of the crystals formed by the turbidity experiment, in the absence (and presence) of different concentrations (0.1, 0.25, 0.5, 0.75, 1 mg mL−1) of MESAL, was measured by infrared spectroscopy, as shown in Figure 6. The data indicate that the crystals formed were struvite, since struvite expresses the peaks 2345 cm−1 and 1435 cm−1 (Table 2). The variation in band intensity between the concentrations can be explained by the interaction of the molecules in the extracts and the crystal environment of struvite.
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Figure 4. (A) FT-IR spectra of struvite before and after exposure to various concentrations of MESAL. (B) FT-IR spectra of struvite before and after exposure to cystone at various concentrations.
Table 4: Absorption peaks for the struvite crystals.

	Bonds
	Absorption Peaks

	vas (NH4)
	2940 cm−1

	vs (N-H)
	1675 cm−1

	P=O
	760 cm−1

	PO4
	1005 cm−1

	vas (PO4)
	571 cm−1

	vas (H-O-H)
	2345 cm−1


4.4 Anti-sickling activity
The extract of the plant had significant anti-sickling activity and surpassed the effect of the standard drug, Phenylalanine. As shown in Figures 7 to 10, the plant extract treatment caused a reversal of sickled cells by 30.18 ± 1.50% after 30 minutes of incubation, which increased to 53.02 ± 1.50 % after 2 hours of incubation at a concentration of 50 µg/ml. The reversibility increased with increasing concentrations of the extract. From the 500 µg/ml concentration, the reversal was 56.68 ± 2.50 %, 66.44 ± 2.00 % at the 5 mg/ml concentration, and a maximum of 81.37 ± 1.25 % at the 10 mg/ml concentration. The results also suggested that the sickle cell reversal rates seem to increase over time. Table 3 shows that after 150 minutes of incubation, the plant extract and the standard drug had the highest percentage of sickle cell reversal at various concentrations.
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Figure 5. SEM image of the stem of S. amaricanam, SEM-Scanning electron microscope

Table 5: Percentage of reversal of sickle cells at different concentrations of S. amaricanam and Phenylalanine at different time intervals
	Time (minutes)
	Pa 

5 µg/ml
	MESAL 

5 µg/ml
	Pa

50 µg/ml
	MESAL 

50 µg/ml
	Pa 

500 µg/ml
	MESAL 

500 µg/ml

	30
	18.45
	17.11
	25.03
	24.56
	44.79
	42.79

	60
	28.34
	27.65
	32.89
	40.07
	48.07
	49.13

	90
	37.03
	37.06
	39.27
	49.86
	59.66
	63.17

	120
	44.07
	35.29
	57.33
	58.03
	70.44
	71.47

	150
	52.07
	53.02
	66.93
	67.23
	81.38
	83.71


5. Discussion

The present study demonstrates that Solanum americanum leaf extract (MESAL) possesses significant pharmacological properties across multiple bioactivity assays, including antioxidant, anti-arthritic, anti-struvite, and anti-sickling evaluations. These findings support the ethnomedicinal use of this plant and highlight its potential as a source of novel therapeutic agents. The underlying mechanisms can be attributed to the rich phytochemical composition of S. americanum, which includes alkaloids, flavonoids, glycosides, polyphenols, and saponins (Shaira et al., 2023).

The DPPH free radical scavenging assay showed that MESAL exhibited a moderate IC₅₀ value (10.73 µg/mL), which is notably more potent than the standard antioxidant ascorbic acid (IC₅₀ = 21.86 µg/mL). This enhanced activity suggests a high content of potent electron- or hydrogen-donating phytochemicals. Flavonoids such as quercetin and kaempferol, known to be present in S. americanum (Akter et al., 2024), can neutralize free radicals by donating electrons and chelating metal ions (Chowdhury et al., 2023). Polyphenolic compounds, which are also abundant in S. americanum, have been shown to inhibit lipid peroxidation and reduce oxidative stress, thereby preventing cellular damage (Bhuiyan et al., 2023).

Oxidative stress is a contributing factor in many chronic conditions such as cancer, diabetes, and neurodegeneration (Takey et al., 2024). The potent antioxidant activity of MESAL positions it as a candidate for use in antioxidative therapies, especially in populations with limited access to synthetic pharmaceuticals.

The MESAL extract also displayed significant inhibition of protein denaturation in the anti-arthritic assay, with a dose-dependent increase in efficacy. At 1000 µg/mL, MESAL achieved 90.73% inhibition, comparable to the reference drug diclofenac sodium (94.59%). This suggests that MESAL stabilizes proteins against thermal denaturation, a mechanism implicated in the pathogenesis of rheumatoid arthritis (Tran et al., 2023).

This effect can be partially attributed to the presence of saponins and flavonoids. Flavonoids such as apigenin and luteolin are known inhibitors of pro-inflammatory cytokines like TNF-α and IL-6 (Dobros et al., 2022). These cytokines play a key role in the development of joint inflammation and cartilage degradation. Furthermore, alkaloids have been reported to modulate the NF-κB pathway, a central mediator of inflammatory responses (Akubugwo et al., 2023). The combined action of these bioactives could explain the observed anti-arthritic potential of MESAL.

The anti-struvite activity of MESAL was evaluated by its ability to inhibit struvite crystal formation in vitro. Results from microscopy and turbidity assays confirmed a concentration-dependent decrease in both the number and size of struvite crystals. The extract's performance was even superior to the reference drug Cystone at higher concentrations.

Struvite crystallization is primarily induced by urease-positive bacteria in the urinary tract, which elevate urine pH and promote precipitation of magnesium ammonium phosphate (struvite) (Ct et al., 2023). Polyphenols and flavonoids in MESAL may inhibit urease activity or interfere with the nucleation and aggregation of crystals (Tong et al., 2025). Moreover, FT-IR analysis confirmed the chemical interaction between MESAL and crystal structures, potentially altering their morphology and preventing aggregation.

By reducing struvite formation, MESAL could serve as a natural remedy for managing kidney stones and urinary tract obstructions. Its use in traditional medicine to alleviate kidney-related symptoms appears scientifically justified based on these findings.

Among the most compelling findings of this study is the potent anti-sickling activity of MESAL. The extract demonstrated a significant and time-dependent reversal of sickled red blood cells (RBCs), achieving a maximum reversal rate of 81.37 ± 1.25% at 10 mg/mL after 150 minutes—higher than the standard drug phenylalanine (Pa). This suggests a direct influence of MESAL on hemoglobin polymerization and membrane integrity.

Sickle cell disease (SCD) is marked by oxidative stress, hemoglobin S polymerization, and impaired cell deformability under hypoxic conditions. Anthocyanins and polyphenols, both abundant in S. americanum, are known to stabilize erythrocyte membranes and inhibit hemoglobin S polymerization (Anorue et al., 2024). Additionally, the antioxidant activity of MESAL likely contributes to reducing oxidative damage in sickled cells, thereby supporting their reversion to a normal shape.

Flavonoids such as rutin and catechins can bind to hemoglobin and affect its allosteric structure, potentially reducing the rate of sickling (Anorue et al., 2024). Furthermore, anthocyanins have been shown to increase nitric oxide (NO) bioavailability, which improves blood flow and reduces vaso-occlusive events in SCD patients (Ayuba et al., 2024). These mechanisms collectively underline the efficacy of MESAL in reversing sickling.

The diverse pharmacological activities observed in this study may not be due to a single compound but rather a synergistic interaction among multiple phytochemicals. For instance, flavonoids provide both antioxidant and anti-inflammatory benefits, while alkaloids may enhance membrane stability and modulate enzyme activity. Such synergy is a hallmark of botanical medicine and provides a rationale for using whole extracts rather than isolated constituents (Li et al., 2023).

The methanolic extract process used in this study likely enhanced the solubility of polar compounds, including flavonoids, phenolics, and glycosides, contributing to the observed efficacy across all assays. However, further work is needed to isolate and characterize individual bioactive molecules, which would allow more precise elucidation of their mechanisms (Li et al., 2022).

While the in vitro findings are promising, they must be validated in vivo to determine pharmacokinetics, bioavailability, and toxicity. Furthermore, while FT-IR provided insights into chemical interactions, more detailed structural elucidation using HPLC, NMR, and mass spectrometry is warranted to identify key active compounds (Shomudro et al., 2023).

Another limitation is the absence of data on cytotoxicity and safety margins. Although S. americanum is used in traditional medicine, its safety profile must be rigorously evaluated, particularly because some Solanum species contain glycoalkaloids that may be toxic at higher doses (Abdelbaky, 2022).

Nonetheless, this study offers a valuable foundation for developing phytotherapeutic agents from S. americanum for oxidative stress, inflammatory diseases, kidney stones, and sickle cell anemia.

6. Conclusion 
This thorough evaluation showed that Solanum americanum leaf extract has potent antioxidant, anti-arthritic, anti-struvite, and anti-sickling activities. The pharmacological properties of S. americanum leaf extract can be explained by bioactive agents, particularly flavonoids, polyphenols, and alkaloids. S. americanum leaf extract also demonstrated dose-dependent efficacy for all bioassays completed, and the extract was often superior to the respective standard pharmaceutical controls. If further characterization, isolation, and in vivo confirmation studies are undertaken, S. americanum may be an interesting new candidate in the development of phytotherapeutic products.
7. Consent 

All authors declare that written informed consent was obtained from the patient for publication of this research report.

8. ETHICAL APPROVAL

The International Conference on Harmonization, the Declaration of Helsinki, and the US Food and Drug Administration regulations were all adhered to in this study. The study protocol and informed consent form were reviewed and approved by the Faculty of Biomedical Science, Military Institute of Science and Technology (approved number: 119). All participants in the research had to sign a written agreement form in order to participate, and they were free to leave at any time.
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