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Abstract 

A naturally occurring flavonoid present in many fruits and vegetables, myricetin has garnered a lot of 

attention due to its possible anticancer effects. Heat-induced denaturation of bovine serum albumin was 

used to measure anti-inflammatory activity, and histopathological analysis was used to measure 

hepatoprotective effects. Furthermore, flow cytometry was used to assess myricetin's capacity to cause 

apoptosis. Protein denaturation was significantly inhibited by nano-liposomal myricetin in a 

concentration-dependent manner, with 59.1% inhibition at 100 µM, which is comparable to diclofenac 

sodium. Apoptotic cell populations increased dose- and time-dependently, reaching 75% at the highest 

concentration of 198 µM after 24 hours, according to flow cytometric analysis. These results demonstrate 

the potential of nano-liposomal myricetin as a natural therapeutic agent against hepatocellular carcinoma 

and inflammation-associated liver disorders by effectively inhibiting protein denaturation and promoting 

programmed cell death. 

 

Keywords: Myricetin, Nano-liposomes, Anti-inflammatory activity, Protein denaturation, Hepatocellular 

carcinoma, Apoptosis 

 

1. Introduction 

Inflammation is a fundamental biological response triggered by infections, toxic agents, or cellular injury. 

While acute inflammation serves as a protective defense mechanism, prolonged or chronic inflammation 

contributes to the progression of several diseases, including cancer, metabolic disorders, and liver-related 

conditions. Hepatocellular carcinoma (HCC), a leading cause of cancer-related mortality worldwide, is 

strongly associated with sustained inflammatory stress in hepatic tissue [1]. In recent years, natural 

flavonoids have attracted significant interest due to their antioxidant, anti-inflammatory, and anticancer 

activities. Among them, myricetin—widely present in fruits, vegetables, and medicinal plants—exhibits 

potent anti-inflammatory effects by stabilizing proteins, inhibiting inflammatory enzymes, and reducing 

cytokine production [2]. Despite its benefits, its clinical application is limited by poor aqueous solubility, 

rapid metabolism, and low bioavailability. 
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Nano-liposomal drug delivery systems have emerged as a promising solution to enhance the effectiveness 

of poorly soluble compounds. Liposomes improve solubility, protect active molecules, promote cellular 

uptake, and enable targeted delivery, thereby enhancing overall efficacy [3]. 

Protein denaturation is closely associated with inflammatory processes, as denatured proteins can trigger 

immune responses [4]. Inhibition of protein denaturation is a reliable in vitro method for evaluating anti-

inflammatory activity. Apoptosis plays a crucial role in cancer therapy, and examining myricetin's ability 

to induce programmed cell death provides insight into its anticancer potential [5]. 

Given myricetin's limitations, nanotechnology-based delivery systems offer a viable approach to 

overcome its pharmacokinetic drawbacks. Nano-liposomal formulations enhance solubility, stability, 

controlled release, and tissue targeting, leading to improved therapeutic outcomes with reduced systemic 

toxicity. This study evaluates the anti-inflammatory activity of nano-liposomal myricetin using a protein 

denaturation assay and investigates its pro-apoptotic effects through flow cytometry to assess its 

bioactivity and therapeutic potential. 

 

2. Objective of the study 

The study aims to determine the anti-inflammatory activity of nano-liposomal myricetin using a heat-

induced protein denaturation assay, to evaluate its apoptotic effects on cancer cells through flow 

cytometric analysis, and to assess its hepatoprotective potential in the context of inflammation-associated 

liver disorders based on supporting histopathological evidence. 

3. Materials and Methods 

3.1 Chemicals and Reagents 

Bovine serum albumin (BSA), phosphate-buffered saline (PBS), formalin, paraffin wax, hematoxylin, 

eosin, Annexin V–FITC/PI apoptosis detection kit and analytical-grade solvents were purchased from 

standard suppliers. Diclofenac sodium was used as the reference anti-inflammatory drug. 

3.2 In Vitro Anti-Inflammatory Activity 

1. Effect of Myricetin on Protein Denaturation 

The inhibitory effect of myricetin on heat-induced BSA denaturation was assessed. Reaction mixtures 

containing BSA and varying concentrations of myricetin (10–100 µM) were incubated at 72°C for 5 

minutes. Absorbance was recorded at 660 nm. 

Percentage inhibition was calculated as: 

% Inhibition =
Acontrol − Asample

Acontrol

× 100 

Where: 

 Acontrol = 0.620(absorbance of control) 

 Asample= absorbance of treated sample 

All experiments were performed in triplicate (n = 3). 
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3.3 Apoptosis Assay 

Annexin V–FITC/propidium iodide (PI) dual staining was used in flow cytometry to assess the apoptotic 

effect of myricetin. For 12 and 24 hours, cells were exposed to myricetin at progressively higher 

concentrations (0, 33, 66, 132, and 198 µM). Following treatment, the cells were collected, twice cleaned 

with cold PBS, and then reconstituted in binding buffer. Samples were incubated for 15 minutes at room 

temperature in the dark after Annexin V-FITC and PI were added in accordance with the manufacturer's 

instructions. A flow cytometer was used to measure the early and late apoptotic populations in the stained 

cells right away. 

3.4 Statistical Analysis 

Results were expressed as mean ± standard deviation (SD). Statistical analysis was performed using 

appropriate tests, and differences were considered statistically significant at p < 0.05. 

 

4. Results 

Table 1: Effect of Myricetin on Protein Denaturation Inhibition Compared to Diclofenac 

 

 

 

 

 

 

 

 

 

 

All experiments were performed in triplicate (n = 3) and results are expressed as mean ± standard deviation 

(SD). Statistical analysis was carried out using SPSS software. Differences between groups were analysed 

using one-way analysis of variance (ANOVA) followed by post hoc multiple comparison tests. A p value 

< 0.05 was considered statistically significant. 

Effect of Myricetin on Heat-Induced Protein Denaturation 

Protein denaturation inhibition varied statistically significantly between treatment groups, according to a 

one-way ANOVA (p < 0.001). In comparison to the control group, myricetin significantly and 

concentration-dependently inhibited heat-induced protein denaturation (p < 0.01 at 25 µM; p < 0.001 at 

50 and 100 µM), according to post hoc analysis. 

Treatment Concentration 

(µM) 

Absorbance at 660 nm % Inhibition of 

denaturation 

Control — 0.620 ± 0.012 0.0 

Myricetin 10 0.480 ± 0.015 15.8 ± 1.1 

Myricetin 25 0.436 ± 0.014 26.4 ± 1.3 

Myricetin 50 0.290 ± 0.013 40.8 ± 1.5 

Myricetin 100 0.270 ± 0.011 59.1 ± 1.9 

Diclofenac-sodium 

(Standard) 

50 0.220 ± 0.010 58.9 ± 2.0 
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Myricetin showed 59.1 ± 1.9% inhibition at the highest tested concentration (100 µM), which was 

statistically equivalent to the standard anti-inflammatory medication diclofenac sodium (58.9 ± 2.0%). 

Diclofenac and myricetin (100 µM) showed comparable anti-denaturation efficacy with no discernible 

difference (p > 0.05). 

Strong anti-inflammatory potential was suggested by myricetin's evident concentration-dependent 

inhibition of protein denaturation. Since denatured proteins can function as autoantigens that cause 

inflammatory reactions, protein denaturation is a well-known mechanism involved in inflammation. 

Myricetin's capacity to protect protein structure from heat stress suggests that it may play a part in reducing 

tissue damage brought on by inflammation. 

The pharmacological significance of myricetin provides as a natural anti-inflammatory activity based on 

the inhibiting effect seen at 100 µM, which was similar to that seen with diclofenac sodium, a well-known 

non-steroidal anti-inflammatory drug (NSAID). 

 

                     Figure 1: Effect of myricetin and Diclofenac on Protein Denaturation 

These findings support the therapeutic potential of myricetin in inflammation-associated liver disorders 

and hepatocellular carcinoma, where oxidative stress and inflammatory processes contribute to disease 

progression. Furthermore, incorporation of myricetin into nano-liposomal formulations may further 

enhance its bioavailability and anti-inflammatory efficacy. 
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Table 2: Effect of Myricetin on Apoptosis (Flow Cytometry) 

Myricetin (µM) Apoptotic Cells % (12 h) Apoptotic Cells % (24 h) 

0 5 ± 0.8 5 ± 0.9 

33 10 ± 1.2 15 ± 1.4 

66 18 ± 1.6 30 ± 2.1 

132 35 ± 2.3 55 ± 2.8 

198 55 ± 3.1 75 ± 3.6 

 

 

Following myricetin treatment, flow cytometric analysis showed a significant dose- and time-dependent 

increase in the population of apoptotic cells. Both drug concentration and treatment duration had a 

statistically significant impact on apoptosis induction (p < 0.001), according to two-way ANOVA. 

Apoptosis rose from 5% (control) to 55% at 198 µM after 12 hours. Apoptotic cells rose to 75% after 24 

hours, suggesting that extended exposure enhances programmed cell death. 
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4. Discussion 

This study shows that nano-liposomal myricetin has strong anti-inflammatory and apoptotsis-including 

effects, which could make it useful for treating diseases e.g. inflammation-related disorders and 

hepatocellular carcinoma. In the protein denaturation assay, myricetin significantly stabilized protein 

structures against heat-induced denaturation. This is important because denatured proteins can act as 

autoantigens, triggering inflammatory cascades. The inhibition observed at 100 µM was essentially 

equivalent to that of diclofenac sodium, a widely used NSAID, illustrating the pharmacological relevance 

of myricetin as a natural anti-inflammatory agent. Flow cytometric analysis revealed that myricetin 

induces apoptosis in a clear dose and time-dependent manner. These findings align with earlier research 

indicating that myricetin promotes intrinsic apoptosis and modulates key survival pathways, such as the 

PI3K/Akt and NF-κB pathways.  

 

5. Conclusion 

Nano-liposomal myricetin exhibits strong anti-inflammatory activity by effectively preventing heat-

induced protein denaturation, comparable to diclofenac sodium a standard anti-inflammatory drug.  By 

effectively preventing heat-induced protein denaturation, nanoliposome displays anti-inflammatory 

activity comparable to diclofenac sodium. In addition, myricetin induces apoptosis in cancer cells in a 

dose- and time-dependent manner, highlighting its potential role in cancer therapy. Overall, these results 

indicate that nano-liposomal myricetin could be a promising natural therapeutic option for the treatment 

of inflammation-related liver diseases, including hepatocellular carcinoma. 

 

References 

1. Middleton, E., Kandaswami, C., & Theoharides, T. C. (2000). The effects of plant flavonoids on 

mammalian cells: Implications for inflammation and cancer. Pharmacological Reviews, 52(4), 

673–751. 

2. Tang, D., et al. (2019). Myricetin: A review of its pharmacology and therapeutic potential. 

Phytotherapy Research, 33(8), 2011–2028. 

3. Zhang, L., et al. (2020). Liposomal delivery systems for natural products: A promising strategy for 

improving therapeutic outcomes. Frontiers in Pharmacology, 11, 560. 

4. Singh, R., et al. (2014). Protein denaturation as a method to evaluate anti-inflammatory activity of 

medicinal plants. Journal of Pharmacognosy and Phytochemistry, 2(3), 87–90. 

5. Dai, J., & Mumper, R. J. (2010). Plant phenolics: Extraction, analysis and their antioxidant and 

anticancer properties. Molecules, 15(10), 7313–7352. 

 

 

http://www.ijfmr.com/

