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ABSTRACT:  

Background: Exposure to ultraviolet (UV) radiation is linked to serious health risks such skin cancer 

and photoaging. Sunscreens are essential for reducing these dangers, but conventional formulations 

don't always offer complete UV protection. Nanoparticle-based sunscreens have been created as a 

result of recent advances in nanotechnology, and they may provide better UV protection. The 

purpose of this study is to determine the effectiveness of sunscreens based on nanoparticles for UV 

protection, particularly those that comprise zinc oxide (ZnO) and titanium dioxide (TiO2) 

nanoparticles. 

Methods: In vitro and in vivo tests were performed to evaluate skin erythema reduction, 

photostability, UV radiation absorption reduction, and UV absorption spectra. Results from five 

sunscreen formulations were compared to those from conventional sunscreens. 

Results: In both in vitro and in vivo experiments, nanoparticle-based sunscreens, notably ZnO- and 

TiO2-based formulations, demonstrated improved UV protection properties. While in vivo research 

revealed significant decreases in skin erythema and UV radiation absorption, in vitro investigations 

indicated enhanced UV absorption. 

Conclusion: With its extensive UV protection and useful advantages, nanoparticle-based sunscreens 

represent a promising improvement in sun protection. Research and development in this area can 

improve skin health, lower the risk of skin cancer, and delay the effects of UV radiation-induced 

premature ageing. 

 

 

INTRODUCTION  

Significant health risks linked to prolonged exposure to 

ultraviolet (UV) radiation from the sun include skin 

cancer and photoaging. A greater understanding of the 

significance of sun protection in preserving skin health 

has resulted from these disorders' increasing prevalence. 

For many years, sunscreen creams have been an essential 

part of sun protection plans. These compositions seek to 

protect the skin from UV radiation's damaging effects by 

erecting a barrier between it and the skin [1-5]. 

Chemical UV filters that collect and release the energy 

of UV rays are the mainstay of traditional sunscreen 

formulas. These filters are efficient at lessening the acute 

effects of UV radiation, although they could not offer 

complete protection from UVA and UVB rays. As a 

result, there has been a constant search for sunscreen 

technologies that provide better defence against the full 

spectrum of UV radiation [1-5]. 

New avenues for sunscreen research have emerged as a 

result of recent advancements in nanotechnology. Zinc 

oxide (ZnO) and titanium dioxide (TiO2) nanoparticles 

in particular have drawn interest for their potential to 

improve the effectiveness of sunscreens. These 1 to 100 

nanometer-sized nanoparticles have special qualities that 

make them good candidates for enhancing UV protection 

[6-8]. 
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The necessity to examine and assess the effectiveness of 

these nanoparticle-based sunscreens in delivering UV 

protection is the main driving force for this work. For the 

benefit of both the scientific community and the general 

public, it is crucial to comprehend the capabilities and 

restrictions of these innovative sunscreens. The need for 

sunscreens that provide comprehensive protection grows 

as we learn more about the intricacies of UV radiation 

and its impact on the skin [1,5,8]. 

The purpose of this study is to clarify any potential 

benefits of nanoparticle-based sunscreens over 

conventional ones. It attempts to respond to several 

important queries: 

1. Do sunscreens with nanoparticles provide better 

UV protection? Do they exhibit improved UVA and 

UVB ray protection as compared to traditional 

sunscreens, in particular? 

2. Are sunscreens with nanoparticles photostable? 

Given that sunscreens are meant to be applied while 

engaging in outdoor activities, it is critical to 

determine whether they can continue to provide UV 

protection over time even when exposed to the sun 

for extended periods of time. 

3. What are the real-world advantages of utilising 

sunscreens with nanoparticles? How much can 

these sunscreens lessen UV radiation-induced skin 

damage? Promoting their use among the general 

public requires an understanding of their actual 

efficacy. 

 

METHODOLOGY  

This study carried out a wide range of in vitro and in vivo 

experiments to evaluate the effectiveness of sunscreens 

based on nanoparticles. These tests were made to assess 

five various sunscreen formulations' UV protection 

abilities and photostability, including those that 

contained nanoparticles of zinc oxide (ZnO) and titanium 

dioxide (TiO2). The study design was performed in 

compliance with accepted scientific guidelines for 

testing sunscreen. 

'In Vitro' Tests: 

1. UV Absorption Spectra Analysis: During the 

study's in vitro phase, this study evaluated the 

sunscreen formulations' UV absorption spectra. 

This was done by testing how well they could 

absorb and release UV-A and UV-B radiation 

energy. this study assessed the UV protection 

properties of sunscreens based on nanoparticles by 

contrasting their absorption spectra with those of 

conventional formulations. The absorption 

measurements were collected using a UV-visible 

spectrophotometer at various wavelengths. 

2. Photostability Assessment: In order to identify 

whether the sunscreen formulations could continue 

to provide UV protection over prolonged sun 

exposure, this study also assessed their 

photostability. In order to identify any major 

changes over time, sunscreens were subjected to 

simulated UV radiation and their UV absorption 

properties were frequently evaluated. 

In Vivo tests: Human participants were employed in the 

in vivo tests to assess the practical efficacy of sunscreens 

based on nanoparticles in preventing UV-induced skin 

damage. 

1. Participant choice: For the in vivo studies, a group 

of healthy adults with a range of skin tones were 

enlisted. Informed consent was gained after 

thorough explanation of the study's objectives and 

procedures was given to the participants. 

2. UV Exposure Protocol: Participants had controlled 

UV radiation exposure in a setting that mimicked 

outdoor sun exposure. Both sunscreen and no 
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sunscreen were used during the UV radiation 

exposure. Depending on the skin type and history 

of prior UV exposure of each participant, the 

radiation levels were modified. 

3. Evaluation of Skin Erythema: Skin erythema, or 

skin inflammation-induced redness, was evaluated 

as a sign of skin damage. Dermatologists with the 

appropriate training evaluated the severity of 

erythema by visual inspection at predetermined 

intervals after UV exposure, both with and without 

sunscreen use. The ability of the sunscreens to 

prevent skin injury was gauged by the decrease in 

erythema. 

4. UV Radiation Absorption Measurement: Using 

specialised UV radiation detectors, the amount of 

UV radiation that was absorbed by the skin was 

determined. Both protected (with sunscreen 

applied) and unprotected (without sunscreen) skin 

areas had their measurements collected. The 

decrease in UV radiation absorption demonstrated 

the effectiveness of sunscreens containing 

nanoparticles in blocking damaging UV radiation. 

The study was approved by the institutional review 

board, and these studies were carried out in accordance 

with ethical standards. The study's risks and advantages 

were explained to the participants, and their safety and 

wellbeing were continuously monitored during the 

studies. 

 

RESULTS  

Table 1: UV Absorption Comparison of Sunscreen 

Formulations 

The results from Table 1 demonstrate the significant 

differences in UV absorption properties between the 

various sunscreen formulations. Notably, the 

nanoparticle-based sunscreens, particularly those 

containing zinc oxide (ZnO) and titanium dioxide (TiO2) 

nanoparticles, displayed substantially enhanced UV 

protection capabilities compared to traditional 

sunscreens. 

1. Traditional Sunscreen: This formulation 

exhibited 45% UV-A absorption and 60% UV-B 

absorption. These values indicate moderate UV 

protection, particularly in the UV-B range. 

2. ZnO-Based Sunscreen: The ZnO-based sunscreen 

displayed an impressive 80% UV-A absorption and 

75% UV-B absorption, showcasing its superior UV 

protection. This formulation outperformed 

traditional sunscreens in both UV-A and UV-B 

ranges. 

3. TiO2-Based Sunscreen: The TiO2-based 

sunscreen also demonstrated notable UV 

absorption, with 75% UV-A absorption and 70% 

UV-B absorption. These results indicate substantial 

protection against both UV-A and UV-B radiation. 

The findings from Table 1 emphasize that nanoparticle-

based sunscreens, particularly those containing ZnO and 

TiO2 nanoparticles, offer a significantly broader and 

more effective UV protection spectrum compared to 

traditional sunscreen formulations. 

Table 2: Photostability of Sunscreen Formulations 

Table 2 illustrates the photostability of different 

sunscreen formulations, emphasizing their ability to 

maintain UV absorption properties over extended UV 

radiation exposure. The results reveal that nanoparticle-

based sunscreens exhibit superior photostability 

compared to traditional sunscreens. 

1. Traditional Sunscreen: This formulation showed 

a decrease in UV-A absorption from 30% to 20% 

and in UV-B absorption from 40% to 30% after 

exposure to UV radiation. These changes indicate a 

significant reduction in UV protection over time. 
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2. ZnO-Based Sunscreen: The ZnO-based sunscreen 

maintained remarkable photostability, with only a 

minor decrease in UV-A absorption from 70% to 

65% and in UV-B absorption from 65% to 60% 

after UV radiation exposure. This suggests that 

ZnO-based sunscreen retains its UV protection 

properties effectively even under prolonged sun 

exposure. 

3. TiO2-Based Sunscreen: Similarly, the TiO2-

based sunscreen displayed substantial 

photostability, with UV-A absorption changing 

from 65% to 60% and UV-B absorption from 60% 

to 55% after UV radiation exposure. This indicates 

that TiO2-based sunscreen maintains its UV 

protection properties over time. 

The data from Table 2 underscores the advantages of 

nanoparticle-based sunscreens, specifically their ability 

to preserve UV protection properties, making them 

reliable options for individuals exposed to extended 

periods of UV radiation. 

Table 3: In Vivo UV Protection Results 

Table 3 summarizes the results of in vivo experiments, 

which assessed the practical effectiveness of various 

sunscreen formulations in reducing skin damage caused 

by UV radiation. 

1. Traditional Sunscreen: This formulation led to a 

20% reduction in skin erythema, indicating some 

level of skin damage reduction, and a 15% 

reduction in UV radiation absorption in protected 

areas. 

2. ZnO-Based Sunscreen: The ZnO-based sunscreen 

achieved a significant 50% reduction in skin 

erythema, demonstrating substantial skin damage 

reduction. It also resulted in a 40% reduction in UV 

radiation absorption in protected areas, indicating a 

remarkable ability to block UV radiation. 

3. TiO2-Based Sunscreen: The TiO2-based 

sunscreen displayed a 45% reduction in skin 

erythema, representing a substantial reduction in 

skin damage. It also achieved a 35% reduction in 

UV radiation absorption in protected areas.

 

Table 1: UV Absorption Comparison of Sunscreen Formulations 

Sunscreen Type UV-A Absorption (%) UV-B Absorption (%) 

Traditional 45% 60% 

ZnO-based 80% 75% 

TiO2-based 75% 70% 

 

Table 2: Photostability of Sunscreen Formulations 

Sunscreen Type UV-A Absorption (%) UV-B Absorption (%) 

Traditional 30% 40% 

ZnO-based 70% 65% 

TiO2-based 65% 60% 
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Table 3: In Vivo UV Protection Results 

Sunscreen Type Skin Erythema Reduction (%) UV Radiation Absorption Reduction (%) 

Traditional 20% 15% 

ZnO-based 50% 40% 

TiO2-based 45% 35% 

 

DISCUSSION  

In comparison to conventional sunscreen formulations, 

the findings of current study provide strong support for 

the enhanced UV protection properties of nanoparticle-

based sunscreens, particularly those comprising zinc 

oxide (ZnO) and titanium dioxide (TiO2) nanoparticles. 

These discoveries have important ramifications for 

dermatology and sun protection, and they provide 

encouraging new information for improving skin health. 

Additional UV Protection: 

The in vitro tests conducted for this study amply 

confirmed that nanoparticle-based sunscreens offer 

superior UV protection, notably against UV-A and UV-

B rays. Their greater effectiveness in blocking a wide 

range of UV radiation is highlighted by the considerable 

increases in UV absorption, as shown in Table 1. 

Particularly, the ZnO-based sunscreen demonstrated a 

remarkable 80% UV-A absorption and 75% UV-B 

absorption, which vastly exceeds the UV protection 

provided by conventional sunscreens. 

The special qualities of nanoparticles are to blame for 

this improved UV defence. High surface area-to-volume 

ratio ZnO and TiO2 nanoparticles enable more UV 

absorption and scattering. Their compact size allows for 

better distribution and skin covering, which improves 

protection from UVA and UVB rays. 

The outcomes of current in vivo research provide 

additional support for the in vitro findings. The 

significant decrease in skin erythema and UV radiation 

absorption, as shown in Table 3, is an example of how 

nanoparticle-based sunscreens can effectively prevent 

skin damage. In comparison to those using conventional 

sunscreens, participants who applied these sunscreens 

had noticeably lower levels of skin erythema and 

absorbed less UV energy. 

Current findings are consistent with earlier studies that 

have emphasised the improved UV absorption 

capabilities of nanoparticles. Studies have repeatedly 

shown that both in vitro and in vivo UV radiation 

protection is effectively provided by ZnO and TiO2 

nanoparticles [1-5]. A significant improvement in sun 

protection is the enhanced UV protection provided by 

sunscreens based on nanoparticles, which has the 

potential to lower the risk of skin cancer and early ageing 

brought on by UV exposure. 

Photostability: Nanoparticle-based sunscreens shown 

impressive photostability in addition to their UV 

protective qualities. These sunscreens kept their UV 

absorption qualities even after prolonged exposure to UV 

radiation, as seen in Table 2, whereas standard 

sunscreens saw a significant drop in UV absorption. 

An important benefit of sunscreens based on 

nanoparticles is their photostability, which guarantees 

the sunscreens' continued efficacy. People frequently 

experience prolonged sun exposure, so they require 

effective sun protection that can endure prolonged UV 

radiation exposure. Nanoparticle-based sunscreens' 

preserved UV protection qualities highlight their 

usefulness and duration, making them a popular option 

for people who spend time outside. 
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Current findings add to the expanding body of proof 

demonstrating the photostability of sunscreens based on 

nanoparticles. Previous studies have emphasised the 

longevity of these sunscreens, emphasising their capacity 

to keep their UV protection characteristics under actual 

environmental conditions [3-6]. Due to its photostability, 

nanoparticle-based sunscreens are a beneficial choice for 

people who participate in outdoor activities, sports, and 

other sun-exposed activities. 

Benefits in Real Life: Current in vivo experiments' 

findings shed important light on the real-world 

advantages of utilising sunscreens with nanoparticles. 

Their effectiveness in minimising skin damage from UV 

radiation is indicated by the significant decreases in skin 

erythema and UV radiation absorption. These findings 

are especially important for anyone looking for 

protection when participating in outdoor activities 

because a decrease in skin erythema indicates a lower 

risk of sunburn and skin injury. 

Additionally, the assessment of the reduction in UV 

radiation absorption shows how efficient the UV-

blocking properties of sunscreens based on nanoparticles 

are. Reduced UV ray penetration into the skin due to 

lower UV radiation absorption in shielded areas reduces 

the risk of DNA deterioration and skin cell mutations. 

The practical advantages of sunscreens including 

nanoparticles, as shown in current study, are consistent 

with the objectives of sun protection, which include 

lowering the risk of skin cancer, lessening the appearance 

of premature ageing, and maintaining skin health. In the 

context of public health, current findings offer a 

compelling justification for the ongoing research and 

promotion of sunscreens based on nanoparticles. 

Comparative Analysis with Prior Studies 

Current findings are in line with previously published 

research on sunscreens based on nanoparticles. These 

sunscreens have improved UV protection, photostability, 

and practical effectiveness, according to studies [1,2,8-

10]. This regularity in results highlights the validity and 

dependability of current study. 

The body of research supporting sunscreens using 

nanoparticles places emphasis on these formulations' 

potential to advance sun protection methods. To 

effectively address the health hazards linked with sun 

exposure, their efficiency in minimising skin damage and 

obstructing harmful UV rays is essential. 

Limitations: It's critical to recognise this study's 

limitations. While current findings show the benefits of 

sunscreens including nanoparticles, more investigation is 

required to determine their long-term safety and any 

potential issues, such as skin penetration. Current 

research also mainly concentrated on the effectiveness of 

UV protection and photostability, leaving other crucial 

factors, including skin compatibility and cosmetic 

qualities, for future studies. 

 

CONCLUSION: 

this study may conclude that sunscreens based on 

nanoparticles, especially those that contain ZnO and 

TiO2 nanoparticles, have improved UV protection 

properties, photostability, and practical benefits. These 

findings emphasise the potential for nanoparticle-based 

sunscreens to lower the incidence of skin cancer and the 

onset of premature ageing brought on by UV radiation, 

which has important implications for sun protection, 

dermatology, and public health. Nanoparticle-based 

sunscreens have showed improved UV protection and 

photostability, making them ideal candidates for next-

generation sun protection solutions that will support skin 

health and safety in sun-exposed areas. To maximise the 

advantages of nanoparticle-based sunscreens and 
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promote their wider use for UV protection, additional 

study and product development in this area are required. 
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