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Abstract 
Actinic keratosis (AK), is a precancerous lesion formed on sun-exposed skin of 

individuals exposed to long-term ultraviolet (UV) light and may eventually progress to 
squamous cell carcinoma in the absence of treatment. In this study, the researchers 
examined the protective action of Curcuma longa gel from UVB-induced AK in Balb/c 
mice. Fifteen mice were first treated with three (3) different concentrations of gel (0.1%, 
0.5%, 1.1%) and a positive and a negative control before being irradiated with UVB light 
from a 311nm UV lamp for four (4) hours on the first session, a 30-minute break, and 
another 4 hours for the second session, everyday. After fourteen (14) days of irradiation, the 
mice were subjected to histopathological analysis using 3 parameters namely, presence of 
cellular atypia, stratum corneum morphology, and epidermal thickness. The phytochemical 
analysis showed the presence of phenols, glycosides, reducing sugars, and quinones. The 
dermatological testing of the different concentrations to the 3 guinea pigs showed no 
erythema and edema, confirming it is safe for application. The preventive effects of 
Curcuma longa gel showed a dose-dependent effect, wherein the 1.1% of Curcuma longa 
gel was the most effective in preventing the presence of cellular atypia, the hallmark of AK, 
and also in preventing epidermal thickness, alongside 0.5% Curcuma long gel, making it 
the most effective concentration. Kruskal-Wallis and Dunn’s post hoc analysis indicated 
that the most effective concentration (1.1%) was similar to the positive control for all 
analyzed parameters, and significantly better than the negative control. The 1.1% Curcuma 
longa gel’s physicochemical properties were also evaluated. Having a deep yellow color, 
smooth texture, pH 5-6 along with a good spreadability and a viscosity of 4,970 cP. Based 
on this, it can be concluded that 1.1% of Curcuma longa gel is a good topical 
photoprotective formulation in the prevention of UVB-induced AK.  
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1.  Introduction 
Skin is regarded as the body’s first and foremost line of defense against health 

threats such as pathogens, toxins, injury and UV light and helps maintain balance of water 
and temperature within the skin (Proksch et al., 2023). The stratum corneum is a “brick and 
mortar” barrier covering the uppermost layer of skin (Proksch et al., 2023) and is made up 
of corneocytes (bricks) and intercellular lipids (mortar) to prevent water loss and to provide 
an obstacle to entry of unwanted elements. These essential skin functions are shared with 
the scalp, but the scalps is different because it has more hair follicles and sebaceous glands, 
making it more oily, more sensitive and more vulnerable to barrier damage and conditions 
such as dandruff and seborrheic dermatitis. (Marquardt et al., 2021; Proksch et al., 2023).  
​ UV is still the most critical of the environment affecting scalp structure. Both UVA 
and UVB light may penetrate skin, activating oxidative stress, DNA damage, 
inflammations, and hair follicles dysfunctions, while UVB can initiate direct damage at the 
epidermal level (Sakhiya et al., 2019; Proksch et al., 2023). Because hair intermittently 
blocks sunlight from the scalp and thereby damages barrier function, actinic damage and 
many other UV-induced diseases.(Arai et al., 2014; Sil et al., 2018).  
​ For outdoor workers especially, such as construction workers, farmers and 
fishermen with a high level of sun exposure, this has had the most serious impact. 
Occupational UV doses are commonly over doses prescribed for skin, and reflective 
surfaces such as water, which exacerbate exposure (Modenese et al., 2019). Such risks have 
become particularly concerning in the case of the Philippines because of prevalent annual 
UV levels throughout the country and the high presence of UV-induced skin cancers in the 
Philippines, according to the Philippine Dermatological Society, between 2011 and 2021 
2,102 basal cell carcinomas and 614 squamous cell carcinomas were reported, but probably 
a small percentage owing the absence of reports and poor access to care (Tan et al., 2022).   
​ In terms of potential plant-based protection against UV-induced damages, Curcuma 
longa (turmeric) has shown an effective anti-UV-induced skin damage. The major 
ingredients in turmeric rhizomes including curcumin have various active compounds that 
serve as anti-oxidant and anti-inflammatory, as well as wound healing to neutralize reactive 
oxygen species, suppress pro-inflammatory signaling and inhibit collagen-degrading 
enzymes with approaches such as delivery in a nanoparticle, where challenges in terms of 
low water solubility, poor penetration and skin staining are circumvented  (Wen et al., 2023; 
Goenka et al., 2021). However, there are considerable gaps in the existing data. Such 
studies largely consider general skin models and ignore the distinct characteristics of the 
scalp and hair follicles  (Mayangsari et al., 2024). Additional strides are required in 
investigating curcumin based in vivo effects of uv-induced scalp damage, their mechanism 
of action, the effectiveness of a topical formulation of curcumin dosage sensitivity and 
long-term solubility of curcumin (Hosseini et al., 2018; Kantassa et al., 2025). Its low 
stability, water solubility and intense color have impeded the application of curcumin in 
patients and its use by patients (Wen et al., 2023; Goenka et al., 2021).   
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​ To address these knowledge and utility limitations, the present study will develop a 
scalp-specific Curcuma longa gel which will increase tropical delivery, stability and ease of 
care. It will be assessed based on a UV-resistant and UV-tolerant model on a scalp and its 
anti-UV action will be documented by histopathological analysis of oxidative stress, 
inflammation, and follicular injury markers (Heng et al., 2025; Kantassa et al., 2025). 
Given that the study is directed towards the scalp, this research may lead to more 
translational results, and support the formulation of a translatable alternative for the 
prevention of UV-induced diseases to the scalp. 

 
2.  Objectives  
​ The objectives of the current study were the following three, to investigate if there is a 
prevention of actinic keratosis in the scalp in Balb/c mice after ultraviolet (UV) exposure to 
gel formulation based upon Curcuma longa. First objective, conduct a histopathological 
study of the histopathological examination on cellular atypia, structure of stratum corneum 
and epidermal thickness to determine the best concentration of Curcuma longa gel (0.1%, 
0.5%, and 1.1%) in the prevention of actinic keratosis in  Balb/c mice. Second, to ascertain 
how the best concentration was able to prevent it compared with either positive control or 
negative control for the same histopathological examining parameters. Third, to determine 
physicochemical properties of the most effective concentration of Curcuma longa gel on 
color, texture, pH, spreadability, and viscosity. 
 
3.  Materials and methods  

This section describes the research procedures to investigate the preventive effects 
of Curcuma longa gel against UVB- induced Actinic Keratosis (AK) in BALB/c mice. 
Here the study has described the research design, duration of the study, locale, test animals 
and data collection techniques and other methods used in the study. 
 
Research Design 
​ An experimental research design was utilized in this research design as it permits 
controllable manipulation of factors such as; UV exposure and treatment with Curcuma 
longa to generate a relationship between causality in preventing the formation of 
ultraviolet-induced Actinic keratosis in Balb/c mice. It was an appropriate choice as 
experimental research design has proven to be an effective approach to test the hypothesis 
under strict conditions where specific influences of Curcuma longa in preventing damage 
from UV radiation can be observed. In an experimental design controlled dosage of 
Cucuma longa extract, positive control, negative control, and UV radiation were 
administered to the mice, to study and record cellular atypia, morphology of stratum 
corneum and epidermal thickness. An experimental research design was useful to know 
how Curcuma longa decreases damage induced by UV, where parameters of the preceding 
were reduced by the former and was in consistent with previous studies about antioxidant 
and anti inflammatory action of Curcuma longa (Aggarwal & Harikumar, 2009; Ceryn et 
al., Prasad et al., 2014). 
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Test Animals 
For the in-vivo experiment, fifteen (15) Balb/c mice were used. This small sample 

size was selected so that the experiment would have accuracy and would not be wasteful of 
animal use. The Balb/c mice were purchased at a BAI-Certified pet shop at Pampanga. 
These mice were divided into three groups, experimental, positive control and negative 
control. The experimental groups received different concentrations of Curcuma longa gel 
(0.15, 0.5%, 1.1%), with the positive control receiving a commercially available scalp gel 
and the negative control receiving the Aloe vera base gel.  
 
Collection and Preparation of the Plant Sample  

Curcuma longa (turmeric plant) was collected from Barangay Mckinley, 
Galimuyod, Ilocos Sur and authenticated at Don Mariano Marcos Memorial State 
University (DMMMSU) - North La Union Campus, Sapilang, Bacnotan, La Union. Washed 
and dry rhizomes with air-oven at 60℃ for 3 hours. Ethanol was evaporated on a rotary 
evaporator at 40℃  producing a viscous turmeric rhizome extract (Kasta, 2020). 
 
Phytochemical Testing  

Phytochemical testing of the plant sample was conducted at Lorma Colleges 
Pharmacy Laboratory. Two widely reported phytochemical assays of curcumin in Curcuma 
longa were the potassium dichromate test and the ferric chloride test. The potassium 
dichromate test consisted in adding only a few drops of the solution to the extract, which 
turned dark as shown in the appendices as a positive reaction. Polyphenols such as 
curcumin in turmeric were oxidized by potassium dichromate, thus contributing to the 
characteristic dark born color of turmeric that confirmed the presence of phenolic 
compounds (Aboul-Fotouh et al., 2018). The ferric chloride test used a neutral 1% of ferric 
chloride solution with the extract turned bluish black due to colored complexes formed 
between the phenolic hydroxyl groups of ferric chloride ions. The color change added 
another confirmatory test with ferric chloride testing for the presence of polyphenols 
(Chaudhary et al., 2023). 
 
Formulation  

Curcuma longa extract was mixed into an Aloe vera base gel in developing the 
Curcuma longa gel. In order to conduct testing on the protective effects of Curcuma longa 
gel in Balb/c mice, topical applications of the gel with subsequent concentrations (0.1%, 
0.5%, and 1.1%) were applied and UV light was irradiated to the animals (Goncalves et al., 
2014; Pratiwi et al., 2021). 
 
Acclimatization  

Balb/c mice and guinea pigs were acclimatized at the Animal Laboratory of Lorma 
colleges for 14 days before transitioning to the environment. Balb/c mice and guinea pigs 
were kept in clean and dry condition at room temperature during the acclimatization period. 
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All animals were fed pellets along with ad libitum fresh water. All animals were housed in 
separate cages and properly labeled according to their respective treatment groups and tests. 
The Balb/c mice and guinea pigs were provided with fresh food and water twice daily, once 
in the morning and again in the afternoon. After the acclimatization period, the 15 Balb/c 
mice were divided into 5 experimental groups, while 3 guinea pigs were reserved for the 
patch and scratch tests. The mice were then assigned to their respective treatment groups 
for the study. 
 
Dermatological Testing   

Patch and scratch test for the Cucuma longa gel used three guinea pigs per 
concentration (0.1%, 0.5%, and 1.1%). At the start of the tests the guinea pigs were lightly 
pinned and shaven using a cloth size of around 4cm by 4cm of the upper part of their back 
or foreside to prevent injury of the skin. If there was any irritation caused by shaven skin 
then animals had a 24 hours opportunity to heal. The test article was then used onto the 
shaven skin and the application was covered with the gauze piece that was then applied 
with an adhesive tape as well. Different concentrations were applied to the different skin 
sites and a control/vehicle site. According to USP guidelines, patches are usually occluded 
for six hours. Application was removed, skin wiped clean, and reactions (erythema, edema, 
or lesions) were noted and graded at 24, 48, and 72 hours using a grading system like the 
Draize scale. The scratch test started with a shaved and cleaned test area. Parallel 
superficial scratches were made in the skin (superficial) but not deep enough for bleeding 
within a 1-2 cm region of the  injured area (sterile needle). To obtain an allergic response 
score, the test article was attached to this abraded area for 15-20 minutes without occlusion, 
and the response was observed to include, redness, swelling, inflammation, which were 
scored to the 24, 48, and 72 hours range to determine seriousness of priority’s at distinct 
times. For skin score the Draize scale was used. 
 
In-vivo Testing   

An ultraviolet light source (UVB light) that emits 311 nm was employed to expose 
the patients to radiation. The exposure was 5 days per week for 14 days. The Balb/c mice 
were kept in cages and placed 20 cm below the lamp to ensure that all animals receive the 
same amount of UV exposure. Each day, the mice underwent two uVB exposure sessions 
lasting 4 hours each, with a 30-minute break in between, following the protocol described 
by Alvariño et al. in (2021).  
​ Before every UVB session, Curcuma longa gel was applied to the mice at the 
assigned concentrations, including the positive and negative control group. The gel was 
administered twice daily before each radiation session throughout the 14-day period. This 
setup ensured consistent UVB exposure among the animals and allowed the study to 
evaluate the potential protective or therapeutic effects of Curcuma longa gel against 
UVB-induced skin changes. 
 
Histopathological Evaluation   

Sampling was performed following the 3 weeks of concurrent application of 
concentrations and the control groups as well as the induction of the test animals. 
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Collection of samples was achieved by harvesting the skin tissues after the treatment for 
laboratory studies. Histopathological examination of the stored samples using skin biopsies 
revealed cellular atypia, altered stratum corneum morphology, epidermal thickness, and 
more indicating that the turmeric gel may exhibit protection at the tissue level (J, 2014). 
Histopathological examination was performed at Vet central Lab, San Juan City, Metro 
Manila.  

 
Physicochemical Properties   

Once the ideal concentration of Curcuma longa gel was determined, the formulation 
was thoroughly subjected to physicochemical examination in order to determine the grade 
of Curcuma longa gel and its sustainability for use in scalp preparation. A wide range of 
tests were conducted to study the gel’s color, texture, pH, spreadability, and viscosity, since 
each parameter affected its appearance, stability, and user acceptance. 

In the first stage, visual observation of turmeric gel color was performed using 
natural light by six randomly selected pharmacy and non pharmacy students of LORMA 
Colleges. The respondents observed the homogeneity, strength and brightness of the gel’s 
yellow appearance by highlighting any color differences or variability. Similarly, the texture 
was quantitatively evaluated in the same group by means of sensory evaluation, where 
participants rubbed or pressed the sample between their fingers in a manner that showed its 
smoothness, consistency, stickiness, and overall feel during the application to replicate a 
typical user experience (Deshmukh et al., 2025; Patel et al., 2016). 

In addition to appearance, the pH of the gel was also determined by dipping a pH 
strip into the gel sample for two seconds and measuring the color result. This was crucial 
because scalp gels are typically considered to be mildly acidic (4.5 to 5.5), which is 
consistent with the intrinsic acidity of the skin and contributes to the barrier integrity and 
also the balance of microbiome in the scalp. Pratiwi et al. (2021) stressed how products in 
this range can lessen scratching of the scalp and encourage scalp health. Spreadability was 
assessed, as well, by affixing a small amount of gel to the skin surface and watching the 
extent to which it spreads when placed with small pressure or mass. Six randomly chosen 
participants participated in the activity and reported ease of spreading to evaluate the 
formulations profile and apply to the scalp without scalp use ( Patel et al., 2016; Deshmukh 
et al., 2025). 

Lastly, the turmeric gel was subjected to a rotational viscometer with a spindle #2 at 
60 rpm to determine the viscosity. The gel’s viscosity was measured based on the flow 
resistance of the gel by turning the spindle at the different speeds and measuring the value 
of the corresponding dial reading, making it easy to measure both the consistency and 
applicability of the gel's composition. Taken together, these physicochemical tests 
constituted a consolidated assessment of the gel’s aesthetic performance, practical 
performance, and overall application on the topical scalp (Patel et al., 2016; Chandrasekar 
et al., 2020). 
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Treatment of Data   
The histopathological findings have been studied through non-parametric statistics 

to interpret the preventive effects of Curcuma longa  gel on UV. Descriptive statistics were 
used to determine the optimal concentration among 0.1%, 0.5%, and 1.1%, median and 
interquartile range, as the data were ordinal. The concentration with the absolute minimum 
mean for atypia cells, morphology of the stratum corneum and thickness of the epidermal 
was considered the most effective. 
​ After identifying the best concentration, Kruskal-Wallis test was applied to assess 
significant differences in results for the most effective concentration, positive control and 
negative control. Subsequently Dunn's post hoc test was used to detect that the different 
groups differed in cellular atypia, stratum corneum morphology, and epidermal thickness. 
Once histopathologically appraised, a descriptively analysed formulation was found based 
on the physicochemical evaluation of color, texture, spreadability, pH and viscosity using a 
structured evaluation form. 
 
4.  Results 
Figure 3.  
Experimental Observation of Normal vs Visible Signs of AK in Mice Skin 
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Table 4.​  
Histopathological Examination Results in terms of the Parameters 

Group Presence of 
Cellular Atypia 

Stratum Corneum 
Morphology 

Epidermal 
Thickness 

  

Score Score Score 
T1 (0.1%) 2 1 1 

2 2 1 
2 2 2 

T2 (0.5%) 1 2 1 
2 2 1 
2 2 1 

T3 (1.1%) 1 2 1 
1 2 1 
2 2 1 

Positive 1 1 1 
1 1 1 
1 2 1 

Negative 4 4 5 
5 5 5 
5 5 5 

Note: 1 = Absence of Parameter; 2 = Presence of Parameter and Normal 
Progression; 3 = Presence of Parameter and Mild Progression; 4 = Presence of 
Parameter and Moderate Progression; 5 = Presence of Parameter and Severe 
Progression  

 

 
Table 5.​  
Median and Interquartile Range (Q3-Q1) of Histopathological Parameters of the Different 
Concentrations 

Group Presence of 
Cellular Atypia 

Stratum Corneum 
Morphology 

Epidermal 
Thickness 

T1 2 (0) 2 (1) 1 (1) 
T2 2 (1) 2 (0) 1 (0) 
T3 1 (1) 2 (0) 1 (0) 

Note: Values are presented as median (Q3-Q1), where Q3-Q1 represents the interquartile 
range. Severity scores: 1 = none; 2 = presence of the parameter 
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Table 6.​  
Median and Interquartile Range (Q3-Q1) of Histopathological Parameters of the Most 
Effective Concentrations vs the Positive and Negative Control 

Group Presence of 
Cellular Atypia 

Stratum Corneum 
Morphology 

Epidermal 
Thickness 

T3 1 (1) 2 (0) 1 (0) 
Positive 1 (0) 1 (1) 1 (0) 
Negative 5 (1) 5 (1) 5 (0) 

Note: 1 = Absence of Parameter; 2 = Presence of Parameter and Normal Progression; 3 = 
Presence of Parameter and Mild Progression; 4 = Presence of Parameter and Moderate 
Progression; 5 = Presence of Parameter and Severe Progression 
 
Table 7. 
The Kruskal-Wallis Analysis of the Scoring of the Histopathological Results  

Parameter df ε² p   
Presence of 

Cellular Atypia 
2 0.848 0.034 (There is a 

Significant 
Difference) 

Stratum Corneum 
Morphology 

2 0.861 0.032 (There is a 
Significant 
Difference) 

Epidermal 
Thickness 

2 1.000 0.018 (There is a 
Significant 
Difference) 

Note: p-value <0.05 = There is a significant difference 
 

Table 8. 
Dunn’s Post-Hoc Analysis of the Scoring of the Presence of Cellular Atypia  

Pairwise Comparison z p(unadj) p(Bonferroni)   
T3 (1.1%) Positive -0.492 0.622 1.000   
T3 (1.1%) Negative 1.969 0.049 0.147   
Positive Negative 2.462 0.014 0.041 (There is a 

Significant 
Difference) 

Note: p-value <0.05 = There is a significant difference 
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Table 9. 
Dunn’s Post-Hoc Analysis of the Scoring of Stratum Corneum Morphology  

Pairwise Comparison z p(unadj) p(Bonferroni)   
T3 (1.1%) Positive -0.943 0.346 1.000   
T3 (1.1%) Negative 1.650 0.099 0.297   
Positive Negative 2.593 0.010 0.041 (There is a 

Significant 
Difference) 

Note: p-value <0.05 = There is a significant difference 
 
Table 10. 
Dunn’s Post-Hoc Analysis of the Scoring of Epidermal Thickness 

Pairwise Comparison z p(unadj) p(Bonferroni)   
T3 (1.1%) Positive 0.00 1.000 1.000   
T3 (1.1%) Negative -2.45 0.014 0.043 (There is a 

Significant 
Difference) 

Positive Negative -2.45 0.014 0.043 (There is a 
Significant 
Difference) 

Note: p-value <0.05 = There is a significant difference 
 

Table 11. 
The Physicochemical Characteristics of the Most Effective Concentration 

Physicochemical 
Characteristics 

Evaluation 

Color Deep yellow 
Texture Smooth 

pH pH 5-6 
Spreadability Very easy 

Viscosity 4,970 cP 
 
5.  Discussion  

In accordance with the researcher’s findings, erythema and edema gradually 
emerged more clearly as the days of UVB induction progressed, which was clearly shown 
in Figure 3, especially with the negative control. However, for the positive control and the 
different concentrations of Curcuma longa gel, the skin of the mice remained intact 
throughout the research period. Showing small or no apparent signs of irritation or 
ulceration. The preservation of skin integrity may be linked with the anti-inflammatory and 
antioxidant properties of Curcuma longa, which can lead to scavenging of reactive oxygen 
species (ROS), suppression of NF-kB activation, and suppression of cytokine release 
(Gupta et al., 2020; Liu et al., 2025). The gradual rise in redness and subtle increases in the 
layer of thickness of the skin that could be seen in the negative control mice showed an 
efficient induction of AK-like processes. These results confirm that early-stage AK 
confirms the experimental model and underscored the preventive effect of the treatments.  
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The histopathological data is presented in Table 4, and a concentration-dependent 
preventive effect is visible, with clearly different scores for different groups. In T1 (0.1%), 
cells were consistently seen to have cellular atypia, scoring 2, which is also a characteristic 
of keratinocytes having normal shape with small nuclear remodeling, indicating that in the 
presence of UV exposure showed some level of stress, but the treatment was able to prevent 
the progression of atypia. Stratum corneum morphology ranged from score 1 (no alteration) 
to score 2 (neat thin, compact, basket-weaved keratin), indicating that the outer part of the 
stratum corneum was effectively intact. Likewise, epidermal thickness ranged between 
score 1 (normal thin epidermis) and score 2 (typical thin epidermis with mild thickening) 
indicating that some mice maintained a normal epidermis with signs of acanthosis in some 
but still in very early stages. 

In T2 (0.5%), a higher and reproducible preventive role appears in terms of the 
histopathological parameters compared with the lowest dose. Two mice still exhibited 
atypia at score 2, indicating normal morphology of keratinocytes with minor nuclear 
changes, tey, one mouse presented at score 1 (absence of atypia), indicating full 
preservation of keratinocyte morphology. This gradual shift toward score 1 indicates that 
the treatments were starting to better counteract UV-induced precancerous changes. The 
stratum corneum morphology retained score 2 (normal thin, compact keratin) for all mice, 
indicative of intact barrier free of hyperkeratotic changes. Meanwhile, epidermal thickness 
was uniformly scored 1 (normal thin epidermis), indicating total protection against 
acanthosis or thickening. 

For T3 (1.1%), the histopathological profile shows the most protective effect among 
the groups treated, which closely resembles the positive control. Cellular atypia was absent 
in two (score 1), was present in one but within normal range (score 2), showing no 
degeneration of keratinocyte morphology and prevention of progression toward 
precancerous nuclear changes. The stratum corneum morphology was preserved in a 
consistent way at score 2 (normal thin, compact, basket-weaved keratin), thus indicating 
that the outer barrier did not undergo hyperkeratosis or parakeratosis. On the other hand, 
epidermal thickness was equally scored 1 (normal thin epidermis) throughout all mice, 
which demonstrated complete prevention for cases of acanthosis or thickening. 

And for effective protection, their scores clearly mean its skin architecture remains 
intact in non-damaging conditions which is clearly why the positive control group is used 
as the benchmark. All mice presented absent atypia (score 1), in which nuclear morphology 
of keratinocytes remained normal without any enlargement, hyperchromasia, or 
pleomorphism. The stratum corneum morphology achieved mostly 1 (absent alteration), 
where it scored 2 in one mouse, corresponding to a normal thin, compact, basket-weaved 
keratin layer. On the other hand, thickness of the epidermis is consistently scored 1 (normal 
thin epidermis) on all samples indicating no acanthosis or thickening. In contrast, the 
negative control group had the worst UV-induced damage, recording cellular atypia scores 
4-5, meaning severe nuclear pleomorphism, prominent nucleoli, and abnormal mitotic 
figures. The morphology of the stratum corneum was similarly compromised (score 4-5), 
characterised by thickened, dense keratin with parakeratosis and scaling, and epidermal 
thickness scored 5 consistently, which reflects marked acanthosis and papillomatosis. These 
findings corroborate the damaging effect of UV without protection. 

The histopathological features utilized to determine whether Curcuma longa gel 
attenuated UV-induced AK-related changes in cellular atypia, stratum corneum 
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morphology, and epidermal thickness were summarized in Table 5. These three measures 
capture the structural changes observed during early AK and were scored to enable 
comparison of protective results of various gel concentrations. 

The presence of cellular atypia is the most important market because it is the earliest 
and primary indicator of AK. Medians of T1 and T2 were 2, indicating atypia, but was 
within normal range. This means T1 included no variations so that all samples had the same 
result and T2 had a variation with one sample without atypia. The lowest median score of 1 
suggested no atypia for T3, suggesting better protection against UV-induced keratinocyte 
damage. Such a pattern confirms also a dose-dependent effect where a higher Curcuma 
longa concentration has much better prevention for atypical nuclear changes. Similar 
effects were observed in the stratum corneum, a corneum area frequently affected in AK via 
parakeratosis, hyperkeratosis and irregular keratinization. Median scores of 2 were reported 
for all treatment groups, but T1 had a few deviations, reaching 1 for one sample, while T2 
and T3 were the same between all samples. While T1 has a small advantage within one 
sample, there is no superiority in stratum corneum changes compared to the cellular atypia, 
with stratum corneum changes secondary only to the primary lesion. For epidermal 
thickness, all groups achieved the median score of 1, meaning they were all effective in 
preventing epidermal thickening but T2 and T3 were more consistent than T1.  

T3 emerges as the most effective concentration overall when these three parameters 
are combined. It provided the best protection with regard to cellular atypia, preserved 
epidermal thickness, and preserved stratum corneum well. While T1 can benefit from better 
stratum corneum morphology, T3 is particularly important, as preventing cellular atypia 
becomes a stronger predictor of AK prevention. These effects of Curcuma longa  are 
primarily attributed to its antioxidant, anti-inflammatory and photoprotective effects, which 
helped in preventing the occurrence of the different parameters.  

Median and interquartile values for three histopathological parameters (presence of 
cellular atypia ,stratum corneum morphology, epidermal thickness) for the T3 (1.1%) were 
presented in Table 6 of this study being compared to the group with positive and negative 
controls. For cellular atypia, T3 demonstrated a median of 1 (1), very close to the positive 
control, with a median of 1(0), far lower than the negative control, with a median of 5 (1). 
This means T3 had a significant effect decreasing cellular atypia, almost mirroring the 
protective effect of the positive control. Regarding stratum corneum morphology, the 
median of T3 was 2 (0) which was marginally higher than the positive control with a 
median of 1 (1) but to a lesser extent than the negative control having a median 5 (1). This 
indicates that T3 had retained keratin structure but preserved the barrier similar to the 
positive control. On epidermal thickness, T3 had a median  value of 1 (0) similar to the 
positive control and significantly less than negative control at 5 (0). This supports that T3 
utterly prevents UV-induced thickening, which is exactly the mechanism of the curcumin as 
an antioxidant and an anti-inflammatory agent. In general, the table shows that the T3 
(1.1%) gave robust protection at all parameters, and most resembled the positive control. 
The low median scores and small difference over time demonstrated its effectiveness in 
preventing UV- induced precancerous changes, especially in maintaining normal epidermal 
thickness and preventing cellular atypia (Gupta et al., 2020; Liu et al., 2025). 

Due to the characteristics of the data, Kruskal-Wallis test was used to examine the 
histopathological scores (presence of cellular atypia, stratum corneum morphology, and 
epidermal thickness) between treatment groups. The computed p-values for all three 
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parameters, 0.034 for cellular atypia, 0.032 for stratum corneum morphology, and 0.018 for 
epidermal thickness, fall below the significance (0.05) level for treatment group shown in 
Table 7, thereby confirming that the group, versus the positive and negative controls’ 
differences in the parameters are statistically significant. Effect sizes (ε²) were then 
computed to quantify the strength of those differences (ε² = 0.848, 0.861, 1.000), indicating 
very strong to perfect associations. This evidence shows that the concentration of Curcuma 
longa gel has a strong and significant effect on inhibition of the histopathological changes 
characteristic for AK. 

Kruskal-Wallis test for cellular atypia demonstrated that the difference between at 
least 1 group was significant, however it did not show the contribution of any of these 
groups. To determine these pairs, Dunn's post-hoc test coupled with Bonferroni correction 
was performed which enabled a pairwise comparison and adjusted for type I error between 
tests. 

Comparison between T3 and the positive control presented in Table 8 revealed no 
statistically significant differences. The result was z = -0.492; unadjusted p = 0.622; 
Bonferroni corrected p = 1.000. This indicates that the 1.1% Curcuma longa gel yielded 
cellular atypia to nearly identical levels with the protected or healthy conditions. In 
comparison with the negative control, there was a greater benefit to T3. The z value in this 
case was 1.969 with the adjustment from Bonferroni, the p value was 0.147, and the result 
was not statistically significant. Even if it had no statistical significance, the positive Z 
value was still sufficient to explain that T3 showed better function than negative control to 
prevent atypical cellular changes. Comparisons between the positive control and negative 
control showed significant effects even after the Bonferroni correction. The z value was 
2.462 and the unadjusted p value was 0.014  with the correct p-value of 0.041. This 
demonstrates a successful response of the positive controls against UV-induced cellular 
atypia, while that of negative controls exhibited a severe injury. Collectively, this supports 
the protective effect of T3 as the observed results were reasonably similar to those observed 
for the positive control. 

Dunn post hoc test analysis (Table 9) showed consistency between the T3 (1.1% 
Curcuma longa gel) and positive control (z = 0.943, p = value 1.000), demonstrating T3 
had the results similar to those observed for the same preventive treatment of stratum 
corneum morphology preservation.T3 obtained an apparent positive z = value of 1.650 and 
a p=0.297) when compared to the negative control (not statistically significant). This 
upward trend suggests that T3 was always superior to the untreated groups, suggesting that 
T3 possessed improvements in morphology biologically significant if not statistically 
significant. In contrast, the positive control compared against negative control is significant 
( z =2.593, p = 0.041) indicating good protection as given the positive treatment against UV 
damage while the absence of the induced larger alterations of the structure. Collectively, 
these findings indicate that T3 had a similar effect to that positive control, and that it did 
indeed show a promising, though not statistically confirmed, benefit compared to the 
negative group. 

For epidermal thickness, Dunn’s post hoc analysis found no difference in effect 
between T3 (1.1% Curcuma longa gel) compared with the positive control ( z = 0.00, p = 
1.000), confirming that T3 remained without significant differences, keeping epidermal 
thickness as healthy as standard treatment. This ideal alignment evidences the potent 
preventative capacity of the 1.1% supplement in preventing the abnormal thickening. T3 vs. 
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the negative control indicated a significant difference (z = 2.45, unadjusted p= 0.014; 
corrected p= 0.043), although in the negative control group as a result of ultraviolet 
damage, the skin became thicker. The z value is negative indicating worse survival in 
untreated mice. Likewise, the positive control vs. negative control comparison yielded 
identical z values (z = 2.45, p = 0.014; corrected p = 0.043) that confirmed treatments had 
greater protection against UV-induced thickening versus non-treatment  

In all parameters (presence of cellular atypia, stratum corneum morphology, 
epidermal thickness) T3 reflected the same preventive effect as the positive control, and 
was significantly superior to that of the negative control; with statistical evidence for 
increased epidermal thickness. Overall, combining these findings indicates that the 1.1% 
concentration is the most effective formulation, strengthening the therapeutic capacity of 
Curcuma longa at UV- induced AK. 

The physicochemical determination of the most effective concentration of Curcuma 
longa gel reveals that the quality of the formulations greatly influences clinical efficacy and 
potential for consumers acceptance. The deep yellow color  observed in all  samples 
indicates that the existence of curcuminoids, particularly curcumin, that in turn, resulted in 
turmeric characteristics pigmentation and visually indicates the  content of its bioactive 
constituents (El-Saadony et al., 2023; Salem et al.,2022). Evaluators reported greater 
spreadability and smooth texts with confirmed successful homogenization, allowing the 
curcumin to be delivered evenly to the scalp (spreading the product freely), promoting user 
comfort. The pH measured for the gel was 5-6 in accordance with the natural scalp 
microbials equilibrium following dermatological practices recommending that lightly acidic 
formulations promote scalp health and product safety (Pratiwi et al., 2021). Moreover, the 
viscosity of the 4,970 cP is within the acceptable range suggested for topical gels, and 
strikes a balance stability and ease of application, a value also stressed in cosmetic science 
literature to be important for the performance of the product (Nardi-Ricart et al., 2018). 
Collectively, these physicochemical properties of this particular gel ingredient that 
optimized gel concentration has a positive impact on therapeutic efficacy as well as on 
requirements for cosmetic as well as pharmaceutical formulations, further supporting its 
performance as a safe, stable, and consumer friendly form of interaction. 
 
6.  Conclusion 
​ The 1.1% Curcuma longa gel (T3) could be described as the optimal concentration 
for protecting against UV-induced actinic keratosis, which could be justified from the 
results of the study. Phytochemical screening determined the existence of antioxidant and 
anti-inflammatory active compounds. No irritation occurred in skin tests performed on 
guinea pigs, demonstrating that the gel was safe for skin even sensitive to UV radiation. 
Physical checks of the untreated mice in the UVB-induced mouse model showed the 
control animals developing redness, swelling, and AK-like effects whereas the treated 
groups showed well-preserved skin with few irritations, clearly portraying the protective 
performance of the gels. Hence, the therapeutic potential of Curcuma longa gel is furthered 
substantiated, which is also consistent with literature suggesting the antioxidant and 
anti-inflammatory effects of curcumin to reduce UV-mediated photo damages (Li et al., 
2016; Threskeia et al., 2023).  
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​ The results verify that Curcuma longa gel has a robust and dose-dependent 
protective effect to UV-induced actinic keratosis at the 1.1% concentration (T3), being the 
highest. T3 did not only inhibit cellular atypia, a characteristic of AK, but also avoided the 
thickening of epidermis and retained the integrity of the stratum stratum corneum which 
was only equivalent with the positive and with a remarkable decrease of epidermal 
thickness (p = 0.043). Although at lower concentration partial protection was gained, only 
T3 achieved a sustained reproducible preventive effect compared to reference treatment, 
thus, 1.1% gel formulation exhibited efficacy and usability together with its suitable 
physicochemical properties (stable color, uniform texture and ph, good spreading and 
viscosity). Accordingly, we find that Curcuma longa gel at 1.1% concentration is a safe, 
stable, and effective natural therapy for the prevention of UV-induced AK with similar 
properties as well as greater performance compared to other treatments. 
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Collection of Curcuma longa Sample 
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APPENDIX G 
Materials, Equipment, Reagents 

 
Materials and Equipment 
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Beakers 
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Chemicals and Reagents 
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Ferric Chloride 
Lead Acetate 
Potassium Dichromate 
Anthrone Reagent 
Benedict’s Solutions 
Chloroform 
Concentrated Sulfuric Acid 
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Curcuma longa Preparation and Extraction  

Preparation and Drying of Curcuma longa 
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Extraction of Curcuma longa 

  

 

Removing Ethanol using Rotary Evaporator 
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APPENDIX I 
Formulation of the Curcuma longa Gel 

 

Formulation 

  

 

Final Product 

  

 
 

 

34 



 
 

APPENDIX J 
Phytochemical Results 

 Photo Result 

Lead Acetate Test 

 

(+) Formation of red 
precipitate 

Potassium Dichromate 
Test 

 

(+) Formation of dark colored 
solution 

Test for Steroids  

 

(-) No blue-green color 
formation indicated the 

absence of steroids. 
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Test for Quinones  

 

(+) Formation of red 
coloration indicating the 

presence of quinones 

Anthrone Test 

 

(-) No blue-green coloration in 
the solution indicated the 

absence of anthrone 

Plant Sample with Water 

 

(+) Formation of yellow to 
orange color indicated the 

absence of curcumin 

Benedict’s Test 

 

(+) Formation of brick-red 
indicated the presence of 

Benedict’s test. 

36 



 
 

Test for Glycoside  

 

(+) Formation of  
reddish-brown ring at the 

junction indicated the presence 
of glycosides. 

Test for Terpenoids 

 

(+) The Black interface 
between the two solutions 
indicated the presence of 

terpenoids. 

Ferric Chloride Test 

 

(+) Formation of dark-colored 
solution 
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APPENDIX K 
Patch and Scratch Test of the Guinea Pigs 

 
 

Photodoc Description 

 

Shaving and cleaning the skin of guinea pig 
 

 

Scratching the cleaned skin using a needle 
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 Applying the assigned concentration (gel) 
 

 

Covering the applied site with gauze  
 

 

 

After 24hrs of applied Curcuma longa gel  
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APPENDIX L 
Induction of Ultraviolet light to the back of the mice 

 

Shaving and cleaning the skin of the mice  Applying the assigned gel concentration 

  

Exposure to UV light for four hours Rest for 30 minutes, followed by another 
four hours of UV exposure 
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Induction of Balb/c mice 

Day Treatment 
Group 

 ( 0.1%) 

Treatment 
Group  
(0.5 %) 

Treatment 
Group  
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Positive Control 
Group 

Negative Control 
Group 

1 M1 
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Legend: M1 = Mouse 1; M2 = Mouse 2; M3 = Mouse 3 
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APPENDIX M 
Collection of Skin Specimen for the Histological Examination 
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APPENDIX N 
Histopathological Examination Results 

 

Scoring Basis 
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Scoring Accelerated 

                                      Original Accelerated 

N/A 1 

0 2 

1 3 

2 4 

3 5 

 

 

Groups  Results 

Group 1 - 0.1% 
Control Treated  
(Curcuma longa 

gel) 

   

Group 2 - 0.5% 
Control Treated 
(Curcuma longa 

gel)  

   

Group 3 - 1.1% 
Control Treated 
(Curcuma longa 

gel) 
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Positive Control 
(Commercially 

available) 

   

Negative Control 
(Aloe Vera Gel) 

   

  
 

48 



 
 

APPENDIX O 
Patch and Scratch Test Primary Irritation Index Result 

Results of Patch Test to Determine the Primary Irritation Index of Curcuma longa Gel 

  Score for Skin Reaction  

Guinea Pig No. Reaction Curcuma longa Gel 

  24 h 48 h 72 h 

1 (0.1%) Erythema 0 0 0 

2 (0.5%) Erythema 0 0 0 

3 (1.1%) Erythema 0 0 0 

Score of Primary Irritation 0/3 = 0 

Score: 0 = No erythema 
 
Results of Scratch Test to Determine the Primary Irritation Index of Curcuma longa Gel 

  Score for Skin Reaction  

Guinea Pig No. Reaction Curcuma longa Gel 

  24 h 48 h 72 h 

1 (0.1%) Erythema 0 0 0 

2 (0.5%) Erythema 0 0 0 

3 (1.1%) Erythema 0 0 0 

Score of Primary Irritation 0/3 = 0 

Score: 0 = No edema 
 
 
Primary Irritation Index (PII) Computation 
 

Patch Test  

Formula Total Score = Average of SPI Values 
Total Score for Erythema 

Solution  = 0 
0
3

Results 0 
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Scratch Test  

Formula  Total Score = Average of SPI Values 
Total Score for Edema 

Solution  = 0 
0
3

Result 0 

Primary Irritation Index (PII) 

Formula Primary Irritation Index = ½ (Average of the Patch + Average of the 
Scratch) 

Solution  Primary Irritation Index = ½ (0+0) = 0 

Result 0 
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APPENDIX P 
Evaluation Sheet for the Physicochemical Evaluation of Curcuma longa Gel 

 

Respondent No.  Photo Documentation 
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APPENDIX Q 
Photodocumentation of the Evaluation Survey 
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