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Abstract

Background: Hyperpigmentation is a common sign of skin aging caused 
by prolonged ultraviolet B (UVB) exposure. Black rice (Oryza sativa L. var 
glutinosa), known for its high antioxidant content, has moisturizing and 
regenerative properties that may support skin health. This study aimed 
to evaluate the effect of black rice extract cream on transforming growth 
factor beta (TGF-β) and tumor necrosis factor alpha (TNF-α) expression in 
a UVB-induced hyperpigmentation mouse model.
Methods: An in vivo experimental study with post test only control group 
design was conducted in 2024 at the Stem Cell and Cancer Research 
Laboratory, Semarang, Indonesia. Twenty-eight male C57BL/6 mice were 
randomly divided into four groups: healthy control (K1),  UVB-exposed 
negative control group (K2), UVB-exposed group treated with  7.5% (K3) 
and 15 % (K4) black rice extract cream  for14 days. On day 15, TGF-β and 
TNF-α expression levels were analyzed using the RTq-PCR,  normalized to 
GAPDH. Data were analyzed using One-way ANOVA followed by post-hoc 
testing.
Results: TGF-β gene expression was the highest in K4 (1.87±0.23), 
followed by K3 (1.52±0.42l) which was statistically significant different 
between groups (p=000); whereas TNF-α gene expression was the lowest 
in K4 (1.92±1.02) compared with K3 (5.40±2.28), and the difference 
between groups was also statistically significant (p=000).
Conclusions: Black rice extract cream increase TGF-β expression and 
reduces TNF-α expression in UVB-induced hyperpigmentation. These 
findings suggests its potential as a natural topical agent to mitigate UVB-
induced skin damage and premature aging.
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Introduction

Continuous exposure to ultraviolet (UV) 
radiation causes changes in the structure 
and function of the skin, leading to chronic 
side effects such as hyperpigmentation and 
skin cancer.1 Hyperpigmentation is one of the 
signs of skin aging, occurs due to increased  
melanin production and elevated reactive 
oxygen species (ROS) in skin cells in response 
to oxidative damage from UV radiation.2,3 

This process activates keratinocyte and 
fibroblasts signaling pathways,  upregulating 

inflammatory genes such as tumor necrosis 
factor-alpha (TNF-α),4 while downregulating 
growth factor receptors including transforming 
growth factor-beta (TGF-β).5 

TNF-α, a pleiotropic cytokine, plays a key 
role in the melanogenesis s by modulating 
intracellular pathways such as NF-κB 
and MAPK, which promote the release of 
melanogenic enzymes like tyrosinase. 
TNF-α also enhances ROS levels and affects 
melanocyte viability, thereby contributing 
to hyperpigmentation and photoaging. Its 
expression increases after UVB exposure 
and correlates with melanocyte stimulation 
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and pigment deposition.4,6 Conversely, TGF-β 
suppresses melanogenesis by inhibiting 
melanin accumulation and tyrosinase activity 
through downregulation of extracellular 
signal-regulated kinase pathways (ERK)/
microphthalmia-associated transcription 
factor (MITF) pathways.6 Additionally, TGF-β 
reduces promoter activity of MITF, TYRP1, 
and TYRP2, key regulators of pigment 
production, making it a potential defense 
against UV-induced hyperpigmentation.7,8 This 
duality positions TNF-α and TGF-β as critical 
biomarkers of pigmentation dysregulation.

Interestingly, TNF-α and TGF-β are primary 
biomarkers that have pivotal and opposing 
roles in UVB-induced melanogenesis.7,8 
TNF-α is a central inflammatory mediator 
that modulates pigmentation through 
melanocyte stimulation and melanogenic 
enzyme expression.9 On the other hand, 
TGF-β inhibits melanin biosynthesis and 
promotes extracellular matrix homeostasis.6,8 
These cytokines are directly impacted by 
UVB exposure and oxidative stress, making 
them reliable molecular indicators for 
evaluating the depigmentation and anti-
inflammatory potential of natural treatments 
may offer a solution for the common problem 
of hyperpigmentation in photoaging.2 
Tyrosinase inhibitors have been widely found 
in cosmetic ingredients as a prevention of 
hyperpigmentation, such as ascorbic acid, 
arbutin, kojic acid, and hydroquinone which 
have the effect of allergic dermatitis or irritants 
and ocronoses.10 Their used has begun to be 
severely restricted, and treatment itself does 
not completely eradicate skin lesions. As 
such, there is a growing need to develop more 
specific and effective alternative treatment 
options.11 Thereofre, it is necessary to look for 
other natural skin lightening ingredients with 
fewer side effects.12 

Natural ingredients with antioxidant and 
anti-inflammatory properties are attractive 
candidates for managing photoaging due 
to their efficacy and minimal side effects 
compared with synthetic compound.13 
Conventional topical application that can 
darken skin tone,14 may cause allergic 
dermatitis, irritation and ochronosis.15 

Black rice (Oryza sativa L. var. glutinosa) 
is particularly promising because of its 
high anthocyanin, phenolic, and flavonoid 
content, which reduce oxidative stress 
and inflammation while modulating 
melanogenesis pathways through redox 
regulation.14,16,17 Moreover, black rice contains 
antimicrobial compounds with additional 

biological activities, including neuroprotective, 
anti-apoptotic, and anti-carcinogenic effects.18 

Topically, black rice extract has been reported 
to promote skin hydration, regeneration, and 
new cell growth, making it a potential cosmetic 
ingredient.18 Cream formulations, with their 
favorable consistency and absorption profile, 
are effective delivery systems for bioactive 
compounds.¹⁹ A previous study showed that 
a cream containing 10% black rice extract 
reduced melanin production, supporting its 
role as a skin lightener. 

Despite these promising data, in vivo studies 
evaluating the molecular mechanisms of black 
rice extract in pigmentation are still limited. 
Therefore, this study aimed to investigate the 
effect of black rice extract cream on TGF-β and 
TNF-α expression in C57BL/6 mice with UVB-
induced hyperpigmentation. Considering that 
chronic UVB exposure accelerates skin aging 
via oxidative and inflammatory pathways, 
the findings are expected to provide scientific 
evidence supporting the development of 
natural, safe, and effective topical agents for 
managing photoaging and hyperpigmentation.

Methods

This experimental study used a post test-
only control group design, conducted at the 
Stem Cell and Cancer Research Laboratory 
(SCCR) Semarang, Central Java, Indonesia 
during September-October 2024. The ethical 
clearance was granted by the Ethics Committee, 
Faculty of Medicine, Sultan Agung Islamic 
University, Semarang No. 336/VIII/2024/
Bioethics Commission.

  Male C57BL/6 mice (n=28), aged 6–8 weeks 
with a body weight of 20–25 grams were used. 
In brief, the mice were  acclimatized for 7 days  
in a well-ventilated room maintained at 28–
32oC, and given pellet food and drinking water 
ad libitum. The mice were randomly divided 
into 4 groups: K1 (Normal treatment), healthy 
mice without treatment; K2 (Negative control), 
UVB-exposed mice without intervention; K3 
(Treatment 1), UVB-exposed mice treated 
with 7.5% black rice extract cream; and K4 
(Treatment 2), and UVB-exposed mice treated 
with 15% black rice extract cream. The 
ingredients included black rice extract, cream 
base, ketamine, xylazine, ethanol, aquaades, 
mice feed, and chloroform. 

The preparation of black rice extract was 
processed through maceration for 72 hours, 
using 70% ethanol solvent followed by filtration 
and evaporation using a rotary evaporator. 
The extract was then formulated into a cream 

Maryanti et al.: Protective Effect of Black Rice Extract Cream on Ultraviolet B-Induced Skin Hyperpigmentation 
in Mice



Althea Medical Journal. Volume 12, Number 3, September 2025

213Maryanti et al.: Protective Effect of Black Rice Extract Cream on Ultraviolet B-Induced Skin Hyperpigmentation 
in Mice

using a base composed  of  olive oil, vaseline 
album, dimethicone, cetyl alcohol, isoprophyl 
myristate, butylated hydroxytoluene (BHT), 
and Span-80, at concentrations of 7.5% or 
15%. 

UVB exposure in hyperpigmented mice 
models was initiated after the mice were 
anesthetized with a mixture of ketamine (60 
mg/kgbb) and xylasine (20 mg/kgbb). The 
hair on the back of the mice was shaved with a 
diameter of 2 cm until clean and then the back 
was exposed to UVB 302 mJ/cm2 in the natural 
UV chamber for 15 minutes, 3 times a week, 
for 14 consecutive days. The K3 and K4 mice 
were then given topical treatment using black 
rice extract cream at concentrations of 7.5% 
and 15%, respectively, once a day, applied four 
hours after UVB exposure. 

On the 15th day after the treatment, skin 
from the  hyperpigmented mice model  were 
validated using Masson-Fontana staining to 
confirm melanin deposition by taking sample 
of 6 mm skin tissue exposed to UVB.17,20 
The increase in the amount of melanin was 
significantly marked by the appearance of a 
blackish color on the epidermis as depicted in 
Figure 1. 

Additional tissue samples were collected 
for RT-qPCR analysis to assess TGF-β and 
TNF-α gene expression. Gene expression of 
TGF-β and TNF-α was quantified using RT-
qPCR and expressed as relative fold change 

normalized to GAPD as the housekeeping 
gene. Relative expression was calculated using 
the Livak (2^−ΔΔCt) method.

Descriptive analysis of TGF-β and TNF-α 
expression was performed using SPSS. 
Normality was tested with Shapiro–Wilk, 
and homogeneity of variance with Levene’s 
test. One-way ANOVA was used to determine 
differences between groups, followed by the 
Tamhane post hoc test to identify the most 
effective treatment dose.

Results

The black rice extract obtained through 
maceration method with 70% ethanol 
produced a thick blackish-brown solution. 
Phytochemical screening confirmed the 
presence of flavonoids and phenols, which were 
used as active ingredients in the treatment 
creams (7.5% and 15% concentrations). 
Spectrophotometry showed total flavonoid 
content of 90.30 mg/100g±4.02 and total 
phenol content of 14.64 mg/100g±0.40. 
Antioxidant activity measured by the DPPH 
assay was 67.98 ± 8.16% (Table 1). 

Masson–Fontana staining confirmed UVB 
exposure induced hyperpigmentation, with 
marked melanin deposition compared to 
healthy controls (Figure 1).

Relative gene expression was analyzed 
using RT-qPCR and normalized to GAPDH by 

Figure 1 Macroscopic and Morphology of the Mice Skins without Exposure and Exposure to 
	    UVB for 14 Days Shows Melanin as Black Pigmentation in the Epidermis

Note: Mice in the healthy group whose skin color was still normal (A); mice exposed with UVB clearly 
showed a dark skin color (B); melanin shown in pink was mostly seen in healthy mice (C); histological 
section of normal skin with light melanin presence (D).
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the 2^−ΔΔCt method. Shapiro–Wilk confirmed 
normal distribution (p>0.05), while Levene’s 
test indicated heterogeneity (p<0.05). 
Therefore, one-way ANOVA with post hoc 
analysis was applied.

There was a significant difference in the 
average expression of the TGF-β gene between 
the four groups (table 2). The mean expression 
was highest in the 15% black rice extract 
group (K4) (1.87±0.23), followed by 7.5% 
(K3) (1.52±0.42), while the negative control 
(K2) showed the lowest value (0.55±0.11) 
(Table 2, Figure 2). ANOVA showed significant 

differences across groups (p < 0.05). Treatment 
with 15% extract cream produced the greatest 
increase in TGF-β expression. 

There was a significant difference (p 
<0.001) in the average expression of the 
TNF-α gene between the groups (Table 3). The 
highest TNF-α expression was found in the 
negative control (K2) (8.27±4.25), followed 
by 7.5% extract (K3) (5.40±2.28), while the 
15% extract group (K2) showed the lowest 
value (1.92±1.02) (Table 3, Figure 3). ANOVA 
confirmed significant differences across 
groups (p < 0.05). Treatment with 15% extract 
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Table 3 Relative Expression of TNF-α in Hyperpigmentation Mice  

Group Negative Control 
(K2)

7.5% Extract 
(K3)

15% Extract 
(K4) p-value

Mean ± SD 8.27 ± 4.25 5.40 ± 2.28 1.92 ± 1.02 0.000*

Table 2 Relative Expression of TGF-β in Hyperpigmentation Mice  

Group Negative Control 
(K2)

7.5% Extract 
(K3)

15% Extract 
(K4) p-value

Mean ± SD 0.55 ± 0.11 1.52 ± 0.42 1.87 ± 0.23 0.000*

Table 1 Analysis of Black Rice Extract Content  
Test Parameters Method Result

Flavonoid total UV-Vis Spectrophotometry 90.30 ± 4.02 
Phenolic total UV-Vis Spectrophotometry 14.64 ± 0.40
Antioxidant DPPH Assay 67.98 ± 8.16

Figure 2 TGF-β Expression Increased Significantly in Mice Treated with 15% Extract Cream 
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cream showed the strongest suppression of 
TNF-α expression.

Discussion

This study has resulted that black rice (Oryza 
sativa L. var glutinosa) extract can reduce 
UVB-induced skin hyperpigmentation in mice, 
as shown by increased TGF-β expression and 
decreased TNF-α expression. Chronic UVB 
exposure promotes melanogenesis,21 which 
is strongly influenced by paracrine factors 
from surrounding cells. UVB stimulates 
keratinocytes and dermal fibroblasts to 
release thsese factors, which in turn activate 
melanocytes. Hyperpigmentation disorders 
of the skin are caused by excessive production 
and accumulation of melanin. Microscopic 
changes that occur include increase melanin 
content.22 Overproduction and buildup of 
melanin can lead to patches of pigmentation 
and skin discoloration, such as chlorospasms, 
solar lentigo, and freckles, leading to aesthetic 
problems.23 This condition is consistent with 
our histological findings of elevated melanin 
in UVB-exposed skin.

Histological analysis confirmed excessive 
melanin accumulation in UVB-exposed mice, 
this is consistent with prior study linking 
hyperpigmentation to UV-induced oxidative 
and inflammatory stress.9 The Masson-
Fontana staining revealed increased melanin 
presence in the basal layer of the epidermis 
in untreated UVB groups, validating the 

development of hyperpigmentation lesions 
following exposure. Consistent with the 
results of a study using black rice extract 
cream, it has been shown to contain flavonoids 
and has a high total phenolic content.16 One 
key component is anthocyanins, natural 
pigments that belong to a large family of 
flavonoids.24 Black rice extract has a high total 
phenolic content and activity as a free radical 
reducer. It is rich in anthocyanins, especially 
cyanidin-3-O-β-D-glucoside and peonidin 
3-glucoside. Black rice also contains bioactive 
compounds such as tocopherols, tocotrienols, 
oryzanols, phenolic antioxidants β-carotene 
and anthocyanins. Anthocyanin compounds 
function as free radical scavenger antioxidants 
and anti-inflammatory properties, playing a 
role in preventing aging.16

Black rice extract contains phenolic 
compounds and anthocyanins that are known 
for various biological activities, including 
antioxidant, anti-inflammatory, and anticancer 
properties.25 In this study, its ability to modulate 
TGF-β and TNF-α expression highlights its 
primary relevance in reducing UVB induced 
skin inflammation and hyperpigmentation. 
These findings support the potential of black 
rice extract as a topical agent for managing 
pigmentary disorders linked to oxidative 
stress and inflammatory responses. 

The analysis of black rice extract cream  
shown a significantly increased of the 
expression of TGF-β especially at a dose 
of 15% and the increase in TGF-β gene 
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Figure 3 TNF-α Expression Was Significantly Reduced in the 15% Extract Treatment Group
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expression indicating the effectiveness of 
TGF-β was more optimal at a larger dose. 
TGF-β is a multifunctional cytokine involved in 
cell proliferation, apoptosis, and extracellular 
matrix regulation, inhibits melanogenesis 
through reduction of the MITF signaling 
pathway.6 TGF-β decreases melanin synthesis 
through decreased regulation of mRNA 
MITF expression via activation of the ERK 
pathway. ERK signaling reduces melanin 
synthesis through MITF degradation.6 
TGF-β is a cytokine that plays a role in cell 
differentiation, proliferation and apoptosis, 
in addition to inhibiting pigmentation. 
TGF-β is believed to mediate a decrease in 
the regulation of MITF promoter activity, 
reducing the production of tyrosinase, TYRP-
1, TYRP-2 and MITF protein levels. TGF-β 
inhibits the expression of paired box homeotic 
genes (PAX 3), transcription factors and 
key regulators of MITF in melanocytes. This 
mechanistic pathway supports the observed 
histological improvement in pigmentation 
and provides a molecular explanation for the 
therapeutic potential of black rice extract 
in hyperpigmentation treatment. TGF-β 
also affects the ERK pathway and decreases 
MITF regulation and melanogenic enzyme 
production.8

In contrast, TNF-α is a pro-inflammatory 
cytokine that contributes to melanocyte 
activation, contributes to oxidative damage 
and promotes melanogenesis by activating 
the MAPK and NF-κB signaling pathways, 
which enhance tyrosinase transcription and 
melanosome transportyrosinase upregulation, 
and subsequent melanin synthesis. The results 
of the analysis  shows that black rice extract 
cream at a dose of 15% effectively reduced 
the expression of TNF-α gene. UVB exposure 
increases the secretion of TNF-α, triggering 
tyrosinase, followed by melanocyte activation 
resulting in stimulation of epidermal 
pigmentation.26 The damage caused by 
inflammation in basal keratinocytes releases 
large amounts of melanin. The free pigment is 
then phagocytosed by macrophages, which are 
now called melanophages. Hyperpigmentation 
disorders, causing photosensitive skin 
conditions that are exacerbated by UV 
exposure. Mechanisms of inflammatory 
response mediated through ROS that affect 
melanocytes in the epidermis.9 This molecular 
contrast between TGF-β suppressing, and 
TNF-α promoting melanogenesis explains 
their inverse expression patterns in our 
results and suggests a regulatory axis that may 
be targeted therapeutically.

Inflammation contributes to the 
deterioration of the basal layer of the 
epidermis and acts as a trigger for melanocytes 
to release pigment-containing melanosomes 
to the surrounding skin cells, pigment 
granules can persist for a long time causing 
discoloration of the epidermis. This can affect 
the epidermis, cytokines, chemokines, and 
ROS that are released during inflammation, 
thereby stimulating melanocyte growth as 
well as melanin synthesis and its transport 
to surrounding keratinocytes. Among the 
physiological factors that drive this event 
is TNF-α. Pigment is usually elevated in the 
basal compartment of the epidermis, which 
is also accompanied by increased expression 
of melanoma marker antibodies (NKI/beteb) 
and metalloproteinase enzyme 2 (MMP-2).9

Moreover, the data indicate a dose-
dependent relationship. The group receiving 
15% black rice extract showed a significantly 
greater increase in TGF-β expression and a 
more substantial reduction in TNF-α levels 
than the 7.5% group. This dose-response trend 
underscores the potential for concentration 
dependent modulation of key pigmentation 
pathways. Although the study did not directly 
investigate TGF-β/TNF-α crosstalk, their 
opposing molecular roles suggest a balance 
that could be further explored through 
transcriptomic and proteomic studies..

Limitations of this study include the 
absence of an additional UVB-only control 
group, the use of ethanol rather than stronger 
extraction solvents such as ethyl acetate, and 
the lack of pre-treatment TNF-α expression 
analysis. Moreover, melanin deposition was 
validated histologically but not quantified in 
severity. Future studies should examine higher 
extract concentrations, early-phase TNF-α 
activation, and alternative extraction methods 
to optimize clinical applicability.

In conclusion, the administration of black rice 
extract cream, particularly at a concentration 
of 15%, significantly increase TGF-β gene 
expression and decrease TNF-α expression 
in  UVB-induced hyperpigmentation. These 
findings supports its potential as a natural, 
safe, and effective topical agent for mitigating 
photoaging and pigmentation disorders by 
targeting key molecular pathways.
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