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Abstract

Background: Prolonged exposure to UVB radiation causes DNA damage in skin cells by raising the levels of reactive oxygen species,
resulting in the production of inflammatory factors and skin issues. Plant extracts are frequently used to counteract photodamage
due to their antioxidant properties. One example is the floral extract of the butterfly pea plant, which contains flavonoid
antioxidants. However, the effect of the extract on inflammatory factors is unknown. This study investigated how tumor necrosis
factor-alpha (TNF-a) and caspase-3 expression changed when a butterfly pea flower extract gel was applied topically to UVB-
exposed animals.

Methods: Experimental and control groups were tested. The healthy group was not exposed to UVB. The negative controls and
treatments 1 and 2 were exposed daily for 5 days at a minimal erythema dose of 160 m)/cm? and then treated with a gel-based extract
containing 5% and 10% of the extract, respectively. A 96% ethanol solution was used during the maceration step for the extraction.
Real-Time Quantitative Reverse Transcription PCR was used to examine gene expression levels in the skin tissue on day 14.

Results: The expression levels of TNF-a and caspase-3 decreased in the treatment group, and higher doses of the extract had a
greater effect.

Conclusions: The gel extract considerably reduced the UVB-induced TNF-a and caspase-3 production in rats.

Keywords: butterfly pea flower, caspase-3, TNF-a, UVB

INTRODUCTION pathway,” thereby activating the p53 gene, which leads to
caspase-3 expression and triggers apoptosis in skin cells,
UVB radiation is the UV light that penetrates the epidermis including fibroblasts.57 Several studies have revealed that
and reaches the upper part of the dermis where it induces chronic UVB exposure causes oxidative stress, thereby
DNA damage to the skin cells by increasing the activating the phosphorylation of mitogen-activated
concentration of reactive oxygen species (ROS).! Excessive protein kinases, as well as the p38, JNK, ERK, and p53
ROS production increases inflammation characterized by pathways, which trigger the expression of MMPs and
the release of various proinflammatory molecules, such degradation of the extracellular matrix, such as
as tumor necrosis factor-alpha (TNF-a).? UV irradiation collagen.8® Treatments with various chemical agents, such
changes dermal collagen through the collagen breakdown as retinoic, kojic, glycolic acid, hydroquinone, or alpha
pathway (matrix metalloproteinase proteins [MMPs]), and arbutin, are the main choices but these chemical agents
by inhibiting the procollagen synthesis pathway resulting can cause side effects, such as skin irritation, contact
in the loss of collagen content.® UV-induced ROS damage dermatitis, genotoxicity, and skin cancer.®
DNA, and induce lipid peroxidation and protein
degradation in skin cells. Additionally, ROS reduce the All parts of the butterfly pea flower (Clitorea ternatea. L)
activities of antioxidant enzymes in the skin, including plant," including the roots, seeds, and leaves have been
superoxide dismutase and glutathione peroxidase.* used medicinally and are recognized to have various
inflammation-reducing effects.”? The petals of the
Prolonged production of TNF-a induces ROS that cause butterfly pea flower are a source of anthocyanins and
oxidative damage to DNA through the NADPH-oxidase 1 various types of flavonoids with antioxidant effects.
Recent studies have reported that butterfly pea extract
*Corresponding author: has high antioxidant activities that inhibit the production
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demonstrated that anthocyanins are strong antioxidants
that reduce ROS if administered topically or orally.'®
However, no study has examined the role of butterfly pea
extract on the expression levels of TNF-a and caspase-3in
the skin with low collagen levels due to UVB exposure.'
Thus, this study examined the effect of topically applied
butterfly pea flower extract gel on the expression levels of
TNF-a and caspase-3 in Wistar rats exposed to UVB.

METHODS

Materials and instruments

The following materials were used in this study: butterfly
pea extract, water-based gel, rat caspase-3 primer set
(F: 5'-GTGGAACTGACGATGATATGGC-3"; R: 5'-
CGCAAAGTGACTGGATGAACC-3' and TNF-a F 5-
AAATGGGCTCCCTCTCATCAGTTC-3'; R: 5'-
TCTGCTTGGTGGTTTGCTACGAC-3'), RNAlater solution, and
neutral-buffered formalin. The instruments used were a
microscope (Olympus, Tokyo, Japan), UVB tool (25 watts),
micropipettes, glass objects and tools, refrigerator (4 °C),
freezer (-20 °C and -80 °C), probe sonicator, vortex, and
Falcon tubes.

Preparation of the butterfly pea flower extract

The butterfly pea flowers were purchased from Balai
Besar Penelitian dan Pengembangan Tanaman Obat dan
Obat Tradisional Tawangmangu, Central Java, Indonesia,
and extracted at the Integrated Laboratory of Diponegoro
University. The extraction was completed using the
maceration method with methanol. The filtrate was
evaporated to dryness to obtain the flower extract.

Qualitative phytochemical analysis

The crude extract was screened to detect the secondary
metabolites. Alkaloids were detected using the Wagner
method, flavonoids using the Willstatter method, tannins
using 1% FeCls, and triterpenoids using the Lieberman-
Burchard method.

UVB-exposed rats

All animal experiments were approved by the Bioethics
Commission for Medical/Health Research, Faculty of
Medicine, Sultan Agung Islamic University, Semarang No.
304/VIII/2022/Komisi Bioetik. Twenty-four male Wistar
rats (Rattus novergicus; age, 3 months old; weight, 200 g)
were procured from the Faculty of Medicine, Islamic
University of Sultan Agung. The rats were quarantined for
3 days and evaluated before the study began. All rats
received a standard diet and water ad libitum and were
divided into four groups consisting of six rats each. The
first, second, and third groups included rats having
collagen exposed to UVB. The fourth group was not
exposed to UV radiation. The hair on the left dorsum of
the rats was shaved to maximize the effect of UVB
exposure on the skin. UVB was provided five times at an
intensity of 160 mj/cm?/day, for a total dose of 800
mJ/cm?.
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Preparation of the topical gel therapy

The skin surface was treated topically to modify the
epidermis and dermis. Topical therapy doses of 5% and
10% were prepared in a water-based gel. The topical gel
extract was administered to the rats once a day for 2
weeks after UVB exposure on day 6. Total RNA was
extracted from a 50 mg skin tissue sample using the
FAVORGEN RNA isolation kit. cDNA was prepared from 25
pg of total RNA in the skin samples using the ReverTra
Ace™ gPCR RT Master Mix.

Polymerase chain reaction analysis was conducted to
determine the gene expression levels of TNF-a, caspase-
3, and the housekeeping gene glyceraldehyde-3-
phosphate dehydrogenase using rat-specific primers and
SYBR Green DNA polymerase. The reaction was run for
40 cycles at 60 °C for the annealing process.

Statistical analysis

Data analysis was performed using SPSS software (version
20.0; SPSS Inc., Chicago, IL, USA). Comparative analyses
were performed using one-way analysis of variance
followed by a post-hoc test to detect differences between
the groups. A p-value <0.05 was considered significant.

RESULTS

Bioactive compounds in the butterfly pea flower extract
The qualitative test was a phytochemical screening method
carried out using colorimetry. The secondary metabolites
(phytochemical compounds) were assessed by visualizing
the colors produced by each compound. The
phytochemical screening included tests such as, flavonoid,
alkaloid, saponin, tannin, steroid, and triterpenoid tests.

This type of phytochemical screening analysis provides
valuable information regarding the presence of the
important classes of phytochemicals in an extract. The
results indicated that flavonoids could be a potential source
of antioxidant activity in butterfly pea flower extract. A
quantitative flavonoid test was performed to analyze the
total flavonoid contents in the ethyl acetate and ethanol
extracts of butterfly pea flowers. The total flavonoid levels
were measured three times and the results are shown in
Table 1. The average total flavonoid content in a butterfly
pea flower extract sample was 682,0238.

TABLE 1. Total flavonoids in the butterfly pea flower
extract

Extract Concentration Total Flavonoid Compound

1000 ppm 690,2143
1000 ppm 671,6429
1000 ppm 684,2143
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Butterfly pea flower extract gel increases collagen
density in the skin of UVB-exposed rats

Collagen density profile in UVB-exposed rats

The rats were stimulated with UVB light for 5 days at an
intensity of 160 mJ every 15 min and then euthanized under
anesthesia. Mason's trichrome staining was used to
examine UVB-exposed rat skin tissue. The UVB-exposed
rats expressed less collagen than the healthy rats. As shown
in Figure 1, the healthy rat skin displayed greater collagen
density (blue hue) than the rat skin exposed to UVB
radiation.
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Expression levels of TNF-a and caspase-3 in dermal
fibroblasts

The effect of the butterfly pea flower extract topical gel on
relative TNF-a mRNA expression level was analyzed using
Real-Time Quantitative Reverse Transcription PCR. The
expression levels of TNF-a and caspase-3 mMRNA
decreased significantly in the dorsal skin of the treatment
group than in the control group. However, the expression
levels of TNF-a and caspase-3 mRNA were higher in the
UVB group than in the treatment group.

FIGURE 1. (A) Healthy rat collagen (B) Reduced collagen density caused by UVB exposure of rat skin tissue.
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FIGURE 2. Relative expression levels of TNF-a in the dorsal skin observed using real-time polymerase chain reaction: (Sham)
group not exposed to UV radiation, (Control) group with UV-exposed collagen loss, (T1) group with collagen exposed to
UVB-treated topical gel from 5% of butterfly pea extract, (T2) and group with collagen exposed to UVB-treated topical gel

from 10% extract of butterfly pea.
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*significant difference in the control group (p < 0.01); indicates a significant difference in the UVB group (N = 6 per group).

FIGURE 3. Relative expression levels of caspase-3 in the dorsal skin observed using real-time polymerase chain reaction.
(Sham) group not exposed to UV radiation, (Control) group with UV-exposed collagen loss, (T1) group with collagen
exposed to UVB-treated topical gel from 5% of butterfly pea extract, (T2) and group with collagen loss exposed to UVB-

treated topical gel from 10% of butterfly pea extract.

The results of the TNF-a gene expression level analysis on
day 14 after UVB exposure are shown in Figure 2. The
results show that the gel topical therapy based on the
butterfly pea flower extract decreased the expression of
TNF-a in rat UVB-exposed skin. TNF-a gene expression
level in T2 was significantly different from that of the
control and healthy groups (p < 0.05) but was not
significant compared with T1 (p > 0.05). The data also
shows that T1 was not significantly different from the
control (p > 0.05) but was significantly different from the
healthy rats (p < 0.05).

The results of the caspase-3 gene expression level
analysis on day 14 after UVB exposure are shown in Figure
3. The results show that the topical gel therapy based on
the butterfly pea flower extract decreased the expression
of caspase-3 in rat UVB-exposed skin. Caspase-3 gene
expression was significantly different in T2 from that of
the control and healthy groups (p < 0.05) but was not
significant compared with T1 (p > 0.05; Mann-Whitney).
The data also shows that T1 was not significantly different
from the control (p > 0.05) but was significantly different
from the healthy rats (p < 0.05).

DISCUSSION

UV radiation increases ROS production and activates
signal transduction pathways leading to tissue damage. In
addition, ROS produced by UVB irradiation increase the
levels of inflammatory factors, such as TNF-aq, which
modulate cell apoptosis by activating caspase-3, causing a
decrease in collagen and other skin problems.'”

The butterfly pea flower has been proposed to have
potent antioxidant activities. The antioxidant capacity of a
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coffee extract is determined by its high flavonoid
contents, such as anthocyanins, quercetin alkaloids,
saponins, and tannins. Anthocyanins are a class of
flavonoids that are potential photoprotective agents
because they absorb UV rays 31.99 and act as
antioxidants and anti-inflammatory compounds.'?"

In the present study, applying 10% butterfly pea flower
extract gel topically inhibited photodamage by
downregulating the expression levels of the TNF-a and
caspase-3 genes and significantly reducing the TNF-a
levels (p < 0.05). The flavonoids in the butterfly pea flower
extract may have caused the decrease in the TNF-a level.
A previous study reported the role of anthocyanins in the
activation of Nrf-2, which directly inactivates NF-kB.2°

Recent studies have suggested that NF-B plays a crucial
role in the development of skin inflammation due to UVB
exposure. Inhibiting NF-kB expression may suppress skin
inflammation in response to UVB radiation. Based on
previous studies, activating NF-kB triggers the release of
inflammatory cytokines, such as interferon-y, interleukin
(IL)-6, and TNF-a.2'??2 The NF-kB signaling pathway is
activated in response to different stimuli, including the
cytokine TNF-q, which is secreted by local macrophages
during infection and cellular stress caused by external
factors, such as exposure to UV light. In the absence of
activating stimuli, NF-kB dimers are retained in the
cytoplasm in association with inhibitory members of the
NF-kB inhibitory (IkB) protein family.?32#

UVB exposure releases the NF-KB bonds and inhibiting
factors so that NF-kB is activated. Previous studies have
reported the role of a butterfly pea flower extract in
inhibiting the expression of NF-kB. Suppressing the
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transcription factor NF-kB is associated with the cleavage
of the inflammatory cytokine pathway, including TNF-a.
This aligns with the results of this study, which found a
decrease in TNF-a expression after the administration of
butterfly pea flower extract gel.?>-?"

TNF-a signals the regulation of immune homeostasis and
is involved in the regulation of cell death.?® The TNF-a-
associated apoptotic mechanism is closely related to a
cascade of apoptotic cysteine proteases known as
caspases, which are responsible for initiating and
executing apoptosis. The death signal from the TNF-a
receptor is transduced to the TNFRSF1A Associated Via
Death Domain adapter protein, which uses the
subsequent Fas Associated Via Death Domain adapter
protein and regulates The death-inducing signaling
complex to activate caspase-8 to caspase-3, leading to cell
apoptosis. The decreased expression of TNF-a is
correlated with the blocked production signal of the
apoptotic enzymes, including caspase-3.2°

Furthermore, a significant decrease in caspase-3
expression level was detected in the T2 group compared
with the control group. This result may be due to the
decrease in TNF-a expression level in group 2. This result
aligns with the previous studies, stating that a decrease in
caspase-3 and TNF-a expression levels in the skin tissue
of UVB-exposed rats after administering butterfly pea
flower extract gel has implications for stopping the death
of the skin cells.

Mason's trichrome staining indicated that UVB exposure
decreased collagen density in the test group of rats,
indicated by a reduced blue hue on the stained slides. This
finding demonstrates that an inflammatory response of
the skin was successfully induced by UVB after 5 days of
treatment at a level of 160 Mj/cm? for 15 min each day.
UVB irradiation induced ROS production in the epidermis,
which caused the release of IL-6, and overproduction of
MMPs activated by the protein transcription factor AP-1.
MMPs destroy collagen and decrease collagen density.

Based on the results of this study, administering butterfly
pea flower extract maintained the firmness of the skin
exposed to UVB by inhibiting TNF-a and caspase-3
expression levels; however, this study had several
limitations, such as the collagen level was not verified in
the skin.

CONCLUSIONS

The butterfly pea flower extract gel was useful as a topical
treatment for photodamage caused by excessive
decreases in caspase 3 and TNF-a gene expression levels
on the UVB-exposed skin of rats. This study will serve as
the basis for further applied research, leading to the
production of photoaging products, such as
hyperpigmentation therapy.

Makara | Health Res.

Potential Use of the Gel Extract of Butterfly Pea Flower 81

CONFLICTS OF INTEREST
None declared.
FUNDING

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Received: October 25, 2022 | Accepted: January 15, 2023
REFERENCES

1. D'Orazio J, Jarrett S, Amaro-Ortiz A, Scott T. UV radiation
and the skin. Int / Mol Sci. 2013;14:12222-48.

2. ChenX, Andresen1 BT, Hill M, Zhang J, Booth F, Zhang C.
Role of reactive oxygen species in tumor necrosis factor-
alpha induced endothelial dysfunction. Curr Hypertens
Rev. 2008;4:245-55.

3. Quan T, He T, Kang S, Voorhees JJ, Fisher GJ. Solar
ultraviolet irradiation reduces collagen in photoaged
human skin by blocking transforming growth factor-
beta type Il receptor/Smad signaling. Am J Pathol.
2004;165:7415-51.

4.  Nita M, Grzybowski A. The role of the reactive oxygen
species and oxidative stress in the pathomechanism of
the age-related ocular diseases and other pathologies
of the anterior and posterior eye segments in adults.
Oxid Med Cell Longev. 2016;2016:3164734.

5. Mcllwain DR, Berger T, Mak TW. Caspase functions in
cell death and disease. Cold Spring Harb Perspect Biol.
2013;5:a008656.

6.  Gunaseelan S, Balupillai A, Govindasamy K, Ramasamy
K, Muthusamy G, Shanmugam M, et al. Linalool prevents
oxidative stress activated protein kinases in single UVB-
exposed human skin cells. PLoS One. 2017;12:e0176699.

7. Ramadan MA, Shawkey AE, Rabeh MA, Abdellatif AO.
Expression of P53, BAX, and BCL-2 in human malignant
melanoma and squamous cell carcinoma cells after tea
tree oil treatment in vitro. Cytotechnology. 2019;71:461-
73.

8. Papazoglou E, Huang ZY, Sunkari C, Uitto J. The role of
Syk kinase in ultraviolet-mediated skin damage. Br J
Dermatol. 2011;165:69-77.

9. Katiyar SK, Afaq F, Azizuddin K, Mukhtar H. Inhibition of
UVB-induced oxidative stress-mediated phosphorylation
of mitogen-activated protein kinase signaling pathways
in cultured human epidermal keratinocytes by green
tea polyphenol (-)-epigallocatechin-3-gallate. Toxicol
Appl Pharmacol. 2001;176:110-7.

10. Sarkar R, Arora P, Garg KV. Cosmeceuticals for
hyperpigmentation: What is available? J Cutan Aesthet
Surg. 2013;6:4-11.

11.  Weerasinghe T, Perera D, De Silva N, Poogoda D,
Swarnathilaka H. Butterfly pea: An emerging plant with
applications in food and medicine. Pharma Innov .
2022;11:625-37.

12. Vidana Gamage GC, Lim YY, Choo WS. Anthocyanins
from Clitoria ternatea flower: Biosynthesis, extraction,

April 2023 | Vol. 27 | No. 1


https://www.genecards.org/cgi-bin/carddisp.pl?gene=FADD

82

13.

14.

15.

16.

17.

18.

19.

20.

21.

Cahyani, et al.

stability, antioxidant activity, and applications. Front
Plant Sci. 2021;12:792303.

Jeyaraj EJ, Lim YY, Choo WS. Extraction methods of
butterfly pea (Clitoria ternatea) flower and biological
activities of its phytochemicals. J Food Sci Technol.
2021;58:2054-67.

Diaconeasa Z, Stirbu |, Xiao J, Leopold N, Ayvaz Z, Danciu
C, et al. Anthocyanins, vibrant color pigments, and their
role in skin cancer prevention. Biomedicines. 2020;8:336.
Tena N, Martin J, Asuero AG. State of the art of
anthocyanins: Antioxidant activity, sources,
bioavailability, and therapeutic effect in human health.
Antioxidants (Basel). 2020;9:451.

Narendhirakannan RT, Hannah MA. Oxidative stress
and skin cancer: An overview. Indian | Clin Biochem.
2013;28:110-5.

Glady A, Tanaka M, Moniaga CS, Yasui M, Hara-Chikuma
M. Involvement of NADPH oxidase 1 in UVB-induced cell
signaling and cytotoxicity in human keratinocytes.
Biochem Biophys Rep. 2018;14:7-15.

YinY, Li W, Son YO, Sun L, Lu J, Kim D, et al. Quercitrin
protects skin from UVB-induced oxidative damage.
Toxicol App! Pharmacol. 2013;269:89-99.

Ammar |, Ennouri M, Attia H. Phenolic content and
antioxidant activity of cactus (Opuntia ficus-indica L.)
flowers are modified according to the extraction
method. Ind Crops Prod. 2015;64:97-104.

Matzinger M, Fischhuber K, Heiss EH. Activation of Nrf2
signaling by natural products-can it alleviate diabetes?
Biotechnol Adv. 2018;36:1738-67.

Putra A, Ridwan FB, Putridewi Al, Kustiyah AR, Wirastuti
K, Sadyah NAC, et al. The role of TNF-a induced MSCs on

Makara | Health Res.

22.

23.

24,

25.

26.

27.

28.

29.

suppressive inflammation by increasing TGF-8 and IL-
10. Open Access Maced | Med Sci. 2018;6:1779-83.
Nugraha A, Putra A. Tumor necrosis factor-a-activated
mesenchymal stem cells accelerate wound healing
through vascular endothelial growth factor regulation in
rats. Universa Medicina. 2018;37:135-142.

Liu T, Zhang L, Joo D, Sun SC. NF-kB signaling in
inflammation.  Signal  Transduct  Target  Ther.
2017;2:17023.

Masyithah Darlan D, Munir D, Karmila Jusuf N, Putra A,
Ikhsan R, Alif I. In vitro regulation of IL-6 and TGF-B by
mesenchymal stem cells in systemic lupus
erythematosus patients. Med  Glas  (Zenica).
2020;17:408-413.

Oeckinghaus A, Ghosh S. The NF-kappaB family of
transcription factors and its regulation. Cold Spring Harb
Perspect Biol. 2009;1:a000034.

Cooper S), Bowden GT. Ultraviolet B regulation of
transcription factor families: Roles of nuclear factor-
kappa B (NF-kappaB) and activator protein-1 (AP-1) in
UVB-induced skin carcinogenesis. Curr Cancer Drug
Targets. 2007;7:325-34.

Divya SP, Wang X, Pratheeshkumar P, Son YO, Roy RV,
Kim D, et al. Blackberry extract inhibits UVB-induced
oxidative damage and inflammation through MAP
kinases and NF-kB signaling pathways in SKH-1 mice
skin. Toxicol App! Pharmacol. 2015;284:92-9.
Parameswaran N, Patial S. Tumor necrosis factor-a
signaling in macrophages. Crit Rev Eukaryot Gene Expr.
2010;20:87-103.

Xu G, Shi Y. Apoptosis signaling pathways and
lymphocyte homeostasis. Cell Res. 2007;17:759-71.

April 2023 | Vol. 27 | No. 1



	Potential Use of the Gel Extract of Butterfly Pea Flower as Topical Therapy to Prevent Photodamage by Downregulating TNF-α and Caspase-3 Expression Levels in UVB-Exposed Rats
	Recommended Citation

	Potential Use of the Gel Extract of Butterfly Pea Flower as Topical Therapy to Prevent Photodamage by Downregulating TNF-Î± and Caspase-3 Expression Levels in UVB-Exposed Rats

