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Abstract

Background: The Conocarpus extract possesses antioxidant, antibacterial, and anti-inflammatory properties, which may prove to
be beneficial in the healing of skin wounds.
Objectives: This study investigated the protective effects of Conocarpus leaf extract on HSF-PI 17 fibroblast cells against the harmful
effects of UVB radiation.
Methods: After culturing the cells, the MTT assay was employed to evaluate the cytotoxicity of theConocarpus extract. The cells were
divided into three groups: The control group, the group receiving radiation only, and the group receiving radiation along with the
Conocarpus leaf extract. Trypan blue staining was utilized to quantify the count of viable cells. The level of reactive oxygen species
(ROS) production was determined by measuring the intensity of fluorescence color. Real-time PCR was utilized to evaluate gene
expression, while Western blotting was employed to determine protein expression.
Results: Conocarpus extract had no toxic effects on HSF-PI 17 cells at doses ranging from 0.001 to 1 g/mL. Exposure to UVB radiation
led to a notable rise in the production of ROS and a considerable decline in cell growth rate compared to the control group (P <
0.05). In the third group, the Conocarpus extract significantly moderated the reduction in growth and production of ROS compared
to the second group (P < 0.05). TGF-β and SMAD2/3 gene expressions, as well as collagen protein levels, were significantly lower in
the second group than in the control group (P < 0.05). TGF-β and SMAD2/3 gene expressions, as well as collagen protein expression,
showed a significant increase in the third group compared to the second group (P < 0.05).
Conclusions: Conocarpus leaf extract reduces the harmful effects of UVB radiation on HSF-PI 17 skin fibroblast cells.
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1. Background

The skin is the largest organ and the first protective
layer of the body. Nowadays, with the growing emphasis
on health and beauty worldwide, there has been a rise in
oxidizing and harmful chemical factors such as sunlight
and active oxygen species. As a result, many researchers are
exploring methods to prevent skin damage and aid in skin
repair (1). Many of the chemical or herbal compounds used
in this field have unfavorable side effects or are ineffective
at preventing aging and skin inflammation (2).

Conocarpus erectus (C. erectus), an evergreen tree, is an
ornamental mangrove (3). The pharmaceutical industry
greatly benefits from the abundance of biologically active
substances found in mangrove trees (4). Conocarpus

erectus, a plant with spherical flowers, is common in
tropical and subtropical areas of the world (5). The
cultivation of C. erectus in Iran’s south and southwest has
received widespread approval due to its superior pruning
capabilities and high survival rate (6). Studies on C. erectus
use in medicine have demonstrated its anti-inflammatory,
antimicrobial, and anticancer properties. This plant has
also been used to treat conjunctivitis, cataracts, diabetes,
heatstroke, tissue swelling, and fever (7). Although C.
erectus extract has many beneficial qualities, it has not
received the attention it deserves, and most people are
unaware of its therapeutic capabilities (7). Given the
antibacterial and anti-inflammatory properties of the
C. erectus leaf extract, its effectiveness in healing skin
wounds, ease of cultivation, and low cost of upkeep, it can
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potentially be a desirable treatment for preventing skin
aging (8-10) if its effects on skin protection are proven.
Conocarpus erectus is a resilient plant that can store water
to endure hot climates (11). This plant is widely cultivated
in the southern regions of Iran, including the city of Ahvaz
(12). The effects of C. erectus leaf extract on preventing
aging and rejuvenating skin cells have not been studied.

The current study investigated the protective effect of
the leaf extract of C. erectus against ultraviolet B (UVB)
radiation in skin fibroblast cells. This study applied C.
erectus plant extract to human skin fibroblast cells (HSF-PI
17) exposed to UVB radiation.

2. Objectives

The study aimed to investigate the impact of C. erectus
leaf extract on the cell growth rate, viability, and collagen
production by activating the transforming growth
factor-β/suppressor of mothers against decapentaplegic
2/3 (TGF-β/SMAD2/3) pathway, as well as its effect on the
rate of free radical production.

3. Methods

3.1. Preparation of Plant Extract

The leaves of C. erectus were gathered from Ahvaz
Jundishapur University of Medical Sciences’ medicinal
plant garden. The plant was identified by Khuzestan
Agricultural and Natural Resources Research and
Education Center herbarium. The voucher number is
10925. The leaves were separated from the branches
and dried entirely in an oven at 50°C for 24 hours. After
thoroughly grinding the leaves using a mortar, 200 g of
the resulting powder was dissolved in 1000 mL of 80%
methanol solution. The plant extract was harvested for six
hours using a Soxhlet apparatus (Farazma Research, Iran)
(13).

3.2. Cell Culture

The cellular experiment was approved by the Animal
Experiments Committee of the Ahvaz Jundishapur
University of Medical Sciences (IR.AJUMS.REC.1401.474).
We purchased HSF-PI 17 human skin fibroblast cells (NCBI
Code: C193) in passage number 3 from Pasteur Cell Bank in
Tehran. Cells were cultured in flasks containing Dulbecco’s
Modified Eagle Medium-High Glucose (DMEM-HG) (Sigma
brand, USA), 10% Fetal Bovine Serum (FBS) (Sigma brand,
USA), and 1% penicillin/streptomycin (Pen/Strep) (Sigma
brand, USA) in an incubator containing 5% CO2 at 37°C.
The culture medium of the cells was changed every two or

three days. The cells were passaged when the cell density
reached about 90% (14, 15).

3.3. MTT Assay

Cells were cultured at a density of 104 cells per well in a
96-well culture plate in triplicate. After 24 h of incubation
at 37°C, C. erectus extract concentrations of 0.001, 0.01,
0.1, and 1 g/mL in phosphate buffer saline (PBS) (Sigma
brand, USA) were applied to the cells. Three wells were
considered as control. After 24 h of incubation at 37°C, the
cell supernatant was removed, and 100 µL of 0.5 mg/mL
3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide (MTT) reagent (Sigma, USA) was added to each
well. After 4 h of incubation in the dark at 37°C, 100 µL
of dimethyl sulfoxide (DMSO) reagent (Sigma, USA) was
added to each well, and the plate was placed in a shaker for
15 min. Then, the optical spectrum of the samples was read
by ELISA reader (Bio-RAD, USA) at a wavelength of 570 nm.
The cell survival percentage of each group was calculated
with the formula (16):

Average optical absorption of the sample

Average optical absorption of the control
× 100

3.4. Ultraviolet B Radiation Therapy and/or Conocarpus erectus
Extract Application

The cells were divided into three groups: The control
group, the group receiving UVB radiation with an intensity
of 144 mJ/cm2 (17), and the group receiving 0.016 g/mL of C.
erectus extract in addition to UVB radiation (18).

3.5. Proliferation Assay

The cells of the three groups were cultured in triplicate
with a density of 105 cells per well in a 12-well culture plate.
After 24 h of incubation at 37°C, the cells of groups 2 and
3 were exposed to UVB radiation with an intensity of 144
mJ/cm2. The 0.016 g/mL extract of C. erectus was added
to the third group. After 24 h of incubation, the cells
were detached from the bottom of the flask using a 0.25%
Trypsin/Ethylenediaminetetraacetic acid (EDTA) solution
(Sigma, USA) and stained with trypan blue. Then, the
number of viable cells in each well was determined using
an inverted microscope (Olympus, Germany). The average
number of viable cells in each group was determined. The
cells were cultured again in the 12-well plate. The number
of viable cells was counted again 24 h later. The process was
done for ten consecutive days, and the average was used to
draw the cell growth curve.
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3.6. Estimating Reactive Oxygen Species Production

The Oxi SelectTM assay kit measured the intracellular
reactive oxygen species (ROS) production level. Their
production was determined based on the production of
green fluorescent dye dichlorodihydro fluorescein (DCF).
The cells were cultured in triplicate in 96-well culture
plates. After 24 h of incubation at 37°C, the supernatant
was discarded, and 100 µL of DA-DCFH 1X was added to
each well and incubated at 37°C for 30 min. Then, the
supernatant was removed, and three washing processes
were applied. After administration of radiation and/or
C. erectus extract, 100 µL of culture medium and 100 µL
of lysing buffer were added to each well. The plates
were then incubated for another 5 min at 37°C. The
amount of fluorescence was measured at 480 and 530 nm
wavelengths using a Dako flow cytometer (Troy, USA). Data
were analyzed using Flow Jo software.

3.7. Real-time Polymerase Chain Reaction Method

The cells were cultured in triplicate on six culture
plates for real-time PCR analysis. After irradiation or
addition of C. erectus extract, the cell precipitate was
isolated by treating with Trypsin/EDTA and incubating at
37°C for 24 hours. First, RNA was extracted. Then, cDNA
synthesis was performed, followed by gene amplification
using real-time PCR.

3.8. RNA Extraction

The RNA was extracted using a Sinaclon kit (Iran) by
column chromatography following the kit’s instructions.
The quality of the extracted RNA was assessed by
measuring the OD260/OD280 ratio in a Nanodrop device
(Thermo, Canada). The OD260/OD280 ratios between 1.8
and 2 indicated acceptable quality for RNA.

3.9. cDNA Synthesis

The CycleScript RT PreMix cDNA synthesis kit (Bioneer,
South Korea) was used to conduct the cDNA synthesis
reaction. An oligo dT primer was applied to construct
cDNA. According to the kit’s instructions, the reactions
were performed in 20 µL.

3.10. Real-time Polymerase Chain Reaction

The primers for TGF-β and Smad2/3 were designed
using the Primer3 online software. The designed
primers were as follows. The human TGF-β1 forward
and reverse primers were 5’-CCCAGCATCTGCAAAGCTC-3’
and 5’-GTCAATGTACAGCTGCCGCA-3’.
The forward primer for Smad2 was
5’-CCGGAATTCATGTCGTCCATCTTGCCATTCAC-3’, and the

reverse primer was 5’-TCCGCTCGAGTTATGACATGCTTGAGCA
ACGCAC-3’. The forward primer for Smad3 was
5’-CGCGGATCCATGTCGTCCATCCTGCCTTTC-3’, and the
reverse primer was 5’-TCCGCTCGAGTCAAGACACACTGGAAC
AGCGGA-3’. The GAPDH forward and reverse
primers were 5’-TGTTGCCATCAATGACCCCTT-3’ and
CTCCACGACGTACTCAGCG, respectively (19, 20). Each
primer was used at 0.5 µM concentration. The Ampliqon
RealQ Plus Master kit for SYBR Green I, made in Denmark,
was used to carry out the PCR in a total volume of 12.5 µL
according to the kit’s instructions. The American-made
Roche Lightcycler Detection System managed to run
the PCR through 45 temperature cycles. Two negative
control reactions, one without RNA and the other without
cDNA, were used to confirm the reaction’s accuracy. The
expression levels of various genes were compared based
on the 2-∆∆Ct method. The reactions were performed in
triplicate. The GAPDH gene was used as a reference gene.

3.11. Western Blotting

The cells were detached from the flask bottom for
Western blotting to assess the collagen expression level.
The cell pellet was dissolved in PBS and centrifuged at
448 g for 5 min. Afterward, the PBS supernatant was
discarded, and the cell pellet was resuspended in 100
µL of radioimmunoprecipitation assay buffer (RIPA) lysis
buffer (Sigma, USA). Following a 30-min ice-incubation
period, the samples were centrifuged at 11,200 g for 20
min. The supernatant was collected, and the total protein
concentration was calculated using the Bradford method.
Then, 10 µL of the cell supernatant and 10 µL of the
mercapto ethanol-containing buffer were combined. The
resulting mixture was incubated at 70°C for 10 min. The
final samples were loaded onto a 12% sodium dodecyl
sulfate (SDS) PAGE gel and a nitrocellulose membrane.
Membranes were blocked by 5% dry milk in PBS. After
washing with PBS/Tween, GAPDH and primary collagen
antibodies (ab 8245, ab34710) (Abcam, USA) were diluted at
a 1/1000 ratio and added to membranes. Then, secondary
antibodies conjugated with HRP (P0048 Dako) (Dako,
Denmark) were diluted at a 1/1000 ratio and added. The
membranes were incubated with diaminobenzidine (DAB)
for 10 min at room temperature and dried in a 37°C
incubator for 15 min. The densitometry of collagen was
determined compared to reference protein GAPDH using
Image J software. All tests were done in triplicate.

3.12. Statistical Analysis

Data were analyzed using SPSS software (SPSS Inc.,
Chicago, IL, USA). All experiments were done in triplicate.
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The mean values were compared using the one-way
Analysis of Variance (ANOVA) and Tukey post-hoc statistical
tests.

4. Results

4.1. Determination of Conocarpus erectus Extract Toxicity

The MTT results revealed that C. erectus leaf extract at
concentrations of 0, 0.001, 0.01, 0.1, and 1 g/mL had no toxic
effect on HSF-PI 17 fibroblast cells (P > 0.05) (Figure 1).
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Figure 1. Cell viability changes after administration of various Conocarpus erectus
extract concentrations. The MTT assay results showed that the administration of C.
erectus extracts at 0, 0.001, 0.01, 0.1, and 1 g/mL concentrations had no effect on cell
viability (P > 0.05). All experiments were carried out in triplicate.

4.2. Cell Proliferation

Cell counting revealed that UVB radiation causes
a significant decrease in the number of living cells
compared to the control group (P < 0.05) (Figures 2 and
3). The group that received UVB and C. erectus extract
simultaneously showed a significantly elevated number of
viable cells compared to the group that received radiation
only (P < 0.05) (Figures 2 and 3).

4.3. Reactive Oxygen Species Production

In the second group, UVB significantly increased the
production of the oxidants in cells compared to the control
group (P < 0.05) (Figure 4). While in the third group,
the addition of C. erectus extracts caused a substantial
reduction in ROS production compared to the second
group (P < 0.05) (Figure 4).

4.4. TGF-β and Smad2/3 Expression

The group that received UVB showed significantly
decreased levels of TGF-β and Smad2/3 genes compared to
the control group (P < 0.05) (Figure 5A and B ). The third
group, which received radiation and C. erectus extract at

the same time, revealed a substantial elevation in TGF-β
and Smad2/3 expression compared to group 2 (P < 0.05)
(Figure 5A and B ).

4.5. Collagen Expression

The results of Western blotting showed that in group
2, which received radiation, the level of collagen protein
expression was significantly lower than in the control
group (P < 0.05) (Figure 5 A and B ). While in the third
group, the addition of C. erectus extract moderated the
expression of collagen protein compared to the second
group (P < 0.05) (Figure 6).

5. Discussion

The skin is the body’s largest organ that plays a
wide range of protective functions against pathogen
entry. Thus, efforts to protect skin health not only help
prevent the entry of various bacteria and pathogens
but also maintain a constant body temperature.
Additionally, healthy skin supports a sense of freshness
and individual self-confidence (21). Skin aging is a natural
and unavoidable process characterized by a decrease in
the skin’s ability to synthesize collagen, thickening of the
epidermis layer, and the formation of wrinkles on the skin.
Today, we are exposed to numerous oxidizing agents, such
as harmful radiation, industrial pollutants, hazardous
chemicals, and pathogens. Environmental oxidizing
agents can cause premature destruction of skin layers and
accelerate the aging process (22). Researchers around the
world are working to address the issue of premature skin
aging. Nowadays, various natural plant extracts are used
to protect the skin. Plant extracts contain skin-restoring
ingredients such as antioxidants, proteins, peptides,
retinoids, and hydroxy acids, which aid in the re-synthesis
of collagen and elastin and the prevention of oxidative
reactions (23). Previous research has demonstrated the
benefits of pomegranate and coffee extracts as antioxidant
drugs in skin protection (24). Ameedi et al. demonstrated
that the hydroalcoholic extract of clove and C. erectus
buds have valuable antibacterial and anti-inflammatory
medicinal properties both in vitro and in vivo (9). Previous
research has also found that chamomile extract is
anti-inflammatory in skin protection (25). The mint
extract can also help firm the skin (26). Coconut and
jojoba plant oils soften the skin’s texture (27).

Qves et al.’s research showed the beneficial cytotoxic
and antifungal effects of methanolic extract of C. erectus
in cancer cells (28). Some researchers demonstrated that
C. erectus leaf extract could reduce inflammation in mouse
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Figure 2. Changes in the morphology of HSF-PI17 cells after treatment with 144 mJ/cm2 Ultraviolet B (UVB) and 0.016 g/cm2Conocarpus erectus leaf extract. Untreated cells
contained many viable fibroblasts with spindle-like morphology (A). The cells that received 144 mJ/cm2 UVB had fewer viable cells and shorter cell morphology (B). The cells
were treated with 0.016 g/mL of C. erectus leaf extract, reducing UVB administration’s lethal effect (C). The scale bar was set to 100X.
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Figure 3. HSF-PI17 cell proliferation assay after exposure to 144 mJ/cm2 Ultraviolet B (UVB) and/or 0.016 g/mL Conocarpus erectus leaf extract. The 144 mJ/cm2 UVB group cells
had a significantly lower proliferation rate than control fibroblast cells. Treatment of the cells with 0.016 g/mL C. erectus leaf resulted in a significant increase in proliferation
rate compared with group 2.

fibroblast cells (29, 30). Da Silva et al. researched the effect
of hyaluronic acid extract of C. erectus on wound healing
in Wistar rats. Their study found that the hydroalcoholic
extract of C. erectus leaves could considerably enhance
cell proliferation and collagen storage in connective tissue
(31). Yasin and Al-Azawi confirmed the beneficial role of C.
erectus leaf extract in healing bacterial infections caused by
burns (32). Khalil et al. investigated the antibacterial and
anticancer properties of a phenolic extract of C. erectus.

These studies demonstrated that C. erectus extract is
antibacterial against gram-positive bacteria. Furthermore,
C. erectus plant extract increased cell survival in the liver
cancer cell line (8).

The current study examined the effects of C. erectus
leaf extract on human skin fibroblast cells. In the first
stage, different extract concentrations were applied to
the cells, and their survival rate was compared to that
of the control group. The MTT assay results showed
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Figure 4. Reactive oxygen species production in HSF-PI17 cells after exposure to 144
mJ/cm2 UVB and/or 0.016 g/mL Conocarpus erectus leaf extract. Ultraviolet B (UVB)
administration significantly increased ROS production compared to the control
group (P < 0.05). However, the group that received 0.016 g/mL C. erectus leaf extract
showed a significant reduction in ROS production compared to group 2 (P < 0.05).
All experiments were carried out in triplicate. The data are presented as mean and
standard deviation. Bars with different letters differ significantly.
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Figure 5. TGF- and Smad2/3 expression in HSF-PI17 cells after 144 mJ/cm2 Ultraviolet
B (UVB) and/or 0.016 g/mL C. erectus leaf extract exposure. TGF- and Smad 2/3
expression in HSF-PI 17 cells was significantly reduced in the group that received 144
mJ/cm2 UVB (P < 0.05). TGF- and Smad 2/3 expressions were significantly modulated
by 0.016 g/mLC. erectus leaf extract (P < 0.05) (A, B). All experiments were carried out
in triplicate. The data are presented as mean and standard deviation. The differences
between bars with different letters are significant.
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Figure 6. Collagen protein expression in HSF-PI17 cells after 144 mJ/cm2 Ultraviolet
B (UVB) and/or 0.016 g/mL C. erectus leaf extract treatment. The ability of HSF-PI 17
cells to express collagen type 1 was significantly reduced in the group that received
144 mJ/cm2 UVB (P < 0.05). However, 0.016 g/mL of C. erectus leaf extract significantly
modulated collagen type 1 expression (P < 0.05). All experiments were carried out in
triplicate. The data are presented as mean and standard deviation. The differences
between bars with different letters are significant.

that the extract had no toxic effect on fibroblast cells at
concentrations ranging from 0.001 to 1 g/mL. According
to the findings of Saadullah et al., the average lethal dose
of C. erectus extracts for mice is around 10,000 mg/kg.
However, extract concentrations greater than 5,000 mg/kg
have toxic effects on the liver and kidneys of mice. Their
study also demonstrated that C. erectus extract does not
affect red blood cell hemolysis (33). In the current study,
C. erectus extract modulated the decreased growth rate of
HSFP-I 17 cells caused by UVB radiation. The findings of
Alsaraf et al. confirm our findings. They discovered that
even though C. erectus leaf extract significantly reduced
the growth and survival of breast cancer cells, it had no
toxic effect on normal fibroblast cells (34). Faraj and
Shawkat also confirmed no harmful effect of C. erectus
extract on normal cells. As a result, it can be concluded
that the therapeutic application of C. erectus extract in
low doses is safe (35). Our research also found that the
extract of C. erectus significantly reduced the production
of ROS by HSF-PI 17 cells. Santos et al.’s findings support
the antioxidant and immune-modulating properties of
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the pectin-like polypeptide extracted from C. erectus (36).
Abdel-Hameed et al. conducted a study to examine the
impact of extracts from the leaves, stems, fruits, and
flowers of theC. erectusplant on CCl4-induced liver damage
in rats. The researchers concluded that an extract of C.
erectusneutralizes the toxic effects of CCl4 on rat liver cells,
which are caused by increased oxidizing compounds in
the blood. As a result, C. erectus extract may have potent
antioxidant properties (37). According to Nishimoto et
al. and Bhatnagar et al., platelet lysate significantly
affects skin wound healing. TGF-β protein is one of
the components of this lysate. As a result, any factor
that increases TGF-β production will accelerate fibroblast
growth and skin wound healing (38, 39). Verrecchia et
al. demonstrated that increasing TGF-β protein expression
activates the SMAD2/3 pathway, ultimately leading to
increasing procollagen production (40).

Research shows chronic and irreversible wounds have
low TGF-β content (41). TGF-β isoforms bind to TBR-I and
TBR-II cell surface receptors. TGF-binding to its receptor
results in receptor phosphorylation and activating the
Smad 2/3 pathway. The activation of Smads ultimately
activates the message of procollagen synthesis in the cell
nucleus. It causes active collagen production, significantly
affecting wound healing and skin rejuvenation (42). The
presence of collagen promotes fibroblast absorption into
the wound bed. It promotes new collagen synthesis,
enabling angiogenesis and creating fresh epithelial tissue
(43). Zhao et al. discovered that in pulmonary fibrosis
mouse models, a lack of Smad-3 expression inhibits the
mRNA expression of the procollagen gene (44). In the
current study, C. erectus extract moderated the effects
of UVB on TGF-β and Smad2/3 expression. It caused a
significant increase in the expression of these two genes
compared to the UVB group. Furthermore, C. erectus
extract significantly increased collagen protein expression
compared to the radiation-treated group. These findings
suggest that C. erectus extract plays an active role in
repairing skin damage caused by UVB radiation.

5.1. Conclusions

According to the current study findings, the
methanolic extract of C. erectus leaf has no toxic effect
on the survival and growth of HSF-PI 17 fibroblast cells.
Also, UVB radiation induces cell proliferation reduction
through free radical production. The application of C.
erectus extracts moderates the decrease in TGF-β and
Smad2/3 gene expression, as well as collagen protein
expression. Given the beneficial effects of the methanolic
extract of C. erectus leaf in repairing UVB radiation damage
in HSF-PI 17 skin fibroblast cells in the current study, it

is suggested that the protective effects of this extract be
investigated in other skin types. Furthermore, using the
extract in animal models exposed to UVB radiation and
studying its protective effects in preventing skin damage
can be seen as a significant step towards advancing the
medical application of this extract in clinical trials.
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