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Abstract Hualien No.1 wild bitter melon (WBM; Momordica charantia Linn. var. abbreviata Ser.) leaf ex-
tract has been shown to possess antioxidant activity and could be potentially beneficial for mitigating re-
active oxygen species (ROS)-mediated skin disorders. In this study, two crude extracts were respectively
prepared from leaf (HL-1L) and fruit (HL-1F) of Hualien No.1 WBM to evaluating their potential to protect
against the effects of ultraviolet (UV) B irradiation on human keratinocyte HaCaT cells. Our data showed
that HL-1L and HL-1F significantly lowered levels of UVB-induced ROS generation by up to 58%. Both
extracts also significantly suppressed UVB-activated mRNA and proteins of cyclooxygenase-2 (COX-2) and
matrix metalloproteinase-1 (MMP-1). Our findings suggested that both leaf and fruit extracts of WBM

could have the potential to protect keratinocytes from UVB damage.
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INTRODUCTION

The human skin in the body’ s primary defense or-
gan against various pathogens and environmenta
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stimuli, including ultraviolet B (UVB) radiation. In ad-
ditiontoitsrole asaphysiological barrier, skin also has
various enzymatic and small-molecule non-enzymatic
antioxidants to reduce oxidative damage caused by
UVB irradiation ®. However, chronic exposureto UVB
radiation can cause injury and inflammation in cut-
aneous tissue, suppress immune system and ultimately
lead to non-melanoma skin cancer ¢®. UVB irradiation
causes cellular oxidative stress in keratinocytes and
skin fibroblasts through over-production of avariety of
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reactive oxygen species (ROS), resulting in lipid perox-
idation, DNA mutation and organelle damage “. UVB
irradiation up-regulates the expression of matrix metal-
loproteinase (MMP)-1 which can degrade collagen,
thus contributing to pre-mature skin aging (photo-ag-
ing) and wrinkles. Cyclooxygenase-2 (COX-2) and its
product, prostaglandin E, (PGE,), have been associated
with UV B-induced signaling to MMP expression. The-
se changes represent ahallmark of aging ©. Thus, based
on the fact of phyto-compounds exerting potent antiox-
idant and anti-inflammatory properties, developing a
strategy-based approach to suppress oxidative stress
and inflammatory responses might be applicable to al-
leviate UV B-stimulated inflammatory skin diseases.

Wild bitter melon (Momordica charantia L. var.
abbreviata Ser.; WBM) is a nutrient-dense vegetable
that is also used to treat conditions such as hypergly-
cemia, inflammatory responses and oxidative stress ©¢®,
Previously, we reported that methanolic extract of
WBM leaf exerted the antioxidant and cell-protective
activities in UVB-irradiated HaCaT keratinocytes, and
also suppressed tyrosinase activity and melanin levels
in B16-F10 melanocytes ©. Since extracts of WBM fru-
it and leaf significantly relieved inflammatory respon-
ses stimulated by lipopolysaccharides (LPS), bacteria
(Cutibacterium acnes) or chemicals (dextran sulphate
sodium) 1% we were greatly interested in determi-
ning whether the fruit extract of WBM could also sup-
press UV B-irradiated inflammatory responsesin kerati-
nocytes in this study.

MATERIALSAND METHODS

Materials

2, 7'-dichlorodihydrofluorescein diacetate
(H2DCF-DA), 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT), dimethylsulfoxide
(DM SO0), and sodium dodecyl sulfate (SDS) were obta-
ined from Sigma Chemical Co. (St. Louis, MO, USA).
Fetal bovine serum (FBS), phosphate-buffered saline
(PBS), Dulbecco's modified Eagle's medium
(DMEM), and antibiotic-antimycotic were purchased

from Gibco (Carlsbad, CA, USA). All reagent-grade or-
ganic solvents were from Burdick and Jackson (Muske-
gon, MI, USA).

Preparation of WBM extracts

Fresh leaves and fruits of the WBM cultivar Hu-
alien No. 1 (HL-1) were was kindly provided by Mr.
Jong-Ho Chyuan, the Hualien District Agricultural Re-
search and Extension Station (Hualien, Taiwan). A
voucher specimen has been deposited in the Program of
Nutrition Science, National Taiwan Normal University.
The leaves were washed, air-dried, ground to a fine
powder, and then extracted with methanol (1:20; w/v) at
room temperature for 24 h, twice. The fruits were free-
ze-dried, finely ground and extracted with ethyl acetate
(EA) (1:20; wiv) at room temperature for 24 h, twice.
Both filtrates were collected and evaporated to dryness,
respectively. The yields of HL-1 leaf methnaolic ex-
tracts (HL-1L), and HL-1 fruit EA extracts (HL-1F)
were 22.3%, and 2.5%. Both extracts were reconstituted
in DM SO to a concentration of 200 mg/mL for the sub-
sequent experiments, respectively.

Cell cultureand UV-B irradiation

Spontaneously immortalized human keratinocyte
cell line HaCaT was grown in 100-mm dishes Dulbe-
cco's modified Eagle's medium (DMEM; Gibco Co.,
NY, USA) supplemented with 10% fetal bovine serum
(Gibco) and 1% Antibiotic-Antimycotic (Gibco). Cells
were cultured at 37°C in ahumidified atmosphere of 5%
CO; incubator (Thermo Co., Waltham, MA, USA).

HaCaT cells were maintained until 40-60% con-
fluence and then pretreated with indicated concentra-
tions of WBM extracts or DM SO alone (as vehicle con-
trol) for 24 h in culture medium prior to UVB irradia-
tion. Medium was removed and the cells were rinsed
twice with phosphate-buffered saline (PBS) and the cel-
Is were irradiated with UVB (Bio-Link Crosslinker
BLX-E312, Vilber Lourmat, France)) at 30 mJ cm?
with 2 mL of PBS. Immediately after UVB treatment,
PBS was then removed and the cells were further incu-
bated in fresh culture medium the cell s were maintained
with FBS-containing DMEM in the incubator for 30
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min (ROS generation), 16 h (MRNA analysis) or 24 h
(protein analysis), respectively.

Detection of intracellular ROS generation

The probe 2', 7' -dichlorofluorescein diacetate (H,
DCF-DA; Sigma) was used to monitor the intracellular
ROS generation of HaCaT cells by UVB irradiation.
After UVB irradiation, cellswere harvested and washed
twice with PBS, and then re-suspended in 10 uM H,
DCFDA at 37°C for 30 min incubation. Stained cells
were washed, re-suspended in ImL PBS. ROS gener-
ation of these cells was determined by flow cytometry
(FACscan, Hercules, CA, USA) using 488 nm for exci-
tation and 525 nm for emission. Mean fluorescence in-
tensity (MFI) detected by FLI channel was analyzed
using WinMDI2.8 software.

Real-timereverse transcription polymerase
chain reaction (PCR) analysis

Total RNA was extracted and isolated from Ha-
CaT cells using TRIzol reagent (Invitrogen; Carlsbad,
CA, USA), following the manufacturer’s instructions.
The cDNA was then reverse transcribed from the iso-
lated RNA with a reaction mixture of oligo dT PCR
primers and reverse transcriptase (Promega, Madison,
WI, USA), and amplified by real-time gPCR using an
iCycler iQ Real-Time detection system (Bio-Rad, Her-
cules, CA, USA). To amplify respective cDNA, thermal
cycling conditions applied for all PCR assays as de-
scribed elsewhere @9, Data analysis of the PCR pro-
ducts was performed using iQ™ 5 optical system soft-
ware (ver. 2.1; Bio-Rad). The gene primers used were
as follows:. MMP-1 (forward 5-AGTTTGTGGCTT-
ATGGATTC-3'; reverse 5-CCTGTCTCTTTCTGTC-
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Figure 1. Effects of leaf (HL-1L) and fruit (HL-1F) extracts from wild bitter melons (100 pg/mL) on UVB-induced ROS production in human karat-
inocytes (HaCaT cells). HaCaT cells (1 x 10° celliwe1l) were stimulated with or without UVB-irradiation, and the cells were harvested
after 30 min for ROS measurement. The ROS generation was assessed by flow cytometry, using H,DCF-DA as a probe. Values are
means * SD. * Significant difference compared with the UVB-treated group (p < 0.05).
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TTGA-3'), COX-2 (forward 5-TGGTGCCTGGTC-
TGATGATGTATGC-3'; reverse 5'-ATCTGCCTGCT-
CTGGTCAATGGAAG-3'), and glyceraldehydes 3-
phosphate dehydrogenase (GAPDH) (forward 5'-GT-
GAAGGTCGGAGTCAACG-3'; reverse 5'-TGAGG-
TCAATGAAGGGGTC-3)).

Western Blot Analysis

Total protein from HaCaT keratinocytes was ex-
tracted, quantified and separated by 10% (w/v) sodium
dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE), and subsequently transferred onto a pol-
yvinylidene difluoride (PVDF) membrane (Millipore,
MA, USA). The membranes were incubated with a pri-
mary antibody specific for MMP-1 (Merck, Darmstadt,
Germany), COX-2 (Abcam, Cambridge, MA, USA)
and or B-actin (Sigma), followed by reaction with a sec-
ondary antibody, immunoglobulin conjugated with hor-
seradish peroxidase (Sigma). The signals of interest
proteins were analyzed using the enhanced chemilu-
minescence (ECL) Western blotting detection system
(ChemiDoc XRS, Bio-Rad). Signal strengths were de-
tected and quantified using densitometric program (Im-
age Lab, Bio-Rad).

Statistical analysis

All data were collected and expressed as means +
SD, and performed using the SPSS Statistics for Win-
dows, version 19.0 (SPSS Inc., Chicago, IL, USA).
Statistical significance was analyzed using one-way
ANOVA followed by LSD multiple range test. Mean
differences among groups were considered as statisti-
cally significant at the p < 0.05 levels.

RESULTS AND DISCUSSION

To determine whether WBM extracts suppressed
UV B-activated responses, human HaCaT keratinocytes
were incubated with a variety of concentrations (50,
100 or 200 pg/mL) of HL-1L or HL-1F for 24 h, fol-
lowed by UVB irradiation (30 mJ¥cm?). In our prelimi-
nary study, HL-1L (up to 0.31 mg/mL) and HL-1F (up
to 0.63 mg/mL) had no adverse effect on cell prolifera-

tion in human HaCaT keratinocytes 2.

Using HaCaT cells and human skin models, Dong
and colleagues *® reported that DNA damage by UVB
directly or indirectly by UVB-induced ROS generation
might be the major cause resulting in photoaging and
wrinkling. We investigated whether WBM extracts in-
hibited ROS generation in keratinocytes, since stimul at-
ing production of ROS by UVB irradiationisone of ma-
jor factors to induce inflammatory responses 9. The
cell viability of HaCaT cells was not significantly af-
fected by 30-min exposure to UVB irradiation, but it
significantly decreased after a 16-hour exposure to
UVB irradiation. WBM leaf extract showed a protec-
tive effect on the viahility of irradiated HaCaT cells ©.
Figure 1 showsthat levels of ROSwere significantly in-
creased in response to UVB irradiation, however, pre-
incubation of HaCaT cells with HL-1L or HL-1F sup-
pressed the generation of ROS by up to 58%.

Ample evidences demonstrated that excessive am-
ounts of ROS generated from UV B-irradiated keratino-
cytes initiated cellular inflammatory responses by ac-
tivating downstream receptor-mediated signaling cas-
cades ™19, Increasing levels of ROS induced by UVB
trigger phosphorylation and activation of signaling in-
termediates leading to activation of transcription factor
activator protein 1 (AP-1) which then up-regulates
MMP-1 gene expression “*19, Our results showed that
the mRNA levelsof MMP-1 and COX-2 wereincreased
in response to UVB irradiation, respectively, as com-
pared to the untreated control (Fig. 2). Incubation of
cellswith HL-1L or HL-1F prior to UVB exposure sig-
nificantly suppressed expression of MMP-1 up to 85%
or 73% at transcription level (Fig. 2). Similarly, levels
of COX-2 mRNA were reduced up to 7% or 12% by
HL-1L or HL-1F, respectively (Fig. 2). Result of Figure
3 also demonstrated that two inflammatory proteins,
MMP-1 and COX-2, were over-expressed at transa-
tional level when cells were exposed to UVB radiation.
However, HL-1L significantly suppressed MMP-1 and
COX-2 expression by up to 56% and 60%, respectively.
When cells were pre-treated with HL-1F, the levels of
these two proteins were reduced by up to 56% and 31%

(Fig. 3).
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Figure 2. Effects ofleaf (HL-1L) and fruit (HL-1F) extracts from wild bitter melons on UVB-induced MMP-1 and COX-2 mRNA expressions in human
HaCaT karatinocytes. After treatment with extracts for 16 h, cells were mock treated or irradiated with UVB (30 mJ/cm?). The cells were
further incubated for 16 h. Amounts of MMP-1 and COX-2 mRNA were quantified using GADPH as an internal control and are expressed
relative to those control. Values are means + SD. * Significant difference compared with the UVB-treated group (o < 0.05).
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Figure 3. Effects of leaf (HL-1L) and fruit (HL-1F) extracts from wild bitter melons on UVB-induced MMP-1 and COX-2 protein levels in human Ha-
CaT karatinocytes. After treatment with extracts for 16 h, cells were mock treated or irradiated with UVB (30 mJ/cm?). The cells were fur-
ther incubated for 24 h. Protein amounts of MMP-1 and COX-2 were quantified using beta-actin as an internal control and are expressed
relative to those control. Values are means + SD. * Significant difference compared with the UVB-treated group (p < 0.05).
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MMP-1, known as interstitial collagenase, is a
neutral metalloproteinase secreted by epidermal kerati-
nocytes and dermal fibroblaststo preferentially degrade
fibrillar-type collagens, including type | and 111 colla-
gen. This specific collagenase play akey rolein initiat-
ing collagen fragmentation and reorganization during
the process of skin aging®®. It is well-known that over-
expression of MMP-1 was transiently induced by UVB
irradiation @, and levels of over-expressed MMP-1
were also augmented by inflammatory mediators, such
as tumor necrosis factor-a (TNF-o), interleukin-1
(IL-1), prostaglandin E, (PGE,), and others in the pat-
hogenesis of disorders %9, Previously, various WBM
extracts were reported to attenuate inflammatory re-
sponses stimulated by endotoxins or pathogens by sup-
pressing production of cytokines (TNF-a, IL-1B, IL-6
and IL-8) and over-expressions of COX-2 and inducible
nitric oxide synthase (iNOS) 22D, Thus, the suppres-
sive effect of both HL-1L and HL-1F on gene and pro-
tein expression of MMP-1 and COX-2 (Figs. 2 and 3)
might be attributed, in part, to their potent anti-inflam-
matory properties.

In this study, we demonstrated that both WBM ex-
tracts significantly inhibited gene expression of MMP-1
and COX-2, and postulated whether certain bioactive
compounds in the extracts might play critical rolesin
suppressing UV B-induced inflammation. Our previous
reports showed that numerous bioactive phytochem-
icals, such as apigenin, gallic acid, lutein, phytol and
quercetin were identified from WBM extracts @ 20,
These compounds, along with other phytochemicals,
have been reported to protect against UV B-induced
damages through direct absorption, scavenging of reac-
tive oxygen and nitrogen intermediates, and induction
of cytoprotective responsesto detoxify various oxidants
and electrophiles @, Our previous study showed that
the WBM leaf extract exerted potent free radical-scav-
enging activities by scavenging 2,2-diphenyl-1-picryl-
hydrazyl (DPPH), nitric oxide (NO), superoxide and
hydroxyl radical ©. Furthermore, phenolic acids, flavo-
noids, triterpenoids and other components from WBM
extracts exerted potent in vivo and in vitro anti-inflam-
matory effect to reduce inflammatory responses stimu-

lated by pathogens %29, Taken together, bioactive
phytochemicals-rich WBM extract suppressed UVB-
induced inflammation might be attributed to its anti-ox-
idative property, which lower ROS generation and its
anti-inflammatory potential in modulating cell signa-
ling cascades and downstream inflammatory mediator
production.

A limitation of this study and its potential implica-
tion is that remains to be shown whether topical appli-
cation of WBM extracts on human skin is safe and ef-
fective. Based on results of previous and current stu-
dies, products containing WBM extract may be effec-
tiveinrelieving pathogen- and UV B-stimulated inflam-
matory responses. However, there are certain safety
concerns regarding the numerous unfamiliar compon-
ents and pigmentsin WBM extracts. In our preliminary
clinical study, no skin alergies or adverse effects, such
asscaling, erythema, dryness, burning and itching, were
observed on facia skin of 29 adults (23 female and 6
male), after they applied the test cream containing both
WBM leaf and fruit extracts (0.02%) for 12 weeks 2.
Thus, these findings suggested that WBM extractsis a
safe ingredient for developing convincing topical pro-
ducts. However, future investigations regarding topical
administration of WBM extractswith clinical studiesto
verify photoprotective effects and toxicological evalua-
tion are needed.

In conclusion, our findings showed that fruit and
leaf extracts of WBM exerted suppressive effects on
UV B-induced inflammation, and that these two extracts
can be considered as photo-protective agents for modu-
lating in vitro immune responsesinvolved in UVB-irra-
diated skin inflammation.
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