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Abstract

Ultraviolet C (UVC) has been applied to treatment of infections in wounds for at least the last two
decades, however, cells being treated can be damaged if exposure is prolonged, which calls for protective
measures, such as drug or herbal pre-treatment, to minimize damage. Ocimum gratissimum contains plant
polyphenols such as isoflavones and caffeic acid, which have antioxidant effects. We hypothesize that
Ocimum gratissimum aqueous extracts (OGE) can inhibit UVC-induced oxidative damage on skin cells. In
this study, HaCaT skin cells are used to test the protective effects of OGE on cell proliferation and
migration after exposure to UVC radiation. Pretreatment with OGE (50~150pg/mL) before 40 J/m2 UVC
exposure was able to restore survival from 32.25% to between 46.77% and 68.00%, and 80 J/m2 UVC
exposure from 11.49% to between 19.07% and 43.04%. Morphological observation of primarily apoptotic
cell death confirms the above findings. The flow cytometry analysis revealed that UVC increased the
number of cells at the sub-G1 phase in a dose dependent manner, and when pre-treated with OGE the
changes were partially reversed. Moreover, the wound healing test for observing migration showed that
UVC 40-80 }J/m?2 decreased cell migration to 47-28% activity and 100 pg/mL OGE was able to restore cell
activity to81-69% at day 3. Based on the above results, we suggest that OGE has a protective effect on
UVC-induced inhibition of cell proliferation and migration of skin cells and thus has potential application
in wound care.
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Introduction

Germicidal ultraviolet C (UVC) reduces the rate damage, and, in bacteria, UVC induces the

of surgical site infections in orthopedic surgical
procedures [1]. The exposure of all types of biological
matter to electromagnetic radiation (light) in the UV
spectrum (between 200 and 400 nm) can cause
molecular changes [2], and prolonged exposure to
UVC in the range of 200-280 nm can cause irreversible

dimerization of pyrimidine residues, which can
interrupt DNA transcription, translation, and
replication [3], thereby inactivating the bacteria [4,
5-7]. This property of UVC has been applied to treat
infections in wounds for at least the last two decades.
However, the exposure of human cells to UVC can
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cause side effects in terms of the formation of
mutagenic and cytotoxic DNA lesions, cell death, and
even the initiation of skin cancer progression when
exposure is further prolonged [8, 9]. UVC exposure
can produce a series of reactive molecules, such as
superoxide radicals, hydrogen peroxide, and
hydroxyl radicals, which reacts with membrane
lipids, cellular proteins, and nucleic DNA, provokes
physiological cellular responses, and leads to cell
death [9, 10-12]. Protective measures are required to
minimize the damage done by this phenomenon to
the cells being treated [13].

Ocimum gratissimum (OG) is a commonly used
herbal ingredient in traditional Chinese medicine and
widely distributed in tropical and warm temperate
geolocations. OG aqueous extracts (OGE) have several
therapeutic functions, including anti-inflammation
[14], analgesic and spasmolytic [15], antidiarrheal [16],
antiviral [17], and antihyperglycemic activities [17,
19]. OGE also modulates the immune response [20]
and possess anticancer [21-26] and antibacterial
activities [27]. OGE, with its many antioxidant
components, can also protect body organs from free
radical damage and oxidative stress [28-37]. We
speculated that OGE can prevent UVC damage, and
that this property can be applied to wound care.

HaCaT cells or human spontaneously
immortalized keratinocytes with full epidermal
differentiation capacity is an in vitro keratinocyte
model that is widely used as a skin cell damage model
[38-40]. In the present study, we aimed to examine the
effects of OGE on UVC-induced inhibition of cell
proliferation and migration in human HaCaT cells.

Materials and methods

Materials
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-tetraz

olium bromide (MTT) and penicillin andstreptomycin
were purchased from Sigma (St. Louis, MO). Roswell
Park Memorial Institute Medium (RPMI1640), fetal
bovine serum (FBS), and trypsin-EDTA were
purchased from Gibco BRL (Gaithersburg, MD). The
human epidermal skin cell (HaCaT) were obtained
from American Type Culture Collection (ATCC;
Rockville, MD).

Cell culture

The cells were cultured in DMEM-F12 and
supplemented with 10% FBS and 100 pg/mL
penicillin/streptomycin at 37 °C in a humidified
atmosphere containing 5% CO.. The cells were seeded
in culture plates and grown to approximately 80%
confluence. Cells (4x10%ells/mL) were then
transported to experiment culture plates and
maintained at 37 °C in a humidified atmosphere

containing 5% CO,.After 24 h, the cells were treated
with OGE at the indicated concentrations with UVC at
the indicated energy for the indicated hours andthen
collected for the following analyses.

OGE preparation

OGE preparations were performed in
accordance with our standardized procedure [21], and
polyphenolic content is checked before use. OG leaves
were harvested and washed with distilled water,
followed by homogenization with distilled water by
using a Polytron homogenizer. The homogenate was
boiled for 1 h and then filtered through two layers of
gauze. The filtrate was centrifuged at 20000 g at 4 °C
forl5 min to remove insoluble pellets. Then the
supernatant (OGE) was collected, lyophilized, and
stored at =70 °C until use.

UVC exposure

The UV 254 dose was measured by a sensor in an
UV Cross-linker CL-1000 (UVP, Upland, CA). All
HaCaT cells were washed with phosphate buffered
saline (PBS), and exposed to UVC radiation for the
indicated UV doses (i.e., 0, 40, 60 and 80 J/m?). The
PBS was removed and recultured in fresh culture
medium with or without OGE. All assays were
performed for the indicated time periods.

Cell morphology

The cells were cultured in a 6-well culture dish
with medium, and different OGE concentrations (i.e.,
0, 50, 100, 200, 400, and 500 pg/mL) were added the
next day. On the next day, the cells were to irradiated
with UVC light at 40, 60, and 80 J/m? and observed
with an inverted microscope 20 times after 24 h.

Cell viability

Cell viability was determined by MTT assay after
treatment of the cells with indicated OGE and UVC
concentrations for an indicated duration. After the
treatments, medium was removed, and cells were
incubated with 0.5 mg/mL MTT(3-(4,5-dimethyl-
thiazol-2-y1)-2,5-diphenyltetrazolium bromide) at 37
°C for 2 h. The viable cell number was directly
proportional to the production of formazan, which
was dissolved in isopropanol and determined by
measuring the absorbance at 570nm by using a
microplate reader (Spectra MAX 360 pc, Molecular
Devices, Sunnyvale, CA).

Flow cytometry (FSCS)

The cell cycle was analyzed by FSCS after
treatment of the cells with indicated OGE
concentration. After 24 h, the cells were exposed to
indicated energy of UVC and then continued to be
cultured for 24 h. All cells, that is, cells in the
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suspension and adherent cells, were collected,
washed, and suspended in cold PBS. The cells were
then fixed in chilled 75% methanol and stained with
propidium iodide. Analysis was performed in the
FACSCalibur flow cytometer running CellQuest
(Becton Dickinson, San Jose, CA).

Wound healing assay

HaCaT cells were grown to confluence on 6-well
microplates. The cell was treated with the indicated
OGE concentration. After 24 h, a linear scratch was
made using a 2 mm-wide Cell Scratcher™, and the
wells were washed once with phosphate buffered
saline (PBS). Immediately after washing, the cells
were exposed to indicated energy of UVC and then
added the indicated OGE concentration again. The
cells were then observed with inverted microscope 40
times at 0, 24, 48, or 72 h after the scratch.

Statistical analysis

Data were expressed as mean + SEM of the three
independent experiments and analyzed using
ANOVA. Student’s t-test was used in two-group
comparisons. p<0.05 was considered to be statistically
significant.

Results

Toxicity of OGE in HaCaT cells

After 0, 100, 200, 400, 800, and 1000 pg/mL OGE
were added to the HaCaT human epidermal skin cells
for 72 h, the analysis of cell survival rate by using
MTT assay showed that OGE began to affect cell
survival at above 800png/mL OGE (Figure 1A).

Effects of OGE on UVC-induced inhibition of
HaCaT cell growth

After the cells were treated with OGE and UVC
light source, the results showed that cell survival rate
decreased to 32.25%, 18.49%, and 11.49% as a
response to UVC energy (40, 60, and 80 J/m?
respectively). When the cells were pretreated with 50,
75, 100, 125, and 150 pg/mL OGE, the cell survival
rates were recovered to46.77%, 54.84%, 56.85%,
57.90%, and 68.00%, respectively, for 40 J/m228.50%,
41.25%, 41.21%, 48.21%, and 56.47%, respectively, for
60 J/m2 and 19.07%, 29.60%, 40.00%, 40.14%, and
43.04%, respectively, for 80 J/m? (Figure 1B). As
shown above, OGE affected cell recovery, which
plateaued at approximately 100 pg/mL.

Effects of OGE on morphologic changes in
UVC-induced cells

The cells were pretreated with 0, 50, and 100
pg/mL OGE for 24 h and then exposed to UVC light
source at 0, 40, 60, and 80 J/m?2. After the cells were

cultured for 24 h, cell morphology was observed with
a 20X microscope (Figure 2). Cell integrity began to
show significant deterioration after 60 J/m?2without
OGE treatment, and OGE treatment protected the
cells from morphologic change in a dose-dependent
manner.

Effects of OGE on UVC-induced changes in cell
cycle of HaCaT cells

The results above suggested that OGE can
protect cells from UVC irradiation damage. To
investigate whether the OGE protects cells against
UVC-induced cell death, we further examined the
changes in cell cycle. The results showed that 40, 60,
and 80 J/m?UVC significantly increased the
population in Sub-G1 phase to 221%, 332%, and 351%,
respectively (Figure 3). The OGE pretreatment of 50
pg/mL decreased Sug-G1 population to 173%, 256%,
and 294% and 100 pg/mL to 152%, 226%, and 233%.
The same intensity of UVC significantly decreased the
population in G1 phase to 56%, 27%, and 27%,
respectively. The OGE pretreatment of 100 pg/mL to
70%, 51%, and 48%. The data here shows that G0/G1
does indeed increase, even if S or G2 did not. This
result indicated that OGE had several protective
effects against UVC-induced cell death.
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Figure 1. Effects of OGE on UVC-induced inhibition of cell viability of HaCaT cells.
Seed cells in 6-well plate at 1.2x106 cell/well. (A) After attachment, the cells were
treated with indicated OGE concentration for 48 h, and the absorbance was
measured after the cells were incubated with MTT for 2h. *p < 0.05, compared with
the control group. (B) After attachment, the cells were treated with indicated OGE
concentration for 24 h and then exposed to different doses of UVC. After 48 h, the
absorbance was measured after the cells were incubated with MTT for 2h. *p < 0.05,
compared with the control group. Data were expressed as mean * SEM for 3
independent experiments.
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Figure 2. Effects of extract on UVC-induced changes in cell morphology of HaCaT cells pretreated with 0,50,100 pg/mL extract for 24 h and then exposed to 0,40,60, and 80
J/m2UVC. After another 24h, the cells were observed by a microscope with 40xmagnification.

UvC 0 J/m? UVC 40 J/im? UVC 60 J/m? UVC 80 J/m?
&1 OGE 0 pg/mL #y OGE 0 pg/mL %4 OGE 0 pg/mL %4 OGE 0 pg/mL
g GO/l < ,G2/M Javor FNeony s & 60/G1
§§ Sub-G1 § §gr subG1  |00/GY s ,G2/M, g 4 sub61 G2/M] S
E s
& . Poesomain, =
i o 200 400 ¢ = o FL2A “ o 200 400 - o 200 400
FL2.A FL2-A
5y OGE 50 pg/mL g4 OGE 50 pg/mL 8 OGE 50 pg/mL g OGE 50 pg/mL
g 4 sub-G1 mm‘lﬁzml s I Eg subG) |CVC! bt 5 4 swar %6haomy s §§ it GV, 5 ,G2/M
s s
s 2

f

200 400 a0 - mea s o 200 400

FL2-A FL2-A
OGE 100 pg/mL
54 OGE 100 pg/mL & el gy OGE 100 pgfml 4, OGE 100 pgimL
§§' mer SOY s G2 § fowor PPheray s 55 o BORL & e il
s I H
B Lﬂ 2 '
ki 200 400 - 0 moa 200 400
naa =
. = 100 = Control
= 100 = = Control
g * GOE 50 gL it = Control £ W = OGE 80 pgimL. 5™ = GGE 50 gL
5 2 = OGE 1ou"|?$‘m|_ Z w0 . %E mdmi-l_ s e = OGE 100 pg/ml < o0 » OGE 100 pgimL
g £ 60 2 byim . o s 0 {BLx
= = =
3 £ o 2= ’
2 £ Z E 20
= = 3 0 = 90
© SubG1GOIG1 S G2 3 sbG1 Go/Gt s 62 2 SubG1GOGT S G2 8 SubG1GOIGI S G2

Figure 3. OGE protected against UVC-induced apoptosis in HaCaT cells. Cells were seeded in a 6-well plate at 1.2x10¢ cells/well. After attachment, the cells were treated with
indicated OGE concentration for 24 h and then exposed to different UVC doses. After 24 h, the cells were fixed with 99% methanol and stained propidium iodide and then
analyzed by flow cytometry (FSCS). The percentage of cells within the hypodiploid DNA region was determined by FSCS. *p < 0.05, decrease as compared with the control group.
#p < 0.05, increase as compared with the control group. Data were expressed as mean + SEM for 3 independent experiments.
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Effects of OGE on UVC-induced changes in
wound healing process of HaCaT cells

The main components in the epidermis layer of
the human skin are the keratinocytes, which are
pathophysiologically related to wound healing but
are also associated with other diseases such as
psoriasis and atopic dermatitis [41, 42]. Increasing the
proliferation and migration of Kkeratinocytes is
beneficial to the complex process of wound healing,
which involves unwounded keratinocytes near the
wound site [43, 44]. The data above supported the
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UVC 0 J/m2treatment
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assertion that OGE exerts a protective effect against
the UVC-induced inhibition of the proliferation of the
human HaCaT cells. Then, we performed wound
healing assay to test the effects of OGE on the
UVC-induced inhibition of cell migration of human
HaCaT cells. The results showed that 40, 60, and 80
J/m2 UVC decreased wound healing to 47%, 31%, and
28% activity, respectively (Figures 4). After the cells
were pretreated with OGE, the cell activity was
restored to 66%, 48%, and 23 %for 50 pg/mL OGE and
81%, 76%, and 69% for 100 ng/mL OGE on day 3.
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Figure 4. Effects of OGE on UVC-induced inhibition of HaCaT skin cell wound healing. After the cells were cultured until confluent, they were pretreated with 0, 50, and 100
ug/mL OGE for 24 h, then scratched with a pipette tip, and exposed to different UVC doses. (A) After the indicated times, the cells were photographed under a phase contrast
microscope. (B) Statistical analysis of OGE on UVC-induced inhibition of HaCaT skin cell wound healing at day 3. *p < 0.05, compared with the control group. Data were

expressed as mean * SEM for 3 independent experiments.
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Discussion

UV light that penetrates the skin reacts with the
molecular oxygen (O) in the cells of the mid-lower
epidermis, and the donation of electron in the process
generates a series of free radical compounds, from the
superoxide anion (O27) to other resulting
compounds, such as hydroxyl radicals [45], which
provoke the cells with cellular responses and inhibit
cell viability [9, 10-12]. Research on protection against
free radical damage has often introduced plant-based
antioxidants that can scavenge free radicals, inhibit
harmful cellular responses (e.g., inflammation), and
stimulate other beneficial cellular responses, which
increase cell survival. OGE is one such antioxidant
sources that have been widely studied due to its
function against oxidative stress [28-37]. In this study,
FSCS and MTT assay both showed that OGE restored
subG1 and G0/Glphase cell count, even if S and G2
phase were not affected. This demonstrates survival,
but proliferation is obviously hindered under the
various levels of UVC exposure, thereby suggesting
that OGE can protect against the UVC-induced
inhibition of the HaCaT cell viability mediated
through its antioxidant activities.

The «cells are inherently equipped with
antioxidant enzymes, including super oxide
dismutase, catalase, and peroxidase [45], but

continuous exposure to oxidative stress can deplete
the enzyme supply. Thus, replenishment is needed to
sustain the protective effect. For example, Oh et al.
[46] reported that HaCaT keratinocytes can be
protected against UV radiation-induced oxidative
stress through the addition of ginsenoside Rb3 to
enhance the total antioxidant enzyme levels and
against UVC-triggered necrosis and inflammatory
chemokine expression through plant
polyphenol-enhanced antioxidant enzyme production
[47]. OGE is also known to enhance antioxidant
enzyme production, and has been shown to inhibit
CCl(4)-induced liver injuries in rats [48, 49]. However,
we suggest that OGE, in addition to antioxidant
enzyme replenishment, may also increase the
production of other supplemental components (i.e.
cell-function enzymes) within the cells to decrease
UVC-induced free radical damage, and we intend to
further investigate this capacity.

The process of epithelialization describes the
proliferation and migration of Kkeratinocytes
decreasing in the intermediate phase of inflammation
[50] and is a crucial component of the wound healing
processes, which include wound repair, sealing of the
epidermal defect, and re-establishment of the barrier
function [51-53].In this study, OGE demonstrated the
above regardless of UV level. Similar to the activation

of the PI3K/AKT pathway by OGE in H9c2 cells [30],
which is an important signaling pathway related to
migration [54], we suspect that OGE may activate the
PI3K/ AKT pathway in HaCaT cells which contributes
to the reduction of the UVC-induced inhibition of
migration.

Moreover, OGE is known to possess antibacterial
effects [55]. It has been proposed that its action against
the bacteria may be due to the inhibition of cell wall
formation in the bacteria resulting in a leakage of
cytoplasmic constituents. We suggest this property
makes OGE additionally suitable for application on
UVC-based bacterial infection treatment.
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