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Abstract: Kinkéliba (Combretum micranthum, Seh-Haw in Wolof) is a popular bush tea in West African
countries. Although the kinkéliba plant’s leaves have been widely consumed for its nutritional and
medicinal properties, its benefits on skin health potential have been practically untouched. In human
epidermal primary keratinocytes, vitexin and isovitexin-rich kinkéliba extract treatment significantly
(p < 0.001) enhanced up to 39.6% of the cell survival rate decreased by UV radiation irritation. The
treatment of kinkéliba leaf extracts also reduced the production of UV-induced pro-inflammatory
cytokines IL-6 and IL-8 by 57.6% and 42.5%, respectively (p < 0.001), which cause skin redness and
skin barrier dysfunction, as well as wrinkles and collagen degradation. The anti-inflammation efficacy
of kinkéliba leaf extracts might involve significant inhibition on the levels of cellular reactive oxygen
species (ROS) (—70.8%, p < 0.001) and nitrotyrosine (—56.9%, p < 0.05). Further topical applications of
kinkéliba leaf extract gel were found to reduce sodium lauryl sulfate (SLS)-induced skin inflammation:
at D7, the skin trans-epidermal water loss (TEWL) and skin redness (a* value) were both reduced
by 59.81% (p < 0.001) and 22.4% (p < 0.001), compared with DO. In vitro and in vivo data support a
new topical application of the kinkéliba leaf as an effective active ingredient for the treatment of skin
inflammation, as well as subsequent barrier dysfunction and inflammaging.
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1. Introduction

Combretum micranthum (also known as kinkéliba) is a non-domesticated shrub species
found in the jungle in West Africa [1]. It is a dense shrub or vine, commonly found in
cultivated and fallow fields, mainly located in sub-Saharan Africa, with higher yields in
Senegal, Mali, and Burkina Faso. In several tropical West African savannah countries,
people get the leaves from kinkéliba of wild populations as a popular traditional herbal tea.
As a shrub tea, kinkéliba has a pleasant taste, and the soup thereof has a color of light to
dark greenish-brown. The shrub tea is also used locally as a traditional panacea useful for
promoting diuresis and alleviating digestive problems, such as gastrointestinal problems,
colic, and vomiting [2,3].

The kinkéliba leaf is rich in flavonoids, including vitexin, isovitexin, orientin, ho-
moorientin, myricetin-3-O-glucoside, and myricetin-3-O-rutinoside, as well as alkaloids
including stachytine, hydroxystachyline, and choline [4-6]. Our previous studies also
identified a group of novel-skeleton flavan-alkaloids (TPFAs), including kinkeloids A, B,
C, and D, as unique components from kinkéliba [7]. These new compounds, or kinkéliba
extracts containing TPFAs, were considered as potential anti-diabetic agents in the treat-
ment of metabolic disorders. Its glucose-lowering activities were validated in mice in
a dose-dependent manner without significant weight loss and toxicity [8]. Kinkéliba’s
clinical efficacy also includes normalizing blood pressure and nephroprotection, in recent
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studies [9,10]. The anti-oxidant and anti-inflammatory effects were examined in cell-free
models as well [11-13]. Therefore, the kinkéliba leaf extract has the great potential to
promote health benefits on skin.

As the largest organ of humans, the skin has three main layers: the epidermis, the
dermis, and the subcutaneous layer [14]. It is an effective barrier that protects humans
against mechanical, thermal, and physical injury and hazardous substances. It also prevents
loss of moisture and acts as a sensory organ. With increasing age, the skin undergoes
changes both in appearance and function, and these are exaggerated by exposure to
external factors, such as ultraviolet radiation (UVR) [15]. UV radiation is classified as
UVA, UVB, or UVC according to the wavelength. Most UVC can be absorbed by the ozone
layer before reaching the earth surface, while both UVA and UVB are able to penetrate
the atmosphere and cause cumulative injury to the skin [16]. Early biological responses
to UVA radiation, including erythema and redness of the skin, are the most prominent
visible sign of inflammation [17]. UV-induced inflammation stimulates ROS generation,
elevates pro-inflammatory cytokines formation (TNF-«, IL-6, IL-8), and up-regulates the
expression of COX-2 and prostaglandin metabolites, especially PGE2 [18-20]. The higher
circulating levels of cytokines, chemokines, and acute-phase proteins, as well as the greater
expression of genes involved in inflammation, will ultimately cause collateral damage to
tissues and organs over time [21]. In the epidermis, the existence of chronic inflammatory
factors damage the skin barrier, which induces redness, dryness, or inching [22]. In
the dermis, inflammatory factors are the main factors that cause the breakdown of the
normal skin architecture, including loss of collagen and hyaluronic acid, as well as other
glycosaminoglycans including chondroitin. Collagen and elastic fiber degradation and
disorganization in the dermis finally results in decreased skin elasticity wrinkles [23]. This
chronic, low-grade systemic inflammation, termed inflammaging, is also responsible for
the decreased skin repair ability, as well as the slowing down of the skin metabolism [24].
The signs of inflammaging are similar to skin aging, but more specifically, the skin turns to
be more sensitive. Itchiness, dryness, and redness are more likely to happen [25].

Chronic inflammation also produces free radicals, which ultimately create more in-
flammation. This interrelation between oxidative stress and inflammation leads to a “toxic”
feedback system [26]. The imbalance between the production of reactive oxygen species
(ROS) and the availability of free radical scavengers increases cellular oxidative stress,
which triggers signaling cascades that can lead to the onset and progression of inflamma-
tion [27]. In addition to ROS, nitric oxide, nitric dioxide, and reactive nitrogen species
(RNS) are predominantly associated with inflammatory processes early in cutaneous im-
mune responses [28]. RNS were also suggested to play a role in the induction of matrix
metalloproteinases, leading to the degradation of collagen and elastin [29].

Both inflammation and oxidative stress are interrelated since one could promote the
other. Therefore, the application of antioxidants and anti-inflammation compounds have
been demonstrated to be an effective strategy to alleviate skin inflammation. Experimental
and epidemiologic studies have suggested that polyphenols from natural sources protect
the skin from free radicals and pro-inflammatory cytokines [16]. Vitexin, an apigenin
flavone glycoside, was unambiguously identified as the key compound from kinkéliba
leaves from our previous studies [4,5]. A rapid isolation method of vitexin from the leaves
of kinkéliba was also established [4,5]. Using vitexin as the key marker, we prepared a
vitexin and isovitexin-rich kinkéliba leaf extract to further study kinkéliba’s benefits on
skin health. In this investigation, UVR and SLS (sodium lauryl sulfate) were used to induce
skin inflammation in vitro and in vivo, respectively. In the meantime, kinkéliba extracts’
efficacy on free radical scavenging and pro-inflammatory cytokines, as well as the repair of
skin barrier dysfunction and redness, were evaluated in vitro and in vivo.
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2. Results
2.1. Definition of UVA Dosage

The adverse effects of UVA to keratinocytes were monitored in a dosage range of
0-7.5J/cm?, according to the previous study [30]. Once UVA irradiation was >4.5 ]/ cm?,
the cell viability was significantly reduced compared with that of the control cells
(Supplemental Material Figure S1). Therefore, 4.5 ] /cm? was selected as the optimal irra-
diation dose, as the cell viability was statistically affected and the survival rate exceeded
85%. This is equivalent to about 12-15 min of exposure to noon summer sunlight in Los
Angeles [31], Hong Kong [32], Sydney [33], and Singapore [34].

2.2. Kinkéliba Leaf Extract Enhanced Cell Viability after UVA Irradiation

To evaluate the potential UVA-protective effects of kinkeéliba leaf extracts, human
epidermal primary keratinocytes (within passage 5) were cultured and treated with or
without kinkéliba leaf extracts for 24 h before irradiation. The kinkéliba leaf extract was
tested at concentrations from 2.5 to 100 pg/mL.

According to HPLC analysis, the concentrations of vitexin and isovitexin were identi-
fied as 1.4% and 2.58%, respectively (Supplemental Material Figure S2). The cell viability
result showed that the vitexin and isovitexin-rich kinkéliba leaf extract enhanced the cell
survival rate significantly, compared with the UVA vehicle, indicating that kinkéliba leaf
extracts provided effective protection to human primary keratinocytes (Figure 1c).
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Figure 1. Chemical structure of vitexin (a) and isovitexin (b); UV protective effect of kinkéliba leaf
extract on cell survival rate (c). Human primary keratinocytes were treated with kinkéliba leaf extract
at different concentrations and cultured for 24 h. Cell viability was determined by the CCK-8 assay.
Each value is presented as the mean =+ SD from triplicate independent experiments. Significantly
different from sham vehicle, ### p < 0.001; UVA vehicle, *** p < 0.001.
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2.3. Kinkeéliba Leaf Extract Decreased UVA-Induced Inflammatory Cytokines Production

Inflammatory cytokines indicate the acute inflammatory response induced by UVA.
Compared with the UVA vehicle, post-treatment with kinkéliba leaf extracts for 24 h at
50 pg/mL significantly reduced the UVA-induced increase in IL-6 (Figure 2a) and IL-8
(Figure 2b). However, there was no significant decreases on the UVA-induced TNF-« level.
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Figure 2. Treatment reduced UVA-induced inflammatory cytokines. Cells were treated with kinkéliba
leaf extract and cultured for 24 h after UVA irradiation. The formation of inflammatory cytokines
IL-6 (a) and IL-8 (b) were evaluated by means of ELISA. Each value is presented as the mean + SD
from triplicate independent experiments. Significantly different from sham vehicle, ### p < 0.001;
UVA vehicle, *** p < 0.001.

2.4. Kinkéliba Leaf Extract Reduced UVA-Induced ROS Production

UV radiation is a major environmental threat to the skin. It leads to increases in photo-
oxidative damage by the generation of reactive oxygen species (ROS) [35]. Kinkéliba leaf
extracts were used at the concentration of 5 pg/mL and 10 ng/mL, 24 h prior to irradiation
with UVA. Compared with the sham vehicle, the UVA-vehicle-treated group significantly
increased the production of cellular ROS. Meanwhile, pretreatment with the kinkéliba leaf
extract (Figure 3) significantly reduced the UVA-induced increase in ROS, indicating that
these agents could protect the cells from ROS damage.
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Figure 3. Treatment reduced UVA-induced reactive oxygen species (ROS). Cells were treated with
kinkéliba leaf extract and cultured for 24 h before UVA irradiation. The formation of ROS was
evaluated by means of DCFA. Each value is presented as the mean =+ SD from triplicate independent
experiments. Significantly different from sham vehicle, ### p < 0.001; UVA vehicle, *** p < 0.001.
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2.5. Kinkéliba Leaf Extract Protected against UVA-Induced Increase in Nitrotyrosine

A whole-cell ELISA was applied to determine the effect of kinkéliba leaf extracts on
UVR-induced nitrotyrosine. The concentrations of nitrotyrosine can be calculated from the
standard curve created by 3NT-BSA (range: 10-2000 ng/mL). As shown in Figure 4, with
the presence of UVA, nitrotyrosine was significantly increased compared with the sham
vehicle (control cells). The nitrotyrosine levels in keratinocytes post-treated with 5 ug/mL
kinkéliba leaf extract were significantly lower when compared with the UVA vehicle.
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Figure 4. Treatment reduced UVA-induced nitrotyrosine. Cells were treated with kinkéliba leaf
extract and cultured for 16 h after UVA irradiation. The formation of nitrotyrosine was evaluated by
means of ELISA. Each value is presented as the mean & SD from triplicate independent experiments.
Significantly different from sham vehicle, # p < 0.05; UVA vehicle, * p < 0.05.

2.6. Kinkéliba Leaf Extract Formula Significantly Reduced Skin TEWL

As shown in Table 1 and Figure 5, at DO’ (immediately after application), the decreases
in the skin TEWL in the blank and placebo group were negligible (—0.31% and —1.01%,
respectively). The kinkeéliba leaf extract treatment (named as the test product group in table
and figures) reduced the TEWL value by 20.95%, which is significant when compared with
both the baseline and placebo group. At D3, the kinkéliba leaf extract treatment group’s
skin TEWL was reduced by 49.96%, and it was also significantly better than the recovery of
the placebo group. At D7, the kinkéliba leaf extract treatment group reduced the TEWL
the most by 59.81%, but there were not significant differences between the kinkéliba leaf
extract treatment, placebo, and blank groups.

2.7. Kinkéliba Leaf Extract Formula Reduced SLS-Irritated Erythema

At DO’ (immediately after application), both the kinkéliba leaf extract treatment
(named as the test product group in table and figures) and the placebo group lowered the
skin a* value compared with the baseline, and there were significant differences with the
untreated group (Table 2 and Figure 6). At D3, the kinkéliba leaf extract treatment reduced
skin a* value by 10.77%, compared with DO, but there were not significant differences
with the placebo group. At D7, the skin a* value of all groups decreased significantly. The
kinkéliba leaf extract treatment group presented better efficacies than other groups, but
this difference is only significant when compared with the untreated blank group, not
the placebo.
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Table 1. Difference analysis of skin TEWL.

p (Inter-Group)

Skin TEWL Test Product Placebo Blank Control Product Product Placeb
/hm? G Control G G roduct vs. roduct vs. acebo vs.
(g/hm?) roup ontrol roup roup Placebo Blank Blank
DO baseline 11.73 £ 2.39 11.54 £1.90 11.86 £ 2.61
DO’ 9.27 £1.59 11.43 £ 1.46 11.82 £2.32
D3 6.22 +£1.03 7.46 £1.25 7.31 £0.98
D7 4.71 £1.07 6.15 £1.20 6.18 = 0.64
p (DO’ vs. DO) <0.001 0.697 0.832 <0.001 <0.001 0.814
p (D3 vs. DO) <0.001 <0.001 <0.001 0.042 0.294 0.550
p (D7 vs. DO) <0.001 <0.001 <0.001 0.099 0.286 0.782
The skin TEWL was measured by VapoMeter, SWL5142. The lower the TEWL value was, the better the skin
barrier repair ability would be. The results of the skin TEWL were presented as mean + SD, and the number of
subjects was 10. The intra-group difference analysis between the baseline values and the measured values at each
follow-up time were performed with a repeated-measurement ANOVA test. The inter-group difference analyses
between the three groups at each follow-up time were performed with a multivariate analysis of variance test; DO:
the day removing the patch; D0': immediately after applying the test product; D3: three days after applying the
test product; D7: seven days after applying the test product. p values < 0.05 (with significant difference) were
marked as red.
The Difference Analysis of Skin TEWL
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Figure 5. Reduction on skin TEWL by kinkéliba leaf extract was measured by VapoMeter, SWL5142.
The lower the TEWL value was, the better the skin barrier repair ability would be. Significant
differences between the baseline value and the measured values at each follow-up time in intra-group
and inter-group: * p < 0.05, ** p < 0.001. DO: the day and time removing the patch; D0": immediately
after applying the test product; D3: three days after applying test product; D7: seven days after
applying test product).
Table 2. Difference analysis of skin a* value.
p (Inter-Group)
Skin a* Value Test Product Placebo Blank Control Product vs Product vs Placebo vs
G Control G G Vvs. uct vs. Vvs.
roup onirotisrotp roup Placebo Blank Blank
DO baseline 711 £1.01 6.87 £ 0.95 694 +1.12
D0’ 6.81 £1.10 6.70 £ 0.79 713 £1.00
D3 6.35 £ 1.14 6.19 £0.70 6.61 = 0.92
D7 552+ 1.11 5.69 +0.88 598 +1.18
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Table 2. Cont.

p (Inter-Group)

Test Product Placebo Blank Control

Skin a* Value Product vs. Product vs. Placebo vs.
1
Group Control Group Group Placebo Blank Blank
p (DO’ vs. DO) 0.006 0.039 0.129 0.243 0.003 0.016
p (D3 vs. D0) 0.004 0.016 0.167 0.770 0.149 0.280
p (D7 vs. DO) <0.001 0.004 <0.001 0.268 0.028 0.549

Skin colors as L*, a*, and b* were measured by Spectrophotometer, CM-2600d. The a* was used to evaluate the
skin redness. The lower the value was, the lighter the skin redness after would be. The a* values were presented
as mean =+ SD, and the number of the subjects was 10. The intra-group difference analysis between the baseline
value and the measured values at each follow-up time were performed with a repeated-measurement ANOVA
test. The inter-group difference analysis between the three groups at each follow-up time were performed with a
multivariate analysis of variance test. p values < 0.05 (with significant differences) were marked as red.
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Figure 6. Reduction on skin a* value kinkéliba leaf extract was measured by Spectrophotometer,
CM-2600d. The lower the value was, the lighter the skin redness after would be. Significantly
differences between the baseline value and the measured values at each follow-up time in intra-group
and inter-group: * p < 0.05, ** p < 0.01, ** p < 0.001. DO: the day and time removing the patch; D0':
immediately after applying the test product; D3: three days after applying test product; D7: seven
days after applying test product.

3. Discussion

Today, there is considerable interest in the application of ingredients from natural
sources for the prevention of skin aging [36]. As a West African “long life” tea, the kinkéliba
leaf’s health benefits on glucose-lowering or normalizing blood pressure have been val-
idated both in vitro and in vivo [9,13]. It is worth mentioning that the increased levels
of chronic pro-inflammatory cytokines are believed to drive many age-associated condi-
tions, such as type 2 diabetes [15]. However, less is known about how such processes
may contribute to skin aging. Our previous research on glucose-lowering capacity already
presented kinkéliba’s involvement with anti-inflammation in other evaluation systems.
Our results indicate that kinkéliba has great potential on treating skin inflammation and
further investigations can examine how best to optimize the application and underlying
mechanisms of action.

There are several types of pro-inflammatory cytokines related to skin inflammaging
and photoaging. Interleukin-6 (IL-6) is a potent pro-inflammatory cytokine with a wide
variety of biologic activities. It is produced by keratinocytes and the release is enhanced
after UV light exposure [37]. It was reported that IL-6 acts as an important mediator of
systemic sunburn reaction and plays an important role in the repair process [38]. Other
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research on dermal wounding suggested IL-6’s involvement in the modulation of ker-
atinocyte differentiation, which is critical for epidermal stratification and the formation
of a protective stratum corneum [39]. Keratinocyte differentiation dysfunction will in-
crease trans-epidermal water loss (TEWL) and accelerate skin dryness, leading to a more
pronounced appearance of fine lines and wrinkles. These studies indicate that the down-
regulation of IL-6 plays an important role in skin healing and sunburn repair, as well as
improvement of the skin barrier to retain skin hydration. Another key early response to
ultraviolet B (UVB) by keratinocytes is the production of TNF-« [40,41]. This cytokine rep-
resents an important component of the inflammatory cascade in the skin and substantially
promotes the activation of pro-MMP-2 in dermal fibroblasts embedded in type I collagen,
leading to disruptive changes in the skin structure. Interleukin-8 (IL-8) is also considered
as a major type of pro-inflammatory cytokine related to skin aging [42]. Recent work has
revealed that IL-8 accumulation causes damage to the epidermal stem cells and affects the
barrier function of the skin. IL-8's level in the stratum corneum is also considered as a
biomarker for monitoring the therapeutic effect in atopic dermatitis patients [43].

Taken together, reducing the levels of pro-inflammatory cytokines in stratum spinosum,
stratum basale, and dermis is significant for the improvement of hydration and the water-
retention capacity of stratum corneum [44,45]. In this study, UVA irradiation enhanced IL-6
and IL-8 levels in the human epidermal primary keratinocytes, while the kinkéliba leaf
extract treatment significantly reduced UVA-induced increases in the IL-6 and IL-8 levels.
However, there were no significant differences on the levels of TNF-a with or without
kinkéliba extract treatment after UVA irradiation (data does not show). This might be due
to the kinkéliba leaf extract targeting the modulation of keratinocytes differentiation more
than apoptosis.

It is well known that inflammation is associated with the overproduction of ROS
and RNS. Both ROS and RNS are key signaling molecules that play important roles in
the progression of inflammatory disorders [46]. Increases in ROS/RNS levels trigger the
production of pro-inflammatory cytokines in the skin cells, which will produce destructive
changes which are seen as we age. According to previous publications, kinkéliba leaf
extracts presented significant efficacies on free radical scavenging and the inhibition on
inflammation. Its antioxidant properties were validated by different methods, including 1,1-
diphenyl-2-picrylhydrazyl (DPPH), 2,2"-azinobis (3-ethylbenzothiazoline-6-sulphonic acid)
(ABTS), hydroxyl radical, ferric thiocyanate, metal chelating activity, protein oxidation,
and the 3-carotene-linoleic bleaching assay [4]. Another study tested the antioxidant
efficacy of several African plants and the kinkéliba leaf extract presented similar free
radical scavenging levels with Vitamin E [1]. However, the data are all collected by cell-
free assays, so further studies using cell-based systems are required to prove its cellular
antioxidant activity.

ROS comprise a number of active metabolites, including hydroxyl radical, superoxide
anion, and peroxyl radical, and their active precursors, namely singlet oxygen, hydrogen
peroxide, and ozone [47]. In keratinocytes and fibroblasts, ROS were constantly generated
and then removed rapidly by endogenous antioxidant substances. This process prevents
harmful effects of ROS and maintains a pro-oxidant/antioxidant balance, resulting in cell
stabilization [48]. However, the overproduction of ROS can be an issue. The application of
extra antioxidants might be an effective strategy to reverse the deleterious effects of ROS
generated by UVA [49]. In the present study, we demonstrated that UVA exposure caused
a decrease in viability and an increase in ROS generation in human epidermal primary
keratinocytes. The kinkéliba leaf extract pre-treatment protected UVA-induced damage
through enhancing the decreased cell viability and anti-oxidative defense capability.

Reactive nitrogen species (RNS) are various nitric oxide-derived compounds, includ-
ing nitroxyl anion, nitrosonium cation, higher oxides of nitrogen, S-nitrosothiols, and
dinitrosyl iron complexes [50]. RNS also play a role in enhancing the genotoxic effects of
UV radiation [51,52]. A previous study on HaCaT cells showed the increase in NO within
minutes after UV radiation. However, NO is an unstable free radical species with a short
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half-life and is not that accurate to estimate [53,54]. Nitrotyrosine, a downstream of NO, is
more likely to take longer time for the detection. Later detection of changes in nitrotyro-
sine provided an alternative way to evaluate earlier and more subtle increases in NO and
peroxynitrite [55,56]. Another study also reported that nitrotyrosine only increased after
other protective mechanisms have been overwhelmed. In this circumstance, the increases
induced by UV radiation were evident at 4 h after irradiation and maximal at 16 h after UV
radiation [57]. In this study, treatment with the kinkéliba leaf extract completely protected
against a UVA-induced increase in nitrotyrosine. Therefore, the repair and protective and
repair capacities of kinkéliba in the epidermis are linked with cellular defense systems,
including the inhibition of reactive oxygen species (ROS) and reactive nitrogen species
(RNS) in the UVA irradiation skin model.

To further validate kinkéliba’s anti-inflammatory benefit in vivo, a clinical trial was
conducted and the efficacy of the kinkéliba leaf extract treatment was compared with
the blank and placebo group. SLS was used to induce skin inflammation and barrier
dysfunction [58]. In human volunteer participated studies, the topical application of
kinkéliba has been demonstrated to alleviate SLS-induced redness, which indicates the
repair of skin inflammation. Kinkéliba treatment also reduced skin TEWL more rapidly,
compared with the blank and placebo groups. This data suggests that kinkéliba accelerated
skin healing and provided a faster and better repair efficacy than the skin’s natural recovery
process. More in vivo studies on kinkéliba’s protection of skin collagen would help to bring
more understanding about its anti-inflammaging efficacy.

4. Materials and Methods
4.1. Vitexin and Isovitexin-Rich Kinkeéliba Leaf Extract Preparation

The kinkéliba samples utilized for this study were gathered by the NGO, ASNAPP-
Senegal, with members of the community, and with prior written consent from the com-
munity and community leaders. A certain amount of dry kinkéliba leaves was added into
a beaker and 20 times the amount of purified boiling water was added. The leaves were
soaked for 16 min before filtering. After repeating this 3 times, all extract aqueous solutions
were collected for concentration. The raw extract was concentrated by rotary evapora-
tion (60 °C) until its volume reached } of its original volume, and then partitioned with
petroleum ether, ethyl acetate, and n-BuOH, respectively, (equal volume for 3 times). After
discarding all the petroleum ether, ethyl acetate, and n-BuOH layers, the water layer was
evaporated in vacuo, freeze-dried, and named as “kinkéliba leaf extract” for subsequent
experiments in this article.

HPLC determination was carried out on a Waters 2695 HPLC system with a DAD
detector. The chromatographic separation of the analytes was achieved with a C18 column.
The mobile phase consisted of water (A) and acetonitrile (B). The gradient program was
as follows: 0-10 min with 25-46% acetonitrile (B); 11-30 min with 46-10% acetonitrile (B);
31-40 min with 10% acetonitrile (B). The flow rate of the mobile phase was maintained at
1 mL/min. The injection volume of sample solution was 10 uL.

4.2. Cell Culture, Kinkéliba Leaf Extract Treatment, and UVA Irradiation

Human primary epidermal keratinocytes were purchased from the American Type
Culture Collection (Rockville, MD, USA). Keratinocyte at passages 1—5 were cultured in
a dermal cell basal medium at 37 °C in 5% CO;. The culture medium was supplemented
with the keratinocyte growth kit, which contained 0.4% bovine pituitary extract (BPE),
0.5 ng/mL rh TGF-«, 6 mM L-glutamine, 100 ng/mL hydrocortisone, 5 ng/mL insulin,
1.0 uM epinephrine, and 5 pg/mL apo-transferrin.

The kinkéliba leaf extract was dissolved in a dimethyl sulfoxide (DMSO) solution at
the concentration of 100 mg/mL as the stock solution. The stock solution was diluted to
the desired final concentration using cell culture medium just before use. The final DMSO
concentration did not exceed 0.1%.
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Semiconfluent cells (70%) were irradiated using a Longwave Ultraviolet Crosslinker
(UVP CL-1000 L, Fisher Scientific, Carslbad, CA, USA), with a total of 4.5]/ cm? UVA. UV
energy setting is 900,000 m] /cm?, repeating 5 exposures. All cells were treated identically
throughout the procedure; the sham plate was shielded during irradiation. At the time of
irradiation, the cells were washed with PBS, covered with a thin layer of PBS, and irradiated
with UVA without a plastic lid. The intensity of UVA irradiation was measured using a
UVA-365 radiometer (Lutron Co, Coopersburg, PA, USA).

4.3. Cell Viability Measurement

The cell survival rate was measured by the CCK-8 assay, according to the manufac-
turer’s instructions. For assays conducted using human primary epidermal keratinocytes,
the cells were washed three times with PBS after the indicated treatment by kinkéliba leaf
extract (5-50 pg/mL) or UVA irradiation. Subsequently, 10% of the CCK-8 solution in
the culture medium was added to each well. After incubation for 2 h, absorbance was
measured at 450 nm using VICtORX4 Multilabel Plate Reader (PerkinElmer, MA, USA).
The values are expressed as the mean cell viability as a percentage of that of the vehicle
DMSO(0.1% final volume)—treated cultures.

4.4. Measurement of Pro-Inflammatory Cytokines

The measurement of TNF-«, IL-6, and IL-8 expression was performed using reagents
provided in the Human TNF-« ELISA Kit (ab181421), Human IL-6 ELISA Kit (ab178013),
and Human IL-8 ELISA Kit (ab214030) (Abcam, Cambridge, MA, USA), respectively.
Furthermore, 2 x 10°/well keratinocytes were seeded in 24-well plate with or without
50 ng/mL of kinkéliba leaf extract treatment 24 h before use, with adherent cells collected
by scrape after UVA irradiation and the subsequent treatment by kinkéliba leaf extract. The
subsequent measurements were conducted according to the manufacturer’s instruction.

4.5. Cellular Oxidative Stress (ROS) Measurement

The formation of ROS in cells was evaluated by means of DCFA corrected with the
CCK-8 assay to account for cell loss after UVA radiation treatment, as described before.
Briefly, keratinocytes were plated at a density of 15,000 cells per well in 96-well plates 24 h
before use. The HEK cells were pre-treated for 24 h with 5-50 pg/mL kinkéliba leaf extract
and then washed three times with PBS before UVA irradiation treatment. After irradiation
by 4.32 J/cm? UVA, fluorometric determination of intracellular ROS was estimated by
loading the cells with 100 puL of DCFA (25 uM) in PBS for 30 min at 37 °C. The plates were
placed in a VICTORX4 Multilabel Plate Reader (PerkinElmer, MA, USA). The fluorescence
was monitored using an excitation wavelength of 485 nm and an emission wavelength of
535 nm. Individual absorbance values were corrected with cell viability with the CCK-8
assay before pooling. Each experimental point was performed in triplicate.

4.6. Measurement of Nitrotyrosine

The detection of nitrotyrosine was performed using reagents provided in a competitive
ELISA kit ab113848 (Abcam, Cambridge, MA, USA). In addition, 3NT BSA was used as
a standard positive control to validate the assays. In brief, 2 x 10°/well keratinocytes
were seeded in a 24-well plate 24 h before use. The collection of adherent cells by scraping
occurred at 16 h after UVA irradiation and subsequently treated with 5 ng/mL of the
kinkéliba leaf extract. The cell pellet was solubilized in extraction buffer for 20 min on
ice. After centrifuging at 4 °C for 20 min, the supernatants were collected into clean tubes.
Each sample was diluted and adjusted to approximately the same protein concentration
by a protein assay (Bio-Rad, Hercules, CA, USA). In total, 50 pL of each diluted standard
or sample, together with 50 uL of 2x HRP detector antibody, was added to each well
of nitrotyrosine-coated 96-well microplates and incubated for 2 h at room temperature.
After washing four times, 100 pL of the HRP development solution was added to each
well. The OD values were measured according to the manufacturer’s instructions. The
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concentrations of nitrotyrosine were calculated, taking into account the standard curve
created by 3NT BSA.

4.7. In Vivo Study

A single-blind, randomized, self-comparison between the baseline value and the
measured values was conducted after using kinkéliba leaf extract product, blank-controlled
study, placebo-controlled study. In total, 0.1% kinkéliba leaf extract was formulated into
gel for further clinical studies on ten subjects. Water was used as the placebo group. For
the inner forearm, the test sites were divided into six test areas, A, B, C, D, E and F, each of
which was about 4 cm X 5 cm in area. The dermatologist observed and selected the three
most suitable erythema areas for measurement. According to the randomization sheet, the
test product application area, placebo control area, and blank control area were defined.

On D-2*, the dermatologist observed the skin condition of both inner forearms. Ac-
cording to the inclusion and exclusion criteria, the dermatologist screened the subjects
who met the requirements. After the subjects were successfully enrolled, the technician
divided the subjects’ skin (both inner forearms) into six test areas, then applied standard
patch testing materials with 3% SLS solution (liquid, drip onto the filter paper attached to
standard patch testing materials) on six test areas and stuck to the subjects’ forearms by
medical adhesive tape for 24 h. On D-1%, the technician removed the patch applications and
urged the subjects not to do anything that would affect the test results, such as grabbing
the test area. On DO, D0'*, D3*, and D7*, the skin TEWLs were measured with VapoMe-
ter (SWL5142), and chromameter (Spectrophotometer CM-2600d) was used to measure
a* value for SLS-induced redness, in terms of the erythema index.

(*D-2: 2 days before measuring; D-1: 24 h after patch application; DO: the day after
removing the patch; D0": immediately after applying the test product; D3: 3 days after
applying test product; D7: 7 days after applying test product.)

4.8. Statistical Analysis

For the in vitro study, data were presented as normalized results from a minimum
of three independent experiments. Significant differences in the cell survival rate, ROS,
and nitrotyrosine were determined by one-way ANOVA followed by the Tukey’s multiple
comparisons test using the Graphpad Prism 5 software package (GraphPad Software, San
Diego, CA, USA).

For the clinical study, an analysis of the differences between the baseline value (DO0)
and the measured values at each follow-up time (D0’ /D3/D?7) intra-group were performed
by repeated-measurement ANOVA tests. Furthermore, the inter-group difference analysis
between the test product group and the placebo control group/blank control group at each
follow-up time were performed by multivariate analysis of variance tests. SPSS 21.0 was
used for the data analysis. p-values < 0.05 were considered significant. The rate of each
parameter’s change is calculated as follows:

_ The measured value at follow — up time — Baseline value

Rate of change (%) = x 100% 1)

Baseline value

5. Conclusions

In summary, the effect of kinkéliba leaf extracts was investigated in normal human pri-
mary keratinocytes and in vivo. After 24 h treatment, the kinkéliba leaf extract significantly
enhanced the cell survival rate reduced by UV irradiation. Its elimination on UV-induced
cellular ROS/RNS was demonstrated for the first time in human primary skin cells, while
previous research only presented kinkéliba’s free radical scavenging efficacy in the cell-free
system. Although our previous research on glucose-lowering capacity already demon-
strated kinkéliba’s involvement with anti-inflammation in other evaluation systems, this
study validated kinkéliba’s capacity to reduce UV exposure generated pro-inflammatory
cytokines IL-6/8 and alleviate skin inflammation. As a traditional herbal tea with plenty
of health benefits, kinkéliba has great potential in the field of personal care. This research
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provided a new application direction for kinkéliba leaf extracts as an active ingredient in
skincare and expanded its traditional applications in beverage and nutraceuticals.

6. Patents

Hu, S.; Simon, J.E.; Wu, Y.; WANG, M.; Wu, Q. Use of Combretum micranthum extract
in cosmetics: U.S. Patent Application 17/275,087[P] resulted in part from the research
reported in this manuscript.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /molecules28041791/s1, Figure S1: Human primary keratinocytes
were treated with different dosage of UV radiation. Cell viability was determined by the CCK-8 assay.
Each value is presented as the mean + SD from triplicate independent experiments. Significantly
different from sham vehicle; UVA vehicle, *** p < 0.001; Figure S2. The chromatograms of A: Vitexin
standard; B: Isovitexin standard; C: Kinkéliba leaf extract.

Author Contributions: Conceptualization, S.H., ].E.S. and M.W.; methodology, S.H., J.E.S. and M.W,;
software, Y.H.; validation, Y.W.; formal analysis, Y.H. and Y.W.; investigation, Y.H. and Y.W.; resources
S.H., J.E.S., M\W. and Q.W.; data curation, Y.H. and Y.W.; writing—original draft preparation, S.H.;
writing—review and editing, J.E.S., M.W. and Q.W.; visualization, Y.H. and Y.W; supervision, M.W.;
project administration, Y.W.; funding acquisition, S.H. and M.W. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by the Innovation and Technology Commission, grant number
UIM-316. The APC was funded by Acaderma.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Guangdong Daily Chemical Industry (protocol
code GDIRB (2020) 1-10 and 20 October 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data available on request due to restrictions (privacy). The data
presented in this study are available on request from the corresponding author. The data are not
publicly available due to privacy.

Acknowledgments: We acknowledge the assistance of Babou Diouf, Diatta Malainy, and all staff in
ASNAPP-Senegal for the support of the kinkéliba leave sample collection, quality control, and leave
drying process.

Conflicts of Interest: All authors are founding members, consultants, or employees of Acaderma.
The sponsor has provided funding to support the work for this study. The funders had no role in
the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results.

Sample Availability: Samples of the compounds are not available from the authors.

References

1.

Juliani, H.R.; Koelliker, Y.; Bucuk, M.; Welch, C.; Tepper, B.J.; Jefthas, E.; Simon, ]J.E. Quality and Consumer Studies in the USA of
African Herbal Teas for the Natural Product Industry Development in Sub-Sahara Africa. In African Natural Plant Products: New
Discoveries and Challenges in Chemistry and Quality; ACS Publications: Washington, DC, USA, 2009; pp. 403—420. [CrossRef]
Welch, C.R. Chemistry and Pharmacology of Kinkéliba (Combretum micranthum), a West African Medicinal Plant. Ph.D. Thesis,
Rutgers, The State University of New Jersey, New Brunswick, NJ, USA, 2010.

Akeem, A.A; Ejikeme, U.C.; Okarafor, E.U. Antibacterial Potentials of the Ethanolic Extract of the Stem Bark of Combretum
micranthum G. Don and Its Fractions. J. Plant Stud. 2012, 1, 75. [CrossRef]

Touré, A.; Xu, X; Michel, T.; Bangoura, M. In Vitro antioxidant and radical scavenging of Guinean kinkeliba leaf (Combretum
micranthum G. Don) extracts. Natural Prod. Res. 2011, 25, 1025-1036. [CrossRef] [PubMed]

Dada, T.; Fall, A.D.; Mbacke, D.S.; Abdou, S.; Lyu, W.; Wu, Q.L.; Simon, J.E.; Bassene, E. Rapid isolation of vitexin from leaves of
kinkeliba, Combretum micranthum G. Don. . Pharmacogn. Phytochem. 2021, 10, 14-16.

Welch, C.; Zhen, ].; Basséne, E.; Raskin, I.; Simon, J.E.; Wu, Q. Bioactive polyphenols in kinkéliba tea (Combretum micranthum) and
their glucose-lowering activities. J. Food Drug Anal. 2018, 26, 487-496. [CrossRef]

Zhen, J.; Simon, J.E.; Wu, Q. Total Synthesis of Novel Skeleton Flavan-Alkaloids. Molecules 2020, 25, 4491. [CrossRef]


https://www.mdpi.com/article/10.3390/molecules28041791/s1
https://www.mdpi.com/article/10.3390/molecules28041791/s1
http://doi.org/10.1021/bk-2009-1021.ch023
http://doi.org/10.5539/jps.v1n2p75
http://doi.org/10.1080/14786419.2010.482048
http://www.ncbi.nlm.nih.gov/pubmed/21480049
http://doi.org/10.1016/j.jfda.2017.05.009
http://doi.org/10.3390/molecules25194491

Molecules 2023, 28, 1791 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Wu, Q.L.; Welch, C.; Simon, J.E. Peperidine-Flavan Alkaloid Compounds Derived from African Herb Tea Kinkeliba as Anti-
Diabetic Agents. US Patent No. US 8,642,769 B2, 4 February 2014.

Seck, S.M.; Doupa, D.; Dia, D.G.; Diop, E.A.; Ardiet, D.-L.; Nogueira, R.C.; Graz, B.; Diouf, B. Clinical efficacy of African
traditional medicines in hypertension: A randomized controlled trial with Combretum micranthum and Hibiscus sabdariffa. |. Hum.
Hypertens. 2017, 32, 75-81. [CrossRef]

Kpemissi, M.; Eklu-Gadegbeku, K.; Veerapur, V.P.; Negru, M.; Taulescu, M.; Chandramohan, V.; Hiriyan, ].; Banakar, S.M.; Nv, T.;
Suhas, D.S.; et al. Nephroprotective activity of Combretum micranthum G. Don in cisplatin induced nephrotoxicity in rats: In-vitro,
in-vivo and in-silico experiments. Biomed. Pharmacother. 2019, 116, 108961. [CrossRef]

Yapo, B.M.; Besson, V.; Beourou, S.; Koffi, K. Optimization of water-extract of phenolic and antioxidant compounds from kinkéliba
(Combretum micranthum) leaves. Afr. ]. Food Sci. Res. 2014, 2, 37-43.

Zannou, O.; Pashazadeh, H.; Ibrahim, S.A.; Koca, I.; Galanakis, C.M. Green and highly extraction of phenolic compounds
and antioxidant capacity from kinkeliba (Combretum micranthum G. Don) by natural deep eutectic solvents (NADESs) using
maceration, ultrasound-assisted extraction and homogenate-assisted extraction. Arab. J. Chem. 2022, 15, 103752. [CrossRef]
Kpemissi, M.; Kantati, Y.T.; Veerapur, V.P; Eklu-Gadegbeku, K.; Hassan, Z. Anti-cholinesterase, anti-inflammatory and antioxidant
properties of Combretum micranthum G. Don: Potential implications in neurodegenerative disease. IBRO Neurosci. Rep. 2023, 14,
21-27. [CrossRef] [PubMed]

Kolarsick, P.A.; Kolarsick, M.A.; Goodwin, C. Anatomy and physiology of the skin. J. Dermatol. Nurses Assoc. 2011, 3, 203-213.
[CrossRef]

Pilkington, S.M.; Bulfone-Paus, S.; Griffiths, C.E.; Watson, R.E. Inflammaging and the Skin. ]. Investig. Dermatol. 2021, 141,
1087-1095. [CrossRef] [PubMed]

Afaq, F; Katiyar, S.K. Polyphenols: Skin Photoprotection and Inhibition of Photocarcinogenesis. Mini-Rev. Med. Chem. 2011, 11,
1200-1215. [CrossRef]

Farage, M.A_; Miller, KW.,; Elsner, P.; Maibach, H.I. Intrinsic and extrinsic factors in skin ageing: A review. Int. |. Cosmet. Sci. 2008,
30, 87-95. [CrossRef]

Nichols, J.A.; Katiyar, S.K. Skin photoprotection by natural polyphenols: Anti-inflammatory, antioxidant and DNA repair
mechanisms. Arch. Dermatol. Res. 2009, 302, 71-83. [CrossRef] [PubMed]

Afaq, F.; Adhami, V.M.; Mukhtar, H. Photochemoprevention of ultraviolet B signaling and photocarcinogenesis. Mutat. Res.
Fundam. Mol. Mech. Mutagen. 2005, 571, 153-173. [CrossRef]

Buckman, S.Y.; Gresham, A.; Hale, P.; Hruza, G.; Anast, ].; Masferrer, J.; Pentland, A.P. COX-2 expression is induced by UVB
exposure in human skin: Implications for the development of skin cancer. Carcinogenesis 1998, 19, 723-729. [CrossRef] [PubMed]
Furman, D.; Campisi, J.; Verdin, E.; Carrera-Bastos, P.; Targ, S.; Franceschi, C.; Ferrucci, L.; Gilroy, D.W.; Fasano, A.; Miller, G.W,;
et al. Chronic inflammation in the etiology of disease across the life span. Nat. Med. 2019, 25, 1822-1832. [CrossRef]

Varani, J.; Perone, P.; Spahlinger, D.M.; Singer, L.M.; Diegel, K.L.; Bobrowski, W.E,; Dunstan, R. Human Skin in Organ Culture and
Human Skin Cells (Keratinocytes and Fibroblasts) in Monolayer Culture for Assessment of Chemically Induced Skin Damage.
Toxicol. Pathol. 2007, 35, 693-701. [CrossRef]

Baumann, L. Skin ageing and its treatment. J. Pathol. 2007, 211, 241-251. [CrossRef]

Portugal-Cohen, M.; Soroka, Y.; Frusi¢-Zlotkin, M.; Verkhovsky, L.; Brégégere, EM.; Neuman, R.; Kohen, R.; Milner, Y. Skin organ
culture as a model to study oxidative stress, inflammation and structural alterations associated with UVB-induced photodamage.
Exp. Dermatol. 2011, 20, 749-755. [CrossRef] [PubMed]

Beck, L.A.; Cork, M.]J.; Amagai, M.; De Benedetto, A.; Kabashima, K.; Hamilton, J.D.; Rossi, A.B. Type 2 Inflammation Contributes
to Skin Barrier Dysfunction in Atopic Dermatitis. JID Innov. 2022, 2, 100131. [CrossRef] [PubMed]

Ramos-Gonziélez, E.; Bitzer-Quintero, O.; Ortiz, G.; Hernandez-Cruz, J.; Ramirez-Jirano, L. Relationship between inflammation
and oxidative stress and its effect on multiple sclerosis. Neurologia 2021, in press. [CrossRef]

Chatterjee, S. Oxidative stress, inflammation, and disease. In Oxidative Stress and Biomaterials; Elsevier: Amsterdam, The
Netherlands, 2016; pp. 35-58.

Bruch-Gerharz, D.; Ruzicka, T.; Kolb-Bachofen, V. Nitric oxide and its implications in skin homeostasis and disease—A review.
Arch. Dermatol. Res. 1998, 290, 643-651. [CrossRef] [PubMed]

Brenneisen, P.; Sies, H.; Scharffetter-Kochanek, K. Ultraviolet-B irradiation and matrix metalloproteinases: From induction via
signaling to initial events. Ann. N. Y. Acad. Sci. 2002, 973, 31-43. [CrossRef]

Hu, S.; Chen, F.; Wang, M. Photoprotective effects of oxyresveratrol and kuwanon O on DNA damage induced by UVA in human
epidermal keratinocytes. Chem. Res. Toxicol. 2015, 28, 541-548. [CrossRef]

National Weather Service. Available online: https:/ /www.cpc.ncep.noaa.gov/products/stratosphere /uv_index/gif_files/lax_17
.png (accessed on 1 January 2017).

Hong Kong Observatory. Average and Range of Daily Maximum UVA Radiation Intensity in Different Months. Available online:
https:/ /www.hko.gov.hk/en/wxinfo/uvinfo/uvinfo.html (accessed on 1 January 2010).

The Bureau of Meteorology. Available online: http://www.bom.gov.au/metadata/catalogue/19115/ANZCWO0503900371#
distribution-information (accessed on 1 January 2017).

Meteorological Service Singapore. Available online: http://www.weather.gov.sg/home/ (accessed on 1 January 2022).


http://doi.org/10.1038/s41371-017-0001-6
http://doi.org/10.1016/j.biopha.2019.108961
http://doi.org/10.1016/j.arabjc.2022.103752
http://doi.org/10.1016/j.ibneur.2022.12.001
http://www.ncbi.nlm.nih.gov/pubmed/36578633
http://doi.org/10.1097/JDN.0b013e3182274a98
http://doi.org/10.1016/j.jid.2020.11.006
http://www.ncbi.nlm.nih.gov/pubmed/33358020
http://doi.org/10.2174/138955711804586739
http://doi.org/10.1111/j.1468-2494.2007.00415.x
http://doi.org/10.1007/s00403-009-1001-3
http://www.ncbi.nlm.nih.gov/pubmed/19898857
http://doi.org/10.1016/j.mrfmmm.2004.07.019
http://doi.org/10.1093/carcin/19.5.723
http://www.ncbi.nlm.nih.gov/pubmed/9635856
http://doi.org/10.1038/s41591-019-0675-0
http://doi.org/10.1080/01926230701481907
http://doi.org/10.1002/path.2098
http://doi.org/10.1111/j.1600-0625.2011.01317.x
http://www.ncbi.nlm.nih.gov/pubmed/21707755
http://doi.org/10.1016/j.xjidi.2022.100131
http://www.ncbi.nlm.nih.gov/pubmed/36059592
http://doi.org/10.1016/j.nrl.2021.10.003
http://doi.org/10.1007/s004030050367
http://www.ncbi.nlm.nih.gov/pubmed/9879832
http://doi.org/10.1111/j.1749-6632.2002.tb04602.x
http://doi.org/10.1021/tx500497u
https://www.cpc.ncep.noaa.gov/products/stratosphere/uv_index/gif_files/lax_17.png
https://www.cpc.ncep.noaa.gov/products/stratosphere/uv_index/gif_files/lax_17.png
https://www.hko.gov.hk/en/wxinfo/uvinfo/uvinfo.html
http://www.bom.gov.au/metadata/catalogue/19115/ANZCW0503900371#distribution-information
http://www.bom.gov.au/metadata/catalogue/19115/ANZCW0503900371#distribution-information
http://www.weather.gov.sg/home/

Molecules 2023, 28, 1791 14 of 14

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

de Jager, T.L.; Cockrell, A.E.; Du Plessis, S.S. Ultraviolet Light Induced Generation of Reactive Oxygen Species. In Ultraviolet Light
in Human Health, Diseases and Environment; Springer: Cham, Switzerland, 2017; Volume 996, pp. 15-23. [CrossRef]

Hu, S.; Zhang, X.; Chen, F.; Wang, M. Dietary polyphenols as photoprotective agents against UV radiation. . Funct. Foods 2017,
30, 108-118. [CrossRef]

Urbanski, A.; Schwarz, T.; Neuner, P.; Krutmann, J.; Kirnbauer, R.; Luger, T.A.; Kock, A. Ultraviolet Light Induces Increased
Circulating Interleukin-6 in Humans. J. Investig. Dermatol. 1990, 94, 808-811. [CrossRef] [PubMed]

Sugawara, T.; Gallucci, R.; Simeonova, P.P.; Luster, M.I. Regulation and Role of Interleukin 6 in Wounded Human Epithelial
Keratinocytes. Cytokine 2001, 15, 328-336. [CrossRef]

Gutowska-Owsiak, D.; Podobas, E.I; Eggeling, C.; Ogg, G.S.; de la Serna, ].B. Addressing Differentiation in Live Human
Keratinocytes by Assessment of Membrane Packing Order. Front. Cell Dev. Biol. 2020, 8, 573230. [CrossRef] [PubMed]

Bashir, M.; Sharma, M.; Werth, V. TNF-« production in the skin. Arch. Dermatol. Res. 2009, 301, 87-91. [CrossRef] [PubMed]
Han, Y;; Tuan, T.; Wu, H.; Hughes, M.; Garner, W. TNF-alpha stimulates activation of pro-MMP2 in human skin through
NF-(kappa)B mediated induction of MT1-MMRP. J. Cell Sci. 2001, 114, 131-139. [CrossRef]

Kondo, S.; Kono, T.; Sauder, D.N.; McKenzie, R.C. IL-8 Gene Expression and Production in Human Keratinocytes and Their
Modulation by UVB. J. Investig. Dermatol. 1993, 101, 690-694. [CrossRef]

Murata, S.; Kaneko, S.; Morita, E. Interleukin-8 Levels in the Stratum Corneum as a Biomarker for Monitoring Therapeutic Effect
in Atopic Dermatitis Patients. Int. Arch. Allergy Immunol. 2021, 182, 592-606. [CrossRef] [PubMed]

Berardesca, E.; Fideli, D.; Borroni, G.; Rabbiosi, G.; Maibach, H. In Vivo hydration and water-retention capacity of stratum
corneum in clinically uninvolved skin in atopic and psoriatic patients. Acta Derm.-Venereol. 1990, 70, 400-404.

Orsmond, A.; Bereza-Malcolm, L.; Lynch, T.; March, L.; Xue, M. Skin barrier dysregulation in psoriasis. Int. J. Mol. Sci. 2021,
22,10841. [CrossRef]

Mittal, M.; Siddiqui, M.R;; Tran, K.; Reddy, S.P; Malik, A.B. Reactive Oxygen Species in Inflammation and Tissue Injury. Antioxid.
Redox Signal. 2014, 20, 1126-1167. [CrossRef] [PubMed]

Martemucci, G.; Costagliola, C.; Mariano, M.; D’Andrea, L.; Napolitano, P.; D’ Alessandro, A.G. Free Radical Properties, Source
and Targets, Antioxidant Consumption and Health. Oxygen 2022, 2, 48-78. [CrossRef]

Nakai, K.; Tsuruta, D. What are reactive oxygen species, free radicals, and oxidative stress in skin diseases? Int. . Mol. Sci. 2021,
22,10799. [CrossRef]

Svobodova, A.; Psotova, ].; Walterova, D. Natural phenolics in the prevention of UV-induced skin damage. A review. Biomed. Pap.
2003, 147, 137-145. [CrossRef]

Martinez, M.C.; Andriantsitohaina, R. Reactive Nitrogen Species: Molecular Mechanisms and Potential Significance in Health
and Disease. Antioxid. Redox Signal. 2009, 11, 669-702. [CrossRef] [PubMed]

Daniela, B.-G.; Thomas, R.; Kolb-Bachofen, V. Nitric Oxide in Human Skin: Current Status and Future Prospects. J. Investig.
Dermatol. 1998, 110, 1-7. [CrossRef] [PubMed]

Suzuki, T.; Inukai, M. Effects of Nitrite and Nitrate on DNA Damage Induced by Ultraviolet Light. Chem. Res. Toxicol. 2006, 19,
457-462. [CrossRef]

Aitken, G.R.; Henderson, J.R.; Chang, S.-C.; McNeil, C.J.; Birch-Machin, M.A. Direct monitoring of UV-induced free radical
generation in HaCaT keratinocytes. Clin. Exp. Dermatol. 2007, 32, 722-727. [CrossRef] [PubMed]

Garthwaite, J.; Boulton, C.L. Nitric Oxide Signaling in the Central Nervous System. Annu. Rev. Physiol. 1995, 57, 683-706.
[CrossRef] [PubMed]

ter Steege, ].C.; Koster-Kamphuis, L.; van Straaten, E.A.; Forget, P.P.; Buurman, W.A. Nitrotyrosine in plasma of celiac disease
patients as detected by a new sandwich ELISA. Free. Radic. Biol. Med. 1998, 25, 953-963. [CrossRef]

Ding, W.; Hudson, L.G; Liu, K.J. Inorganic arsenic compounds cause oxidative damage to DNA and protein by inducing ROS
and RNS generation in human keratinocytes. Mol. Cell. Biochem. 2005, 279, 105-112. [CrossRef]

Sequeira, V.B.; Rybchyn, M.S.; Gordon-Thomson, C.; Tongkao-On, W.; Mizwicki, M.T.; Norman, A.W.; Reeve, V.E.; Halliday, G.M.;
Mason, R.S. Opening of chloride channels by 1, 25-dihydroxyvitamin D3 contributes to photoprotection against UVR-induced
thymine dimers in keratinocytes. J. Investig. Dermatol. 2013, 133, 776-782. [CrossRef]

De Fine Olivarious, F; Agner, T.; Menne, T. Skin barrier function and dermal inflammation. An experimental study of transepi-
dermal water loss after dermal tuberculin injection compared with SLS patch testing. Brit. ]. Dermatol. 1993, 129, 554-557.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1007/978-3-319-56017-5_2
http://doi.org/10.1016/j.jff.2017.01.009
http://doi.org/10.1111/1523-1747.ep12874666
http://www.ncbi.nlm.nih.gov/pubmed/2355183
http://doi.org/10.1006/cyto.2001.0946
http://doi.org/10.3389/fcell.2020.573230
http://www.ncbi.nlm.nih.gov/pubmed/33195206
http://doi.org/10.1007/s00403-008-0893-7
http://www.ncbi.nlm.nih.gov/pubmed/18825399
http://doi.org/10.1242/jcs.114.1.131
http://doi.org/10.1111/1523-1747.ep12371677
http://doi.org/10.1159/000512965
http://www.ncbi.nlm.nih.gov/pubmed/33486487
http://doi.org/10.3390/ijms221910841
http://doi.org/10.1089/ars.2012.5149
http://www.ncbi.nlm.nih.gov/pubmed/23991888
http://doi.org/10.3390/oxygen2020006
http://doi.org/10.3390/ijms221910799
http://doi.org/10.5507/bp.2003.019
http://doi.org/10.1089/ars.2007.1993
http://www.ncbi.nlm.nih.gov/pubmed/19014277
http://doi.org/10.1046/j.1523-1747.1998.00084.x
http://www.ncbi.nlm.nih.gov/pubmed/9424078
http://doi.org/10.1021/tx050347l
http://doi.org/10.1111/j.1365-2230.2007.02474.x
http://www.ncbi.nlm.nih.gov/pubmed/17953641
http://doi.org/10.1146/annurev.ph.57.030195.003343
http://www.ncbi.nlm.nih.gov/pubmed/7539993
http://doi.org/10.1016/S0891-5849(98)00184-1
http://doi.org/10.1007/s11010-005-8227-y
http://doi.org/10.1038/jid.2012.343
http://doi.org/10.1111/j.1365-2133.1993.tb00483.x

	Introduction 
	Results 
	Definition of UVA Dosage 
	Kinkéliba Leaf Extract Enhanced Cell Viability after UVA Irradiation 
	Kinkéliba Leaf Extract Decreased UVA-Induced Inflammatory Cytokines Production 
	Kinkéliba Leaf Extract Reduced UVA-Induced ROS Production 
	Kinkéliba Leaf Extract Protected against UVA-Induced Increase in Nitrotyrosine 
	Kinkéliba Leaf Extract Formula Significantly Reduced Skin TEWL 
	Kinkéliba Leaf Extract Formula Reduced SLS-Irritated Erythema 

	Discussion 
	Materials and Methods 
	Vitexin and Isovitexin-Rich Kinkéliba Leaf Extract Preparation 
	Cell Culture, Kinkéliba Leaf Extract Treatment, and UVA Irradiation 
	Cell Viability Measurement 
	Measurement of Pro-Inflammatory Cytokines 
	Cellular Oxidative Stress (ROS) Measurement 
	Measurement of Nitrotyrosine 
	In Vivo Study 
	Statistical Analysis 

	Conclusions 
	Patents 
	References

