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Abstract: Hyperpigmentation, characterized by the excessive accumulation of melanin in the skin,
is a common dermatological concern triggered by various factors, including UV radiation exposure.
This study investigates the potential of grapevine leaf extracts in treating hyperpigmentation in-
duced by UV radiation, focusing on 11 European and 12 Israeli grapevine varieties. Our research
explores the correlations between total polyphenol content (TPC), tyrosinase inhibition, sun protec-
tion factor (SPF), and half-maximal inhibitory concentration (IC50) of these extracts. Our findings
reveal substantial variation in TPC among grapevine varieties” leaves, with the Israeli varieties
showing higher TPC levels than the European ones. Correlation analysis demonstrates a robust link
between TPC and SPF, indicating that increased TPC contributes to enhanced sun protection prop-
erties. However, TPC alone does not strongly correlate with tyrosinase inhibition, suggesting the
importance of specific polyphenols in tyrosinase inhibition. Furthermore, the study identifies spe-
cific peaks in the HPLC analysis that correlate with desired activities. In summary, our research
highlights the potential of grapevine leaf extracts, especially those from Israeli indigenous varieties,
in addressing hyperpigmentation. It emphasizes the importance of specific polyphenols rather than
TPC alone in achieving the desired effects. These findings open doors for further investigation into
identifying and isolating active compounds from grapevine leaves for skincare applications.

Keywords: hyperpigmentation; grapevine leaf extract; UV radiation; tyrosinase inhibition; sun
protection factor (SPF); polyphenols; total phenolic content (TPC); skincare

1. Introduction

The skin is a vital layer of the human body that protects us from harmful environ-
mental factors, including UV radiation [1,2]. The skin has several natural defenses against
UV radiation, including (1) melanin, the pigment that gives skin its color; it absorbs UV
radiation and protects it from harmful effects [3-5]. (2) keratin, the tough protein that
makes up the epidermis of the skin, which helps protect the skin from UV radiation [6,7],
and (3) Langerhans cells: These immune cells help to fight off damage caused by UV ra-
diation [8]. However, excessive UV radiation exposure can damage this defense system,
leading to several skin disorders. For example, UV radiation can damage the elastin and
collagen of the skin, causing premature aging [9], wrinkles [10], sunburn, age spots [11],
skin cancer [12], and hyperpigmentation [1,2,13-17].

Hyperpigmentation refers to the uneven darkening of the skin due to the heavy ac-
cumulation of melanin [18]. It is characterized by the development of melanin-rich areas
on the skin and is frequently observed on facial and cervical regions, as well as on arms
and hands [1,2,13-17].

Hyperpigmentation is widespread, affecting people of various skin types and ages
[17,18]. The visible nature of hyperpigmentation can cause individuals to feel insecure
about their appearance, leading to a negative body image and low self-esteem [19].
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Consequently, affected individuals may be excessively preoccupied with how others per-
ceive them, resulting in anxiety and self-consciousness in social settings [20]. Hyperpig-
mentation is commonly associated with various forms of skin damage, including inflam-
mation [21], DNA damage [22], and oxidative stress [23], which can be triggered by UV
radiation [24]. Other factors contributing to hyperpigmentation include genetic back-
ground, hormonal changes, and inflammatory skin conditions [1,2,13-18]. Although the
skin has many ways to protect itself from UV radiation, melanin production is one of the
most important ways to protect itself from the harmful effects of UV radiation and reduce
DNA damage [3-5].

Tyrosinase plays a pivotal role in the biosynthesis of melanin pigment in various or-
ganisms, including mammals [25]. It is predominantly localized within melanocytes, spe-
cialized cells responsible for synthesizing and secretion of pigment granules [26]. Tyrosi-
nase activity is a critical factor in regulating melanogenesis, the process of melanin syn-
thesis through a series of reactions involving tyrosinase and other melanogenesis-related
proteins [27].

Traditional methods for hyperpigmentation treatment involve topical substances
(ointments, salves, and emollients), chemical peels, and laser treatments. Nevertheless,
these techniques exhibit numerous adverse effects. For instance, topical lotions and
creams occasionally induce irritation, redness, and hypersensitive responses (This is more
prevalent in ointments that incorporate hydroquinone, corticosteroid, and kojic acid in
elevated concentrations) [28]. Laser therapy can give rise to transient redness, inflamma-
tion, and blistering [29]. The adverse effects of chemical peels entail scabbing, post-inflam-
matory hyperpigmentation, and erythema [30]. Therefore, there is a growing interest in
identifying natural bioactive compounds with potential photoprotective properties, aim-
ing to block UV radiation damages and additionally conferring tyrosinase inhibition ef-
fects that can be utilized for managing skin hyperpigmentation.

Various chemicals and phytochemicals were found to be effective against hyperpig-
mentation. Hyaluronic acid-based microneedle patches loaded with anti-melanogenic bi-
oactive compounds niacinamide, ascorbic acid 2-glucoside, tranexamic acid, resveratrol,
4-n-butyl-resorcinol, along with Halidrys siliquosa extract were found to be effective
against hyperpigmentation [31]. Isobutylamido-thiazolyl-resorcinol (Thiamidol) was also
identified as a potent inhibitor of human tyrosinase and showed effectiveness in prevent-
ing post-inflammatory hyperpigmentation induced by epidermal wounding and acne
[32]. In addition, anti-hyperpigmentation properties of various compounds, such as ar-
butin, ascorbic acid, flavonoids, hydroxyquinone, kojic acid, thioctic acid, retinoic acid,
retinol, azelaic acid, aloesin was shown [33], as well as that of isofraxidin 7-O-(6"-O-p-
coumaroyl)-B-glucopyranoside from Artemisia capillaris, showing anti-hyperpigmentation
activity in the zebrafish model and mammalian melanocytes [34].

Another way to prevent hyperpigmentation is the prevention of UV irradiation dam-
age. Various skincare applications’ sun protection factor (SPF) is vital in managing hyper-
pigmentation [35,36]. The labeled SPF value on sunscreens primarily indicates their pro-
tection against UVB radiation, which causes sunburn. However, the labeled SPF does not
always accurately represent UVA radiation protection, which is responsible for premature
aging and skin cancer. Studies have shown that the measured UVA protection of sun-
screens can be significantly lower than their labeled SPF values [37].

Polyphenols are naturally occurring bioactive compounds found in plants. They are
known for their antioxidant and anti-inflammatory properties, associated with various
health benefits. Some studies suggest that certain polyphenols may have the potential to
manage hyperpigmentation due to their ability to inhibit melanin synthesis or reduce ox-
idative stress. One polyphenol that has received attention for its potential role in treating
hyperpigmentation is resveratrol [38—40]. Resveratrol is found in grapes, berries, and red
wine, and it has been shown to possess antioxidant and anti-inflammatory properties [38].
A recent study found that resveratrol significantly inhibited melanin synthesis by sup-
pressing tyrosinase activity [39,40]. In addition, ellagic acid reduces melanin production
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and protects against UV-induced damage by inhibiting the activation of tyrosinase in mel-
anogenesis [41].

The cultivation of Grapevine (Vitis vinifera) is mainly connected with wine produc-
tion or table grapes, where the emphasis is clearly on the fruit rather than the leaves. How-
ever, grapevine leaves have been acknowledged for their potential bioactivity due to their
composition of diverse bioactive chemicals, including various polyphenols [42-44]. There
is a consensus that these substances manifest a diverse range of advantageous qualities,
such as anti-inflammatory and antioxidant effects, which might also protect the skin [45].
The inhibitory effect of leaf extracts from a few V. vinifera varieties concerning tyrosinase
has been recorded in previous studies [45-47]. Therefore, investigating the potential of
bioactive compounds of grapevine leaves becomes an attractive research direction due to
the widespread occurrence of skin hyperpigmentation and the demand for natural and
efficacious treatments. Nevertheless, as grape varieties significantly differ in their fruit
chemical composition, we hypothesize that they also differ in their leaf extract composi-
tion, which may affect their efficacy for UV protection and tyrosinase inhibition. Thus, a
comprehensive analysis of a broad set of grapevine varieties, comparing their leaf extract
activity and selecting varieties with higher activity, can support the efforts to develop an
effective natural hyperpigmentation treatment.

The Israeli indigenous varieties collected and characterized by our group [48,49] have
lately been shown to have been domesticated from the local Vitis vinifera ssp. sylvestris
populations are still growing wild in northern Israel [50-52]. We also hypothesize that
these domesticated varieties may have developed drought, heat, and irradiation resistance
mechanisms due to their domestication and multiple selections in the Levant area, char-
acterized by hot temperatures and radiation levels. Lately, we presented initial evidence
supporting this theory, showing that a group of Israeli varieties developed a drought
avoidance mechanism [53]. Indeed, other irradiation resistance mechanisms include the
overproduction of phytochemicals to cope with the damages caused by access radiation
rates [54,55], which may be good candidates for protecting the human skin from similar
effects.

This study explores the potential of bioactive compounds of a broad set of Israeli and
European grape varieties’ leaf extracts for treating skin hyperpigmentation. Through bio-
chemical assays, including tyrosinase activity inhibition, SPF analysis, and determination
of total phenolic levels, we aim to distinguish between highly active extracts and low ones
and use these measurements and the HPLC analysis of the extract composition to widen
our understanding of the mechanisms leading to both the photoprotective effects of grape-
vine leaf extracts, and their tyrosinase inhibitory effects. Furthermore, this study will con-
tribute to the broader understanding of natural photoprotective bioactive compounds and
their potential applications in skincare and dermatology.

2. Materials and Methods
2.1. Plant Material Preparation

Extractions were made from leaves of 11 European and 12 Israeli grapevine (Vitis
vinifera) varieties. Three repetitions were carried out for each variety. The leaves under-
went a washing and drying process in an oven set at 60 °C for an entire night. Subse-
quently, the dried leaves were crushed in a mortar until they reached a powdered con-
sistency. A specialized extraction solvent, composed of methanol, acetone, water, and ace-
tic acid in proportions of 30%, 42%, 27.5%, and 0.5% v/v, respectively, was employed to
extract polyphenols. The extraction protocol was followed with minor modifications, as
outlined in reference [56]. 38.00 mg of the powdered material was weighed and combined
with 1.5 mL of the extraction solvent. After a brief vortex mixing, the mixture was soni-
cated for 15 min in ice water. Subsequently, it was centrifuged for 5 min at 14 R.P.M. Fi-
nally, 1 mL of the upper liquid phase was collected and transferred for drying in a
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CentriVap Benchtop Vacuum Concentrator device. The dried extract was resuspended in
10% (v/v) of DMSO in double distilled water.

2.2. Total Phenolic Content

The microplate total phenolic content (TPC) assay was adapted from the 96-well mi-
croplate Folin—Ciocalteu (FC) method, initially described by Al-Duais et al. [57] and Miil-
ler et al. [58], with minor modifications [59]. Briefly, 20 pL of the diluted extract (6 mg/mL)
was added to 100 pL of FC reagent (diluted at a 1:4 ratio and thoroughly mixed for 1 min)
and placed in a flat-bottom 96-well microplate (NUNC, Roskilde, Denmark). This mixture
was allowed to stand for 240 s, following which 75 pL of sodium carbonate solution (100
g/L) was added, and the resulting mixture was shaken at medium speed for 1 min. After
incubation for 2 h at room temperature, the absorbance was measured at 750 nm utilizing
the microplate reader integrated into a Thermo Scientific Multiskan GO spectrophotome-
ter (Thermo Fisher Scientific). To obtain the TPC, the absorbance of a control reaction,
utilizing water as the sample, was subtracted from the absorbance of the sample. Gallic
acid solutions ranging from 10 to 200 mg/L were used as standards to create the calibration
curve. Following the determination of the extract’'s TPC in mg Gallic acid equivalent
(GAE) per L via spectroscopy analysis (see above), the TPC concentration was further nor-
malized by the total initial dry leaves weight used for the extraction (38 mg).

2.3. Tyrosinase Inhibition Assay

The inhibition of tyrosinase was assessed using the modified dopachrome technique
[26,28], with I-3,4-dihydroxyphenylalanine (L-DOPA) as the substrate [60,61]. The experi-
ments employed 96-Well Microtiter Microplates, with absorbance measurements con-
ducted at 490 nm using a plate reader. The extracts were dissolved in their respective sol-
vents and subjected to sonication to achieve a final concentration of 6 mg/mL. In each well,
40 pL of the sample having 80 pL of phosphate buffer (0.1 M, pH 6.8), 40 pL of tyrosinase
(312.5 units/mL), and 40 pL of L-DOPA (5 mM). A corresponding blank well was prepared
for each sample with all components except for the tyrosinase enzyme. The results were
then compared with a control group that did not receive any sample extracts. Kojic acid
served as the positive control in the experiment. The solution was incubated for 15 min.
at 37 °C, following which the absorbance was measured at a wavelength of 492 nm using
a microplate reader, specifically the Infinite 200 PRO from Tecan, Switzerland. The calcu-
lation of the percentage of tyrosinase inhibition was performed in the following manner:
The equation for calculating percentage inhibition is as follows: % inhibition = (Ac — Ab)
- (As - Ab) x 100% (Ac - Ab). In this context, Ac represents the absorbance value of the
control reaction, which encompasses all reagents except for the sample extract. As refers
to the absorbance value of the sample extract, whereas Ab represents the absorbance value
of the blank.

2.4. The half-Maximal Inhibitory Concentration-IC50

An alternative approach to characterize the potency and capability of the extract to
impede the enzyme tyrosinase is using IC50 [45,62]. In our investigation, we employed
the subsequent concentrations: 6, 1.5, 0.75, 0.3750, 0.1875 [mg/mL] to formulate an equa-
tion from which the IC50 value of the diverse extracts was assessed, and Kojic acid was
employed as a positive control.

2.5. The Sun Protection Factor

The Sun Protection Factor (SPF) was computed following the methodology of Man-
sur et al. [63]. The optical density of samples was measured within the UV-B wavelength
range (290-320 nm), with 5-nm increments, and three determinations were performed at
each point [60]. The concentrations of the extracts were diluted from 6 mg/mL to 1.5
mg/mL due to the measurement sensitivity of the device, as the spectrophotometer
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apparatus cannot provide accurate readings beyond an absorption value of 3. After mul-
tiple experiments, it was concluded that the ideal concentration for evaluating all the ex-
tracts is 1.5 mg/mL.

2.6. Determination of Leaf Extract Composition Using High-Performance Liquid
Chromatography (HPLC) Analysis

In this study, the composition of grapevine leaf extracts was determined using HPLC
analysis [64]. The chromatographic system consists of a UV/Vis detector (UV-4070), an
RHPLC Pump (PU-4180), a Column oven (CO-4060), and an RHPLC Autosampler (AS-
4150) Jasco Extrema. Separation was carried out on a reversed-phase Luna column with
dimensions of 250 mm x 4.6 mm inner diameter, 5 um particle size, and a 100 A pore size
(Phenomenex). The column temperature was maintained at 30 °C, with a 1.0 mL/min flow
rate. The mobile phase comprised 0.05% formic acid in water (mobile phase A) and ace-
tonitrile (mobile phase B). The separation was achieved through the application of a sol-
vent gradient as follows: 5% (5 min), 10% (10 min), 15% (15 min), 20% (25 min), 25% (35
min), 30% (45 min), and 35% (50 min). The injection volume for the samples was set at 10
uL, and spectrophotometric detection was conducted at 280 nm, 257 nm, and 325 nm.
Prior to chromatographic analysis, all samples were filtered through a 0.22 um PTFE filter
with a 13 mm diameter.

2.7. Statistical Analysis and Correlation

A two-factor analysis of variance (ANOVA) with factors interaction was performed
using JMP Pro 16 statistical analysis software (SAS Institute Inc., Cary, NC, USA) to iden-
tify differences between the different groups. A Tukey’s HSD (honest significant differ-
ence) test was performed for multiple comparisons of means [65]. Data are reported as
mean and standard deviation. If not stated elsewhere, each analysis was performed in
triplicate, and statistical significance refers to p <0.05. Correlation analysis was performed
using the Row-Wise method [66]. The correlation is summarized as a matrix that contains
the linear relationships between each pair of response (Y) variables. The values of the cor-
relation are represented with R2 Principal component analysis (PCA) was performed us-
ing JMP Pro 16 to interpret the effects of different polyphenols in the leaf extract on the
other checked parameters.

3. Results and Discussion
3.1. Characterization of Extracts from Red and White Grapevine Varieties
3.1.1. The Tested Red and White Grapevine Varieties of Israel and Europe

This study assessed the potential of extracts from 11 European and 12 Israeli grape-
vine varieties to treat hyperpigmentation. The tested varieties consisted of both red and
white grapevines, as presented in Table 1.

Previously, polyphenols have demonstrated various pharmacological properties, in-
cluding antioxidant, anti-inflammatory, and UV protection properties, making them
promising candidates for treating multiple dermatological diseases [67,68]. Thus, we
have used an optimized polyphenols extraction protocol to extract the polyphenols
from the leaf samples [56]. The dry weights and TPC for each of the extracts are presented
in Table S1. Our work is the first to evaluate the anti-hyperpigmentation potential of a
large set of grape varieties. Other efforts show different concentrations of mixed red vine
leaf extract (RVLE) [45], a single variety using different extraction methods [46], or a com-
parison between plant species [69]. In addition, our work compares European and Israeli
varieties originating from domestication efforts in two areas with very different eco-geo-
graphic conditions. Also, it compares red and white varieties from both regions, in which
grapes have dramatic differences in TPC.
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Table 1. The 23 grapevine varieties tested were categorized into four groups: Israeli, European, red,
and white. For clarity, we have color-coded the different groups (also used in the following figures)
as follows: Red Israeli grapevines—Red, White Israeli grapevines—Green, Red European grape-
vines—Blue, and White European grapevines—Yellow.

Israeli European
Orcha Malbec
Dishon Merlot
Harduf Cabernet Sauvignon
Zeituni Petite Sirah
Red . . .
Nitzan 3 (Yael) Pinot Noir
Ness Ziona Cabernet Franc
Pumela
Tel Tzuba
Beer Sauvignon Blanc
Batar Nitzanim Gewurztraminer
White Darwishi Viognier
Shikama Chenin Blanc
Chardonnay

3.1.2. Assessment of Total Polyphenolic Content in Grapevine Leaf Extracts

Next, the extracts’ total polyphenolic contents (TPC) were evaluated in a 6 mg/mL
extract concentration, dissolved in a solution comprising 10% (v/v) DMSO in water. The
results are presented below in Figure 1.

As shown in Figure 1A, the concentration of TPC varied between the different grape-
vine varieties. The leaf extract of grapevine varieties Darwishi, Nitzan 3 (Yael), Shikama, Dis-
hon, Harduf, Tel Tzuba, and Zeituni exhibited the highest TPC content (>150 mg /g dried
leaf extract). In contrast, Petite Sirah, Cabernet Sauvignon, and Chenin Blanc had the lowest
TPC content (<100 mg/g dried leaf extract). Comparing the TPC levels for the European
and Israeli varieties shows that the Israeli varieties have a higher TPC, as seen in Figure
1B. In addition, it can be seen that in the group of European grapevines, there are no sig-
nificant differences between the white and red varieties (87 vs. 90, respectively). When
focusing on the Israeli varieties, there is a distinct difference between the red varieties
(117) and the white varieties (124). These differences between red and white varieties
could be explained by the fact that red grapevines use the phenyl propanoid pathway
precursors to produce high levels of polyphenols in the fruit skin [70]. In contrast, white
grapevines, producing less phenolics in the skin, may use these precursors to create pol-
yphenols in the leaves.

When we compare the TPC levels found in this study with the data published in other
works, the TPC in the Israeli varieties is relatively high. For example, Darwishi, Shikama,
Dishon, Harduf, and Tel Tzuba TPCs range from 115 to 150 mg GAE/g dry leaf, while the
TPC in the varieties examined in the work from Marko Andelkovi¢ [56] And from Djemaa-
Landri [71] articles is between 45 and 115 mg GAE/g.
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Figure 1. Normalized TPC content of leaf Extracts of the tested grapevine varieties. (A) the differ-
ences between all 23 tested varieties. (B) There are differences between the average TPCs of the
different groups: European, Israeli, white, and red varieties. Results represent the mean + standard
deviation (S.D.) of n > 11. TPC levels were compared via the Tukey-Kramer test (Table S2), where
statistical significance was defined as p < 0.05. Different capital letters mentioned above the columns
represent results which were found to be significantly different by the statistical analysis.

3.1.3. The Sun Protection Factor of Grapevine Leaf Extracts.

As described above, SPF (unitless) plays a pivotal role in protecting the skin against
the harmful effects of solar radiation. Moreover, it is essential in developing formulations
for treating hyperpigmentation [35,36]. Therefore, we evaluated the SPF levels of all the
tested grapevine extracts at a concentration of 1.5 mg/mL, as at higher concentrations, the
absorption is above the method’s sensitivity (Figure 2).

As seen in Figure 2A, the grapevine varieties Pinot Noir, Sauvignon Blanc, and Petite
Sirah have been identified with the lowest SPF levels. In contrast, the varieties Dishon,
Darwishi, Tel Tzuba, and Cabernet Franc exhibited the highest SPF levels, up to 37. When
comparing Israeli and European varieties (Figure 2B), there is a distinct difference be-
tween the group of white and red Israeli extracts, with an SPF level of 35, 36 (respectively),
compared to the white (31) and red (30) European varieties. One explanation for the higher
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SPF (Figure 2) levels observed in the Israeli varieties is that these varieties were selected
in the Levant, where conditions consist of exposure to higher radiation and temperatures
than European varieties [72]. As a result, these environmental stressors have caused the
vines to adapt and develop complex mechanisms to synthesize protective substances [72—
74]. Lastly, since white grapevine varieties also showed higher TPC as well as higher SPF,
this suggests that there may be a correlation between TPC and SPF. In this study, we ob-
tained comparatively high values of SPF (ranging between 23 and 37), even though we
used a relatively low extract concentration (1.5 mg/L). At the same time, summarizing a
comparison between different plant species, a maximum SPF of 24 was found [69].

[JEuropean red | European white M Israeli red WMIsraeli white

C BC

SPF

European Israeli

[JEuropean Red | European White [MlIsraeli Red WMIsraeli White

Figure 2. Sun protection factor (SPF) of 1.5 mg/mL of L. Extracts in 10% DMSO of the tested grape-
vine varieties. (A) the differences between the 23 tested grapevine varieties. (B) the differences be-
tween the different groups: European, Israeli, white, and red grapevine varieties. Results represent
the mean * standard deviation (5.D.) of n > 3. Statistical analysis was conducted using the Tukey-
Kramer test, as shown in Table S3, with statistical significance defined as p < 0.05. Different capital
letters mentioned above the columns represent results which were found to be significantly different
by the statistical analysis.

3.1.4. Determination of Leaf Extract Composition Using HPLC Analysis

HPLC analysis was performed to generate a preliminary fingerprint of each grape-
vine leaf extract and quantify the relative amount of each compound in all samples (see
an example in Figure S1). While the extraction solution is optimized to extract phenolic
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compounds, it is essential to note that other biomaterials may also be present in the grape-
vine leaf extract and could influence the observed activity. However, for convenience
throughout the article, we will assume that the specific extraction method allows us to
work mainly with polyphenols.

Principal component analysis (PCA) allows us to visualize which samples have sim-
ilar phenolic composition and which do not, using the entire data set of the various phe-
nolic levels found in the extracts. In addition, it is possible to study the impact of each
phenolic found in the analysis on dividing the varieties into separate groups in the PCA
coordinates, as shown in Figure 3.

t3 (127%)

Componen

Component 2 (17%,)

Com .
Ponent 1 (21.5%) 10
5
-5 0
[
0
05
5
* -~
X S
o o <
= o~
[ ] ot -
s 0
© % o f"e’ g
@ o ° 0 § ;&
S a. S
£ o
S
g -0.5
5
0
5 -1.0
-5 0
-5 21 .5%)
. \p\)n(‘“\ 1€ = =
Cox -1.0 -05 0 0.3 10
Component1 (21.5 %)

Figure 3. PCA analysis using the areas of the different peaks (found in the initial HPLC analysis) for
each tested variety’s extract. (A) a 3D distribution of the different varieties on the first three PCs, in
the groups’ colors: Red Israeli, White Israeli, Red European, and White European. (B) the effect of
different vectors on the distribution of varieties in space. The colors represent the other groups.

Figure 3A shows that the extracts of the European grapevine varieties were tightly
grouped on all three PC’A. In contrast, the Israeli red and white varieties” extract showed
a more widespread nature, mainly on PC 1 and PC 3, and tended to be positioned on the
right side of PC1. These results indicate that the European extracts are very similar, while
those of the Israeli varieties are more polymorphic. Figure 3B shows that peaks 6, 8, 10,
12, and 22 are more pronounced in the European varieties, while peaks 4, 7, 9, 17, 19, 20,
and 34 are more prominent in the Israeli ones. These distinguishable differences in the
composition of the extract, based on the geographical source of the varieties, maybe the
reason for the elevated activity found for the Israeli varieties.

Israeli grapevine leaf extracts may have a higher TPC and a more comprehensive
range of compounds due to their evolutionary need to adapt to challenging abiotic factors
such as radiation and heat. This could lead to increased TPC production (Figure 3) and
improved SPF (Figure 2). Previous studies have shown that the phenolic content of grape-
vine leaves varies depending on the grapevine variety and geographical origin [75-78].
This is likely due to a combination of genetic and environmental factors. For example,
some grape varieties are naturally higher in phenolic compounds than others, and differ-
ent environmental conditions, such as soil type, climate, and viticultural practices, can
also affect the phenolic content of grapevine leaves [75-78]. Phytochemicals and natural
extracts rich in polyphenols effectively treat hyperpigmentation disorders such as me-
lasma [9,15,68]. Polyphenols have many cellular actions that effectively treat
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hyperpigmentation [9,15,68]. Therefore, an extract with a higher TPC and a more compre-
hensive range of compounds may be more favorable for treating hyperpigmentation. As
we showed, the geographic origin of grapevine varieties significantly influences the com-
position of their leaf extracts. This is supported by a study by Panteli¢ et al. [78], which
analyzed the phenolic content, radical scavenging activity, and mineral composition of
grape leaves from diverse grapevine varieties. In the study, PCA revealed a clear separa-
tion between grape leaves from different geographical regions, suggesting that environ-
mental and genetic factors influence grape leaf chemical composition [78].

3.1.5. Tyrosinase Inhibitory Effect of Grapevine Leaf Extracts

Tyrosinase is a crucial enzyme in melanin production responsible for skin pigmenta-
tion. To assess the tyrosinase inhibitory effect of the grapevine leaf extracts, we measured
the percentage of reduction in tyrosinase-mediated degradation of the substance L-dopa
in the presence of the various leaf extracts (Figure 4).
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Figure 4. The inhibition of tyrosinase activity of 6 mg/mL of L. Extracts in 10% DMSO of the tested
grapevine varieties. (A) shows the differences between the 23 tested varieties. (B) shows the differ-
ences between the different groups: European, Israeli, white, and red varieties. Results represent the
mean + standard deviation (S.D.) of n> 3. Statistical analysis was conducted using the Tukey-Kramer
test, as shown in Table S4, with statistical significance defined as p < 0.05. Different capital letters
mentioned above the columns represent results which were found to be significantly different by
the statistical analysis.
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Figure 4A shows a significant difference in the tyrosinase inhibitory effect between
some grapevine vareties leaf extracts. The Israeli varieties Darwishi, Nitzan 3, and Ness
Ziona showed a high tyrosinase inhibition effect of 83%, 76%, and 73%, respectively. In
contrast, Chenin Blanc and Orcha varieties showed the lowest inhibition effect of 2.2% and
1.8%, respectively. Figure 4B shows that, in general, Israeli grapevine varieties exhibited
a statitically significant higher tyrosinase inhibitory effect compared to the European
white grapevine varieties, exhibiting the lowest inhibition effect of 27%. This suggests that
Israeli grapevine varieties may be a better source of tyrosinase inhibitors for cosmetic
products. Tyrosinase inhibitors are used to lighten the skin and reduce hyperpigmenta-
tion. Thus—and due to the higher SPF levels—these results suggest that Israeli grapevine
leaf extracts could help cosmetic formulators create effective and natural products to treat
hyperpigmentation.

3.1.6. Analysis of the IC50 of Grapevine Leaf Extracts on Tyrosinase Activity

The IC50 is used to quantify the efficacy/potency of an inhibitor. The IC50 is defined
as the inhibitor concentration required to inhibit an enzyme’s activity by 50% [79,80]. The
lower the IC50 value, the more potent the inhibitor is. The calculated IC50 values of the
tested grapevine leaf extracts are presented in Figure 5.

®14

12

IC50 [mg/mL] of tyrosinase inhibition

[[JEuropean red | 'European white lIsraelired [MIsraeli white

®

A

~
>
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33}
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IC 50 [mg/mL] of tyrosinase inhibition
'

[
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[[JEuropean Red | |European White [llIsraeli Red MIsraeli White

Figure 5. The half-maximal inhibitory concentration-IC50 [mg/mL] of L. Extracts of the tested grape-
vine varieties in 10% DMSO. Results represent the mean + standard deviation (S.D.) of n > 3. Statis-
tical analysis was conducted using the Tukey-Kramer test, as shown in Table S5, with statistical
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significance defined as p < 0.05. (A) shows the differences between the 23 tested varieties. (B) shows
the differences between the different groups: European, Israeli, white, and red varieties. Different
capital letters mentioned above the columns represent results which were found to be significantly
different by the statistical analysis.

As seen in Figure 5A, the grapevine variety Chenin Blanc had a very high 1C50 value
of 10.6 mg/mL, indicating that it is a weak tyrosinase inhibitor. In contrast, Beer and Char-
donnay grapevine varieties had low IC50 values (2.6 mg/mL and 2.4 mg/mL), indicating
they are potent tyrosinase inhibitors. Figure 5B shows that, on average, the white Israeli
grapevine varieties have a lower IC50 than the European and Israeli red grapevine varie-
ties and European white grapevine varieties. This means that the white Israeli grapevine
varieties are more potent tyrosinase inhibitors. Tyrosinase inhibitors have been studied
for their potential in treating hyperpigmentation. Several compounds, including natural
and synthetic phenolic compounds, have been identified as effective tyrosinase inhibitors
[34]. These inhibitors have shown promising results in reducing melanin content in the
skin and inhibiting tyrosinase activity [81].

Our findings indicate that the Israeli white grapevine varieties displayed a more sig-
nificant tyrosinase inhibitory potential than the European red and white grapevine varie-
ties and Israeli red grapevine varieties (Figure 4) and possessed a potent extract capable
of achieving a 50% reduction in enzyme activity at low concentrations (Figure 5). Each
group of varieties has a different effect on the enzyme tyrosinase. In addition, it seems
that the Israeli varieties both have a higher tyrosinase inhibitory capacity than the Euro-
pean varieties (Figure 4) and also have a potent extract that, in its low concentration, man-
ages to inhibit enzyme activity (IC50) by 50% (Figure 5).

Darwishi and Ness Ziona varieties exhibit the highest tyrosinase inhibition activity
(over 75%) compared to Orcha and Chenin Blanc (Figure 4A). Higher TPC contributes to
the efficacy of treatments for skin conditions like hyperpigmentation. Polyphenols also
have antioxidant and anti-inflammatory effects. They can balance the cell cycle, induce
apoptosis, and have various other effects on skin melanoma, making them potential chem-
opreventive agents for skin cancer [82]. Additionally, polyphenols have been proposed as
effective functional ingredients for anti-aging properties and have been shown to protect
the skin and mitigate inflammatory conditions [82,83]. Therefore, the higher TPC content
of grapevine leaf extract can be utilized in treatments for skin conditions like hyperpig-
mentation and may enhance their effectiveness due to the antioxidant, anti-inflammatory,
and other beneficial properties of polyphenols. For example, Darwishi has the highest TPC
and is also the most potent tyrosinase inhibitor, while Chenin Blanc has a lower TPC and
is less effective in inhibiting tyrosinase. On the other hand, Ness Ziona is a potent tyrosi-
nase inhibitor with moderate TPC. Interestingly, upon closer examination of the number
of peaks derived from HPLC analysis (Table S6), Ness Ziona exhibits the maximal number
of polyphenols, indicating the presence of a diverse range of polyphenolics. Conse-
quently, one of the polyphenols within the Ness Ziona leaf extract may possess significant
tyrosinase inhibitory properties, or a combination of the polyphenols within Ness Ziona
may exert a synergistic effect on tyrosinase activity. Similarly, Orcha is ineffective in in-
hibiting tyrosinase activity, even though its TPC is moderate. However, it is noteworthy
that Orcha has alower variety of polyphenols than Ness Ziona. Only two works were found
in the literature dealing with the tyrosinase enzyme activity of grape leaves [45,46], both
showing a maximal tyrosinase inhibition of 50%. In contrast, in this work, some varieties
show up to 83% inhibition.
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3.2. Correlations and Comparison between the Different Groups
3.2.1. Correlations between TPC, SPF, % Inhibition, and the IC50 of All Grapevine Varieties

As shown and discussed, the various extracts offer a wide array of SPF, TPC, and
tyrosinase enzyme inhibitory effects. A correlation matrix was produced to study the cor-
relations between these factors, as shown in Figure 6.
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Figure 6. Correlations between 23 varieties in different categories, n > 3. Statistical analyses are esti-
mated by the Restricted Maximum Likelihood (REML). Based on the fitting method selected.

A notably strong correlation between TPC and SPF is evident, with a coefficient of
0.74 (Figure 6). This strong correlation can be attributed to the well-established fact that
polyphenols can absorb ultraviolet (UV) radiation [67]. As TPC increases, so does SPF.
However, a weaker correlation was observed between TPC and tyrosinase inhibition, re-
sulting in a coefficient of 0.49. This observation underscores the importance of not solely
relying on TPC as a predictive indicator for enzyme inhibition. It is essential to consider
the specific polyphenolic components that might be involved in the tyrosinase inhibition
process. The Pearson correlation coefficient (r) for all three correlations were relatively low
(Figure 6), indicating a limited adherence to linearity. This lack of strong linear correlation
may be due to specific polyphenolic compounds influencing the extract’s effectiveness.

3.2.2. Comparison of Israeli and European Grapevine Varieties: Initial HPLC Results,
TPC, SPF, % Tyrosinase Inhibition, and IC50

In this section, we used the results of the specific peak areas for each peak acquired
from the HPLC analysis. We established a correlation matrix between the detected HPLC
peaks and the tested factors: TPC, SPF, % Inhibition, and the IC50 (Figure 7).
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Figure 7. Correlations between TPC, SPF, % Inhibition, and the IC50 and Substances found in the
leaf extracts using HPLC peaks, n = 1. Statistical analyses are estimated by the REML.

Figure 7 shows interesting correlations between the identified peaks (representing
polyphenols) and their bioeffects. For example, peak 17 strongly correlates with TPC and
the tyrosinase enzyme inhibition effect. Therefore, peak 17 emerges as a promising candi-
date for further investigation as an active substance in the next phase of the study. More-
over, Combining several peaks could lead to synergistic activity and an extract with an
efficient and good effect, such as combining peaks 15 and 17. Conversely, peak 7 appears
to yield undesired results. Thus, we plan to investigate the effect of fractions excluding
such peaks.

4. Conclusions

This study examined a large number of Israeli and European grapevine leaf extracts
for their ability to improve or treat the skin disease hyperpigmentation. Several interesting
conclusions can be drawn. White grapevine varieties have more polyphenols in their
leaves compared to red varieties. This is likely because red grapevine varieties deposit
most of their phenolic compounds in their fruit rather than their leaves. There is no strong
correlation between TPC and tyrosinase inhibition. This suggests that specific polyphe-
nolic compounds may be more important than the overall TPC of an extract in determin-
ing its efficacy against hyperpigmentation. Israeli grapevine varieties are more effective
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and active than European grapevine varieties in all categories tested. This suggests that
Israeli grapevine leaves are a promising source of active ingredients for cosmetic products
targeting hyperpigmentation, possibly due to their domestication in the harsh Levan cli-
mate. Overall, this study highlights the potential of Israeli grapevine leaves as a source of
active ingredients for cosmetic products targeting hyperpigmentation. Further research is
needed to identify and characterize the specific polyphenolic compounds responsible for
the anti-hyperpigmentation activity of grapevine extracts. In the next phase of our inves-
tigation, we plan to fractionate the samples and subject them to various testing methods
for a more in-depth analysis. From this correlation, we can understand that the TPC anal-
ysis may not be a reliable predictor of the extract activity, but rather the levels of specific
polyphenols; this data allows us to continue working and identify the materials and sep-
aration into fractions.
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