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Highlights

e Chemical analysis revealed 20 phenolic compounds in Zizyphus lotus leaves and fruits.
e Zizyphus lotus exhibited antidiabetic activity by means of digestive enzyme inhibition.
e Zizyphus lotus demonstrated dermatoprotective effect through tyrosinase inhibition.

e Zizyphus lotus leaves presented potent antioxidant properties.

ABSTRACT

Medicinal plants provide important sources of new chemical substances with potential
therapeutic effects. They have been used in traditional medicine for the treatment of
several diseases. The present study investigated the antidiabetic (anti-amylase and anti-
glucosidase) and dermatoprotective (anti-tyrosinase) activities of Zizyphus lotus
(Rhamnaceae) leaves and fruits. This plant is known for several medicinal applications;
the phenolic profile of aqueous extracts of Z. lotus was also developed using HPLC-DAD-
QTOF-MS analysis. The chemical analysis resulted in the identification and quantification
of twenty phenolic compounds in the fruits and/or leaves. Zizyphus lotus was highly
dosed in gallic acid with 2715 mg/kg in leaves and 15,640 mg/kg in fruits. Z. lotus leaves
and fruits, demonstrated inhibitory effects against a-amylase (IC50: 20.40-31.91 pg/mL),
and a-glucosidase (IC50: 8.66-27.95 ng/mL). In tyrosinase inhibition, the fruits exhibited
a higher effect (70.23 uyg/mL) than the leaves. Furthermore, the extracts did show
interesting antioxidant activity; thus Z. lotus constitutes a promising traditional medicine
and this study contributed to identify some functional compounds responsible for its

bioactivity.
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1. Introduction

Functional foods and natural products have attracted widespread attention because of
their medicinal value. Zizyphus lotus (Z. lotus), is a widespread traditional medicine,
known also as Jujube. Botanically, it belongs to the angiosperm Rhamnaceae family that
contains about 135-170 species (Maraghni et al, 2010). Zizyphus lotus is a
Mediterranean medicinal plant distributed in several Asian countries, such as China, Iran,
South Korea; in Africa; and in European countries, such as Cyprus, Spain, Greece
(Richardson et al., 2004; Adeli and Samavati, 2015). In Morocco, the plant is known as
"Sedra" and spread in many habitats in arid and semi-arid regions (Rsaissi et al., 2013).
Zizyphus lotus is being used in nutrition, health, and cosmetics in several forms, for
example, occurring in honey, tea, jam, juice, oil, loaf, and cake. This plant offers a delicious
red fruit that is consumed fresh, dried or processed in gastronomic traditions in different
cultures (Abdoul-Azize, 2016). Moreover, several parts are used in traditional medicine
for the treatment of diseases, such as insomnia, anxiety, urinary problems, diabetes, skin
infections, fever, diarrhea, insomnia, sedative, bronchitis and urolithiasis (Lahlou et al.,
2002; Adzu et al., 2003; Yoon et al., 2010; Khouchlaa et al., 2016) Extracts from Z. lotus
did show pharmacological properties, such as antibacterial (Rsaissi et al., 2013; Ghazghazi
et al., 2014), antioxidant (Ghazghazi et al., 2014; Ghalem et al., 2014; Bakhtaoui et al,,
2014; Hammi et al,, 2015; Adeli and Samavati, 2015), anti-inflammatory and analgesic
(Borgi et al,, 2007, 2008; El Hachimi et al., 2016), litholytic (Khouchlaa et al,, 201743, b),
antidiarrheal (Adzu et al., 2003), antifungal (Lahlou et al., 2002; Ghazghazi et al., 2014)
and mollusuicidial (Lahlou et al., 2002). Phenolic compounds of Z. lotus extracts prevent
oxidative stress and inflammation by reducing reactive oxygen species (ROS) (Abdoul-

Azize et al, 2013; 2016). Indeed, Z. lotus scavenges free radicals preventing lipid



peroxidation and cell damages (Boulanouar et al., 2013; Ghazghazi et al., 2014; Bakhtaoui
etal, 2014; Adeli et Samavati, 2015). In vivo, Z. Lotus increases the rate of haemolysis and
the expression of glutathione reductase enzymes and decreases catalase and glutathione
peroxidase activities (Abdoul-Azize, 2016). In fact the root and leaf extracts from Z. Lotus
demonstrated a hypoglycemic effect in vivo (Abdoul-Azize, 2016). Zizyphus lotus fruits
contain bioactive compounds, such as glutamic acid, sterols, vitamins, tocopherols, fibers,
amino acids, triacylglycerol, fatty acids, carbohydrates, tannins, phenolic acids and
flavonoids (Borgi et al.,, 2008; Ghazghazi et al., 2014; Maciuk et al.,, 2004). On the other
hand, the leaves are particularly rich in phenolic acids, flavonoids, tannins and saponins
notably jujuboside B, jujubogenin glycosides, and jujubasaponine IV (Maciuk et al., 2004).
Few papers discussed the functional compounds and pharmacological properties of Z.
lotus leaves and fruit. Thus, the aim of this study was to compare the functional chemistry
in leaves and fruit and to evaluate their antioxidant, antidiabetic and dermatoprotective

activities.

2. Materials and methods

2.1. Plant material and extraction

Zizyphus lotus fresh leaves and fruits were collected from different trees (5 samples) in
the region of Sidi Sliman (Morocco) in Mars 2015, identified and deposited at the
herbarium of the laboratory. Zizyphus lotus fruits and leaves were dried at room
temperature and separately ground into powder. The plant extract was prepared by
infusing 200 g of the powdered dried material in 500 mL boiled distilled water for 30 min,
to mimic the locals’ ethnopharmacy. The extract was filtered, lyophilized and its

constituents analyzed using HPLC-DAD-QTOF-MS analysis.



2.2.Phytochemical and HPLC-DAD-QTOF-MS analysis

The HPLC-DAD-QTOF-MS system consisted of a binary pump (G1312 A; Agilent 1100)
and an autosampler (G1330B) coupled to a mass spectrometer equipped with an
electrospray ionizer source (MS; ESI-; Micromass Quattro Micro; Waters, Milford, MA,
USA). Reversed phase HPLC separation was carried out using a Zorbax C18 column
(100 mmx 2.1 mmx 1.7 um). The mass spectrometer was operated in negative ion mode
with the following parameters: capillary voltage, 3.0 kV; cone voltage, 20 V; and extractor,
2V. Source temperature was 100 °C, desolvation temperature 350 °C, cone gas flow was
30L/h, and desolvation gas flow 350 L/h. The mobile phase components were 0.1%
aqueous formic acid (A) and acetonitrile with 0.1% formic acid (B). The mobile phase
gradient was: 0 min, 90% A; at 18 min, 30% A; 18-23 min, 30% A; at 25 min, 90% A; 25-
30 min, 90% A. The injection volume was 10 pL and the column temperature 35 °C. The
flow rate of the mobile phase was 0.5 mL/min. The phenolic acids, flavanols and flavonols
were identified on the basis of their retention times, MS spectra and molecular-ion
properties/masses.

2.3. Antidiabetic activities

2.3.1. a-amylase Inhibitory Assay

The a-amylase inhibitory potential was investigated by reacting different concentrations
of the extracts with a-amylase enzyme and starch solution (Marmouzi et al,, 2016). A
mixture of 250 uL. sample and 250 puL 0.02M sodium phosphate buffer (pH=6.9)
containing a-amylase (240 U/mL) was incubated at 37 °C for 20 min. Then, 250 uL 1%
starch solution in 0.02 M sodium phosphate buffer (pH = 6.9) was added to the reaction
mixture, which was incubated at 37 °C for 15 min. Thereafter, 1.0 mL dinitrosalicylic acid

(DNS) was added, and the mixture incubated in a boiling water bath for 10 min. Then, the



reaction mixture was diluted by adding 2.0 mL distilled water, and the absorbance

measured at 540 nm. Acarbose was used as positive control.

2.3.2. a-glucosidase Inhibitory Assay

The a-glucosidase inhibitory activity of the extracts was determined using the substrate
p-nitrophenyl -d-glucopyranoside (pNPG). Briefly, a mixture of 150 pL sample and
100 pL. 0.1 M sodium phosphate buffer (pH =6.7) containing a-glucosidase (0.1 U/mL)
was incubated at 37 °C for 10 min. After preincubation, 200 uL. 1 mM pNPG solution in
0.1 M sodium phosphate buffer (pH = 6.7) was added. The reaction mixture was incubated
at 37 °C for 30 min. After incubation, 1.0 mL 0.1 M Na2C0O3 was added and the absorbance
determined at 405 nm. The a-glucosidase inhibitory activity was expressed as percentage
inhibition, and the 50% inhibitory concentration (IC50) determined. Acarbose was used

as positive control.

2.4.Dermatoprotective effect

The tyrosinase inhibitory activity was used to evaluate the dermatoprotective effect and
determined according to the method described by Batubara et al. (2010). Briefly, the
sample (25 pL) was added to the tyrosinase solution (100 pL, 333 unit/mL in phosphate
buffer 50 mM, pH 6.5) and kept at 37 °C for 10 min. Then, 300 pL. substrate (L-DOPA,
5mM) was added. After 30 min incubation at 37 °C, the absorbance was determined at
510 nm. The percent inhibition of the tyrosinase activity was determined at sample
concentrations of 40, 60, 120 and 160 ug/mL, and IC50. Quercetin was used as a positive
control.

2.5. Antioxidant activity

2.5.1. 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity assay



The radical scavenging activity of the extracts was measured using the stable radical
DPPH (2,2-diphenyl-1-picrylhydrazyl) (Blois, 1958). A solution of DPPH (0.2 mM) was
prepared and 0.5 mL was mixed with 2.5 mL extract (1.33-1.66 pg/mL). The reaction
mixture was vortexed thoroughly and left in the dark at room temperature for 30 min.
The absorbance of the mixture was measured at 517 nm and the results expressed as

trolox equivalents relative to a calibration curve.

2.5.2. 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity assay

The ability of our extracts to scavenge the 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid) (ABTS) radical was determined according to a described method by Re el
al,, (Re et al, 1999). A solution of ABTS radical cation (ABTS-+) was prepared by the
reaction between 10mL of 2.0mM ABTS in H20 and 100uL 70mM potassium
persulphate at room temperature in the dark for 24 h. The ABTS-+ solution was then
diluted with methanol to obtain an absorbance of 0.70 £ 0.02 at 734 nm. Samples were
prepared in triplicate by diluting 200 pL extract in 2 mL of the diluted ABTS-+ solution and
allowed to react for 1 min. The absorbance was recorded at 734 nm. The antioxidant

activities of samples were expressed as trolox equivalents.

2.5.3. Ferric reducing/antioxidant power (FRAP) assay

2.5.The reducing power was assayed as earlier described (Marmouzi et al., 2017; Oyaizu,
1986). In brief, the extract (1.0 mL) was mixed with 2.5 mL phosphate buffer (0.2 M, pH
6.6) and 2.5 mL 1% potassium ferricyanide. The mixture was then incubated at 50 °C for
20 min. Then, 2.5 mL trichloroacetic acid (10%) was added to the mixture, which was
centrifuged at 3000 rpm for 10 min. Finally, 2.5 mL supernatant was mixed with 2.5 mL

distilled water and 0.5 mL FeCl3 solution (0.1%, w/v). The absorbance was measured at



700 nm. The results were expressed as ascorbic acid equivalent per gram of extract dry
weight (mg AAE/g edw).

2.6. Statistical and chemometric analysis

The significance of differences between multiple averages was determined by one-way
analysis of variance (ANOVA), followed by a Tukey's post hoc test at 5% significance level.
Principal component analysis (PCA), an exploratory technique, was performed with the
PLS_Toolbox 8.1 software, (Eigenvector).

3. Results

3.1. Chemical composition

The chemical composition was determined using HPLC-DAD-QTOF-MS analysis. Table 1
summarizes the results obtained. Twenty phenolic compounds were identified and
quantified. The t-test analysis revealed significant differences (p < 0.05) between leaves
and fruits for all measured phenolic compounds (Table 1). Gallic acid was the major
component of fruits and leaves: 15,640 + 310 mg/kg and 2715 * 112 mg/kg, respectively.
Similarly, ferulic and vanillic acids, rutin, catechin and epicatechin were much more
abundant in fruits than leaves. On the other hand, pyrogallol, naringin, chlorogenic,
caffeic, syringic, p-coumaric, sinapic, salicylic, rosmarinic acids were more elevated in
leaves than fruits extract’s (Table 1).

3.2. Antidiabetic activity

The antidiabetic activity was evaluated by two in vitro anti-enzymatic methods: the a-
amylase and a-glycosidase inhibition assays. The a-amylase catalyzes the cleavage of a-
(1-4) glycosidic binding to dextrin, maltose or maltotriose. Generally, incubation of the a-
amylase with its substrate leads to the generation of maltose. In our study, the addition of

Z.lotus leaves and fruits extracts significantly inhibited the generation of sugars in a dose-



dependent manner, and was compared to acarbose (a-amylase and a-glucosidase
inhibitor). Table 2 summarizes the inhibitory effect (ICso) of Z. lotus extracts and acarbose
on a-amylase activity. The extracts from leaves and fruits of Z. lotus showed higher
inhibiting activities against a-amylase than acarbose, with the respective 1Cso values :
20.40 £ 1.30 pg/mL and 31.91 + 1.53 pg/mL. The acarbose effect was characterized by an
ICs0 0f 396.42 + 3.54 ug/mL. On the other hand, a-glucosidase catalyzes the hydrolysis of
1-4 linked a-glucose and generates glucose molecules. Zizyphus lotus demonstrated a
potent a-glucosidase inhibiting activity when compared to the acarbose (Table 2). Indeed,
the ICso inhibition values of Z. lotus leaves and fruits were 8.66 +0.62 pg/mL and

27.95 + 2.45 pg/mL respectively, while the acarbose ICso value was 199.53 + 2.45 pg/mL.

3.3. Dermatoprotective effect

During skin aging, the derm loses its tensile strength, simultaneously roughness and
dryness arise along with abnormalities such as hypo- or hyper-
pigmentation. Tyrosinase inhibitors are strategic agents in hyperpigmentation therapy.
The targeted enzyme catalyzes the first two steps in mammalian melanogenesis. It is a
glycosylated, and copper-containing oxidase, which catalyze the oxidations of
monophenols and o-diphenols into reactive o-quinones. To evaluate the
dermatoprotective effect of our extracts, thein vitro inhibition of tyrosinase was
evaluated as a functional assay.Fig. 1 summarizes the percentage of the enzyme
inhibition versus the concentration of Z. lotus extract. The inhibitory activity increased
with increasing concentration, i.e. from 40 pg/mL to 160 pg/mL. To compare the obtained
results, the ICso values of the enzyme inhibition were calculated. As summarized in Table
2, Z. lotus fruits extract showed higher inhibition than the extract from leaves; the

[Cso were 70.23 +5.94 pg/mL and 129.11 + 9.40 pg/mL, respectively. Surprisingly, both


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/tyrosinase
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/melanogenesis
https://www.sciencedirect.com/science/article/pii/S0926669019300998#fig0005
https://www.sciencedirect.com/science/article/pii/S0926669019300998#tbl0010
https://www.sciencedirect.com/science/article/pii/S0926669019300998#tbl0010

extracts demonstrated higher efficacy compared to the reference compound used in our

assays (Quercetin). Quercetin exhibited an ICso of 246.90 + 1.90 pg/mL.

3.4. Antioxidant activity

The antioxidant activity was assessed using three in vitro antioxidant methods: the DPPH,
ABTS, and FRAP assays. The results are expressed in trolox equivalents for the DPPH and
ABTS assays, and by ascorbic acid equivalent for FRAP (Table 3). As shown in Table 3, the
Z. lotus leaves extracts showed the highest antioxidant capacities, compared to the fruits
in the three tests. Significant differences (p < 0.05) were registered in favor of the leaves

in all assays: DPPH, ABTS and FRAP.

3.5. Chemometric exploratory data analysis of Z. Lotus extracts

Comparative studies of phytochemical composition are usually carried out applying the
univariate procedures (component to component, or sample to sample). However,
principal component analysis (PCA) as a multivariate technique can allow further
interpretation of the results. Principal component analysis is an unsupervised technique
to explore relationships between different samples (extracts) characterized by given
profiles, occasionally as metabolic fingerprints (Cuadros-Rodriguez et al., 2016). Principal
component analysis is a useful technique in data exploratory analysis to visualize the
variability in the data set, to reveal the important variables, as well as to identify outliers,
to observe clusters in the data set, or to detect biomarkers. Principal component analysis
defines latent variables that capture the largest remaining variation in the data (Bro and

Smilde, 2014).


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/quercetin

Principal component analysis is a visualization technique whose main goal here is to
visualize the relationships existing between the variables (phenolic acids) and their
variability in the pharmacological properties, determined in the two matrices (leaves and
fruits extracts). Principal component analysis was applied on a data set composed of 10
samples (5 from leaves and 5 from fruits) and 20 phenolic-acid variables from the leave
and fruit extracts. The PCA results are be displayed in a graphical manner as “scores” and
“loadings” plots. The scores and loading as the first two principal components (PC1 vs
PC2) are shown in Fig. 2 and explain about 98% of the total variability based on the auto-
scaled data. The score plot (Fig. 2a) shows a clear discrimination between the two
clusters, cluster 1 included Z. Lotus leaves samples and cluster 2 fruits samples. The
results show that samples from fruits or leaves were easily identified and discriminated.
The loading plot indicated the phenolic variables characterizing the discrimination
between both groups of samples (Fig. 2b). In addition, PCA was performed in order to
identify phenolic biomarkers, which contribute to sample group separations between the
leave and fruit extracts of Z. Lotus. It can be concluded from the PCA results that the

phenolic molecules presented different distributions in the leaves and fruits extracts.

4. Discussion

The biosynthesis of secondary metabolites in a plant varies between organs and tissues.
This synthesis regulation is mediated, essentially, by several epigenetic factors, such as
DNA methylation and histone modifications (Vrietetal., 2015; Avramova, 2015). Previous
studies revealed the rich bioactive compounds content in Z. lotus extracts (Ghazghazi et
al,, 2014; Borgi et al., 2008; Maciuk et al., 2004), and their pharmacological properties,
such as antidiabetic and hypoglycemic effects (Maciuk et al., 2004; Bakhtaoui et al., 2014).

The fluctuations in Z. lotus extracts across reported experimental results could be



attributed to several factors that affect the synthesis and secretion of phenolic
compounds, such as phenological stage, climatic conditions, methods of extraction, used
parts and the geographical location (Rodrigues et al.,, 2013; Karray-Bouraoui et al., 2009;
Alipor and Saharkhiz, 2016; Abdoul-Azize, 2016). In our study, the differences in
antioxidant activity registered between fruits and leaves is apparently linked to the
variability in the contents of functional compounds. On the other hand, the variability
between antioxidant assays can be explained by the mechanisms the compounds will
react, with the used radicals. The antioxidant effects of Z. lotus extracts have also been
investigated in previous studies (Bakhtaoui et al, 2014; Adeli and Samavati, 2015;
Khouchlaa et al., 2017a). Our study is in accordance with the results obtained in previous
works with some variability that may due to the difference in chemical composition
(Espinosa et al., 2015). The fluctuation in compounds contents may be responsible of the
variability between fruits and leaves in the obtained results. In a earlier report
(Abderrahim et al., 2017), the antioxidant activity expressed by ascorbic acid equivalent
was significantly higher in Z. lotus stem extract (480.20 + 40.64 mg/g extract) compared
with P. harmala seed extract (240.32 + 50.56 mg/g extract). Z. lotus leaves exhibited the
best activity in DPPH and ABTS assays compared with fruit extract conducted by
Ghazghazi et al., 2014. Furthermore, the antioxidant capacity of Z. lotus pulp extracts,
expressed as ascorbic acid equivalents (Ghalem et al., 2018), showed that polyphenol
extract had the highest antioxidant capacity (0.704 +0.011 mg/mg extract) compared
with the tannins, flavonoids-containing butanol phase, and the ethyl acetate phase

containing flavonoids.



Regarding the antidiabetic activity, evaluated by two in vitro assays, IC50 values of Z. lotus
leaves and fruit extracts, against a-amylase and a-glucosidase, demonstrated a higher
effect of the extracts compared than the standard drug acarbose. This latter is a potent
inhibitor of a-glucosidase and a-amylase. However, several side effects are related to the
use of acarbose (Nakhaee and Sanjari, 2013). For instance it provokes diarrhea by
excessive inhibition of the amylase enzyme in the gastrointestinal tract (Kast, 2002). The
excessive inhibition of pancreatic amylase can lead to abnormal bacterial fermentation of
carbohydrate foods in the colon, which may lead to adverse digestive disorders (Kast,
2002; Apostolidis et al.,, 2007). Other studies have reported hepatotoxicity and hepatic
injury (Andrade et al.,, 1998; Fujimoto et al., 1998) and elevation of liver enzyme levels
(Gentile et al., 1998) resulting from acarbose intake. Medicinal plants may have high
potency and less adverse effects than existing drugs (Shimada et al., 1992; Mahomoodally,
2013). For this reason, research is continuously conducted to find alternatives source
from medicinal plants as treatment for type 2 diabetes. In fact, nutritional plants are of
interest, because they are used daily and their pharmacological properties could be
considered as nutraceuticals (Cencic and Chingwaru, 2010). Zizyphus lotus leave and fruit
extracts are rich in phytochemical constituents (e.g, phenols, flavonoids, and vitamin C).
Zizyphus lotus compounds could be helpful in the management of diabetes and could
decrease the risk of other diabetes related chronic disorders. Previous studies have
revealed the antidiabetic effects of Z. lotus roots and leaves extract on animal models and
this effect was attributed to vitamin A (Abdel-Zaher et al., 2005). Indeed, Jeyakumar et al.
(2011) have reported that vitamin A improve the sensitivity toward insulin via the
activation of insulin receptor. The actual study revealed for the first time a possible

mechanism of the antidiabetic activity attributed to Z. lotus leaves and fruits extracts.



The tyrosinase inhibitory assay is the commonly in vitro method to reveal to the
dermatoprotective activity of plant extracts and their derivates. Tyrosinase (monophenol
monooxygenase, E:C:1.14. 18.1), known as polyphenol oxidase (PPO), is a copper
containing enzyme. The enzyme is involved in the first two steps of melanin biosynthesis
(Karioti et al., 2007). Melanin formation by mean of tyrosinase activity is the main cause
of enzymatic browning in human skin. Therefore, tyrosinase inhibitors have become
increasingly an important dermatoprotective target. The difference in inhibitory effects
between fruit and leaves extracts of Z. lotus is certainly due the difference in chemical
functional compounds. Zizyphus lotus fruits extract is rich in phenolic compounds such
as catechin, gallic acid and rutin. These compounds are known inhibitors of tyrosinase
(Karioti et al, 2007). At the best of our knowledge, no previous study reported
dermatoprotective effect of Z. lotus. Our findings revealed that the antioxidant activity
correlates positively with the strong anti-tyrosinase effect. Such observations regarding
the antioxidant and anti-tyrosinase activities of plants extracts (Masuda et al., 2005) has

been reported in several studies.

5. Conclusion

This is the first attempt to provide a multivariate comparative analysis of the chemical
composition and pharmacological (antioxidant, antidiabetic and dermatoprotective)
properties of Z. lotus leaves and fruits from different trees. The study revealed a moderate
antioxidant activity, especially attributed to the leaves extracts. Traditional medicine uses
Z. lotus for diabetes. In fact, the extracts exhibited a potent in vitro antidiabetic activity
compared with the acarbose. Moreover, regarding their potent tyrosinase inhibitory

effect, the samples are endowed with a potentially high dermatoprotective activity.



Results from this study discriminated a functional activity of fruits (dermatoprotective)

and leaves (antioxidant and antidiabetic).
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Table 1. HPLC-DAD-QTOF-MS analysis of phenolic compounds fruits and leaves content (mean + SD) in

mg/kg; n, number of samples (with two replicates for each measure).

Rt MW Fruits Leaves
Compound
(min) (in Da) (n=5) (n=5)

1 Gallic acid 0.79 169.0151 15,6409+ 310 2715.45b+112.23

2 Pyrogallol 1.00 125.0255 29.899+1.32 124.200+5.34

3 Chlorogenic acid 1.42 353.0885 105.609+3.78 398.000+11.32

4 Catechin 1.48 289.6523 22.816+2.12 0.752+0.09

5 Rutin 1.49 609.1461 58.870+5.37 1.95¢+0.11

6 p-Hydroxybenzoic acid 1.59 137.0233 128.109+11.21 109.582+8.86

7 Catechol 1.78 109.0308 3.31+£0.51 nd

8 Caffeic acid 1.82 179.0357 56.269+7.43 247.900+18.43

9 Vanillic acid 1.89 167.0935 254100 +21.34 152.299+16.80
10 Epicatechin 1.95 289.0726 6.332+0.65 3.33¢+£0.31
11 Syringic acid 2.00 197.7523 7.700+0.24 41.01v+8.92
12 p-Coumaric acid 2.60 163.0410 40.829+4.02 148.01v+17.65
13 3-hydroxycinnamic acid 3.00 163.0396 37.492+2.43 91.43v+3.11
14 Ferulic acid 3.07 193.0517 29.79+1.39 15.649+1.62
15 Sinapic acid 3.09 223.0620 1.812+0.08 43.31v+5.60
16 Naringin 3.58 579.1714 5219+ 0.27 105.592+1.97
17 Salicylic acid 421 137.0254 1.962+0.07 30.122+1.98
18 Rosmarinic acid 431 359.2321 33.607£1.23 64.130+2.76
19 Resveratrol 4.35 227.0721 0.432+0.09 0.882+0.15
20 Quercetin 5.56 301.0359 nd 27.72+1.66

(a to b) in the same row differs significantly at p < 0.05, with b expressing the highest value.



Table 2. In vitro antidiabetic and dermatoprotective activities of Z. Lotus fruits and leaves

a-amylase a-glucosidase tyrosinase
Fruits 31.91»+1.53 27.950+ 2.45 70.23«+5.94
Leaves 20.40-%£1.30 8.66¢ +0.62 129.11»+9.40
Acarbose 396.42¢+3.54 199.53¢+2.45 -
Quercetin - - 246.90-+1.90

Data are reported as mean (n=5)+SD (standard deviation). Values in the same column not sharing a

common letter (a to c) differs significantly (p < 0.05). a indicates the smallest and ¢ the highest value.



Table 3. Antioxidant activities of Z. Lotus fruits and leaves

Fruits Leaves
DPPH 74.87:+16.74 241.750+17.37
FRAP 55.302%2.30 160.10:+2.30
ABTS 46.31.£11.02 301.34:+8.26

Data are reported as mean (n=5) + SD. DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid)) are expressed in mg Trolox (TE)/g edw, FRAP (Ferric
reducing/antioxidant power) in Ascorbic acid equivalent (AAE)/g edw (extract dry weight). Values in the
same row not sharing a common letter (a to b) differ significantly at p < 0.05, with a expressing the smallest

value.
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Fig.1. Anti-tyrosinase activity of Z. Lotus fruits and leaves.
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Fig. 2. Principal component analysis (PCA): (a) PC1-PC2 scores plot, and (b) PC1-PC2 loadings plot for Zyziphus lotus fruits and leaves
extracts, (measured variables: phenolic acid concentration).




