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Abstract: Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder character-
ized by impaired glucose regulation. This study evaluated the antioxidant and antidia-
betic potential of aqueous extracts from four plant species from the southern Algarve:
Avristolochia baetica, Chelidonium majus, Dittrichia viscosa, and Lavandula viridis, using non-
cellular in vitro assays. HPLC/PDA was used to identify active compounds. Antioxidant
activity was assessed by using TAA, FRAP, RP, and DPPH assays; antidiabetic potential
through «-glucosidase and ax-amylase inhibition; and wound healing relevance through
elastase, collagenase, and lipoxygenase inhibition. D. viscosa showed the highest antiox-
idant activity (FRAP: 1132.99 + 19.54 mg TE/g dw; DPPH IC5p = 25.85 £+ 0.75 ug/mL)
and total phenolic/flavonoid content, with a diverse profile including caffeic and chloro-
genic acids, isoquercetin, and quercetin. It also exhibited potent x-glucosidase inhibi-
tion (ICs59 = 0.61 £ 0.06 mg/mL), outperforming acarbose. L. viridis had the highest total
phenolic content (39.04 mg/g), while A. baetica demonstrated the strongest anti-elastase,
anti-collagenase, and lipoxygenase activity, suggesting wound-healing potential. C. majus
showed the weakest effects. A strong correlation was observed between phenolic content
and antioxidant/antidiabetic activity. These findings support further in vivo studies on
D. viscosa and A. baetica for potential use in T2DM management and diabetic wound healing.

Keywords: diabetes mellitus; antioxidants; wound-healing; antidiabetic potential; medicinal
plant

1. Introduction

Currently, type 2 diabetes mellitus (DM) is a chronic metabolic disorder that results
either from insufficient insulin production and secretion by the pancreas or a combination
of insulin resistance in peripheral tissues and inadequate insulin production to compensate
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for this resistance [1]. In both cases, if the disease is not properly managed, it leads to
hyperglycemia (elevated blood glucose levels) and disrupts the metabolism of carbohy-
drates, lipids, and proteins. Over time, these metabolic disturbances cause progressive
damage to various organs, particularly the endothelial membrane, affecting blood vessels,
kidneys, and the nervous system. This damage can lead to serious complications, such as
cardiovascular disease, renal disease, retinopathy/cataracts, and diabetic ulcers [2,3].

In addition to hyperglycemia, other risk factors—such as hyperlipidemia, hyperten-
sion, and oxidative stress—also contribute to the likelihood of these complications. The
development and progression of type 2 DM, as well as its complications, are largely driven
by the “toxic” effects of elevated glucose levels in circulation, alongside biochemical dis-
ruptions in lipid metabolism, oxidative stress caused by free radicals, chronic inflammation
(especially at the endothelial level), hypoxia, and tissue ischemia, but also the impaired
wound-healing process [3,4]. As a result, individuals with diabetes have a fourfold in-
creased risk of developing coronary artery disease (such as myocardial infarction and
angina) and a tenfold increased risk of developing peripheral vascular disease compared to
non-diabetic individuals. This heightened risk translates into a three to fourfold increase in
mortality from cardiovascular diseases among diabetic individuals [5,6].

In managing type 2 DM, reducing postprandial hyperglycemia is a critical therapeutic
strategy. One effective approach is to decrease carbohydrate absorption following ingestion,
which can be achieved by inhibiting the enzymes x-amylase and «-glucosidase. These
enzymes are pivotal in the transformation of dietary carbohydrates into glucose, and their
activity significantly impacts both the pathophysiology and management of type 2 DM [7,8].
Numerous plant extracts and natural products, many of which are derived from traditional
medicinal plants, act through their capacity to inhibit x-amylase and «-glucosidase [9]. One
of them is acarbose, originally isolated from Actinoplanes sp., a soil-dwelling actinomycete,
and now a well-established synthetic antihyperglycemic agent. Acarbose functions through
the competitive inhibition of these enzymes, thereby regulating glucose absorption in
the intestine. Despite its effectiveness, acarbose is associated with adverse effects, such as
abdominal pain, diarrhea, and flatulence [7,8,10]. Given these side effects, there is a pressing
need to explore and analyze natural alternatives that offer similar mechanisms of action
but with potentially fewer adverse effects. This study seeks to identify such alternatives by
investigating the enzyme inhibition potential of various natural extracts.

Polyphenols, found in a variety of plant species, have shown potential in inhibiting
digestive enzymes responsible for carbohydrate hydrolysis and absorption in the stomach
and intestine. Their ability to bind to these enzymes suggests a role in managing post-
prandial hyperglycemia [11-13]. Historically, antioxidants from natural sources have been
utilized, albeit empirically, for their health benefits [14]. Modern scientific research has
validated these benefits, particularly in the context of diseases linked to oxidative stress,
such as DM, and their applications extend to cosmetics as well [15,16]. The role of antioxi-
dants, especially polyphenols, in diabetes prevention and management is well-documented.
These compounds offer a range of beneficial effects, including enhancing insulin sensitivity,
reducing oxidative stress, modulating inflammation, and improving glucose metabolism.
When combined with healthy lifestyle habits, the inclusion of polyphenol-rich plant foods
in a balanced diet offers a promising strategy for both the prevention and management of
type 2 DM [15,17-19].

In this study, we aim to identify active compounds and investigate the antidiabetic,
wound-healing, and antioxidant activities of aqueous extracts from plants native to the Al-
garve region of Portugal. Specifically, we will focus on four plant species: Aristolochia baetica
L. (Aristolochiaceae), Chelidonium majus L. (Papaveraceae), Dittrichia viscosa L. (Asteraceae),
and Lavandula viridis L. (Lamiaceae). These plant species are highly representative of the
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native flora of the Algarve region. They were selected for this study due to their richness
in phenolic compounds and the limited documented references regarding their medicinal
applications, particularly in the context of type 2 DM. Our research aims to explore their
efficacy in both the prevention and management of this condition.

2. Results and Discussions

In this study, we evaluated the antioxidant and antidiabetic activities of four aqueous
extracts from plants native to the Algarve region. To achieve our objectives, the aqueous
extracts underwent several tests to assess their antioxidant properties, including Total
Phenolic Content (TPC), Total Flavonoid Content (TFC), Total Antioxidant Activity (TAA),
Ferric Reducing Antioxidant Power (FRAP), Reducing Power (RP), and DPPH radical
scavenging activity. Additionally, inhibition assays for two key antidiabetic enzymes,
a-glucosidase and x-amylase, as well as the enzymes elastase, collagenase, and lipoxy-
genase, related to diabetic wound healing. The content of the extracted plant material
(w/v) and the efficiency of the extraction process (%) were initially determined. The re-
sults are summarized in Table 1. Table 2 summarizes the mean concentrations, along
with standard deviations, of TPC, TFC, TAA, FRAP, and RP assays, as well as the ICs
values from the DPPH assay, for the various aqueous plant extracts analyzed. Table 2
also includes the percentage contribution of total flavonoid content to the total phenolic
content—TFC /TPC (%).

Table 1. Effectiveness of the aqueous extraction of the different plants analyzed expressed as extraction
yield (%).

A. baetica C. majus D. viscosa L. viridis
Extraction yield (%) 12.17 10.79 16.75 12.13

Table 2. Results, expressed in concentration of the respective equivalents, obtained in the TPC, TFC,
TAA, FRAP, and RP, and expressed in ICsg, obtained in DPPH method, for the different aqueous
extracts of the different plants analyzed.

A. baetica C. majus D. viscosa L. viridis
TPC C d a b
(mg GAE /g dw) 118.80 & 7.36 76.51 + 3.84 477.10 + 22.29 282.98 + 5.37
TFC 25.28 4+ 0.572 316 +£1.114 22.87 +1.73b 16.99 + 0.45°¢
(mg QE/g dw)
TFC/TPC (%) 21.28 413 4.79 6.00
TAA 193.30 4 5.75 © 121.55 + 5.174 704.54 + 26.21 2 561.30 + 36.28
(mg AAE/g dw) . . . ) . . . .
FRAP C J A b
184.97 4 4.84 130.23 + 2.53 1132.99 + 19.54 785.45 + 1.11
(mg TE/g dw)
RP 125.93 4+ 4.21 ¢ 61.86 +2.77 4 623.35 + 24.02 2 438.89 +17.94b
(mg TE/g dw)
bPPH 4493 +3.26° 125.01 4 8.84 2 25.85 4+ 0.75 4 29.52 +0.75 ¢
(nug/mL)

Note: All results are expressed as mean =+ standard deviation (n = 3). Different superscript letters in the same row
for the various samples in the same method (comparison of samples in the same method) indicate statistically
significant differences between means as determined by Games-Howell post-hoc test following one-way ANOVA
(with p < 0.05). TPC—total phenolic content; TFC—total flavonoid content; TAA—total antioxidant activity;
FRAP—ferric reducing antioxidant power; RP—reductive potential; DPPH—free radical scavenging activity;
GAE—gallic acid equivalents; QE—quercetin equivalents; AAE—ascorbic acid equivalents; TE—Trolox equiva-
lents; dw—dry weight; TFC/TPC (%)—percentage contribution of total flavonoid content to total phenol content.
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The extraction results (Table 1) indicate that D. viscosa yielded the highest extract concen-
tration (13.40 mg/mL) and extraction efficiency (16.75%), suggesting it is the most extractable
species under the tested conditions, whereas C. majus showed the lowest values for both
parameters, reflecting a lower recovery of compounds. Although some polyphenols are
known to have limited water solubility, aqueous extraction was intentionally employed to
replicate traditional preparation methods, such as 15 min infusions or decoctions, commonly
used by local populations [18]. While this method may be less efficient for extracting certain
compounds, it enhances the ethnopharmacological relevance of the study and offers valuable
insight into the biological activities of the plants as traditionally consumed. Also, to maintain
the study’s relevance, no additional purification steps were performed to remove ballast
substances such as chlorophyll or cellulose, as the crude aqueous extracts were intended to
reflect the traditional preparations used by local populations.

The data, summarized in Table 2, reveal significant differences in both total phenolic
and flavonoid contents among the plant extracts, with statistical significance (p < 0.05).
The TPC results show a range from 76.51 + 3.84 to 477 £ 22.29 mg gallic acid equiv-
alents per gram of dry weight. D. viscosa exhibited the highest phenolic content, with
477.10 £ 22.29 mg GAE/g, distinguishing it from the other plants. This extract also had the
second highest total flavonoid content (22.87 £ 1.73 mg quercetin equivalents per gram of
dry weight). In contrast, C.majus had the lowest phenolic content (76.51 & 3.84 mg GAE/¢g).

For flavonoid content, A. baetica had the highest value (25.28 £ 0.57 mg QE/g dry
weight), followed by D. viscosa and L. viridis, with C. majus again showing the lowest
content (3.16 £ 1.11 mg QE/g dry weight).

When comparing the contribution of flavonoid content to the total phenolic content,
Table 2 indicates that a high flavonoid content does not necessarily correlate with the
highest phenolic values. This suggests that different extracts contain varying proportions
of other phenolic compounds. Notably, D. viscosa—while having high total contents of
both phenolics and flavonoids, shows only 4.79% of its phenolic compounds as flavonoids.
Conversely, A. baetica has the highest proportion of flavonoid content relative to its total
phenolic content, at 21.28%. These variations may be linked to taxonomic and ecological
factors. Although the studied species belong to different botanical families, their phyto-
chemical profiles may reflect adaptive responses to the environmental conditions of the
Algarve, a region characterized by high UV exposure, drought periods, and nutrient-poor
soils. Phenolic compounds, particularly flavonoids, are known to play protective roles
against such stresses, and species like D. viscosa and L. viridis, with higher contents, may be
better adapted to these harsh conditions [15,17].

Moreover, the results resonate with the traditional uses of these plants in local medicinal
practices. D. viscosa, often used for its anti-inflammatory and antimicrobial properties, shows
a phytochemical profile that supports these ethnopharmacological applications. Likewise,
the rich flavonoid content in A. baetica may underpin its traditional use in treating circulatory
and inflammatory disorders. In contrast, the comparatively low phenolic and flavonoid
levels in C. majus may reflect its more specialized or less frequent traditional applications.

2.1. Quantification of Phenolic Compounds

HPLC/PDA analysis of aqueous extracts showed the presence of different phenolic
compounds, including flavonoids such as rutoside and quercetin and isoquercetin and
phenolic acids such as chlorogenic, isochlorogenic, caffeic, protocatechuic, and sinapic
acids. Representative chromatograms of each extract are presented in the Supplementary
Materials (Figure S1), and the detailed results are shown in Table 3. To our knowledge,
A. baetica phenolics composition has not so far been examined and mentioned in the
literature, and our results showed that it contained chlorogenic, caffeic acids, and rutoside.
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C. majus phytochemical composition is mentioned in the literature, mainly in the context of
alkaloid compounds but also phenolic fractions [20], which we wanted to examine further.
In the C. majus extract caffeic and chlorogenic acids, as well as rutoside and quercetin, were
found. There are a few studies describing the bioactive components of D. viscosa. Similar
to the study by Mrid et al. (2022) [21] we detected caffeic acid in our aqueous extract.
However, unlike their results, we did not observe caffeoylquinic acid or its derivatives.
This divergence may primarily stem from methodological differences: their study used
a methanolic extract, which tends to extract a broader range of polyphenols compared
to aqueous solvents. In contrast, our use of water as the extraction medium may have
limited the solubility and recovery of certain less polar compounds. Another important
factor contributing to the differences is the source of the plant material. In our study,
aerial parts (leaves and stems) of D. viscosa were collected from wild populations growing
spontaneously in the Algarve region of southern Portugal, specifically in the Barranco do
Velho area. In contrast, Ben Mrid et al. [21] harvested D. viscosa leaves from the suburbs
of Taza, Morocco. Geographic and environmental conditions—such as climate, altitude,
soil composition, and seasonal timing—are well known to influence the accumulation of
secondary metabolites. Moreover, the specific plant parts used (e.g., whole aerial parts
vs. only leaves) may further affect the extracts’ chemical profile. Despite these differences,
our findings are consistent with those reported by Pane et al. (2023) [22], who identified
protocatechuic acid, chlorogenic acid, caffeic acid, and quercetin in D. viscosa extracts
obtained from plants growing in the Cilento, Vallo di Diano, and Alburni National Park
in southern Italy. This convergence reinforces the importance of these compounds as core
bioactives in D. viscosa, regardless of environmental and methodological variation, and
supports their relevance in the plants” pharmacological potential.

Table 3. Results of HPLC/PDA analysis expressed as concentration of flavonoids and phenolic acids
in mg per 1 g of dried plant. All results are expressed as the mean associated with their standard
deviation (n = 3).

A. baetica C. majus D. viscosa L. viridis
chlorogenic acid 0.05+0 0.71 £0.03 013+0 14.62 +0.15
isochlorogenic acid <LOD <LOD <LOD 10.33 £ 0.06
caffeic acid 0.52 +£0.75 0.02+0 4.52 + 0.94 13.22 £ 091
rutoside 2.09 £ 0.02 018 +0 <LOD <LOD
protocatechuic acid <LOD <LOD 026 +0 014 +0
sinapic acid <LOD <LOD 1.98 + 0.06 074 £0
isoquercetin <LOD <LOD 4.82 £0.01 <LOD
quercetin <LOD 0.05+0 0.06 £ 0.01 <LOD

<LOD—lower than the detection limit.

While L. viridis has been studied primarily in the context of its essential oils and their
biological activity, reports on its phenolic composition remain limited. Our results confirm
the presence of caffeic acid, which is consistent with the previous literature [23,24]. In
addition, we identified chlorogenic, isochlorogenic, protocatechuic, and sinapic acids in our
aqueous extract. However, other studies have reported the presence of o-caffeoylquinic,
fertaric, ferulic, and rosmarinic acids [24].

D. viscosa contained the largest variety of phenolic compounds (six out of eight rec-
ognized structures), but the plant with the highest content was L. viridis with the sum
of all phenolic compounds being 39.04 mg/g. In comparison D. viscosa, A. baetica, and
C. majus contained 11.78, 2.67, and 0.97 mg/g of phenolic compounds, respectively. These
differences are likely due not only to the type of extraction solvent—as many previous
studies used methanolic extracts, which tend to extract a broader spectrum of phenolic
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compounds—but also to other important variables, such as the plant part used, geographi-
cal origin, harvest time, and environmental conditions. All of these factors can significantly
affect the qualitative and quantitative phenolic profile. In our case, we used the aerial parts
of L. viridis collected from the Algarve region in southern Portugal, which may contribute
to the observed variation. Therefore, the discrepancy cannot be attributed solely to the
extraction solvent but rather to a combination of methodological and biological factors.

As previously mentioned, phenolic compounds are closely linked to the biological
activity of plant extracts, particularly their antioxidant properties [14,16]. The total phenolic
content (TPC) was first evaluated, followed by the quantification of total flavonoid content
(TFC), as flavonoids represent a major subclass of phenolic compounds with recognized
antioxidant properties.

2.2. Evaluation of In Vitro Antioxidant Capacity

The Total Antioxidant Activity (TAA) method measures the ability of compounds
to reduce Molybdenum (VI) to Molybdenum (V), while the Ferric Reducing Antioxidant
Power (FRAP) method evaluates the reduction of the TPTZ complex from ferric (Fe*) to
ferrous (Fe?*) ions. Similarly, the Reducing Power (RP) method assesses the reduction of
Fe3* to Fe?" in the presence of a ferrocyanide complex. All three methods are the indica-
tors of electron transfer activity and complement each other in assessing the antioxidant
potential of the extracts [25].

Table 2 presents the statistical analysis for the antioxidant assays (TAA, FRAP, and
RP), revealing statistically significant differences (p < 0.05) in antioxidant activity among
the plant extracts. D. viscosa emerged as the most effective, demonstrating superior results
across all three methods. This extract exhibited high total antioxidant activity, with a
capacity to reduce Mo®" to Mo®* (704.54 + 26.21 mg TAA /g dry weight), reduce the Fe-
TPTZ (III) complex to Fe-TPTZ (II) using the FRAP method (1132.99 £ 19.54 mg TE/g
dry weight), and convert Fe3* to Fe?* using the RP method (623.35 + 24.02 mg TE/g dry
weight). These findings are consistent with the high phenolic content reported in the TPC
analysis, suggesting that the antioxidant activity of D. viscosa is largely due to its phenolic
compounds and their electron-transfer mechanisms.

In this study, Pearson’s test was applied to examine correlations between all the ana-
lyzed variables, and the results are summarized in Table 4. Pearson’s Correlation is a statis-
tical method used to assess the strength and direction of the linear relationship between
continuous quantitative variables, providing insight into how they vary together [26,27].
TPC was significantly correlated with TAA, FRAP, and RP, while TAA highly significantly
correlated with both FRAP and RP. FRAP and RP also exhibited a highly significant correla-
tion. This indicates that phenolic compounds play a pivotal role in the antioxidant activity
of the analyzed herbal extracts [14-16]. This is not surprising because the Folin-Ciocalteu
test and the Ferric Reducing Antioxidant Power (FRAP) test are based on the transfer of
one electron, similarly to the TAA and RP test. While electron transfer is a key mechanism
of antioxidant activity, other mechanisms may also contribute [25]. Nevertheless, the high
phenolic content and strong electron transfer capacity of D. viscosa highlight its potential as
an effective antioxidant.

Following D. viscosa, L. viridis showed middle values of antioxidant capacity com-
pared to the other plant extracts, with results of 561.30 £ 36.28 mg AAE/g dry weight
using the TAA method, 785.45 & 1.11 mg TE/g dry weight using the FRAP method, and
438.89 £ 17.94 mg TE/g dry weight using the RP method. This moderate activity aligns
with its intermediate phenolic content.
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Table 4. Correlation matrix (Pearson correlation coefficients—r) of the results obtained through the
different methods studied.

TPC TFC TAA FRAP RP DPPH ax-gluc o-amyl COL ELA LOX
TPC 1 0.4897  0.971* 0.9869 * 0.9869 * -0.717 —-0.8396  —0.5165 0.8894  —0.1313  0.8495
TEC 1 0.4684 0.4307 0.4762 —-0.8847 0.02067 —0.9799*  0.07053 —0.8741  0.4748
TAA 1 0.9945 ** 0.9968 **  —-0.7711 —0.8726  —0.4481 0.823 —0.2027  0.6992
FRAP 1 0.9986 **  —0.7207 —0.8919  —0.4302 0.8755  —0.1254 0.756
RP 1 —-0.7564 —0.8686  —0.4715 08516  —0.1777  0.7537
DPPH 1 0.3734 0.8155 —-03202 0.7781  —0.4758
x-gluc 1 —-0.02284 —-09132 —-0.2727 —0.5632
x-amyl 1 —0.1461  0.7748 —0.597
COL 1 0.3358 0.8234
ELA 1 0.007067
LOX 1

** Correlation is highly significant for a level of p < 0.001 (two-sided). * Correlation is significant at a p < 0.05 level
(two-sided). TPC—total phenolic content; TFC—total flavonoid content; TAA—total antioxidant activity;
FRAP—ferric reducing antioxidant power; RP—reducing potential; DPPH—free radical scavenging activity;
a-gluc—a-glucosidase inhibition activity; a-amyl—«-amylase inhibition activity; COL—collagenase inhibition
activity; ELA—elastase inhibition activity; LOX—lipoxygenase inhibition activity.

In contrast, A. baetica and C. majus exhibited lower antioxidant activities, consistent
with their lower phenolic contents. Specifically, C. majus had significantly lower values in
both the FRAP (130.23 & 2.53 mg TE/g dry weight) and RP (61.86 £ 2.77 mg TE/g dry
weight) assays, indicating a limited capacity for ferric ion reduction compared to other
extracts. Overall, the effectiveness of the aqueous extracts in terms of antioxidant activity,
as determined by these methods, follows this descending order: D. viscosa > L. viridis > A.
baetica > C. majus.

In Table 2 are the concentrations of aqueous extracts needed to scavenge 50% of
DPPH free radicals (ICsp). Statistical analysis indicates significant differences (p < 0.05)
in DPPH scavenging activities among the studied plants. D. viscosa and L. viridis exhibit
similar DPPH radical scavenging capacities, while C. majus shows markedly lower efficacy
with an ICs of 125.01 £ 8.84 pug/mL, indicating a poorer ability to stabilize free radicals
compared to D. viscosa (25.85 £ 0.75 ug/mL) and L. viridis (29.52 £ 0.75 nug/mL). These
findings are consistent with the low phenolic and flavonoid contents observed in C. majus
and its reduced performance in the FRAP and RP assays. D. viscosa and L. viridis again
demonstrate high antioxidant capacity, aligning with their strong performance in previous
antioxidant assays. A. baetica shows a moderate DPPH scavenging ability with an IC5q of
44.93 £ 3.26 ug/mlL, suggesting reasonable antioxidant potential. In summary, the ranking
of the studied plants based on their DPPH free radical scavenging capacity is the same as
for the antioxidant activity methods.

2.3. Evaluation of Antidiabetic Activity in Vitro: Inhibitory Activity of a-Glucosidase
and a-Amylase

To assess the potential antidiabetic activity of the aqueous extracts from the examined
plants, we evaluated their capacity to inhibit x-glucosidase and x-amylase, the enzymes
which play a crucial role in carbohydrate digestion and glucose absorption. Prolonged expo-
sure to high postprandial glucose levels can adversely affect pancreatic 3-cells, contributing
to their progressive dysfunction and, ultimately, to type 2 diabetes [28,29].

All four plant extracts demonstrated superior a-glucosidase inhibition compared
to acarbose, a widely used antidiabetic drug with an IC5y of 3.52 mg/mL (Figure 1).



Molecules 2025, 30, 2432

8 of 19

Statistical analysis revealed significant differences (p < 0.05) in x-glucosidase inhibition
among A. baetica, C. majus, D. viscosa, and L. viridis. Notably, D. viscosa and L. viridis
exhibited similar a-glucosidase inhibitory activities. For «a-amylase inhibition, significant
differences were observed (p < 0.05) between A. baetica, C. majus, and L. viridis, as well as
between D. viscosa, C. majus, and L. viridis. However, no significant difference was found
between A. baetica and D. viscosa, suggesting comparable x-amylase inhibitory activity for
these two plants (Figure 1).

45 B a-glucosidase a-amylase

N
o
1

w w
o [$)]
| |

- N N

[6)] o (6]

1 1 1
o-amilase 1C5, (mg/mL)

a-glucosidase IC5, (mg/mL)
o
1

A. baetica C. majus D.viscosa L.viridis Acarbose

Plant extracts

Figure 1. Inhibitory activity of a-glucosidase and a-amylase enzymes expressed as ICsy (mg/mL)
of the four aqueous extracts of the studied. All results are expressed as the mean ICsg values &= SD
(for n = 3). Different letters in the same enzyme test for the various samples (comparison of different
samples in the same method) indicate that the samples have statistically significant differences
determined by Games-Howell post-hoc test following one-way ANOVA (with p < 0.05). The standard
inhibitor, acarbose, was included as a reference but was not subjected to statistical comparison and is
therefore not assigned a superscript letter.

Among the plants, A. baetica showed the highest q-amylase inhibitory activity with
an ICsp of 0.33 &+ 0.10 mg/mL and the lowest a-glucosidase inhibition with an ICs of
3.44 £ 0.54 mg/mL. This pattern is similar to that of acarbose. The high flavonoid content
in A. baetica (Table 2) likely contributes to its a-amylase inhibitory activity, supported by
a significant negative correlation (r = —0.9799) between the flavonoid content and ICs
value of a-amylase inhibition (Table 4). D. viscosa excelled in «-glucosidase inhibition
with an ICsp of 0.61 + 0.06 mg/mL and it had the second-best x-amylase inhibitory
activity (ICsp = 0.38 + 0.06 mg/mL). This plant also showed the highest antioxidant
capacity in TAA, FRAP, and RP assays. L. viridis exhibited intermediate antidiabetic activity
with ICsy values of 1.07 £ 0.31 mg/mL for x-glucosidase and 1.47 £ 0.19 mg/mL for
x-amylase. Its performance aligns with its intermediate phenolic content and antioxidant
capacity. C. majus demonstrated the weakest antidiabetic activity among the plants studied,
with ICsy values of 2.22 + 0.43 mg/mL for x-glucosidase and 2.52 £ 0.71 mg/mL for
a-amylase. This is consistent with its low phenolic and flavonoid content. Nevertheless,
C. majus was more effective than Morinda lucida, a medicinal plant used in West Africa for
diabetes treatment, which showed similar ICsy values for x-glucosidase and a-amylase in
comparable studies [30].

The overall effectiveness of the plant extracts in inhibiting x-glucosidase and o-
amylase can be ranked as follows: «-Glucosidase inhibition: D. viscosa > L. viridis > C. majus
> A. baetica; x-amylase inhibition: A. baetica > D. viscosa > L. viridis > C. majus (Figure 1).
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Acarbose, as a positive control, was found to inhibit x-amylase more effectively than
a-glucosidase, aligning with findings from Mabotja et al. [31]. The plant extracts gener-
ally exhibited greater o-glucosidase inhibitory activity compared to acarbose, reinforcing
the notion that the plant compounds possess high antidiabetic potential. In conclusion,
the plant extracts studied exhibit significant antidiabetic activity, with variations in their
effectiveness against x-glucosidase and a-amylase. This supports the existing literature
suggesting that phenolic compounds, particularly flavonoids, contribute to the inhibition
of these digestive enzymes, thereby aiding in diabetes management. The plant species
evaluated in this study have a history of traditional use in the Algarve region for manag-
ing digestive conditions, although scientific evidence supporting their efficacy remains
limited. By investigating their phenolic composition and enzyme inhibitory potential, our
study aims to bridge traditional knowledge with experimental validation and justify their
selection over other species [8,11,13,32]. And, although the findings obtained in this study
are promising, they should be interpreted with caution, as further validation through
cell-based and in vivo studies is essential to confirm their biological relevance and potential
therapeutic application.

2.4. Wound Healing Potential: Inhibitory Activity on Elastase, Collagenase, and Lipoxygenase

In this work the anti-elastase, anti-collagenase, and anti-LOX activity of the extracts
was investigated. As may be observed in Figure 2a, all the extracts displayed an observable
influence on elastase. However, none among them reached the activity of the standard
inhibitor, ursolic acid (ICsp = 26.57 & 0.37 ug/mL). Among the extracts, the most active
was the one prepared from A. baetica, followed by L. viridis. The collagenase-inhibiting
properties of the extracts are presented in Figure 2b. Most extracts displayed an excellent
anti-collagenase activity with ICsq values that were lower (A. baetica, C. majus) or did not
differ (L. viridis) statistically from that of the employed standard, gallic acid (ICsy value was
376.56 =+ 7.92). The most active among the investigated samples was again A. baetica extract,
closely followed by C. majus and L. viridis. The anti-LOX activity of the extract (Figure 2c),
while being relatively modest in comparison with NDGA (IC5p = 8.21 £ 0.12 pg/mL), was
still well-pronounced. The best activity in this assay was observed with L. viridis and
C. majus, closely followed by A. baetica.

Together with the growing incidence of diabetes and the increasing number of el-
derly individuals, diabetic ulcers, a severe complication of diabetes mellitus, are among
most prevalent chronic wounds in developed nations. While the options for the effective
treatment of diabetic ulcers and other chronic wounds remain limited, the research on the
agents that could promote their healing is increasing [33]. This also includes research on
traditional medicines. Plant natural products, especially polysaccharides, flavonoids, and
other polyphenols, have been extensively studied in treatment of diabetic ulcers where
they have shown promising activity [34,35].

Collagen and elastin are essential proteins that form the primary structure of the
extracellular matrix (ECM) in the skin, and as such, their restoration is an essential part
of the wound-healing process. Collagen is responsible for tensile strength, while elastin
fibers enhance the skin’s ability to stretch and return to its original shape [36]. Conse-
quently, the combination of collagen and elastin fibers is crucial for maintaining the skin’s
overall strength and mechanical characteristics, as well as the skin’s hydration [37,38].
Skin proteases, as well as those formed by the bacteria that may infect the wound, sig-
nificantly affect wound healing. Elastases play an important role in the delayed healing
of chronic wounds, including diabetic ulcers. Bacterial elastases have been identified as
significant contributors to the wound’s tissue degradation and the delayed healing of
infected wounds [39]. High levels of host’s neutrophil elastase were found to be associated
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with infection, while serum elastase is related to delayed healing and even worsening of
the diabetic wounds [40]. Collagenases, the enzymes that break down collagen, belong to a
larger group of matrix metalloproteinases (MMPs). MMPs are partly induced by chronic
inflammation that occurs within the organism of diabetic patients. Elevated levels of proin-
flammatory cytokines stimulate fibroblasts to generate an excessive amount of collagenase
and other MMPs, resulting in the breakdown of both functional and non-functional col-
lagen fibers in ECM [41,42]. Thus, it is crucial to regulate MMPs’ activity during wound
healing. This might be performed either by the direct influence on the MMPs or through
the management of inflammation, such as by inhibition of the LOX enzyme. It has been
found that impaired wound healing in type 1 diabetes is dependent on 5-lipoxygenase
products such as leukotrienes [43].

1000
b (*+)
800 mm A baetica
-5 — C. majus
€ 600 * . Vi
5 c (*+) mm D st‘c?sa
= — L. viridis
g 400 d (*+)
Q T
200 a (*+)
o Il
(a)
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Figure 2. Inhibition of elastase (a), collagenase (b), and lipoxygenase (c) by the plant extracts
(shown as ICs( values + SD). Different lowercase letters indicate statistically significant difference
between extracts, while the (*+), (*—), and ( ) signs indicate statistically different higher, statistically
different lower, and statistically non-different IC5( value than the ICsy value of the standard inhibitor,
respectively (p < 0.05). The employed standard inhibitors are as follows: ursolic acid (anti-elastase
ICsp =26.57 + 0.37 ug/mL) (a), gallic acid (anti-collagenase ICsy = 376.56 £ 7.92 go/mL) (b), and
nordihydroguaiaretic acid (anti- lipoxygenase ICsy = 8.21 + 0.12 ug/mL) (c).

The pronounced activity of the A. baetica and L. viridis extract in the performed assays
may be related to their high flavonoid content, as well as the TFC/TPC ratio. Namely,
A. baetica had the highest values of TFC and TFC/TPC among the investigated extracts,
followed by the L. viridis extract. Flavonoids and other polyphenolic compounds have
a high potential for the inhibition of elastase. For example, the kaempferol derivative,
kaempferol-3-O-robinobioside, was a strong inhibitor of elastase and collagenase, both in
silico and in vitro [44]. Hesperidin, its aglycone hesperetin, as well as its sugar compo-
nents rutinose and rhamnose, are also notable elastase inhibitors [45]. Finally, phloretin,
a polyphenol belonging to the dihydrochalcone type of flavonoids, has been shown to
inhibit elastase and collagenase activity, as well as to suppress inflammatory processes by
inhibiting the 12-O-tetradecanoylphorbol 13-acetate-induced expression of cyclooxygenase
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2, a critical molecular target of many anti-inflammatory agents [46]. Other flavonoids, such
as quercetin, apigenin, and kaempferol, were found to display strong anti-inflammatory
activity by inhibiting numerous pro-inflammatory enzymes, including LOX [47,48]. Thus,
further investigations, preferably followed by the isolation and determination of the activity
of the individual components, are highly desired in order to elucidate the exact constituents
and their roles in the overall activity. This approach will allow a better understanding of
the mechanisms underlying the observed bioactivities and will be essential for the rational
development of future plant-derived therapeutic agents.

3. Materials and Methods
3.1. Chemicals

The following chemicals were used: ferric chloride (Merck, Darmstadt, Germany);
Folin-Ciocalteau reagent (Merck); allic acid (Fluka Chemie GmbH, Buchs, Switzer-
land); glacial acetic acid (BDH-Prolabo, Fontenay-sous-Bois, France); hydrochloric acid
(Riedel-de Haén—Seelze, Germany); sodium acetate (Merck); Sodium carbonate (Merck);
trichloroacetic acid (BDH-Prolabo); 2,4,6-tripyridyl-2- triazine (TPTZ) (Sigma Aldrich,
St. Louis, MO, USA); Trolox; N-succinyl-(Ala);-nitroanilide (Sigma Aldrich), ninhydrin,
collagenase, elastase (Sigma Aldrich), acetonitryl (Merck), and formic acid (Merck). The
a-amylases from porcine pancreas (TYPE VI-B) were purchased from Sigma-Aldrich,
Gillingham, UK while the x-glucosidase used was obtained from yeast and purchased
from Megazyme, Bray, Ireland. All x-amylases were in lyophilized powder form while
a-glucosidase was in an ammonium-sulphate buffer suspension. The standards for
HPLC/PDA analysis were purchased from Fluka Chemie GmbH, Buchs, Switzerland.
All the reagents were of an analytical grade.

3.2. Samples

The aerial parts (leaves and stems) of Aristolochia baetica L., Chelidonium majus L.,
Dittrichia viscosa L., and Lavandula virilis L. were collected (Table 5) from the spontaneous
flora of the Algarve region, Portugal, following identification by the botanists Rosa Pinto
and Manuela David. Dried plant material was deposited as authenticated vouchers in the
Herbarium of the University of Algarve (acronym ALGU), with the accession numbers
14531/ALGU, 14492/ ALGU, 14541 /ALGU, and 14543/ ALUG, respectively.

Table 5. Information regarding the place of harvest, date of harvest, and growing conditions of the
plants used for the preparation of the aqueous extracts used in this work.

Plant Harvest Location Harvest Date Growing Conditions
Avistolochia baetica L. Rocha da Pena May 2015 Wild plant
Chelidonium majus L. Albufeira March 2016 Cultivated plant

Dittrichia viscosa L. Barranco do Velho May 2015 Wild plant
Lavandula virilis L. Barranco do Velho May 2015 Wild plant

3.3. Preparation of Samples

The plants were dried in boxes that allow aeration, at room temperature in the dark,
and were reduced to powder by grinding and homogenizing using a cooking mill. Infusions
(of 1.5 g dry weight—only the thicker roots and stems were not used) were made in a
volume of 30 mL of distilled water (w/v) at a temperature of 95 °C for 15 min and with
constant agitation of 200 rpm. The extraction yield (%) was calculated by comparing the
mass of the substance obtained through extraction to the initial mass of the material used.
Each extract was centrifuged at 5000 rpm for 15 min. The supernatant was recovered and
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kept at —20 °C until further analysis to avoid the compounds’ degradation. In parallel,
1 mL of each extract was placed in Eppendorf tubes and dried in the oven at 50 °C for 72 h
to determine the dry residue per mL.

3.4. HPLC/PDA Analysis of Phenolic Compounds

The quantitative analysis of phenolic compounds was performed on the plants’ ex-
tracts with the use of the Dionex HPLC system, with a PDA 100 UV-VIS detector and a
Hypersil Gold (C-18) column (5 um, 250 x 4.6 mm, Thermo EC, Waltham, MA, USA), as
previously described [49]. Briefly, the mobile phase consisted of (a) 1% formic acid and
(b) acetonitrile, in gradient mode 5-60% B over 60 min, with the flow rate 1 mL/min
and column temperature 20 °C. The concentration of each flavonoid and phenolic acid
was calculated from the peak areas in relation to standard five-point calibration curves,
generated using reference standards in the range of 0.0625-1 mg/mL. All the experiments
were carried out in triplicate, and the data were reported as the mean values (mg/g of dried
plant). The identification of individual phenolic acids and flavonoids in plant extracts was
based on the comparisons of the retention times and UV spectra with authentic reference
standards, which included p-coumaric acid, cinnamic acid, gallic acid, ferulic acid, vanillic
acid, chlorogenic acid, sinapic acid, protocatechuic acid, gentisic acid, syringic acid, caffeic
acid, quercetin, isoquercetin, and rutoside.

3.5. Analytical Methods

In all methods the T70 + UV /Vis Spectrometer, PG Instruments Ltd. (Wibtoft, UK)
spectrophotometer was used as the signal measurement equipment in the form of ab-
sorbance and its computer system; the results are expressed in relation to the dry weight
of the plant (mg/g) and in relation to the concentration in the extract (mg/mL); all of the
experiments were conducted in triplicate.

3.6. Total Phenolic Content (TPC)

The total phenolic content of the extracts was evaluated using Folin-Ciocalteu reagent
according to the method previously described by Singleton and Rossi [50]. The extracts
(50 puL) were mixed with 125 pL of Folin—Ciocalteu’s phenol reagent (0.2 N), and 100 pL of
7.5% saturated sodium carbonate solution were left incubated for 1 h (in the dark) at room
temperature. The absorbance was measured at 765 nm and the total phenol content was
expressed as mg gallic acid equivalents (GAE) per g of dried plant after a calibration curve
was obtained with diverse concentrations of gallic acid (0.001-1 mg/mL).

3.7. Total Flavonoid Content (TFC)

The total flavonoid content in the extracts was determined according to the method
described by Lamaison and Carnat [51,52]. A solution made by 100 puL of methanolic
AlCl3-6H,0O 20% and 100 puL of each extract was left to stand for 1 h (in the dark) at room
temperature; after that, the absorbance was read at 420 nm. The total flavonoid content was
expressed as mg quercetin equivalents (QE) per g of dried plant after a calibration curve
was obtained with diverse concentrations of quercetin (0.002-1 mg/mL).

3.8. Total Antioxidant Activity (TAA)

The total antioxidant activity (TAA) of the extracts was determined using a spectropho-
tometer method previously described by Prieto et al. [25]. Briefly, 100 uL of each extract
was mixed with 1.0 mL of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate,
and 4 mM ammonium molybdate). The mixture was then incubated at 95 °C for 90 min in
a water bath; after that, the absorbance was read at 695 nm. The total antioxidant activity
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was expressed as mg ascorbic acid equivalents (AAE) per g of dried plant after a calibration
curve was obtained with diverse concentrations of quercetin (0.002-1 mg/mL).

3.9. Reducing Power (RP)

The reducing power was determined by the spectrophotometric method previously
described by Oyaizu [53]. Briefly, 200 pL of properly diluted extract in 500 pL of sodium
phosphate buffer (0.2 M, pH 6.6) was mixed with 500 pL potassium ferricyanide (1%) and
the mixture was incubated at 50 C for 20 min. About 500 uL of trichloroacetic acid (10%)
was then added and the mixture was centrifuged at 6500 g for 10 min. About 500 uL of
supernatant was then mixed with 500 pL of distilled water and 100 pL of ferric chloride
(0.1%) and the absorbance was read at 700 nm. The reducing power was expressed as mg
Trolox equivalents (TE) per g of dried plant after a calibration curve was obtained with
diverse concentrations of Trolox (0.002-1 mg/mL).

3.10. Ferric-Reducing Antioxidant Power (FRAP)

The ferric-reducing antioxidant power was determined by the spectrophotometric
method previously described by Benzie and Strain [54]. Three stock solutions were pre-
pared: a 300 mM acetate buffer (3.1 g sodium acetate trihydrate and 16 mL acetic acid for
each liter of solution), pH = 3.6, a 10 mM TPTZ solution in 40 mM HCl, and a 20 mM ferric
chloride hexahydrate solution. The working solution was prepared by mixing 25 mL of
acetate buffer, 2.5 mL of TPTZ solution, and 2.5 mL of ferric chloride hexahydrate solution.
This working solution was then heated to 37 °C. A 75 mL aliquot of properly diluted extract
was mixed with 1.425 mL of the working solution. The absorbance was read at 593 nm
30 min after mixing. The ferric-reducing antioxidant power was expressed as mg Trolox
equivalents (TE) per g of dried plant after a calibration curve was obtained with diverse
concentrations of Trolox (0.002-1 mg/mL).

3.11. DPPH Radical Scavenging Capacity (DPPH)

The DPPH free-radical scavenging activity was assessed as described by Blois’s
(1958) [55] method with slight modifications. Briefly, 1.0 mL of a 0.16 mM DPPH solu-
tion was added to the test tube containing 1.0 mL of properly diluted extract in different
concentrations. The mixture was then vortexed for 1 min at 800 rpm and was kept in the
dark for 30 min at room temperature. After this incubation time, the absorbance was read at
a wavelength of 517 nm. Diverse extract concentrations were submitted to this procedure,
and a graph of inhibition percentages versus extract concentration was made and the ICsg
values were determined; these values are defined as the sample concentration providing
50% inhibition. For the evaluation of inhibition percentage (Inhibition %), the following
formula was used:

(Ao — A1)
Ao

where A is the absorbance of the control (water instead of the plants extracts) and A is

Inhibition % = % 100 (1)

the absorbance of the sample. The same procedure was performed for the positive control,
which was butylated hydroxytoluene (BHT) in a concentration range of 0.03—-1 mg/mL.

3.12. a-Amylase Inhibition

Three x-amylases from different origins were tested: Aspergillus oryzae, porcine pan-
creas, and human saliva. Inhibition was determined following the method described by
Sancheti et al. [56], with slight modifications. Briefly, 100 uL of a 2% starch solution were
mixed with 50 uL of extract and incubated for 10 min at 20 °C. After incubation, 100 pL of
2 U/mL of x-amylase enzyme (prepared in pH 6.9 0.02 M and 0.0067 M NaCl phosphate
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buffer) were added and the obtained mixture was left to react for 5 min at 20 °C. After
adding 100 pL of color reagent (sodium potassium tartarate and NaOH solution mixed
with 96 mM 3,5-dinitrosalicylic acid) the mixture was incubated for 15 min at 95 °C. After
cooling down, 900 pL of distilled water were added and the absorbance was read at 540 nm.
The activities were presented as ICsy values and were determined as reported for the an-
tioxidant activity. Acarbose was used as a positive control in the range of 0.002-1 mg/mL
and was submitted to the same experimental conditions as the plant extracts.

3.13. x-Glucosidase Inhibition

A o-Glucosidase inhibition assay was carried out according to Li et al. [57], with some
modifications. Briefly, 70 uL of the plant extracts were mixed with 50 pL of yeast «-glucosidase
(24 U/mL) prepared in phosphate buffer (100 mM; pH = 6.8) and they were incubated at
37 °C for 10 min. After this period, 100 uL of a solution of p-nitrophenyl-3-D-glucopyranoside
(PNPG) 5 mM was added to the same phosphate buffer. The reaction solution was incu-
bated at room temperature for 30 min, and after this period, 80 uL of sodium carbonate
solution (0.4 mM) was added to stop the reaction. The absorbance reading was performed
at 405 nm. The activities were presented as IC5 values and determined as reported for the
antioxidant activity. Acarbose was used as a positive control in the range of 0.002-1 mg/mL
and was submitted to the same experimental conditions of the plant extracts.

3.14. Elastase Inhibition

The elastase inhibitory activity [58] was determined by preparing 100 uL of the extract
solution in 0.1 M of Tris-HCl buffer (pH 8.0). The prepared solution was combined with
the solution of elastase (25 puL, 0.05 mg/mL). Following a 5 min incubation at room tem-
perature, 70 pL of a phosphate buffer saline solution of SANA (0.41 mg/mL) was added.
After an additional 40 min, the resulting absorbance was measured at 410 nm (FLUOstar
Omega, BMG Labtech, Ortenberg, Germany). The elastase inhibitory activity (ELAIn) was
calculated as follows:

AO - As)

ELAIn(%) = ( x 100 )

0
where A is the absorbance of the negative control and Ag is the absorbance of the solution
containing the respective extract. Ursolic acid (UA) was applied as the standard elastase
inhibitor. The IC5( values were calculated as the concentration of the extract that inhibited
50% of elastase activity.

3.15. Collagenase Inhibition

For collagenase inhibition [58], 40 pL of the extract solution was added to the Tris-HCl
buffer (0.1 M, pH 7.5), containing 5 mM CaCl, and 1 uM ZnCl,. To the mixture, 20 pL
of 1 mg/mL collagenase solution was added to the same buffer. After 5 min, 40 pL of
3.44 mg/mL gelatin solution was added to the same buffer. After an additional 40 min
at 37 °C, stop reagent, containing 12% (w/v) PEG 6000, 25 mM EDTA, as well as 90 uL
of the ninhydrin reagent (prepared by mixing SnCl, solution (80 mg of SnCl, x ;H,O)
dissolved in 50 mL of 0.2 M and pH 5.0 citrate buffer with an equal volume of ninhydrin
solution prepared by dissolving 0.5 g of ninhydrin in 10 mL of DMSO) was added. The
reaction mixture was incubated for an additional 15 min at 80 °C, and the absorbance
was measured at 570 nm (FLUOstar Omega, BMG Labtech, Ortenberg, Germany). The
inhibition of collagenase (COLIn) was calculated as follows:

(AO — AS)
0

COLIn (%) = x 100 3)
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where A is the absorbance of the negative control, and Ay is the absorbance of the solution
containing the respective extract. Gallic acid (GA) was applied as the standard collagenase
inhibitor. The ICs( values were calculated as the concentration of the extract that inhibited
50% of collagenase activity.

3.16. Lipoxygenase Inhibition

Lipoxygenase (LOX) inhibitory activity [59] was determined spectrophotometrically.
Extracts (50 uL) or water (negative control) were mixed with phosphate buffer (150 uL,
pH 8, 100 uM) and soybean LOX (20 uL), whereupon linoleic acid (30 uL) was added to
initiate a reaction. After 10 min at 25 °C the absorbance at 234 nm was measured. The LOX
inhibitory activity (LOXIn) was calculated as follows:
(Ag — As)

0
where A is the absorbance of the negative control, and A is the absorbance of the solution

LOXIn (%) = % 100 (4)

containing the respective extract. Nordihydroguaiaretic acid (NDGA) was applied as the
standard LOX inhibitor. The IC5( values were calculated as the concentration of the extract
that inhibited 50% of LOX activity.

3.17. Statistical Analysis

All results are expressed in average + standard deviation, and the results are from the
analysis of three sample replicas (n = 3). The results were analyzed for statistical differences
using the one-way ANOVA test with LSD or Games—-Howel post-hoc tests after checking
for the homogeneity of variances using Levene’s test in SPSS 22. Pearson linear correlation
coefficients (r) were determined to analyze the correlations between the variables, which
measured the direction and magnitude of the correlation between the assays. For anti-
elastase, anti-collagenase, and anti-LOX assays, statistical comparisons were performed
using one-way ANOVA followed by either Dunnett (comparisons of the individual extracts
with the controls) or Tukey (for comparisons between the extracts) post-hoc tests.

4. Conclusions

The plants evaluated in this study, due to their bioactive compounds, have long been
valued for their potential benefits in diabetes management. These compounds, especially
those involved in carbohydrate metabolism, have been traditionally utilized by various
populations, based on empirical knowledge. This study focused on evaluating the an-
tioxidant capacity and antidiabetic activity of aqueous extracts from four plant species
native to the Algarve region through in vitro analysis. Among the tested plants, D. viscosa
displayed the most pronounced antioxidant activity and inhibition of the enzymes crucial
for carbohydrate metabolism. On the other hand, the most promising effects related to a
potential role in diabetic wound healing were displayed by A. baetica.

In the context of this research field, our findings are consistent with the growing body
of evidence supporting the antidiabetic properties of various plant species, highlighting
their potential as complementary therapeutic agents. However, these results should be
interpreted with caution, as their biological relevance has not yet been confirmed in more
complex biological systems. Although isolating and characterizing active compounds can
help elucidate specific mechanisms, it is important to consider the potential synergistic
effects among the constituents of the whole extracts, as observed particularly with D. viscosa.
Further studies should focus on detailed chemical characterization of the plant extracts,
with an emphasis on identifying and isolating the active compounds responsible for these
biological effects. Subsequent in vivo testing of these isolated compounds and complete
extracts would be essential to confirm their therapeutic potential and further validate
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their use in managing diabetes and related complications, such as wound healing. This
study contributes to the expanding knowledge of plant-based therapies and their possible
application in diabetes treatment, and future research could provide valuable insights into
their clinical relevance.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390 /molecules30112432/s1, Figure S1: A. Chromatogram of A. baetica
extract. B. Chromatogram of C. majus extract. C. Chromatogram of D. viscosa extract. D. Chromatogram
of L. viridis extract.

Author Contributions: Conceptualization, I.5.C., PP, M.Z K,; methodology, L.S.C., PP, M.Z K., A.G,,
M.M.; formal analysis, C.V., A.G., M.M.,, L].; investigation C.V., M.M., A.G., L.J.; resources, LS.C.,
PP, M.ZK.; software, M.M.; writing—review and editing, I.5.C., C.V,, PP, A.G., M.ZK; project
administration, 1.5.C., PP, M.Z K; funding acquisition, 1.5.C., PP, M.Z K. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded through UIDB/05183 MED funded by FCT—Foundation for
Science and Technology and Portuguese National Budget.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data are contained within the article and Supplementary Materials.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Mukhtar, Y.; Galalain, A.; Yunusa, U. A modern overview on diabetes mellitus: A chronic endocrine disorder. Eur. J. Biol. 2020,
5,1-14. [CrossRef]

2. Dilworth, L.; Facey, A.; Omoruyi, F. Diabetes mellitus and its metabolic complications: The role of adipose tissues. Int. J. Mol. Sci.
2021, 22, 7644. [CrossRef] [PubMed]

3. Bljaji¢, K.; Brajkovi¢, A.; Cati¢, A.; Vuji¢, L.; Jablan, J.; de Carvalho, 1.S.; Konti¢, M.Z. Chemical Composition, Antioxidant,
and alpha-Glucosidase-Inhibiting Activity of Aqueous and Hydroethanolic Extracts of Traditional Antidiabetics from Croatian
Ethnomedicine. Horticulturae 2021, 7, 15. [CrossRef]

4. Valko, M.; Leibfritz, D.; Moncol, J.; Cronin, M.T.D.; Mazur, M.; Telser, J. Free radicals and antioxidants in normal physiological
functions and human disease. Int. ]. Biochem. Cell Biol. 2007, 39, 44-84. [CrossRef] [PubMed]

5. Grant, PJ.; Cosentino, F,; Marx, N. Diabetes and coronary artery disease: Not just a risk factor. Heart 2020, 106, 1357-1364. [CrossRef]

6.  Aronson, D.; Edelman, E.R. Coronary artery disease and diabetes mellitus. Heart Fail. Clin. 2016, 12, 117-133. [CrossRef] [PubMed]

7. Bhutkar, M.A,; Bhise, S.B. In vitro assay of alfa amilase inhibitory activity of some indigenous plants. Int. . Chem. Sci. 2012,
10, 457-462.

8. Moradi-Afrapoli, F.; Asghari, B.; Saeidnia, S.; Ajani, Y.; Mirjani, M.; Malmir, M.; Bazaz, R.D.; Hadjiakhoondi, A.; Salehi, P;
Hamburger, M.; et al. In vitro a-glucosidase inhibitory activity of phenolic constituents from aerial parts of Polygonum hyrcanicum.
J. Pharm. Sci. 2012, 20, 37. [CrossRef]

9.  Matsui, T.; Tanaka, T.; Tamura, S.; Toshima, A.; Tamaya, K.; Miyata, Y.; Tanaka, K.; Matsumoto, K. Matsumoto, r-glucosidase
inhibitory profile of catechins and theaflavins. J. Agric. Food Chem. 2007, 55, 99-105. [CrossRef]

10. Mclver, L.A; Preuss, C.V.; Tripp, A.J. XPharm: The Comprehensive Pharmacology Reference; Elsevier: Amsterdam, The Netherlands,
2024; pp. 1-3. [CrossRef]

11.  Ghareeb, D.A.; ElAhwany, A.M.; El-Mallawany, S.M.; Saif, A.A. In vitro screening for anti-acetylcholiesterase, anti-oxidant,
anti-glucosidase, anti-inflammatory and anti-bacterial effect of three traditional medicinal plants. Biotechnol. Biotechnol. Equip.
2014, 28, 1155. [CrossRef]

12.  Sun, L.; Miao, M. Dietary polyphenols modulate starch digestion and glycaemic level: A review. Crit. Rev. Food Sci. Nutr. 2020,
60, 541-555. [CrossRef]

13. Bljaji¢, K,; Sostari¢, N.; Petlevski, R.; Vuji¢, L.; Brajkovi¢, A.; Fumié, B.; de Carvalho, L.S.; Kon¢i¢, M.Z. Effect of betula pendula leaf

extract on x-glucosidase and glutathione level in glucose-induced oxidative stress. Evid. Based Complement. Altern. Med. 2016,
2016, 8429398. [CrossRef]


https://www.mdpi.com/article/10.3390/molecules30112432/s1
https://www.mdpi.com/article/10.3390/molecules30112432/s1
https://doi.org/10.47672/ejb.409
https://doi.org/10.3390/ijms22147644
https://www.ncbi.nlm.nih.gov/pubmed/34299261
https://doi.org/10.3390/horticulturae7020015
https://doi.org/10.1016/j.biocel.2006.07.001
https://www.ncbi.nlm.nih.gov/pubmed/16978905
https://doi.org/10.1136/heartjnl-2019-316243
https://doi.org/10.1016/j.hfc.2015.08.010
https://www.ncbi.nlm.nih.gov/pubmed/26567979
https://doi.org/10.1186/2008-2231-20-37
https://doi.org/10.1021/jf0627672
https://doi.org/10.1016/B978-008055232-3.61152-3
https://doi.org/10.1080/13102818.2014.969877
https://doi.org/10.1080/10408398.2018.1544883
https://doi.org/10.1155/2016/8429398

Molecules 2025, 30, 2432 17 of 19

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Yashin, A.; Yashin, Y.; Xia, X.; Nemzer, B. Antioxidant activity of spices and their impact on human health: A review. Antioxidants
2017, 6, 70. [CrossRef] [PubMed]

Rafieian-Kopaei, M.; Ghasemi-Dehnoo, M.; Amini-Khoei, H.; Lorigooini, Z. Rafieian-Kopaei, Oxidative stress and antioxidants in
diabetes mellitus. Asian Pac. |. Trop. Med. 2020, 13, 431-438. [CrossRef]

Makowska-Was, J.; Galanty, A.; Gdula-Argasiniska, J.; Tyszka-Czochara, M.; Szewczyk, A.; Nunes, R.; Carvalho, 1.S.; Michalik, M.;
Pasko, P. Identification of Predominant Phytochemical Compounds and Cytotoxic Activity of Wild Olive Leaves (Olea europaea L.
ssp. sylvestris) Harvested in South Portugal. Chem. Biodivers. 2017, 14, e1600331. [CrossRef] [PubMed]

Sharifi-Rad, M.; Anil Kumar, N.V.; Zucca, P.; Varoni, E.M.; Dini, L.; Panzarini, E.; Rajkovic, J.; Tsouh Fokou, P.V.; Azzini, E.; Peluso,
I; et al. Lifestyle, oxidative stress, and antioxidants: Back and forth in the pathophysiology of chronic diseases. Front. Physiol.
2020, 11, 552535. [CrossRef]

Checkouri, E.; Reignier, F; Silva, C.R.-D.; Meilhac, O. Evaluation of polyphenol content and antioxidant capacity of aqueous
extracts from eight medicinal plants from Reunion island: Protection against oxidative stress in red blood cells and preadipocytes.
Antioxidants 2020, 9, 959. [CrossRef]

Shahwan, M.; Alhumaydhi, F.; Ashraf, G.M.; Hasan, PM.; Shamsi, A. Role of polyphenols in combating type 2 diabetes and
insulin resistance. Int. J. Biol. Macromol. 2022, 206, 567-579. [CrossRef]

Colombo, M.L.; Bosisio, E. Pharmacological activities of Chelidonium majus L. (Papaveraceae). Pharmacol. Res. 1996, 33, 127-134.
[CrossRef]

Ben Mrid, R.; Bouchmaa, N.; Kabach, I.; Zouaoui, Z.; Chtibi, H.; El Maadoudi, M.; Kounnoun, A.; Cacciola, F.; El Majdoub, Y.O.;
Mondello, L.; et al. Dittrichia viscosa L. leaves: A valuable source of bioactive compounds with multiple pharmacological effects.
Molecules 2022, 27, 2108. [CrossRef]

Pane, C.; Manganiello, G.; Vitti, A.; Celano, R.; Piccinelli, A.L.; De Falco, E. Phytochemical Extracts of Dittrichia viscosa (L.) Greuter
from Agroecological Systems: Seed Antigerminative Properties and Effectiveness in Counteracting Alternaria Leaf Spot Disease
on Baby-Leaf Spinach. Biology 2023, 12, 790. [CrossRef] [PubMed]

Zuzarte, M.; Francisco, V.; Neves, B.; Liberal, J.; Cavaleiro, C.; Canhoto, J.; Salgueiro, L.; Cruz, M.T. Lavandula viridis L'Hér.
Essential oil inhibits the inflammatory response in macrophages through blockade of NF-KB signaling Cascade. Front. Pharmacol.
2022, 12, 695911. [CrossRef] [PubMed]

Nunes, R.; Pasko, P.; Tyszka-Czochara, M.; Szewczyk, A.; Szlosarczyk, M.; Carvalho, I.S. Antibacterial, antioxidant and anti-
proliferative properties and zinc content of five south Portugal herbs. Pharm. Biol. 2017, 55, 114-123. [CrossRef]

Prieto, P; Pineda, M.; Aguilar, M. Spectrophotometric quantitation of antioxidant capacity through the formation of a phospho-
molybdenum complex: Specific application to the determination of vitamin E. Anal. Biochem. 1999, 269, 337-341. [CrossRef]
[PubMed]

Bzik, T.].; Bethea, R.M.; Duran, B.S.; Boullion, T.L. Statistical methods for engineers and scientists. Technometrics 1985, 39, 698.
[CrossRef]

Norman, G.R.; Streiner, D.L. Biostatistics: The Bare Essentials; Pmph USA Ltd.: Shelton, CT, USA, 2008; p. 393. Available online:
https:/ /books.google.com/books/about/Biostatistics. html?hl=pt-PT&id=y4tWQI_8Ni8C (accessed on 14 November 2024).
Jezek, P; Jabtirek, M.; Plecitd-Hlavatd, L. Contribution of oxidative stress and impaired biogenesis of pancreatic 3-cells to type 2
diabetes. Antioxid Redox Signal 2019, 31, 722-751. [CrossRef]

Prentki, M.; Peyot, M.-L.; Masiello, P.; Madiraju, S.M. Nutrient-induced metabolic stress, adaptation, detoxification, and toxicity
in the pancreatic 3-cell. Diabetes 2020, 69, 279-290. [CrossRef]

Kazeem, M.I,; Adamson, ].O.; Ogunwande, I.A. Modes of Inhibition of x-Amylase and «-Glucosidase by Aqueous Extract of
Morinda lucida Benth Leaf. Biomed. Res. Int. 2013, 2013, 527570. [CrossRef]

Mabotja, M.B.; Venter, S.L.; Du Plooy, C.P; Kudanga, T.; Amoo, S.0. Phytochemical content, antioxidant, alpha-glucosidase
inhibitory and antibacterial activities of spineless cactus pear cultivars. Plants 2021, 10, 1312. [CrossRef]

Nunes, R.; Carvalho, LS.; Pasko, P; Czochara, M.T.; Szewczyk, A.; Szlésarczyk, M.; Podolak, I.; Galanty, A. In Vitro Biological Activity
Screening of Arbutus Unedo Leaves in Light of Their Traditional Use. |. Herbs Spices Med. Plants 2024, 30, 68-82. [CrossRef]

Chen, J.; Qin, S,; Liu, S.; Zhong, K; Jing, Y.; Wu, X,; Peng, F; Li, D.; Peng, C. Targeting matrix metalloproteases in diabetic wound
healing. Front. Immunol. 2023, 14, 1089001. [CrossRef]

Moses, R.L.; Prescott, T.A.K.; Mas-Claret, E.; Steadman, R.; Moseley, R.; Sloan, A.J. Evidence for Natural Products as Alternative
Wound-Healing Therapies. Biomolecules 2023, 13, 444. [CrossRef] [PubMed]

Alsarayreh, A.Z.; Oran, S.A.; Shakhanbeh, J.M.; Khleifat, KM.; Al Qaisi, Y.T.; Alfarrayeh, LI; Alkaramseh, A.M. Efficacy of
methanolic extracts of some medicinal plants on wound healing in diabetic rats. Heliyon 2022, 8, e10071. [CrossRef]

Aziz, ].; Shezali, H.; Radzi, Z.; Yahya, N.A.; Abu Kassim, N.H.; Czernuszka, J.; Rahman, M.T. Molecular Mechanisms of
Stress-Responsive Changes in Collagen and Elastin Networks in Skin. Ski. Pharmacol. Physiol. 2016, 29, 190-203. [CrossRef]
[PubMed]


https://doi.org/10.3390/antiox6030070
https://www.ncbi.nlm.nih.gov/pubmed/28914764
https://doi.org/10.4103/1995-7645.291036
https://doi.org/10.1002/cbdv.201600331
https://www.ncbi.nlm.nih.gov/pubmed/27981754
https://doi.org/10.3389/fphys.2020.00694
https://doi.org/10.3390/antiox9100959
https://doi.org/10.1016/j.ijbiomac.2022.03.004
https://doi.org/10.1006/phrs.1996.0019
https://doi.org/10.3390/molecules27072108
https://doi.org/10.3390/biology12060790
https://www.ncbi.nlm.nih.gov/pubmed/37372075
https://doi.org/10.3389/fphar.2021.695911
https://www.ncbi.nlm.nih.gov/pubmed/35145398
https://doi.org/10.1080/13880209.2016.1230636
https://doi.org/10.1006/abio.1999.4019
https://www.ncbi.nlm.nih.gov/pubmed/10222007
https://doi.org/10.1080/00401706.1997.10485092
https://books.google.com/books/about/Biostatistics.html?hl=pt-PT&id=y4tWQl_8Ni8C
https://doi.org/10.1089/ars.2018.7656
https://doi.org/10.2337/dbi19-0014
https://doi.org/10.1155/2013/527570
https://doi.org/10.3390/plants10071312
https://doi.org/10.1080/10496475.2023.2254284
https://doi.org/10.3389/fimmu.2023.1089001
https://doi.org/10.3390/biom13030444
https://www.ncbi.nlm.nih.gov/pubmed/36979379
https://doi.org/10.1016/j.heliyon.2022.e10071
https://doi.org/10.1159/000447017
https://www.ncbi.nlm.nih.gov/pubmed/27434176

Molecules 2025, 30, 2432 18 of 19

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Lupu, M,; Pircalabioru, G.G.; Chifiriuc, M.; Albulescu, R.; Tanase, C. Beneficial effects of food supplements based on hydrolyzed
collagen for skin care (Review). Exp. Ther. Med. 2019, 20, 12-17. [CrossRef]

Stintar, I.; Akkol, E.K.; Keles, H.; Yesilada, E.; Sarker, S.D.; Baykal, T. Comparative evaluation of traditional prescriptions from
Cichorium intybus L. for wound healing: Stepwise isolation of an active component by in vivo bioassay and its mode of activity.
J. Ethnopharmacol. 2012, 143, 299-309. [CrossRef]

McCarty, S.M.; Cochrane, C.A.; Clegg, P.D.; Percival, S.L. The role of endogenous and exogenous enzymes in chronic wounds: A
focus on the implications of aberrant levels of both host and bacterial proteases in wound healing. Wound Repair Regen. 2012,
20, 125-136. [CrossRef]

Fadini, G.P.,; Menegazzo, L.; Rigato, M.; Scattolini, V.; Poncina, N.; Bruttocao, A.; Ciciliot, S.; Mammano, F.; Ciubotaru, C.D;
Brocco, E.; et al. NETosis Delays Diabetic Wound Healing in Mice and Humans. Diabetes 2016, 65, 1061-1071. [CrossRef]

Abas, M.; El Masry, M.; Elgharably, H. Collagen in Diabetic Wound Healing, Wound Healing, Tissue Repair, and Regeneration in Diabetes;
Academic Press: Cambridge, MA, USA, 2020; pp. 393—401. [CrossRef]

Thring, T.S.; Hili, P.; Naughton, D.P. Anti-collagenase, anti-elastase and anti-oxidant activities of extracts from 21 plants. BMC
Complement. Altern. Med. 2009, 9, 27. [CrossRef]

Ramalho, T.; Filgueiras, L.; Silva-Jr, I.A.; Pessoa, A.F.M.; Jancar, S. Impaired wound healing in type 1 diabetes is dependent on
5-lipoxygenase products. Sci. Rep. 2018, 8, 14164. [CrossRef]

Nutho, B.; Tungmunnithum, D. Exploring Major Flavonoid Phytochemicals from Nelumbo nucifera Gaertn. as Potential Skin
Anti-Aging Agents: In Silico and In Vitro Evaluations. Int. J. Mol. Sci. 2023, 24, 16571. [CrossRef] [PubMed]

Novotn4, R;; ékafupové, D.; Hanyk, J.; Ulrichova, J.; Kfen, V.; Bojarov4, P.; Brodsky, K.; Vostédlovd4, J.; Frankova, J. Hesperidin,
Hesperetin, Rutinose, and Rhamnose Act as Skin Anti-Aging Agents. Molecules 2023, 28, 1728. [CrossRef]

Casarini, TP.A.; Frank, L.A.; Pohlmann, A.R.; Guterres, S.S. Dermatological applications of the flavonoid phloretin. Eur. ].
Pharmacol. 2020, 889, 173593. [CrossRef]

Al-Khayri, ].M.; Sahana, G.R.; Nagella, P; Joseph, B.V.; Alessa, EM.; Al-Mssallem, M.Q. Flavonoids as Potential Anti-Inflammatory
Molecules: A Review. Molecules 2022, 27, 2901. [CrossRef]

Matvieieva, N.; Bessarabov, V.; Khainakova, O.; Duplij, V.; Bohdanovych, T.; Ratushnyak, Y.; Kuzmina, G.; Lisovyi, V.; Zderko, N.;
Kobylinska, N. Cichorium intybus L. “hairy” roots as a rich source of antioxidants and anti-inflammatory compounds. Heliyon
2023, 9, e14516. [CrossRef] [PubMed]

Grudziniska, M.; Galanty, A.; Prochownik, E.; Kotodziejczyk, A.; Pasko, P. Can simulated microgravity and darkness conditions
influence the phytochemical content and bioactivity of the sprouts—A preliminary study on selected Fabaceae species. Plants
2024, 13, 1515. [CrossRef]

Singleton, V.L.; Orthofer, R.; Lamuela-Raventés, R.M. Analysis of total phenols and other oxidation substrates and antioxidants
by means of folin-ciocalteu reagent. Methods Enzym. 1999, 299, 152-178. [CrossRef]

Quettier-Deleu, C.; Gressier, B.; Vasseur, ].; Dine, T.; Brunet, C.; Luyckx, M.; Cazin, M.; Cazin, J.-C.; Bailleul, F,; Trotin, F. Phenolic
compounds and antioxidant activities of buckwheat (Fagopyrum esculentum Moench) hulls and flour. J. Ethnopharmacol. 2000,
72,35-42. [CrossRef]

Carnat, A.; Fraisse, D.; Lamaison, J. The aromatic and polyphenolic composition of lemon verbena tea. Fitoterapia 1999, 70, 44—49.
[CrossRef]

Oyaizu, M. Studies on products of browning reaction. Antioxidative activities of products of browning reaction prepared from
glucosamine. Jpn. |. Nutr. Diet. 1986, 44, 307-315. [CrossRef]

Benzie, I.LEFE; Strain, ].J. Ferric reducing/antioxidant power assay: Direct measure of total antioxidant activity of biological fluids
and modified version for simultaneous measurement of total antioxidant power and ascorbic acid concentration. Methods Enzym.
1998, 299, 15-27. [CrossRef]

Blois, M.S. Antioxidant determinations by the use of a stable free radical. Nature 1958, 181, 1199-1200. [CrossRef]

Sancheti, S.; Sancheti, S.; Seo, S.-Y. Antidiabetic and antiacetylcholinesterase effects of ethyl acetate fraction of Chaenomeles
sinensis (Thouin) Koehne fruits in streptozotocin-induced diabetic rats. Exp. Toxicol. Pathol. 2013, 65, 55-60. [CrossRef] [PubMed]
Li, H.; Song, E; Xing, J.; Tsao, R.; Liu, Z.; Liu, S. Screening and structural characterization of alpha-glucosidase inhibitors from
hawthorn leaf flavonoids extract by ultrafiltration LC-DAD-MS(n) and SORI-CID FTICR MS. |. Am. Soc. Mass Spectrom. 2009,
20, 1496-1503. [CrossRef]

Marijan, M.; Tomi¢, D.; Strawa, ].W.; Jakupovi¢, L.; Ini¢, S.; Jug, M.; Tomczyk, M.; Kon¢i¢, M.Z. Optimization of cyclodextrin-
assisted extraction of phenolics from Helichrysum italicum for preparation of extracts with anti-elastase and anti-collagenase
properties. Metabolites 2023, 13, 257. [CrossRef]

Chekir, S.; Debbabi, M.; Regazzetti, A.; Dargeére, D.; Laprévote, O.; Ben Jannet, H.; Gharbi, R. Design, synthesis and biological
evaluation of novel 1,2,3-triazole linked coumarinopyrazole conjugates as potent anticholinesterase, anti-5-lipoxygenase, anti-
tyrosinase and anti-cancer agents. Bioorg. Chem. 2018, 80, 189-194. [CrossRef]


https://doi.org/10.3892/etm.2019.8342
https://doi.org/10.1016/j.jep.2012.06.036
https://doi.org/10.1111/j.1524-475X.2012.00763.x
https://doi.org/10.2337/db15-0863
https://doi.org/10.1016/b978-0-12-816413-6.00019-8
https://doi.org/10.1186/1472-6882-9-27
https://doi.org/10.1038/s41598-018-32589-7
https://doi.org/10.3390/ijms242316571
https://www.ncbi.nlm.nih.gov/pubmed/38068894
https://doi.org/10.3390/molecules28041728
https://doi.org/10.1016/j.ejphar.2020.173593
https://doi.org/10.3390/molecules27092901
https://doi.org/10.1016/j.heliyon.2023.e14516
https://www.ncbi.nlm.nih.gov/pubmed/37101499
https://doi.org/10.3390/plants13111515
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0378-8741(00)00196-3
https://doi.org/10.1016/S0367-326X(98)00016-1
https://doi.org/10.5264/eiyogakuzashi.44.307
https://doi.org/10.1016/S0076-6879(99)99005-5
https://doi.org/10.1038/1811199a0
https://doi.org/10.1016/j.etp.2011.05.010
https://www.ncbi.nlm.nih.gov/pubmed/21764274
https://doi.org/10.1016/j.jasms.2009.04.003
https://doi.org/10.3390/metabo13020257
https://doi.org/10.1016/j.bioorg.2018.06.005

Molecules 2025, 30, 2432 19 of 19

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.



	Introduction 
	Results and Discussions 
	Quantification of Phenolic Compounds 
	Evaluation of In Vitro Antioxidant Capacity 
	Evaluation of Antidiabetic Activity in Vitro: Inhibitory Activity of -Glucosidase and -Amylase 
	Wound Healing Potential: Inhibitory Activity on Elastase, Collagenase, and Lipoxygenase 

	Materials and Methods 
	Chemicals 
	Samples 
	Preparation of Samples 
	HPLC/PDA Analysis of Phenolic Compounds 
	Analytical Methods 
	Total Phenolic Content (TPC) 
	Total Flavonoid Content (TFC) 
	Total Antioxidant Activity (TAA) 
	Reducing Power (RP) 
	Ferric-Reducing Antioxidant Power (FRAP) 
	DPPH Radical Scavenging Capacity (DPPH) 
	-Amylase Inhibition 
	-Glucosidase Inhibition 
	Elastase Inhibition 
	Collagenase Inhibition 
	Lipoxygenase Inhibition 
	Statistical Analysis 

	Conclusions 
	References

