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ABSTRACT: The genus Daphne L. (Thymelaeaceae), thriving in temperate and subtropical regions, is renowned for its
medicinal properties. Used extensively in traditional medicine, Daphne species are rich in bioactive compounds that have
been utilized to treat various diseases. Daphne pontica L., a shrub locally known as kurtbagi, sirtimagu, and sirimbagu, is
primarily distributed in Northern Anatolia. This study is the first comprehensive evaluation of the antioxidant, enzyme
inhibitory, and cytotoxic activities of diethyl ether extracts obtained from different parts of this plant. MTT assays
revealed selective cytotoxic effects of D. pontica extracts. The fruit extract demonstrated the strongest activity with ICsp
values of 0.467 mg/ml in A-549 cells and 0.937 mg/ml in HeLa cells, while the stem extract exhibited an ICso of 0.896
mg/ml in MCF-7 cells. These results suggest concentration- and extract-dependent biological potential. Additionally,
enzyme inhibition assays highlighted the plant's promising antidiabetic activity. Overall, this study emphasizes the
potential of D. pontica diethyl ether extracts as natural antioxidants and multifunctional bioactive agents. These findings
provide a foundation for further research into its diverse therapeutic applications.
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1. INTRODUCTION

Plants have been a source of therapeutic medicines to improve and protect human health for
centuries, with famous examples [1]. In addition, plant secondary metabolites are used for many purposes in
many application areas [2]. Achievement of the new drug molecules from natural sources is of great interest
on many platforms worldwide [3].

Thymelaeaceae is a cosmopolitan family of flowering plants with about 800 species from 50 genera
distributed in temperate and tropical regions [4,5]. Daphne L. genus from the Thymelaeaceae family [6] has
over 90 described species [6,7]. The Daphne L. grows in Anatolia and is represented by seven species in
Turkish flora, including Daphne pontica L. [8]. D. pontica is described as a perennial, evergreen shrub-shaped
plant up to 40-100 cm in height, with lightly fragrant yellowish flowers in pairs and black and berry-type
fruits [8]. D. pontica (Pontic Daphne, twin flowered Daphne) [7,9], locally known as “tasma, kurtbagi, sirimagu
and sirimbag1” in Anatolia [10,11], is naturally found in Southeastern Bulgaria, the Caucasus, Northern Iran,
and Northern Ttirkiye [8].

Despite their potent toxicity, Daphne species have been used in the traditional medicine of many
countries to treat various diseases such as cancer, rheumatism, skin diseases, and hypertension [12,13}. In
Turkish folk medicine, these species are reported to be used for their antidiarrheal effects [10]. The diverse
biological activities of the Daphne genus and its place in traditional medicine have increased interest in the
phytochemical composition of these plants. To date, more than 250 compounds with medicinal significance
have been isolated from Daphne species [14]. These compounds are primarily classified into five main
groups: coumarins, terpenes, flavonoids, lignans, and other compounds. The genus Daphne is particularly
noted for its rich diterpene content. Daphnane-type diterpenes, in particular, stand out for their anti-
inflammatory, anti-HIV, neurotrophic, antihyperlipidemic, and anticancer effects [15,16]. However, studies
on the phytochemistry and biological activities of these species are limited [12,17-31]. Therefore, the present
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study investigated the extracts from various parts of D. pontica (stems, leaves, and fruits), using in vitro
screening assay for the antioxidant, enzyme inhibition, and cytotoxic effects comprehensively.

2. RESULTS and DISCUSSION

The total content of phenolic substances is essential for determining the antioxidant properties of
plants [32]. The diethyl ether extracts of Daphne pontica were examined regarding phenolic content, and the
amount of phenolic substances varied between 53.47 mg GAE/g and 15.82 mg GAE/g. The stem extract had
the highest amount of phenolic substance among these extracts (53.47 mg GAE/g). The lowest amount of
phenolic substance was observed in the fruit extract (15.82 mg GAE/g). According to these results, D. pontica
stem extract has higher phenolic substances than other parts (Table 1). The quantity of flavonoids in diethyl
ether extracts of D. pontica was observed to vary between 13.99 and 0.87 mg RE/g. The highest content of
flavonoids was in the stem extract (13.99 mg RE/g), similar to the amount of phenolic compounds, and the
lowest one was in the fruit extract (0.84 mg RE/g) (Table 1).

Table 1. The total phenolic and flavonoid contents of the extracts from Daphne pontica L.

Samples Total phenolic Total flavonoid
(mg GAE/g extract) (mg RE/g extract)
Stem 53.47 £1.16 13.99 +0.33
Fruit 15.82£0.87 0.84+0.11
Leaf 18.05 + 3.08 1.58 £ 0.34

Values expressed are means + S.D. GAE: Gallic Acid Equivalent, RE: Rutin Equivalent.

The antioxidant capacities of D. pontica extracts were evaluated using several methods, including
DPPH, ABTS, CUPRAC, FRAP, metal chelating, and phosphomolybdenum assays (Table 2). The DPPH
radical scavenging activities of D. pontica extracts were expressed as ICsyp (mg/ml) values. The stem extract
exhibited the best scavenging activity (1.13 mg/ml). In contrast, the fruit extract displayed the lowest
activity (4.11 mg/ml), indicating that the DPPH radical scavenging capacity of the stem extract is notably
greater than that of the other plant parts. Similarly, in the ABTS assay, the stem extract again showed the
most potent activity (0.54 mg/ml). The fruit extract demonstrated the weakest activity (>5 mg/ml),
reinforcing that the stem extract possesses superior antioxidant capacity compared to the other parts of the
plant.

In the CUPRAC and FRAP assays, the stem extract of D. pontica further distinguished itself with
remarkable ECs values of 0.67 mg/ml and 0.77 mg/ml, respectively. However, in the metal chelating assay,
the fruit extract exhibited enhanced activity relative to the other parts of the plant, recording an ICs value of
1.31 mg/ml. In the phosphomolybdenum assay, the stem and leaf extracts yielded comparable results (ECso
values: 0.96 mg/ml and 0.97 mg/ml, respectively), whereas the fruit extract was markedly lower (2.43
mg/ml). These findings underscore the potent antioxidant activity of the stem extract of D. pontica, while
revealing considerable differences in antioxidant potentials among the various plant parts.

Enzyme inhibition experiments were conducted to evaluate the inhibitory effects of D. pontica extracts
on various enzymes, including acetylcholinesterase (AChE), butyrylcholinesterase (BChE), tyrosinase, a-
amylase, and a-glucosidase (Table 3). The inhibition of enzymes a-amylase and a-glucosidase, which are
responsible for elevating blood glucose levels, plays a significant role in managing type 2 diabetes [33]. The
a-amylase inhibitory activity of the stem, leaf, and fruit extracts of D. pontica was assessed and found to
range between 2.27 and 2.82 mg/ml. The stem extract exhibited the highest activity with an ICs value of 2.27
mg/ml, while the lowest activity was observed in the fruit extract (2.82 mg/ml). In contrast, the inhibitory
effects of D. pontica extracts on a-glucosidase were more potent than those observed for a-amylase, with
values ranging from 1.09 to 1.56 mg/ml. The stem extract again demonstrated the highest activity (1.09
mg/ml). The inhibition of tyrosinase, an enzyme involved in melanin production, indicates significant
potential for treating various skin disorders [34]. The best tyrosinase activity was detected in the stem extract
with an ICs value of 2.26 mg/ml, while no activity was detected in the leaf extract.

https://doi.org/10.12991/jrespharm.1734640
J Res Pharm 2025; 29(4): 1675-1681

1676


https://doi.org/10.12991/jrespharm.1734640

Avci et al. Journal of Research in Pharmacy
Potential of D. pontica as a natural multifunctional bioactive agent Research Article

Table 2. Antioxidant properties of the extracts from Daphne pontica L. (ICso or ECsp , mg/ml)

DPPH ABTS CUPRAC FRAP Metal Phosphomolybdenum
Samples chelating
Stem 113003 0.54£0.01 0.670.01 0.77£0.01 2.57+0.03 0.96£0.04
Fruit 4110.05 >5 1.83£0.02 2.60£0.12 1.310.04 2.43+0.29
Leaf 3.0440,07 1.88+0.05 1.63£0.02 1.710.02 1.81£0.25 0.97+0.05
Trolox  0.06£0.01 0.11£0.01 0.1420.01 0.06£0.01 ] 0.57+0.04
EDTA - ) ) ) 0.27+£0.01 -

Values expressed are means + S.D. of three parallel measurements.

Additionally, the inhibition of AChE and BChE, considered potential treatment approaches for
neurological disorders, were evaluated [35]. The highest AChE inhibition activity was determined as an ICsp
value of 1.06 mg/ml in fruit extract, while the highest BChE inhibition activity was recorded as 1.53 mg/ml
in stem extract. These findings highlight the diverse enzyme inhibition capacities of D. pontica extracts,
suggesting their potential applications in treating various health conditions.

Table 3. Enzyme inhibitory activities of the extracts from Daphne pontica L. (ICs0 , mg/ml)

S AChE BChE Tyrosinase Amylase Glucosidase
amples
Stem 1.95+0.26 1.39+0.02 2.26+0.19 2.27+0.08 1.09+0.01
Fruit 1.06+0.06 1.53+0.17 2.92+0.16 2.82+0.05 1.56+0.10
Leaf 1.41+0.11 2.24+0.31 na 2.35+0.11 1.13+0.05
Galanthamine 0.003+0.0001 0.004+0.0001 - - -
Kojic acid - - 0.07+0.01 - -
Acarbose - - - 0.62+0.02 1.53+0.03
Values expressed are means £ S.D. of three parallel measurements.
na: inactive.

Figure 1 presents the correlation matrix illustrating the relationships between the total phenolic
content (TPC), total flavonoid content (TFC), antioxidant activities (measured through ABTS, DPPH,
CUPRAC, FRAP, metal chelating, and phosphomolybdenum assays), and enzyme inhibitory activities
(including AChE, BChE, tyrosinase, a-amylase, and a-glucosidase inhibitory activities).

Cytotoxic activity was measured by MTT assay. The MTT results, according to ICso values, the highest
cytotoxic activity was found in fruits (0.467 mg/ml) in the A549 cell line, in fruit (0.937 mg/ml) in the HelLa
cell line, and stem extracts (0.896 mg/ml) in the MCF-7 cell line (Table 4). The severity of cytotoxic activity
for the A549 cell line was observed as fruit (0.467 mg/ml) > leaf (1.329 mg/ml) > stem (2.967 mg/ml), for the
HelLa cell line, fruit (0.937 mg/ml) > stem (1.424 mg/ml) > leaf (1.674 mg/ml), for the MCF-7 cell line, stem
(0.896 mg/ml) > leaf (1.243 mg/ml) > fruit (3.075 mg/ml). These results indicate selective cytotoxicity,
showing that extracts obtained from different parts of D. pontica are effective to varying degrees on various
cancer cell lines. The anticancer activities of daphnane-type diterpenes have been previously determined
[36]. Studies on Daphne species have also revealed various biological effects in different cell lines. The
methanol extract of D. gnidioides Jaub. & Spach stems exhibited remarkable cytotoxicity only in HeLa cells
(ICso = 86.16 pg/ml) and did not show notable activity against MDA-MB-231 cells [17]. Similarly, the aerial
parts of D. pontica extracts did not exhibit significant cytotoxicity on breast cancer cell lines (MDA-MB-231,
MCEF-7, and T47D); however, the ethyl acetate fraction showed an observable cytotoxic effect (ICso = 977.46
pg/ml) [18]. The dilignan lignopontin A, isolated from the stem of D. pontica, was observed to induce
apoptosis in Du 145 cells and both apoptosis and necrotic cell death in LNCaP cells, in addition to increasing
caspase-3 activity in prostate cancer cells [19]. The methanol extract of D. pontica roots also demonstrated
promising anticancer activity on HeLa cells, with an ICso value of 203.9 pg/ml [20]. In 2024, D. pontica was
reported to exhibit the highest chymotrypsin inhibitory activity (87.75%) and trypsin inhibitory activity
(99.93%), which are essential for various physiological processes like inflammation, immune system
function, and the removal of proteins surrounding cancer cells [21]. Additionally, the ethanolic extract of the
flowering aerial parts of D. sericea significantly reduced the proliferation of MDA-MB-231 cells by 85-90%,
with sinensetin identified as the most effective component [22].
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Figure 1. Correlation matrix. 0-0.20: Very weak relationship; 0.20-0.39: Weak relationship; 0.40-0.59:
Medium relationship; 0.60-0.79: High relationship; 0.80-1.0: Very high relationship. TPC: Total phenolic
content; TFC: Total flavonoid content; MCA: Metal chelating; PBD: Phosphomolybdenum.

Table 4. Cytotoxicity analyzes results of Daphne pontica L. extracts (ICso , mg/ml)

Samples A549 Hela MCE-7

Leaf 1.329 1.674 1.243
Stem 2967 1424 0.8%

Fruit 0.467 0.937 3.075

In a study where the cytotoxic activities of enriched fractions obtained from CHCI3 and methanol
extracts of the aerial parts of D. glomerata Lam. and D. pontica species, along with the isolatedcompounds,
were investigated, it was concluded that the activities of the fractions might be attributed to the minor
compounds [23]. These findings suggest that Daphne species could be considered potential therapeutic
agents in cancer research.

Research on various Daphne species has demonstrated that these plants exhibit different antioxidant
properties due to their phenolic and flavonoid compound content. In a study analyzing methanol and
chloroform extracts obtained from leaves and stems of D. blagayana Freyer, activities such as metal chelation,
hydroxyl radical scavenging, and lipid peroxidation inhibition were evaluated, revealing a strong
antioxidant potential in these extracts Among these extracts, the stem chloroform extract stood out with the
highest phenolic (90.26 £ 0.69 mg GA/g) and flavonoid (35.24 + 0.55 mg RU/g) content [24]. Similarly, due to
their high phenolic content, D. cneorum L. leaf and stem methanolic extracts were identified as a natural
source of antioxidants [25]. The antioxidant activities of D. gnidioides and D. pontica were assessed using
phosphomolybdenum, DPPH, p-carotene/linoleic acid, ferric, and cupric ion reduction assays, and it was
found that D. pontica leaves exhibited higher free radical scavenging activity with lower ICsy values, which
was attributed to their high phenolic content [26]. Similarly, biflavonoids isolated from the roots of D.
giraldii (dafnogirin A and B) demonstrated significant antioxidant activities in oxygen radical absorbance
capacity assay (ORAC) [27]. The chloroform extract from D. laureola L. leaves displayed the highest DPPH

https://doi.org/10.12991/jrespharm.1734640
J Res Pharm 2025; 29(4): 1675-1681

1678


https://doi.org/10.12991/jrespharm.1734640

Avci et al. Journal of Research in Pharmacy
Potential of D. pontica as a natural multifunctional bioactive agent Research Article

radical scavenging capacity, associated with its elevated phenolic and flavonoid content (ICso 2,47 + 0,001
mg/ml) [28]. Likewise, a strong correlation was observed between the methanolic extract of D. mucronate
Royle leaves and its DPPH and ABTS radical scavenging capacity, aligning with its total phenolic and
flavonoid content. This extract exhibited protective effects against liver and kidney toxicity induced by
paracetamol, reducing elevated levels of liver enzymes (AST, ALT, ALP) and renal biomarkers (serum
creatinine, uric acid, and urea) [29]. Additionally, several compounds (syringin, pinoresinol 4-O-f-D-
glucopyranoside, daphnodorin B, lariciresinol 4,4'-bis-O-f-D-glucopyranoside, lariciresinol, and genkwanol
A) isolated from D. mucronata were reported to possess potent antioxidant activities [30]. In a study
investigating the in vitro anti-inflammatory, antioxidant, and antimicrobial activities of five different solvent
fractions (n-hexane, dichloromethane, ethyl acetate, n-butanol, and water) from the methanol extract of D.
oleoides Schreb. subsp. oleoides aerial parts, the dichloromethane and n-hexane extracts were found to inhibit
NO (nitric oxide) production in LPS (Lipopolysaccharide)-stimulated Raw 264.7 cells to the greatest extent,
with inhibition rates of 61.67% at 50 pg/ml and 67.91% at 100 pug/ml. The ethyl acetate fraction showed the
highest antioxidant activity in both DPPH (ICsp: 0.35 £ 0.12 mg/ml) and FRAP (4.54 £+ 0.01 mM FeSO4/mg
extract) tests. Additionally, the dichloromethane fraction was notable for its high flavonoid content (0.837 +
0.035 mg QUE/mg extract) and phenolic content (1.063 + 0.011 mg GAE/mg extract). The study concluded
that the n-hexane and dichloromethane fractions exhibited the most potent antimicrobial activities [31].
Mansoor et al. (2013) evaluated the antioxidant capacity of D. retusa Hemsl.'s methanolic extract through
various tests, finding that its aqueous extract exhibited DPPH radical scavenging activity (90.89 £ 0.51
pg/ml) comparable to propyl gallate (93.01 £0.27 pg/ml) [12]. Furthermore, the ethanolic extract from the
flowering aerial parts of D. sericea Vahl. showed significantly higher activity (at least 40-fold) against the
ABTS radical than the DPPH radical, with the antioxidant effect attributed to its polyphenolic components
[22]. In addition to these effects, it has been reported that the 80% ethanol extract of D. pontica demonstrates
more than 85% inhibitory activity against both chymotrypsin and trypsin enzymes, and HPLC analysis
revealed a parallelism between the chymotrypsin and trypsin inhibition and the amount of umbelliferone
[32]. These findings indicate that the richness in phenolic and flavonoid compounds contributes significantly
to the Daphne species' antioxidant and protective potentials, suggesting that these plants could be valuable
natural antioxidants. Our study corroborates previous findings and demonstrates significant results in the a-
glucosidase and a-amylase inhibitory activity assays, revealing a high correlation with the plant's phenolic
and flavonoid content. Moreover, a very high correlation was observed between the phenolic and flavonoid
content and the antioxidant properties of the plant (Figure 1).

3. CONCLUSION

The genus Daphne L. from the Thymelaeaceae family has long been recognized in traditional medicine
for its therapeutic properties and medicinal uses. Numerous studies have confirmed that the bioactive
compounds are responsible for the biological and pharmacological effects of Daphne species. However,
studies on D. pontica remain limited, and the biological potential of this species requires more
comprehensive and further principle investigation. Our study provides significant insights into the
remarkable pharmacological effects of this species. In our study, antioxidant and enzyme inhibition assays
yielded high results, which were strongly correlated with the plant's phenolic and flavonoid content.
Furthermore, the a-glucosidase and a-amylase inhibitory activity assays showed a strong correlation with the
phenolic and flavonoid content of the plant, indicating a noteworthy antidiabetic potential. These findings
suggest that D. pontica could be a promising herbal resource for managing metabolic disorders such as
diabetes. Cytotoxic effects were evaluated using the MTT assay, and it was determined that different parts of
the plant exhibited selective cytotoxicity against various cancer cell lines. This highlights the potential of D.
pontica as a candidate for further investigation in anticancer research. The specific diterpenes, which are
thought to play a significant role in the biological activities of this species, have been known recently. These
special daphnane type diterpenes play a major role in this effect. Further phytochemical studies are essential
to elucidate the chemical structures of these diterpenes and their mechanisms of action. Additionally, future
research should focus on identifying which subgroups of phenolic and flavonoid compounds are more
influential in a-glucosidase and a-amylase inhibitory activities as well as cytotoxic effects. The molecular
elucidation of the mechanisms underlying the bioactivity of isolated compounds could provide valuable
insights and contribute significantly to the development of pharmaceutical agents derived from this plant.
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4. MATERIALS AND METHODS

The materials and methods section is available in the supplementary material.
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