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ARTICLE INFO ABSTRACT
Editor: DR B Gyampoh Daphne gnidium is an endemic plant of Mediterranean basin, widely used for hair care and
dermatological diseases in this area. This investigation aims to evaluate the phytochemical
Keywords: composition of D. gnidum leaves extracted by ultrasounds assisted extraction using aqueous and
Daphne E"idilfm organic solvents (methanol, ethanol, chloroform and ethyl acetate) and to determine their anti-
;i:i;gz‘;‘t’hc oxidant and antimicrobial activities. The ethanolic extract showed a higher concentration of total
Antibacterial phenolic content (93.24 + 0.07 mg GAE/g of dry extract), while the chloroform extract had a
Antifungal higher flavonoid content (60.94 + 0.18 mg QE/g of dry extract) and condensed tannins (91.52 +

Pearson correlation 2.23 mg CE/g of dry extract). Antioxidant potential was assessed by three methods (DPPH, ABTS
and FRAP). Aqueous extract showed stronger antioxidant potential in DPPH test (ICso = 37.99 +
1.51 pg/mL). Methanolic extract was the most potent in ABTS assay (ICsyp = 190 + 4.86 pg/mL),
while aqueous extract performed best in FRAP method (9.1 + 0.08 mg AAE/g). The Pearson
correlation test revealed a strong positive correlation between total flavonoid content, condensed
tannins and antioxidant activity (DPPH, ABTS and FRAP assay), while a negative correlation was
demonstrated between the DPPH, ABTS methods and total phenolic content. The antimicrobial
activity was examined against four strains (Staphylococcus aureus, Bacillus subtilis, Proteus mirabilis
and Candida albicans). At a concentration of 50 mg/mL, all tested extracts (aqueous, methanolic,
ethanolic, chloroform and ethyl acetate) exhibited inhibitory effect against the four strains with
inhibition diameters ranging from 8.67 + 0.47 to 19.33 + 0.94 mm, the latter achieved by the
ethanolic extract against Proteus mirabilis. In conclusion, D. gnidium contains compounds with
potential antioxidants and antimicrobial activities against certain harmful bacteria.
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Introduction

The genus Daphne comprises exceeding 70 species [1], among which D. gnidium, a Mediterranean species, widespread in the
countries of this area such as, the North Africa, Southern Europe, and the Middle East [2]. It is commonly used in the traditional
medicine of these regions as well as in pharmaceutical field for treating, diabetes [3], dermatological diseases [4], and bone fracture
[5]. Applications in cosmetics, such as, hair care [6-8]. Also used for fishing [5,9], and as insecticide [10].

Various studies on the D. gnidium plant have confirmed that it contains diverse classes of compounds, including flavonoids, cou-
marins, terpenoids, tocopherol and phenolic compounds which have been extracted from diverse parts, using aqueous, organic, and
essential oil extracts [11-16]. These compounds appear to be accountable for several biological activities such as anti-inflammatory,
antioxidant, antibacterial, anti-corrosion antifungal, antiviral, insecticide and phytotoxic [11,17-24].

In Morocco, a few pharmacological studies were conducted involving the D. gnidium species in comparison between different
countries of the Mediterranean Sea [25]. The current research aims to characterize the phytochemical composition of D. gnidium leaves
extracted using ultrasound-assisted extraction and to examine their in vitro antioxidant and antimicrobial activities using both
aqueous and organic extracts.

Materials and methods
Plant material

D. gnidium was harvested from the National Park of Tazekka locality in the North-eastern Morocco, during the flowering season
(between May and October 2023). Taxonomic identification was carried out at Plant, Animal, Production and Agro-Industry Labo-
ratory, Department of Biology, Faculty of Sciences at Ibn Tofail University Kenitra, Morocco. The voucher specimen has been deposited
in the Herbarium with the assigned code 205. The collected samples were dried in the dark and preserved for future analysis.

Preparation of extracts

Leaf powder (1:10, w/v) was extracted by ultrasound-assisted extraction for 60 min at 40 °C using aqueous and organic solvents:
methanol, ethanol, chloroform, and ethyl acetate. The plant residues were removed by filtration and then all organic extracts were
concentrated by evaporator (Buchi Rotavapor R-210). Aqueous extract was centrifuged at 6120 rpm for 30 min, filtered and lyoph-
ilized. All the samples were stored at 4 °C.

Determination of phenolic contents

Total phenolic content (TPC) of D. gnidium leaves extract was measured according to the Folin-Ciocalteu protocol [26]. 100 pL of
extract (prepared in methanol), 500 pL of the Folin-Ciocalteu (10 %) reagent and 400 mL (7.5 %, w/v) of sodium carbonate (NazCO3)
were combined. The solution obtained was stored in the dark, at room temperature (20-25 °C) for 60 min and then, the absorbance was
determined at 765 nm by a UV-visible spectrophotometer (Specuvisi UV/VIS, No RE1701008). The concentration of TPC was esti-
mated by the calibration curve found by gallic acid with different concentration, and the results were described in mg of gallic acid
equivalent per g of extract (mg GAE/g).

Determination of total flavonoids (TF)

Total flavonoids (TF) in different extract was measured using Aluminum Trichloride (AICl3) colorimetric method [27]. 1 mL of
extract, 0.3 mL of sodium solution nitrite (NaNO-) solution (5 %, w/v), and 4 mL of distilled water were introduced in the test tube. 0.3
mL of AlCl3 (10 %, w/v) was added after 5 min, and then 2 mL of sodium hydroxide NaOH (1 M) was added after 6 min. The result
solution was mixed and stored for 30 min in the dark. The absorbance was carried out at 510 nm. Quantification of flavonoid content
was performed using quercetin standard curve with result given in mg quercetin equivalent per gram of extract (mg QE/g).

Determination of total tannins condensed (TTC)

The tannins condensed were evaluated using vanillin method [28]. 50 pL of each sample and 1.5 mL of vanillin prepared in
methanol (4 %, w/v) were mixed. A volume of 750 pL of HCl (hydrochloric acid) was introduced to the solution and kept reacting 20
min at room temperature (20-25 °C). Absorbance reading was taken at 500 nm, and the result given in mg catechin equivalent per g
extract.

Determination of antioxidants activity

DPPH assay

The ability of D. gniudm leaves extracts on the DPPH test was evaluated as described by Sharma and Bhat [29]. 3 mL of different
concentration (6.25-100 pug/mL prepared in methanol) of extracts were mixed with 1 mL of the DPPH solution (0.2 mM). The sample
was incubated in the dark at 30 °C for 30 min. Absorbance reading was carried out at 517 nm by a spectrophotometer (SPECUVIS1,
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UV/VIS, No RE1701008) verified with controls. Ascorbic acid was employed as standard antioxidant. The percentage of inhibition was
determined following this equation

% Scavenging = [(AbScontrol — AbSsample ) /AbScontrol] % 100

ABTS assay

Radical scavenging activity against ABTS+ of D. gnidium leaves extracts was performed according to the protocol of Benali and
colleagues [30]. A 7 mM ABTS+ solution containing potassium persulfate (2.45 mM) was prepared and stored in the dark at room
temperature (20-25 °C) for 16 h. The ABTS+ solution obtained was diluted by methanol to get a range of absorbance (0.75 to 0.8, at
734 nm). Then, 75 pL of extract (prepared in methanol) at varying concentrations (15.62 to 500 ug/mL) were combined with 925 pL of
ABTS solution. The solution was incubated in the dark for 10 min at room temperature (20-25 °C), and the absorbance was taken at
734 nm using a spectrophotometer (SPECUVIS1, UV/VIS, No RE1701008).

The percentage inhibition was calculated following this equation:

% Scavenging = [( AbScontrol — AbSsample ) /AbScontrol] X 100

The result was expressed in terms of ICsg which means the concentration required for 50 % radical inhibition.

FRAP assay

Reducing power was performed according to Benali and coworkers [31]. The solution was prepared by 1 mL of extract, 2.5 mL of
(0.2 M, pH 6.6) phosphate buffer and 2.5 mL of potassium ferricyanide, and then incubation for 20 min at 50 °C (in water bath). 2.5 mL
of (10 %) trichloroacetic acid was joined to the solution and centrifuged at 3000 rpm for 10 min after which 2.5 mL of the supernatant
was combined with distilled water (2.5 mL) and 0.5 mL of 0.1 % ferric chloride. Absorbance was recorded at 700 nm. Ascorbic acid at
concentrations (50 to 450 ug/mL) was used as a standard curve and the results were presented as milligram equivalence per gram of
extracts (mg AAE/g of extract).

Antimicrobial activity

Microorganismes strains and growth conditions

The antibacterial activity of D. gnidium leaves extracts was performed against the following bacteria Staphylococcus aureus CECT
976, Bacillus subtilis DSM 6633, and Proteus mirabilis. Antifungal activity was performed against Candida albicans ATCC 10,231.
Bacterial strains were cultured in Mueller-Hinton Agar or Broth (MHA or MHB) at 37 °C for 24 h, while fungi culture was maintained in
YPGA (Yeast Extract-Peptone-Glucose-Agar) medium or YPG (Yeast Extract-Peptone-Glucose) broth and incubated at 30 °C for 48 h.
Inoculum concentrations were standardized at 10° CFU/mL and 10° spores/mL for bacteria and fungi respectively [32].

Agar disc diffusion method

The antimicrobial activity of D. gnidium leaves extracts was performed by agar disk diffusion method according to Benali [32] and
Rota [33]. Sterile disc (6 mm diameter) filled by 20 uL of each extract (50 mg/mL) dissolved by dimethylsulfoxide (DMSO) (10 %) were
implemented to the agar medium and seeded by inoculum concentration test. Following incubation, diameter zones of inhibitory were
recorded. Colistin CT (50 pg) and Amikacin AK (30 ug) were positive control, while 10 % of DMSO was negative control.

Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC)

The MIC was assessed using a sterile 96-well microplate assay [34]. In each plate, 100 pL of MHB was dispensed into each test wells,
excluding the first column of microplates which received 200 pL of 50 mg/mL extract in 10 % DMSO. From the first to the ninth well,
serial concentrations (0.195 to 50 mg/mL) were prepared by transferring 100 pL into subsequent wells with 10th well serving as a
sterility control. From each well, 10 pL of the suspension was taken and substituted by the inoculum test concentration. The 11th well
served as the positive control with MHB only, while the last well was the negative control contain (10 % DMSO, v/v) only. Then, all the
plates were incubated at the same conditions as described above. 25 pL of MTT solution (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl
tetrazolium bromide) served as an indicator of microbial growth to each well and re-incubated for 30 min at 37 °C and 28 °C for
bacterial and fungal strains respectively. The solution in the wells with absence of color change following MTT addition revealed no
microorganism’s growth. Minimum bactericidal/fungicidal concentration was carried out by transplanting 10 pL of broth derived from
uncolored wells in MHA (bacteria) and LPGA (fungi), poured into petri dishes and incubated for 24 h at 37 °C and 72 h at 28 °C for
bacteria and fungi respectively. The MBC was noted as having the lowest concentration that illustrated no bacterial growth after
incubation.

Statistical analysis

All the tests in this study were done at least 3 times. Statistical analysis was carried out by IBM SPSS Statistics 23. Results are
expressed as mean + SD. Comparison between groups was carried out by one-way ANOVA test, followed by Tukey post hoc. Statistical
significance was set at p < 0.05. The Pearson correlation test was performed to determine the relationship between phenolic, flavonoids
contents, condensed tannins and antioxidant power.
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Results and discussion
Phytochemical composition

Total phenolic, flavonoids contents and condensed tannins of D. gnidium leaves extracts were quantified, and the outcomes are
summarized in Table 1. Ethanolic extract had the highest amount of phenolics compounds (93.24 + 0.07 mg GAE/g of extract), while
aqueous extract had lowest quantities (25.37 + 0.14 mg GAE/g of extract). This result slightly exceeds those obtained by Bouyahya
and teams using the ethanolic leaves extract (82.46 + 1.12 mg GAE/g of extract) [35], and those noted by Chaves and collaborators
using the methanolic leaves extract (0.014 mg GAE/mg extract) [17], and the result mentioned by Chelef and collaborators who
obtained 23.02 + 2.02 mg GAE/g extract by the methanolic extract [36].

Chloroform extract had the highest concentration of flavonoids and condensed tannins (60.94 + 0.18 mg QE/g of extract and 91.52
+ 2.23 mg CE/g of extract) respectively. While the lowest quantities of flavonoids (7.44 + 0.02 mg QE/g of extract) and condensed
tannins (4.42 £+ 0.00 mg CE/g of extract) were observed in the aqueous extract. Our results exceed other studies in literature. Chelef
reported the quantities of flavonoids in order of 8.64 + 0.87 and 5.94 + 0.19 mg QE/g of extract on methanolic and aqueous extract
respectively [36]. Similarly, Bouyahya found a concentration of 17.68 + 1.23 mg QE/g of extract in the ethanolic leaves extract [35].
Regarding the condensed tannins, our findings are in agreement with the result of Chelef, who found the values of 6.37 + 0.26 and 4.14
+ 0.17 mg EC/g of extract in methanolic and aqueous extracts, respectively [36]. In contrast, Chaabane and coworkers found no trace
of condensed tannins in the chloroform extract of D. gnidium leaves [15]. This differentiation could be due to the difference in the
extraction methods used in each study. The ultrasound-assisted extraction could facilitate the release of intracellular compounds, such
as phenolic compounds and flavonoids, promoting their dissolution by the solvent [37,38]. Our result confirms that the ultrasound
assisted extraction could be the effective method to extracting the phenolic compounds in D. gnidium plant.

Antioxidant activity

Different methods exist for antioxidant measurements, at least two methods were recommended. In our study three methods were
used (DPPH, ABTS and FRAP), and acid ascorbic was used as control. The results obtained are mentioned on Table 2.

On DPPH test, aqueous extract has a high anti-free radical scavenging activity (ICso = 37.99 + 1.51 ug/mL). No difference sta-
tistically significant obtained by methanolic and ethanolic extracts with ICsg = 49.82 + 0.92 and 51.55 + 1.38 ug/mL respectively.
Ethly acetate and chloroform extracts exhibited a lowest scavenging activity with IC5y = 68.64 + 3.09 and 89.03 + 0.71 pg/mL
respectively. Our findings were on accord with the study of Chaabane and its teams who obtained an IC5y = 45 pug/mL by the
methanolic extract of D. gnidium leaves [39], and the study by Chaves who showed an activity of 0.011 + 0.0009 QE mg/mg dry weight
performed by the methanolic extract of D. gnidium leaves [17]. In addition, our findings were less potent in comparison with other
studies involving the Daphne genus. The air dried of Serbian Daphne cneorum showed an important antioxidant potential against the
DPPH radicals (ICs5p = 22.79 + 0.94 pg/mL) [40], thus the chloroform and methanol extract of Daphne alpina leaves mentioned an ICsg
values of 25.45 + 0.89 and 23.15 + 1.05 pg/mL respectively [41].

On the ABTS assay, methanolic extract showed a potent radical scavenging activity (ICso = 190.77 + 4.86 pg/mL), pursued by
ethanolic extract (ICso = 230.48 + 25.93 pg/mL), ethyl acetate extract (ICso = 230.32 + 26.28 ug/mL) and aqueous extract (ICsg
=291.31 + 18.95 pg/mL), with no difference statistically significant. Chloroform extract shows the lowest activity with ICsg = 515.81
=+ 54.16 pg/mL. According to Tukey test, all extracts tested are significantly less effective on both DPPH and ABTS methods than the
standard antioxidant used (Ascorbic Acid). This result corroborate existing literature, Chaves reported an activity of methanolic extract
of 0.003 + 0.0006 QE mg/mg of extract [17]. Our findings were most potent in comparison with the results performed by Daphne
oleoides from Turkey with an ICsp = 1.39 £ 0.21 and 0.43 + 0.06 mg/mL obtained by methanolic extract and ethyl acetate sub-extract
respectively [42], likewise, Daphne jejudoensis leaves shows lower anti-ABTS radical with IC5o = 1.21 + 0.12 mg/mL [43].

On the FRAP test, the aqueous extract presents a capacity to reduce Fe3t (ferric ions) to Fe2+(ferrous ions) in order of 9.1 + 0.08 mg
AAE/g of extract, followed by ethyl acetate extract (8.4 + 0.06 mg AEE/g), methanolic extract (7.3 + 0.05 mg AAE/g), ethanolic
extract (6.3 £ 0.03 mg AEE/g) and chloroform extract shows the lowest reducing power (5.8 + 0.06 mg AEE/g). Also, the study of
Chaves reported that the methanolic extract exhibited anti-FRAP activity with value of 0.014 + 0.0002 FeSO4E mg/mg of extract,
which seems to be a stronger result compared to our result (7.3 + 0.05 mg AAE/g extract) [17]. The differences in findings among the
methods and extracts are due to variations in their antioxidant mechanisms and bioactive compounds. Each method targets a specific

Table 1
Phenolic, flavonoids content and condensed tannins of D. gnidium leaves extracts.
Extract TPC (mg GAE/g extract) TF (mg QE/g extract) CTC (mg CE/g extract)
AQ 25.37 £ 0.14 7.44 £+ 0.02 4.42 + 0.00
ME 67.93 + 0.07 43.07 + 0.41 9.02 £ 0.18
ET 93.24 + 0.07 51.31 + 0.04 22.71+ 0.27
EA 39.54 + 3.39 36.76 + 0.18 47.44 £ 0.93
CH 35.79 + 0.59 60.94 + 0.18 91.52 + 2.23

TPC: Total Phenolic Content; TF: Total Flavonoids; CTC: Condensed Tannins Content; AQ: Aqueous; ME: Methanol; ET: Ethanol; EA: Ethyl Acetate;
CH: Chloroform; QE: Quercetin Equivalent; CE: Catechin Equivalent; GAE: Gallic Acid Equivalent.
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Table 2
Antioxidant potential of D. gnidium leaves aqueous and organic extracts.
Extract DPPH ICs (ug/mL) ABTS ICsg (ug/mL) FRAP (mg/ AAE/g)
AQ 37.99 + 1.517 291.31 + 18.95% 9.1 +0.08%
ME 49.82 + 0.92° 190 + 4.86° 7.3 + 0.05°
ET 51.55 + 1.38° 230.48 + 25.93% 6.3 + 0.03¢
EA 68.64 + 3.09° 230.32 + 26.28% 8.4 + 0.06¢
CH 89.03 + 0.71¢ 515.81 + 54.16° 5.8 & 0.06°
AA 3.12 + 0.67° 33.06 + 0.12¢ -

Values are expressed as means + standard deviation (SD) from three separate measurements. Means sharing the same letter in a column do not
differ significantly. mg AAE/g: mg of Ascorbic Acid equivalent per g. ICsq: concentration needed to decrease DPPH and ABTS radical by 50 %.
AA: Ascorbic Acid.

type of free radical, either through electron transfer, as in the FRAP test or, through electron or hydrogen atom transfer, as in the DPPH
and ABTS tests. The bioactive compounds in the extracts vary depending on the extraction technique and the polarity of the solvent
used. These compounds can neutralize free radicals either individually or through interactions with other compounds. In the study by
Allal and his team, carvacrol was reported as the most abundant compounds in the hydrosol extract of D. gnidium leaves, with a
percentage of 10.9 % [14]. Various investigations have confirmed the antioxidant potential of this compound [44-46].

Correlation matrix

The relationship between phytochemical composition, Total Phenols content (TPC), Total Flavonoids (TF), and Total of Condensed
Tannins (TTC) from D. gnidium leaves extracts and antioxidant power quantified by three tests (DPPH, ABTS and FRAP) was evaluated
by Pearson correlation test. The results obtained are presented in Table 3.

No significant correlation between TPC and TF = 0.478), and between TPC and TTC (r® = - 0.300). Based on this statistical
analysis, the flavonoids and the condensed tannins were not the dominant compounds in total phenolics, extracted from D. gnidium
plant. A significant positive correlation detected between TF and TTC (r? = 0.66, p < 0.01). This result would suggest that the fla-
vonoids content in D. gnidium leaves mainly consisted of tannins.

Data of antioxidant activity performed by ABTS method were correlated significantly (p < 0.01) with DPPH and FRAP method with
(r? = 0.875 and 0.789 respectively). A positive correlation was obtained between the FRAP test and DPPH (r? = 0.629) (p < 0.05). This
strong correlation implied that the bioactive compounds are ensuring the scavenging activity against DPPH and ABTS radicals, were
also contributed to the reduction of iron as measured by FRAP assay.

TPC showed a negative correlation with DPPH test (r? = - 0.242) and ABTS (r? = - 0.007) indicating that phenolics compounds of
D. gnidium do not contribute to the DPPH and ABTS activity. These results were in line with different studies revealed that no rela-
tionship between the phenolic compounds and antioxidant power [47,48]. While a positive correlation obtained by TPC with FRAP (?
= 0.366), suggesting that TPC contribute slightly in FRAP assay. However, a significant positive correlation was shown between
flavonoids content with DPPH (r? = 0.714, p < 0.01), ABTS = 0.844, p < 0.01) and FRAP (r2 = 0.885, p < 0.01). Also, the same
correlation was obtained between condensed tannins and DPPH (r® = 0.981, p < 0.01), ABTS = 0.833, p < 0.01) and FRAP =
0.647, p < 0.01). This correlation indicates that flavonoid and tannins of D. gnidium majorly contribute to the antioxidant activity
quantified by DPPH, ABTS and FRAP assays. Besides, the total flavonoids from Daphne genkwa demonstrated a high antioxidant activity
against DPPH radicals [49].

Principal component analysis (PCA)

Principal component analysis was performed on the variables of antioxidant activities carried out by DPPH, ABTS and FRAP assays,
and the total of phenolic and flavonoids content and condensed tannins of organic and aqueous extracts of D. gnidium leaves. Principal
axis (PC1) illustrated 69.60 % of the variance, while the principal axis PC2 illustrated 25.52 % of the variance, both axes explaining

Table 3
Correlation matrix between phenolic content, flavonoids content, condensed tannins, and activity antioxidant by three tests (DPPH, ABTS and FRAP
assays).

Variables TPC TF TTC DPPH ABTS FRAP
TPC 1

TF 0.478 1

TTC - 0.300 0.661** 1

DPPH —0.242 0.714** 0.981** 1

ABTS - 0.007 0.844** 0.833** 0.875** 1

FRAP 0.366 0.885** 0.647** 0.629* 0.789** 1

TPC: Total Phenolic Content; TF: Total Flavonoids; TTC: Total Condensed Tannins. DPPH: Diphenyl-2-picrylhydrazyl; ABTS: Azino bis(3-
ethylbenzothiazoline-6-sulfonate); FRAP: Ferric ions (Fe3+) Reducing Antioxidant Power; *significant correlation with p < 0.05; *significant cor-
relation with p < 0.01.
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95.12 % of the whole variance of data, with dominate of PC1.
The factor point graph presented in Fig. 1 show that the organic and aqueous extracts of D. gnidium leaves (individuals) are par-
titioned into three groups established on the antioxidant power and the total phenolic and flavonoids content and condensed tannins.
Groupl: formed by two extracts ethanolic and methanolic, FRAP assay and total phenolic and flavonoids content.
Group 2: second group contains the chloroform extract, ABTS method and condensed tannins.
Group 3: third group is constituted by two extracts (aqueous and ethyl acetate).

Antimicrobial activity

The antimicrobial activity of D. gnidium leaves (aqueous and organic extracts) was qualitatively and quantitatively assessed in vitro
against two strains of Gram (+) bacteria (B. subtilis and S. aureus), one strain of Gram (-) bacteria (P. mirabilis), and one fungi
C. albicans. The results are summarized in Table 4.

The antimicrobial activity of D. gnidium was classified into three categories [50]: weak inhibition activity (¢ < 12 mm), moderate
activity (12 mm < ¢ < 20 mm), and strong activity (¢ > 20 mm).

The qualitative assay indicates that all extracts from D. gnidium exhibited an antimicrobial activity against the strains tested. The AK
at 30 ug showed strong antimicrobial activity against all strains tested and all extracts tested are significantly less effective than him.
Ethanolic and methanolic extracts exhibited moderate activity against P. mirabilis at 50 mg/mL, with inhibited diameter zone equal to
19.33 + 0.94 and 15.67 + 0.82 mm respectively, both extracts had no difference significantly in comparison with the positive control
CT (18 £+ 0.81 mm at 30 ng).

Moderate activity showed by aqueous and methanolic extracts of D. gnidum leaves with a diameter inhibition equal to 13 + 0.82
mm against both Gram (+) bacteria (B. subtilis and S. aureus). These findings are in line with the study conducted by Bouyahya who
reported that the ethanolic extract of D. gnidium leaves had an inhibition zone of 15 mm against S. aureus CECT 976 at a dose of 25 mg/
mL [35]. Also, the investigation by Allal showed similar inhibition zone of 14 + 0.01 mm against B. subtilis, obtained by the hydrosol
extract of D. gnidium leaves and stems, while the essential oil was most potent against B. subtilis with an inhibition diameter of 28 +
0.00 mm [14].

The chloroform extract presents high activity against C. albicans in comparison between the extracts tested, with a diameter in-
hibition of 15.33 + 0.47 mm, followed by ethanolic extract (14.33 + 0.47 mm), and the lowest inhibition zone diameter was obtained
by aqueous extract (8.67 + 0.47 mm). Our results exceed those obtained by Hajji who tested the aqueous and methanolic extracts of
D. gnidium leaves against C. albicans AL62 and AL73 at a dose of 64.7 mg/mL, no antifungal activity was mentioned by Hajji [51].

Quantitative analysis was presented by the MIC and MBC values as summarized in the Table 5. The outcomes indicated that the
methanolic extract of D. gnidium leaves presented the lowest MIC value, 6.25 mg/mL against the B. subtilis and 12.5 mg/mL against
P. mirabilis, S. aureus and C. albicans. The aqueous extract showed a MICs value of 12.5 mg/mL against B. subtilis and P. mirabilis, and 25
mg/mL against S. aureus and C. albicans. MICs values of the ethyl acetate and chloroform extracts were in order of 25 mg/mL against
B. subtilis, P. mirabilis and S. aureus, and 50 mg/mL against C. albicans. Finally, the ethanolic extract manifested a MICs value of 12.5

Biplot (axes F1 et F2 : 95,12 %)

F2 (25,52 %)

3 1
-4 -3 -2 -1 0 1 2 3 4

F1 (69,60 %)

Fig. 1. Plot of variables and individuals projected on the factorial plan (F1 x F2). Aq: Aqueous; EA: Ethyl Acetate; Ch: Chloroform; Et: Ethanol; Me:
Methanol; TPC: Total Phenolic Content; TF: Total Flavonoids; TTC: Total Tannins Condensed.
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Table 4

Diameter of inhibition (mm) in the antimicrobial action of the extracts from D. gnidium leaves.
Extracts Inhibition zone diameter (mm)*

B. subtilis DSM 6633 P. mirabilis S. aureus CECT 976 C. albicans ATCC 10,231

Aqueous 13 +0.827 13 + 0.82° 11 + 0.827 8.67 + 0.47°
Ethyl acetate 8.67 + 0.94° 10.33 + 0.47° 11 + 0.82° 10.67 + 0.47°
Methanolic 11.33 + 0.94¢ 15.67 + 0.82° 13 + 0.82¢ 11.67 + 0.47¢
Chloroform 10.67 + 0.94¢ 10.33 + 0.47¢ 9.67 + 0.47¢ 15.33 + 0.47¢
Ethanolic 12.67 + 0.94° 19.33 + 0.94° 12.33 + 0.47° 14.33 + 0.47¢
CT (50 pg) 21.66 + 1.241 18 + 0.81°¢ 13.33 + 1.24 16 + 0.81f
AK (30 pug) 30.33+1.24¢g 27.33 + 2.05¢ 31.66 + 2.05 g 28.66 + 0.94 g

*The diameter of inhibitory zones (mm), which includes the disc’s diameter (6 mm), is provided as the mean + standard deviation of triple tests.
Values within a column sharing the same letter are not significantly different at p < 0.05.

Table 5
MIC and MBC values in (mg/mL) of aqueous and organic extract of D. gnidium leaves.
Extracts Inhibition parameters Bactria strains
B. Subtilis DSM 6633 P. Mirabilis S. aureus CECT 976 C. albicans ATCC 1023
Aqueous MIC 12.5 12.5 25 25
MBC 50 50 50 50
MBC/MIC 4 4 2 2
Ethyl acetate MIC 25 25 25 12.5
MBC >50 >50 >50 >50
MBC/MIC - - - -
Methanolic MIC 6.25 12.5 12.5 12.5
MBC 50 50 50 50
MBC/MIC 8 4 4 4
Chloroform MIC 25 25 25 12.5
MBC >50 >50 >50 >50
MBC/MIC - - - -
Ethanolic MIC 25 25 12.5 12.5
MBC 50 50 >50 >50
MBC/MIC 2 2 - -

MBC: Minimum Bactericidal Concentration (mg/mL); MIC: Minimum Inhibitory Concentration (mg/mL).
-: when the MBC was >50 mg/mL, the ratio MBC/MIC was not calculated.

mg/mL against S. aureus and C. albicans and 25 mg/mL against B. subtilis and P. mirabilis.

Our results were in line with those obtained by the methanolic extract (MIC = 12.5 mg/mL) and chloroform extract (MIC = 50 mg/
mL) of Daphne laureola leaves harvested from Serbia, tested against S. aureus ATCC 6538 [52]. On the other hand, our findings did not
align with existing literature. The study by Dessi and teams tested methanolic D. gnidium leaf extracts from Sardinia against C. albicans
CDC and S. aureus ATCC25923, finding MIC values greater than 500 pg/mL for C. albicans CDC and 500 pg/mlL for S. aureus
ATCC25923 [53]. Comparison between the MICs of our study with those of Daphne alpina and Daphne cneorum from Serbia showed a
considerable difference. Daphne alpina methanolic and chloroform extract tested against S. aureus ATCC25923, B. subtilis ATCC6633,
P. mirabilis ATCC14153, and C. albicans ATCC10231 revealed the MICs values of 31.25 ug/mL by both extracts against S. aureus
ATCC25923; and 62.5 pg/mL against P. mirabilis ATCC14153. For B. subtilis ATCC6633 and C. albicans ATCC10231 the chloroform
extract showed a MICs values of 15.62 and 31.25 pg/mL respectively, and the methanolic extract showed 125 pg/mL against both
strains [41]. Similarly, D. cneorum methanolic leaf extract showed MIC values of 62.5 pg/mL against S. aureus ATCC25923 and
P. mirabilis ATCC14153, and 31.25 pg/mL against B. subtilis ATCC6633 and C. albicans ATCC10231 [40].

The ratio of MBC/MIC can indicate the bactericidal or bacteriostatic effect of the extract (Table 5), if the MBC/MIC ratio < 4
indicates that the extract has bactericidal effect. Conversely, a MBC/MIC > 4 suggests a biostatic effect [54]. Our study, the aqueous
extract is bactericidal against B. Subtilis and P. Mirabilis (MBC/MIC = 4 mg/mL), S. aureus and C. albicans (MBC/MIC = 2 mg/mL). The
methanolic extract is bactericidal against P. mirabilis, S. aureus and C. albicans (MBC/MIC = 4 mg/mL) and bacteriostatic against
B. subtilis (MBC/MIC = 8 mg/mL). The ethanolic extract shows a bactericidal effect on B. subtilis and P. mirabilis (MBC/MIC = 2
mg/mL).

Our study showed that the Gram-negative bacteria was more susceptible to the D. gnidium extract than the Gram-positive strains. It
is known that the Gram-negative bacteria possess a double membrane with a hydrophilic outer layer, which suggests that the anti-
bacterial activity may be related to hydrophobic compounds. On the other hand, the resistance of Gram-positive bacteria may be
attributed to their heterogeneous cell wall structure [50]. The variation of antimicrobial activity among the different extracts could be
due to differences in their phytochemical composition, such as the presence of daphnetin. This compound is recognized as an essential
constituent of the Daphne genus [2,25]. Indeed, numerous studies have been found the daphnetin in D. gnidium plant [11-13], and
confirm its significant antibacterial activity [11,55].
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Conclusion

This study has displayed that the extract of D. gnidium leaves possessed antioxidant and antimicrobial activities. The phyto-
chemicals analysis revealed that this species contains a high amount of phenol, flavonoids content and condensed tannins.

The aqueous extract exhibited the greatest potency on the DPPH and FRAP assays, while the methanolic extract has potential on the
ABTS method. Pearson correlation indicates a significant and positive correlation between antioxidant activity and the flavonoids and
condensed tannins. The antimicrobial activity results indicated a potential inhibitory of the aqueous extract against B. subtilis; the
ethanolic extract against P. mirabilis; the methanolic extract against S. aureus and the chloroform extract against C. albicans. These
findings suggest that the D. gnidium may be of interest in the development of natural and safe cosmetic products due to its antioxidant
capacity and to its potential to inhibit certain pathogenic bacteria. Consequently, it could enhance its therapeutic applications in
traditional medicine. Further studies are needed to understand the mechanisms of action, and in vivo investigations would be valuable
to fully explore the medicinal properties of the D. gnidium species.
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