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ملخص
Scrophularia scorodoniaهو نوع عشبي ينتمي إلى فصيلة الخَنازيريّات (Scrophulariaceae)، ويُستخدم تقليديًا في الطّبّ الشّعبي ويُعرف بتركيبته الكيميائيّة النّباتيّة الغنيّة. تهدف هذه الدراسة إلى التّحقّق من الخصائص المضادّة للأكسدة لنبات S. scorodonia، من خلال التّركيز على استخلاص وتحديد كميّة المركّبات الفينوليّة والفلافونويديّة فيه، بالإضافة إلى تقييم نشاطه المضادّ للأكسدة باستخدام تحليلات مخبريّة .(in vitro) تمّ الحصول على مستخلص مائي كحولي (70٪ إيثانول) عن طريق نقع الأجزاء الهوائيّة للنّبتة، كما أُجري تحليل كيميائي نباتي للكشف عن أهمّ أصناف مواد الأيض الثّانوية. تمّ تحديد المحتوى الكلّي للفينولات (TPC) والمحتوى الكلّي للفلافونويدات (TFC) باستخدام طريقتي فولين-سيوكالتيه وطريقة كلوريد الألمنيوم اللّونية، على التّوالي. وقد تمّ تقييم النّشاط المضادّ للأكسدة من خلال ثلاث اختبارات متكاملة: اختبار تثبيط جذر DPPH، واختبار القدرة المختزلة للحديد (FRAP)، واختبار السّعة الكلّيّة المضادّة للأكسدة (TAC). بلغ مردود الاستخلاص 12.44٪، وكشف التّحليل الكيميائي النّباتي عن وجود البوليفينولات، والفلافونويدات، والكينونات. وُجد أنّ المحتوى الكلّي للفينولات يبلغ 60 ± 0.12 ملغ مكافئ حمض غاليك/غ من المستخلص، في حين أنّ المحتوى الكلّي للفلافونويدات بلغ 26 ± 0.054 ميكروغرام مكافئ كيرسيتين/ملغ من المستخلص. أظهر اختبار DPPH نشاطًا مانعًا للجذور الحرّة يعتمد على التّركيز، بقيمة IC₅₀ = 56.21 ميكروغرام/مل، مقارنة بـ 6.97 ميكروغرام/مل لمركّب BHA المرجعي. أمّا اختبار FRAP فقد أظهر قدرة اختزالية قصوى بلغت 13.36 ميكروغرام مكافئ كيرسيتين/مل مع قيمة EC₅₀ قدرها 296.38 ± 47.55 ميكروغرام/مل، بينما أظهر اختبار TAC أنّ القدرة الكلّيّة للمستخلص على مقاومة الأكسدة تعادل 44.73٪ و37.65٪ من قدرة حمض الأسكوربيك والكيرسيتين، على التّوالي. تُبرز هذه النّتائج القدرة المضادّة للأكسدة المهمّة لنبتة S. scorodonia، ممّا يدعم استخدامها التّقليدي ويشجّع على إجراء مزيد من الدّراسات المستقبليّة.
الكلمات المفتاحية: Scrophularia scorodonia، النّشاط المضادّ للأكسدة، البوليفينولات، الفلافونويدات، DPPH، FRAP، TAC.


Abstract 
[bookmark: _Hlk200654327]Scrophularia scorodonia, a herbaceous species belonging to the Scrophulariaceae family, has been traditionally used in folk medicine and is known for its rich phytochemical composition. The present study aimed to investigate the antioxidant properties of S. scorodonia plant, focusing on the extraction and quantification of its phenolic and flavonoid compounds, as well as evaluating its antioxidant activity using in vitro assays. A hydroalcoholic extract (70% ethanol) was obtained by maceration of the aerial parts of the plant, and phytochemical screening was performed to identify major classes of secondary metabolites. Total phenolic content (TPC) and total flavonoid content (TFC) were determined using the Folin–Ciocalteu and aluminum chloride colorimetric methods, respectively. Antioxidant activity was assessed through three complementary assays: DPPH radical scavenging, ferric reducing antioxidant power (FRAP), and total antioxidant capacity (TAC). The extraction yield was 12.44%. Phytochemical screening revealed the presence of polyphenols, flavonoids, and quinones. The TPC was found to be 60 ± 0.12 mg GAE/g extract, while TFC was 26 ± 0.054 µg QE/mg extract. The DPPH assay showed a dose-dependent radical scavenging activity with an IC₅₀ of 56.21 µg/mL, compared to 6.97 µg/mL for BHA. The FRAP assay indicated a maximum reducing power of 13.36 µg QE/mL with an EC₅₀ value of 296.38 ± 47.55 μg/mL, and the TAC assay demonstrated 44.73% and 37.65% of the antioxidant capacity of ascorbic acid and quercetin, respectively. These results highlight the significant antioxidant potential of S. scorodonia, supporting its traditional use and encouraging future investigations.
Keywords: Scrophularia scorodonia, antioxidant activity, polyphenols, flavonoids, DPPH, FRAP, TAC.
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[bookmark: _Toc200737342]Introduction 
Oxidative stress is a pathological processe resulting from an imbalance between reactive oxygen and nitrogen species (ROS/RNS) and the body’s antioxidant defense mechanisms. This imbalance promotes inflammation, leads to cellular damage with significant biological consequences that impact key biomolecules, including nucleic acids, lipids, and proteins (Ames et al., 1993; Azadmehr et al., 2013; Kotha et al., 2022; Shabbir et al., 2024). 
Accordingly, antioxidants play a crucial role in human health, as they can inhibit or delay undesired oxidation reactions, thus preventing oxidative stress related to more than 100 diseases including cardiovascular disorders, cancer, hypertension, diabetes, neurodegenerative disorders, cancer, and aging-related conditions (Kotha et al., 2022; Rumpf et al., 2023).
Although extensive efforts have been made to identify both natural and synthetic antioxidant agents (Azadmehr et al., 2013), the search for antioxidants from natural sources has garnered considerable attention as researchers seek to identify compounds that can serve as suitable replacements for synthetic ones (Wong et al., 2006). Natural antioxidants can protect the body against oxidative damage and reduce the risk of various chronic diseases (Stanner et al., 2004). The researcher who examined the link between natural antioxidants found in medicinal plants and the decrease in degenerative diseases reached this conclusion. Among these natural substances, phenolic compounds and flavonoids are notable as major groups of antioxidant agents ( Chen et al., 2008; Zhang et al., 2011; Mahboubi et al., 2013; Chaouche et al., 2014).
Polyphenols are a diverse group of secondary metabolites found in plants known for their significant roles in human health and characterized by multiple phenolic structural units (Tijjani et al., 2020; Kim et al., 2023). They are classified into several categories, according to their chemical structure,  including  phenolic acids, flavonoids, stilbenes, and lignans (Siasos et al., 2013; Tijjani et al., 2020). These compounds are widely distributed in the plant kingdom and are integral to the sensory characteristics of plant-derived foods, such as flavor, astringency, and color. Notable sources of polyphenols include tea, grapes, olive oil, chocolate/cocoa, coffee, walnuts, peanuts, popcorn, pomegranates, and other fruits and vegetables (Landete, 2012).
 Flavonoids, the most abundant class of polyphenols, comprise a significant portion (≈4000 out of 8000) of polyphenols already identified, and compose a structure of two aromatic rings, linked by an oxygenated heterocycle. Depending on the oxidation state of the central ring, flavonoids are subclassified as flavonols, flavones, flavanones, flavanols, isoflavones, and anthocyanins (Siasos et al., 2013; Galanakis, 2021). Research indicates that polyphenols exhibit a range of biological activities, including antioxidant, anti-inflammatory, antimicrobial, and anticancer properties (Kowalska et al., 2017).
In recent years, there has been a significant increase in the use of medicinal plants and crude extracts, reflecting a growing interest in natural therapeutic agents (Galíndez et al., 2000). Among these, the Scrophularia genus has attracted considerable scientific attention, with a notable rise in research focused on its metabolites, pharmacological activities, and traditional medicinal applications (Pasdaran and Hamedi, 2017).
[bookmark: _Hlk200649501]The Scrophularia genus, one from about 222 genera within a large cosmopolitan family ; Scrophulariaceae   (Kingdom: Plantae, Phylum : Angiosperms, Class : Eudicots, Order : Lamiales), comprises approximately 300 species  commonly known as figwort (Tank et al., 2006; Asmat et al., 2011; Pasdaran and Hamedi, 2017). Many of these species have long been used in traditional medicine to treat various conditions, including scrofula, scabies, tumors, and inflammatory disorders. Phytochemical investigations have identified a wide array of secondary metabolites in this genus, such as iridoids, phenylpropanoids, phenolic acids, flavonoids, and saponins, each contributing to diverse biological activities, including anti-inflammatory, antioxidant, antibacterial, hepatoprotective, immunomodulatory, cardioprotective, diuretic, fungicidal, cytotoxic, and antitumor effects. 
Despite this rich phytochemical diversity, only 17 species within the genus have been extensively studied. Moreover, a limited number of isolated metabolites have been subjected to detailed biological evaluation, indicating the need for further phytochemical and pharmacological research (Pasdaran and Hamedi, 2017).
Scrophularia scorodonia L. (S. scorodonia), a noteworthy and underexplored species primarily distributed in shaded and coastal regions of Western Europe and North Africa, including Belgium, Ireland, Spain, Tunisia, and the Canary Islands. S. scorodonia (figure 1) is a herbaceous plant that can grow up to one meter in height, characterized by pubescent quadrangular stems, and rugose doubly crenate leaves. Its reddish-brown flowers are arranged in terminal leafy panicles, contributing to its distinctive botanical profile (Anonymous 1, 2011).
The antioxidant potential of many medicinal herbs has been demonstrated, including some Scrophularia species that have significant antioxidant activity (Schinella et al., 2002). Previous studies have reported that S. scorodonia exhibits both antioxidant and anti-inflammatory properties, which support its potential medicinal value (Dı́az et al., 2004; Fernandez et al., 1995). Several of them have highlighted its bioactive components and their effects, particularly phenylpropanoid glycosides such as angoroside A, C, and D, along with acteoside and isoacteoside (Dı́az et al., 2004). Iridoids like Buddlejasaponin I (Galindez et al., 2001; Galíndez et al., 2002), scorodioside, and 8-O-cis-cinnamoylharpagide have also been isolated (Fernandez et al., 1995). 
[image: ]Based on these insights, this study aims to provide a comprehensive analysis of Scrophularia scorodonia, focusing on the ethanolic extraction and quantification of its major bioactive constituents, particularly polyphenols and flavonoids, while evaluating its antioxidant and anti-inflammatory activities. These activities will be assessed using in vitro assays, including DPPH, FRAP, and TAC tests for antioxidant capacity.
[bookmark: _Toc200622060][bookmark: ZOTERO_BREF_jWqx4TzEhPat]Figure 1: Aerial part of S. scorodonia (Anonymous 2)
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[bookmark: _Hlk200398757][bookmark: _Toc200737343]Materials and Methods
[bookmark: _Toc200737344]2.1. Chemical reagents
Chemicals used in this study: ethanol, methanol, ferric chloride (FeCl₃), ammonia (NH₄OH), sulfuric acid (H2SO4), chloroform, chloredric acid (HCl), Folin-Ciocalteu, sodium carbonate (Na₂CO₃) solution, gallic acid, aluminum trichloride (AlCl₃), quercetin,2,2-diphenyl-1-picryl-hydrazyl (DPPH) phosphate buffer, potassium ferricyanide solution, trichloroacetic acid (TCA), sodium phosphate (Na₃PO₄), ammonium molybdate ((NH₄) ₆ Mo₇ O₂₄·4H₂O), butylhydroxyanisol (BHA), and ascorbic acid were obtained from Sigma (Germany). These reagents were of analytical grade and were used as received without further purification.
[bookmark: _Toc200737345]2.2. Plant material collection
The S. scorodonia plant considered in this research was collected from the eastern heights of Algeria in the Ain Sebt village in early June 2024. The aerial part was then dried in the shade and powdered using a grinder, and prepared for extraction.
[bookmark: _Toc200737346]2.3. Plant extraction 
         The extraction of bioactive compounds from S. scorodonia is a critical initial step in harnessing its therapeutic potential. In this study, ethanol was selected as the solvent for the extraction of S. scorodonia: 20 grams of dry powder of leaves, stems, and flowers (aerial parts) were dissolved by maceration in 200 mL of 70% ethanol and kept in the dark for 24 h. The macerate solvent was then filtered through Whatman paper and concentrated on a vacuum rotary evaporator at a temperature of 40 °C. The extract was recovered by drying in an oven and stored in the dark until use.
[bookmark: _Toc200737347]2.4. Extraction yield
The extraction yield, represented by Y (%), is indeed calculated as the ratio of the weight of the extract obtained (WE) to the weight of the dry plant material used (WP), multiplied by 100 (Y% = (WE/ WP) ×100). This formula effectively provides the percentage of the desired compounds extracted from the plant material (Macías-Cortés et al., 2022).
[bookmark: _Toc200737348]2.5. Phytochemical screening 
	Specific phytochemical assays were conducted to assess the presence or absence of compounds associated with various classes of secondary metabolites. These tests relied on characteristic color changes, turbidity, or precipitation reactions, following standardized methods reported in the literature: polyphenols (Guessan et al., 2009), terpenes, saponins (Haddouchi et al., 2018), quinones, flavonoids and anthraquinones (Boudoukha et al., 2024).
[bookmark: _Toc200737349]2.5.1. Phnolic test
The presence of polyphenols is detected by adding one or two drops of a 2% methanolic solution of ferric chloride (FeCl₃) to 1 mL of the plant extract. The appearance of a green color, of varying intensity, indicates a positive reaction.
[bookmark: _Toc200737350]2.5.2. Flavonoids test
To 1 mL of extract, 0.5 mL of concentrated sulfuric acid was added, followed by 0.5 mL of ammonia (NH₄OH). If the color increases in the presence of acid and turns blue or purplish blue in a basic medium, this indicates the presence of flavonoids.
[bookmark: _Toc200737351]2.5.3. Saponins test
Their presence is qualitatively determined by the foam test. In a test tube, add 2 mL of distilled water to 1 mL of the extract. Shake the mixture vigorously for 30 seconds; the formation of a persistent, stable foam during this time indicates the presence of saponins.
[bookmark: _Toc200737352]2.5.4. Quinones test
0.5 mL of concentrated sulfuric acid is added to 1 mL of the extract. The appearance of a red color confirms the presence of quinones.
[bookmark: _Toc200737353]2.5.5. Terpenoids test 
1 mL of the extract is added to 4 mL of chloroform, followed by the addition of a few drops of concentrated sulfuric acid. The formation of a reddish-brown ring at the interface indicates a positive test.
[bookmark: _Toc200737354]2.5.6. Anthraquinones test
A few drops of HCl (2%) are added to 1 mL of the extract. The formation of a red precipitate indicates the presence of anthraquinones.


[bookmark: _Toc200737355]2.6. Total Phenolics Content (TPC) 
The total phenolic content of the extract was quantified using the Folin–Ciocalteu colorimetric method (Kim et al., 2006). Each 0.2 mL of diluted extract (1 mg/mL) was mixed with 1 mL of the Folin–Ciocalteu reagent and 0.2 mL of a saturated sodium carbonate (Na₂CO₃) solution. The resulting mixture was left to stand in the dark at room temperature for two hours. Following incubation, the absorbance was measured at 765 nm using a UV-V spectrophotometer (figure 2), and the total phenolic content was determined and expressed as micrograms of gallic acid equivalents (GAE) per millilitre of solution.[bookmark: _Toc200622061]Figure 2: Standard curve of gallic acid for the quantification of total polyphenols

[bookmark: _Toc200737356]2.7. Total Flavonoids Content (TFC)  
The total flavonoid content was determined using the aluminum chloride colorimetric method (Amari et al., 2025), where 1 mL of each sample was mixed with 1 mL of 2% aluminum chloride (AlCl3) solution. After 10 minutes of further incubation, the absorbance was recorded at 430 nm against a blank using a UV-Vis spectrophotometer. The amount of total flavonoid was calculated from a standard curve of quercetin, and expressed as micrograms of quercetin equivalents per milligram of extract (μg QE/mg extract).
[bookmark: _Toc200622062]Figure 3: Standard curve of quercetin for determination of total flavonoids

[bookmark: _Toc200737357]2.8. Evaluation of the antioxidant activity of the plant
[bookmark: _Toc200737358]2.8.1. DPPH Radical Scavenging Activity Assay 
The antioxidant activity of various compounds or plant extracts was assessed using the stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH°), which exhibits a deep violet color in its radical form due to a characteristic absorption band. Upon interaction with an antioxidant (AH) or a radical species (R°), DPPH° undergoes a reduction reaction, resulting in a discoloration that corresponds to a decrease in absorbance. The extent of this decrease is proportional to the scavenging ability of the tested substance. The general reaction mechanisms are as follows: DPPH° + AH → DPPH-H + A°, and DPPH° + R° → DPPH- (Brand-Williams et al., 1995).                                                                                                                           
 The  antioxidant activity of the ethanolic extract of S. scorodonia was evaluated  following the method originally described by Blois (1958), with slight modifications. A 0.1 mM DPPH solution was prepared in methanol, and 0.5 mL of this solution was added to the volume of plant extract at various concentrations (20–300 µg/mL) preparing from the stock solution (1mg/mL). The mixtures were incubated in the dark at room temperature for 30 minutes to prevent light-induced degradation of DPPH radicals. After incubation, the absorbance was measured at 517 nm using a spectrophotometer. The percentage of DPPH radical inhibition was calculated using the following formula :                                                                     % Inhibition= Abs ₍DPPH₎ – Abs ₍Sample₎ / Abs ₍DPPH₎ ×100
Where:   Abs ₍DPPH₎: absorbance of the DPPH solution without extract (control).
[bookmark: _Hlk198487666]               Abs ₍Sample₎: absorbance of the DPPH solution with the test extract.
[bookmark: _Hlk201684369]The IC₅₀ value, the concentration of extract required to inhibit 50% of DPPH radicals, was determined and calculated using the exponential regressions curve. This curve was constructed by plotting the percentage inhibition against the tested concentrations. 
[bookmark: _Toc200737359]2.8.2. Ferric reducing antioxidant power (FRAP) 
The ferric reducing antioxidant power of the plant extract is evaluated based on its ability to donate electrons, converting ferric ions (Fe³⁺) into ferrous ions (Fe²⁺). This redox reaction reflects the presence of antioxidant compounds within the extract. The assay was carried out following the method originally described by Oyaizu (1986), as cited by Haddouchi et al., (2018), with slight modification. Briefly, 0.5 mL of the plant extract at various concentrations was mixed with 1.25 mL of phosphate buffer (0.2 M, pH 6.6) and 1.25 mL of potassium ferricyanide solution (1%). The mixture was incubated at 50°C for 20 minutes. After incubation, 1.25 mL of trichloroacetic acid (TCA, 10%) was added to terminate the reaction, followed by agitation to ensure proper mixing. Subsequently, 1.25 mL of the resulting solution was mixed with 1.25 mL of distilled water and 0.25 mL of ferric chloride solution (FeCl₃, 0.1%). The absorbance of the final mixture was measured at 700 nm using a UV-Vis spectrophotometer. A higher absorbance indicates a greater reducing power of the extract. Quercetin was used as the reference standard and processed under identical conditions. 
[bookmark: _Toc200737360]2.8.3. Total antioxidant capacity (TAC) 
[bookmark: _Hlk198408320][bookmark: _Hlk199707873]The total antioxidant capacity (TAC) of S. scorodonia extracts was determined using the phosphomolybdic method (Prieto et al., 1999). 0.3 mL of the extract (1 mg/mL) was mixed with 3.0 mL of a reagent solution containing 0.6 M sulfuric acid (H₂SO₄), 28 mM sodium phosphate (Na₃ PO₄), and 4 mM ammonium molybdate ((NH₄) ₆ Mo₇ O₂₄·4H₂O). The mixture was incubated in a 95°C water bath for 90 min. After cooling to room temperature, the absorbance was measured at 695 nm using a UV-Visible spectrophotometer against a blank containing only the reagent solution and solvent.  The total antioxidant capacity was expressed in quercetin or ascorbic acid (vitamin C) equivalents, which were used as reference standards and considered to represent 100% of the total antioxidant capacity. The TAC (%) values of the extracts were calculated using the following formula:
TAC (%) = (Absorbance of sample / Absorbance of quercetin or ascorbic acid) × 100
Materials and Methods
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[bookmark: _Toc200737362]3.1. Extraction yield 
[bookmark: _Hlk200627835]The extraction process is critical in obtaining high yields of bioactive compounds. In the present study, the extract of S. scorodonia aerial part was prepared by maceration using ethanol solvent. The estimation of yield to the total powder weight (100 g) of the plant shows a value of 12.44%.
It is difficult to compare our results with those in the literature, as the extract yield varies depending on the method and conditions under which the extraction was carried out, the species and geographical origin of the plant, the storage conditions and duration, as well as the harvesting period (Haddouchi et al., 2018). Various techniques have been employed to optimize the extraction from plant materials (Wang et al., 2020; Macías-Cortés et al., 2022). The choice of solvent also plays a significant role in the yield and type of extracted compounds (Herrera-Rocha et al., 2022; Macías-Cortés et al., 2022). 
[bookmark: _Toc200737363]3.2. Phytochemical screening 
The experimental results from the phytochemical screening tests for the ethanolic extract of S. scorodonia revealed the presence of polyphenols, flavonoids, and quinones, while terpenoids, anthraquinones, and saponins showed negative results.
The presence of polyphenols and flavonoids in the aerial parts of S. scorodonia is supported by the findings of other scrophularia species:  S. frutescens, S. grossheimi, S. koelzii, S. nodosa, S. sambucifolia. However, saponins, which are absent in our plant, are present in most of these species and others as well (Galíndez et al., 2002), and the terpenoids are revealed in the phytochemical analysis of S. frigida (Asgharian et al., 2015), taking into consideration the extracted part (aerial, roots) and the solvent used. As for the results regarding the other components, to the best of our research, we did not find any studies to support them.
[bookmark: _Toc200737364]3.3. Polyphenols and Flavonoids Content 
Quantifying the total phenolic and flavonoid content is essential for assessing the quality and potential bioactivity of the extract. Spectrophotometric methods are commonly used for this purpose (Belarbi et al., 2017; Kim et al., 2023). These methods provide a measure of the antioxidant capacity, which is crucial for understanding the extract's ability to neutralize free radicals and reduce oxidative stress (Shiri et al., 2023). 
            The total phenolic content of the ethanolic extract of S. scorodonia was determined using the Folin-Ciocalteu method and expressed as milligrams of gallic acid equivalents per gram of extract (mg GAE/g). Based on the calibration curve equation (y = 0.0195x + 0.0689; R² = 0.9951), the phenolic content was found to be 60 ± 0.12 mg GAE/g extract.
Similarly, the total flavonoid content was assessed using the aluminum chloride colorimetric method and expressed as milligrams of quercetin equivalents per gram of extract (mg QE/g). The ethanolic extract of S. scorodonia contained 26 ± 0.054 mg QE/g extract. 
When compared to similar studies on Scrophularia species, our findings are within a comparable range. For instance, S. striata showed a TPC of 79.7 mg GAE/g in ethanolic extract and reached the highest reported value of 158.33 ± 6.03 mg GAE/g in hydroalcoholic extract. As for TFC,  values ranged from 9.8 to 66.26 ± 4.33 mg QE/g (Mahboubi et al., 2013; Jafari et al., 2014). In the case of S. lucida, the TPC was highest in aqueous extract (29.31 mg GAE/g extract), while the highest TFC (48.33 mg rutin equivalent/g extract) was observed in the ethyl acetate extract (Zengin et al., 2019). 
These variations reflect the influence of extraction solvent, plant part used, and interspecies phytochemical diversity. Nevertheless, the current results confirm the moderate to rich phenolic and flavonoid content of S. scorodonia.
[bookmark: _Toc200737365]3.5. Antioxidant Activity
           Antioxidants play a crucial role in protecting biological systems against oxidative stress (Rumpf et al., 2023). They act primarily through three mechanisms: hydrogen atom transfer, single electron transfer, and metal chelation. These mechanisms allow them to intervene at different stages of oxidative processes: by preventing radical formation, interrupting radical chain reactions, or inactivating reactive species. The body’s defense relies on both endogenous enzymatic antioxidants (superoxide dismutase, catalase, and glutathione peroxidase…), and non-enzymatic compounds (glutathione and lipoic acid…). Exogenous antioxidants, including polyphenols, flavonoids, and vitamins, also contribute significantly to neutralizing free radicals (Kotha et al., 2022).
To evaluate antioxidant activity in vitro, several spectrophotometric methods are commonly used. In this study, the DPPH radical scavenging assay, ferric reducing antioxidant power (FRAP), and total antioxidant capacity (TAC) were employed to provide reliable indications of the radical-scavenging and reducing abilities of S. scorodonia plant extract. 
[bookmark: _Toc200737366]3.5.1. DPPH radical scavenging
[bookmark: _Hlk198289816]The DPPH radical is characterized by its intense purple color, and the efficiency of an antioxidant is evaluated by its ability to reduce this coloration through hydrogen or electron donation (Molyneux, 2004). The free radical scavenging activity of the ethanolic extract of S. scorodonia was evaluated by determining the IC₅₀ (μg/mL) and compared to that of BHA. The IC₅₀ value is defined as the concentration of the extract that inhibits 50% of the DPPH radical. This value is calculated by modeling the percentage inhibition as a function of the extract concentration using the exponential equation. Since IC₅₀ is inversely associated with the anti-radical activity, a lower IC₅₀ value indicates higher antioxidant activity ( Zargoosh, 2019).
[bookmark: _Hlk198233626]           As shown in Figure 4, the ethanolic extract of S. scorodonia exhibited a clear dose-dependent antioxidant activity, with increasing percentages of DPPH radical inhibition observed at concentrations ranging from 20 to 300 µg/mL. The IC₅₀ value obtained (56.21 ± 6.84 µg/mL) suggests a considerable to strong scavenging ability, although it remains higher than that of the synthetic standard BHA (IC₅₀ = 6.97 ± 1.34 µg/mL; Figure 5). 
           To the best of our knowledge, specific studies on S. scorodonia are virtually non-existent in the literature, which gives particular value to these findings. Compared to other Scrophularia species, the IC₅₀ value of our extract highlights a relatively higher antioxidant potential and notable free-radical scavenging activity. For instance, previous studies on S. striata reported significantly higher IC₅₀ values: 240 µg/mL for 70% ethanolic extracts (Mahboubi et al., 2013), 407 µg/mL for hydroalcoholic extracts (Jafari et al., 2014), and 920 µg/mL (± 210) for methanolic extracts (Shahbazi, 2017). In contrast, the essential oil of S. amplexicaulis demonstrated a much stronger antioxidant with IC₅₀ = 4.41 μg/mL (Pasdaran et al., 2012).
           These comparative values reflect the variability in antioxidant activity within the genus Scrophularia, depending on the species and extraction method, and support the notable potential of S. scorodonia as a natural source of antioxidants. This activity is likely due to its richness in phenolic compounds, which are well known for their key role in neutralizing free radicals, as several studies have established the strong link between high phenolic content and antioxidant activity in plants (Kerdar et al., 2018).
[image: ] 	[image: ] [bookmark: _Toc200622063]Figure 4 :  Percentage of DPPH inhibition as a function of the concentration of the ethanolic extract of S. scorodonia

[bookmark: _Toc200622064]             Figure 5: Percentage of DPPH inhibition as a function of the concentration of the BHA
[bookmark: _Toc200737367]3.5.2. The ferric reducing antioxidant power 
[bookmark: _Hlk200553070][bookmark: _Hlk201612736]In the FRAP assay, antioxidants reduce ferric ions (Fe³⁺) to ferrous ions (Fe²⁺) by donating electrons. The concentration of antioxidant compounds in the extract was assessed by determining the effective concentration at 50% (EC₅₀), defined as the amount of extract required to produce an absorbance value of 0.5. The results, as illustrated in the calibration curves (Figures 6 and 7), showed that the ferric reducing capacity increased proportionally with the concentration of the extract, as well as for the quercetin reference standard, with an EC₅₀ value of 296.38 ± 47.55 μg/mL and 32.72 ± 0.6 μg/mL, respectively. When expressed in quercetin equivalents (Table 1), the reducing power of the extract reached 13.36 µg QE/mL at 100 µg/mL, indicating a moderate electron-donating ability and confirming the concentration-dependent activity. These findings suggest that the extract possesses a capacity to act as a reductant, a key mechanism in antioxidant defense. The strong linearity of the quercetin calibration curve (R² = 0.9989) further supports the reliability of this measurement.
Despite the moderate reducing capacity observed in the ethanolic extract of S. scorodonia, supporting this result through direct comparisons remains challenging due to the limited number of studies available on this particular species, as well as the overall scarcity of data within the Scrophularia genus. Furthermore, the few existing studies often express FRAP results using different units, such as mg of Trolox equivalents per gram of extract or mmol of FeSO4/g of extract (Safavi et al., 2012; Zengin et al., 2019; Shiri et al., 2023), making direct numerical comparison difficult. Therefore, this study relies primarily on general findings across the genus, which consistently report the presence of antioxidant activity in various Scrophularia species. These general trends reinforce the relevance of the antioxidant potential detected in S. scorodonia, even if exact quantitative alignment cannot be established.
[bookmark: _Toc200622077] Table 1: Ferric reducing antioxidant power of S. scorodonia ethanolic extract expressed as quercetin equivalents (QE)
	[Extract] (µg/mL)
	10
	20
	60
	80
	100

	Absorption (700 nm)
	0.0685
	0.099
	0.1585
	0.1765
	0.2095

	QE (µg/mL)
	4.37
	6.32
	10.11
	11.25
	13.36


[bookmark: _Toc200622066]Figure 6: Calibration curve of the reducing power of S. scorodonia ethanolic extract
[bookmark: _Toc200622065]Figure 7: Calibration curve of the reducing power of quercetin

            

[bookmark: _Toc200737368]3.5.3. The total antioxidant capacity
To evaluate the total antioxidant capacity of the ethanolic extract of S. scorodonia, the phosphomolybdate assay was employed. In this method, ascorbic acid (vitamin C) and quercetin were used as reference antioxidants, each representing 100% antioxidant potential.
            As shown in Figures 8 and 9, the S. scorodonia extract exhibited a moderate antioxidant activity, demonstrating 37.65% compared to quercetin and 44.73% of the antioxidant potential of ascorbic acid.
To the best of our knowledge, no specific studies have been conducted on the total antioxidant capacity of S. scorodonia. Moreover, data on TAC values across the Scrophularia genus remain scarce and heterogeneous, often reported using different methodologies and units, which complicates direct comparison. Nonetheless, existing studies on related species such as S. lucida (Zengin et al., 2019), suggest that members of this genus generally possess antioxidant potential, supporting the relevance of the activity observed in the present extract.[bookmark: _Toc200622067]Figure 8: Histogram of the total antioxidant capacity (TAC) of S. scorodonia extract compared to quercetin
[bookmark: _Toc200622068]Figure 9: Histogram of the total antioxidant capacity (TAC) of S. scorodonia extract compared to ascorbic acid



          





It is interesting to note that the S. scorodonia plant demonstrated significant antioxidant activity across the three evaluation methods, which is likely attributed to the high content of phenolic and flavonoid, the major groups of compounds acting as primary antioxidants or free radical terminators (Chen et al., 2008). This correlation reinforces the widely documented relationship between phenolic composition and antioxidant efficacy in medicinal plants and supports the hypothesis that phenolic-rich species within the Scrophularia genus may serve as promising sources of natural antioxidants (Kerdar et al., 2018).
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[bookmark: _Toc200737369]Conclusion 
The present study demonstrated that Scrophularia scorodonia possesses notable antioxidant activity. This was clearly reflected in the results of the DPPH, FRAP, and TAC assays, which revealed a strong radical scavenging capacity and reducing power. This antioxidant potential is largely attributed to the plant’s high content of polyphenols and flavonoids, bioactive compounds well known for their protective effects against oxidative stress. 
These findings demonstrate the therapeutic relevance of Scrophularia scorodonia and underscore the need for further investigations to fully explore its pharmacological potential. In light of this, future research should focus on:
· Isolate and characterize the plant’s bioactive compounds through advanced phytochemical techniques.
· Optimize extraction efficiency by comparing different solvents and techniques under controlled conditions. 
· Clarify the mechanisms of action of these compounds using molecular and cellular-level studies.
· Assess biological safety and efficacy through in vivo models, toxicological testing, and properly designed clinical trials.
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مذكرة ماستر في الكيمياء الحيوية التطبيقية
الموضوع: المحتوى الفينولي والنّشاط المضادّ للأكسدة للمستخلص الإيثانولي لنبتة Scrophularia scorodonia
مقدمة من طرف: قوريش هالة وبوميسة هاجر                                               المشرف: د. بودوخة شهرة
الملخص
"Scrophularia scorodonia" هو نوع عشبي ينتمي إلى فصيلة الخَنازيريّات (Scrophulariaceae)، ويُستخدم تقليديًا في الطّبّ الشّعبي ويُعرف بتركيبته الكيميائيّة النّباتيّة الغنيّة. تهدف هذه الدراسة إلى التّحقّق من الخصائص المضادّة للأكسدة لنبات S. scorodonia، من خلال التّركيز على استخلاص وتحديد كميّة المركّبات الفينوليّة والفلافونويديّة فيه، بالإضافة إلى تقييم نشاطه المضادّ للأكسدة باستخدام تحليلات مخبريّة. (in vitro) تمّ الحصول على مستخلص مائي كحولي (70٪ إيثانول) عن طريق نقع الأجزاء الهوائيّة للنّبتة، كما أُجري تحليل كيميائي نباتي للكشف عن أهمّ أصناف مواد الأيض الثّانوية. تمّ تحديد المحتوى الكلّي (TPC) والمحتوى الكلّي للفلافونويدات (TFC) باستخدام طريقتي فولين-سيوكالتيه وطريقة كلوريد الألمنيوم اللّونية، على التّوالي. وقد تمّ تقييم النّشاط المضادّ للأكسدة من خلال ثلاث اختبارات متكاملة: اختبار تثبيط جذر DPPH، واختبار القدرة المختزلة للحديد (FRAP)، واختبار السّعة الكلّيّة المضادّة للأكسدة (TAC). بلغ مردود الاستخلاص 12.44٪، وكشف التّحليل الكيميائي النّباتي عن وجود البوليفينولات، والفلافونويدات، والكينونات. وُجد أنّ المحتوى الكلّي للفينولات يبلغ 60 ± 0.12 ملغ مكافئ حمض غاليك/غ من المستخلص، في حين أنّ المحتوى الكلّي للفلافونويدات بلغ 26 ± 0.054 ميكروغرام مكافئ كيرسيتين/ملغ من المستخلص. أظهر اختبار DPPH نشاطًا مانعًا للجذور الحرّة يعتمد على التّركيز، بقيمة IC₅₀ = 56.21 ميكروغرام/مل، مقارنة بـ 6.97 ميكروغرام/مل لمركّب BHA المرجعي. أمّا اختبار FRAP فقد أظهر قدرة اختزالية قصوى بلغت 13.36 ميكروغرام مكافئ كيرسيتين/مل مع قيمة EC₅₀ قدرها 296.38 ± 47.55 ميكروغرام/مل، بينما أظهر اختبارTAC أنّ القدرة الكلّيّة للمستخلص على مقاومة الأكسدة تعادل 44.73٪ و37.65٪ من قدرة حمض الأسكوربيك والكيرسيتين، على التّوالي. تُبرز هذه النّتائج القدرة المضادّة للأكسدة المهمّة لنبتة S. scorodonia، ممّا يدعم استخدامها التّقليدي ويشجّع على إجراء مزيد من الدّراسات المستقبليّة.
الكلمات المفتاحية: Scrophularia scorodonia، النّشاط المضادّ للأكسدة، البوليفينولات، الفلافونويدات، DPPH، FRAP، TAC.
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Abstract
Scrophularia scorodonia, a herbaceous species belonging to the Scrophulariaceae family, traditionally used in folk medicine and known for its rich phytochemical composition. The present study aimed to investigate the antioxidant properties of S. scorodonia plant, focusing on the extraction and quantification of its phenolic and flavonoid compounds, as well as the evaluation of its antioxidant activity using in vitro assays. A hydroalcoholic extract (70% ethanol) was obtained by maceration of the aerial parts of the plant, and phytochemical screening was performed to identify major classes of secondary metabolites. Total phenolic content (TPC) and total flavonoid content (TFC) were determined using the Folin–Ciocalteu and aluminum chloride colorimetric methods, respectively. Antioxidant activity was assessed through three complementary assays: DPPH radical scavenging, ferric reducing antioxidant power (FRAP), and total antioxidant capacity (TAC). The extraction yield was 12.44%. Phytochemical screening revealed the presence of polyphenols, flavonoids, and quinones. The TPC was found to be 60 ± 0.12 mg GAE/g extract, while TFC was 26 ± 0.054 µg QE/mg extract. The DPPH assay showed a dose-dependent radical scavenging activity with an IC₅₀ of 56.21 µg/mL, compared to 6.97 µg/mL for BHA. The FRAP assay indicated a maximum reducing power of 13.36 µg QE/mL with an EC₅₀ value of 296.38 ± 47.55 μg/mL, and the TAC assay demonstrated 44.73% and 37.65% of the antioxidant capacity of ascorbic acid and quercetin, respectively. These results highlight the significant antioxidant potential of S. scorodonia, supporting its traditional use and encouraging future investigations.
Keywords: Scrophularia scorodonia, antioxidant activity, polyphenols, flavonoids, DPPH, FRAP, TAC.
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