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Abstract
The present study investigated the phytochemical content, antioxidant activity, toxicological effects of Marrubium hydroethanolic extract (MHE), and its impact on gastric emptying (GE) and intestinal transit (IT) rates. The extraction yield was 21.66%. Quantitative analysis revealed high levels of bioactive compounds, including total polyphenols (95 ±1.010 GAE µg/mg), flavonoids (54.43 ± 11.37 QE µg/mg), and tannins (77.06 ± 0.47 TAE µg/mg). MHE exhibited notable antioxidant properties across multiple assays: DPPH radical scavenging (IC₅₀ = 98.86 ± 2.09 µg/mL), ABTS assay (IC₅₀ = 24.40 ± 1.24 µg/mL), ferrozine-based iron chelation (IC₅₀ = 210.71 ± 1.59 µg/mL), and phenanthroline-based reducing power (EC₅₀ = 560.18 ± 20.47 µg/mL).
Acute toxicity studies revealed no mortality or behavioral alterations, even at high doses (up to 5 g/kg). Biochemical assays showed a significant reduction in hepatic enzymes (ALP, AST, ALT), while creatinine levels remained stable, suggesting hepatoprotective activity without nephrotoxicity. At the 5 g/kg dose, oxidative stress biomarkers showed improved antioxidant defense: glutathione (GSH) levels were 2.10 ± 0.24 µmol TNB/g in kidneys and 4.06 ± 0.82 µmol TNB/g in liver tissue; malondialdehyde (MDA) levels were 43.6 nmol/g in kidney tissue and 34.87 nmol/g in liver. Catalase (CAT) activity reached 5.85 ± 0.33 mmol/min/mg (kidney) and 6.86 ± 4.1 mmol/min/mg (liver), while total protein content was 4.56 ± 0.26 mg/mL in kidneys and 6.24 ± 0.55 mg/mL in liver. 
Gastric emptying and Intestinal transit evaluations showed that MHE at 100 mg/kg significantly inhibited gastric emptying (32.9%), whereas the 50 mg/kg dose showed no significant difference from the control (24.4%). Both doses exhibited similar significant inhibition effects on intestinal transit (13-14%). These findings support the potential therapeutic use of MHE as an antioxidant and hepatoprotective agent with gastrointestinal inhibition effects.







[bookmark: _Toc201693974]الملخص   
[bookmark: _Hlk201684034][bookmark: _Hlk201684412][bookmark: _Hlk202371185]هدفت هذه الدراسة إلى تقييم المحتوى الكيميائي النباتي، والنشاط المضاد للأكسدة، والسمية، وتأثير مستخلص الإيثانولي المائي لنبات Marrubium hydroethanolic extract (MHE) على معدلات إفراغ المعدة (GE) وحركة الأمعاء الدقيقة (IT). بلغت نسبة مردود الاستخلاص 21.66%. أظهرت التحاليل الكمية احتواء المستخلص على مستويات مرتفعة من المركبات النشطة حيويًا، شملت: عديدات الفينول (95 ± 1.010 ميكروغرام مكافئ حمض الغاليك/مليغرام)، الفلافونويدات (54.43 ± 11.37 ميكروغرام مكافئ كيرسيتين/مليغرام)، والدباغ (77.06 ± 0.47 ميكروغرام مكافئ حمض التانيك/مليغرام).اظهرمستخلص MHE  خصائص مضادة للاكسدة عبر اختبارات متعددDPPH :(IC50=98.86±2.09ميكروغرام/مل(،ABTS (IC50=24.40±1.24ميكروغرام/مل(،Ferrozine based ion chelating activiy (IC50=210.71± 1.59ميكروغرام/مل) وreducing power phenantroline  (EC50=560.18±20.44ميكروغرام /مل) .
أظهرت دراسة السمية الحادة عدم وجود وفيات او تغيرات سلوكية حتى عند جرعات مرتفعة (حتى 5غرام/كيلوغرام). كما أظهرت التحاليل البيوكيميائية انخفاضا معنويا في انزيمات الكبد (ALT, AST,ALP) بينما بقيت مستويات الكرياتينين مستقرة، ما يشير الى تأثير وقائي للكبد دون سمية كلوية. عند جرعة 5 غرام/كيلوغرام، أظهرت مؤشرات الاجهاد التأكسدي تحسنا في النظام المضاد للأكسدة: الجلوتاثيون (GSH):2.10 ± 0.24 ميكرومول TNB/غرام (الكلى) و4.06 ± 0.82 ميكرومول TNB/غرام (الكبد)، المالون (MDA): 43.59 ± 4.19 نانومول/غرام (لكلى) و34.87 ± 2.41 نانومول/غرام (الكبد). نشاط إنزيم الكاتالاز (CAT):5.85 ± 0.33 ميليمول/دقيقة/ميليغرام (الكلى) و6.86 ± 4.1 ميليمول/دقيقة/ميليغرام (الكبد). محتوى البروتين الكلي: 4.56 ± 0.26 ميليغرام/مل (الكلى) و6.24 ± 0.55 ميليغرام/مل (الكبد).
أظهرت تقييمات افراغ المعدة (Gastric emptying) وحركة الأمعاء الدقيقة (Intestinal transit) ان مستخلص  (MHE) بجرعة 100 ملغ/كغ تثبيطا معنويا لإفراغ المعدة بنسبة (32.9%), في حين أن جرعة 50 ملغ/كغ لم تظهرفرقا معنويا مقارنة مع المجموعة الشاهدة (%24.4).أما في ما يتعلق  حركة الأمعاء الدقيقة , فقد أظهرت كلتا الجرعتين تأثيرا مثبطا متشابها و بنسب متقاربة (13-14 %).تدعم هذه النتائج الاستخدام العلاجي المحتمل لمستخلص Marrubium hydroethanolic extract  كمضاد أكسدة و كمركب يتمتع بخصائص وقائية للكبد , إضافة الى تأثيراته المثبطة على وظائف الجهاز الهضمي..
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Introduction





Oxidative stress is an imbalance between antioxidant defenses, which are made up of both endogenous and exogenous molecules that shield biological systems from the toxicity of free radicals, and reactive oxygen and nitrogen species (ROS/RNS) (Di Carlo & Sorrentino, 2024).
Oxidative eustress, also known as "good stress," is characterized by low to mild levels of oxidants involved in the regulation of various biochemical transformations, such as carboxylation, hydroxylation, peroxidation, or modulation of signal transduction pathways, such as nuclear factor-κB, phosphoinositide-3-kinase, nuclear factor erythroid 2–related factor 2, and mitogen-activated protein kinase cascade, among other processes. An unhealthy state known as oxidative stress, or "bad stress," is caused by elevated levels of ROS/RNS (e.g. superoxide radical, hydrogen peroxide, hydroxyl radicals, peroxyl radicals, nitric oxide, peroxynitrite) that are produced by both endogenous (mitochondria, NADPH oxidases) and/or exogenous (radiation, some medications, foods, cigarette smoking, pollution) sources (Jomova et al., 2023).
One of the main causes of aging is oxidative stress, which over time leads to the buildup of cellular damage. DNA changes, lipid peroxidation, protein oxidation, and mitochondrial dysfunction are all caused by oxidative damage to cellular biomolecules. These changes lead to cellular senescence, immune system and tissue dysfunctions, and age-related diseases like cancer, diabetes, cardiovascular and neurodegenerative diseases, and inflammatory disorders (Di Carlo & Sorrentino, 2024). While, the antioxidant systems can effectively block or slow down the interactions of biomolecules with free radicals, by transferring electrons to free radicals and preventing the oxidative process. Antioxidant defense generally includes a variety of mechanisms, such as preventing or reducing the production of free radicals, scavenging free radicals, converting free radicals into less harmful compounds, preventing the formation of secondary toxic active species, halting the chain propagation reaction (chain breaking antioxidants), enhancing the endogenous antioxidant defense system by working in concert with other antioxidants, and chelating metal ions (Losada-Barreiro et al., 2022). The human body has a basic antioxidant defense system against ROS imbalance, which consists of endogenous enzymatic antioxidants and endogenous non-enzymatic antioxidants. Glutathione peroxidase, CAT, and superoxide dismutase are examples of endogenous enzymatic antioxidants.Thioredoxin, irisin and glutathione (GSH) are examples of endogenous non-enzymatic antioxidants among others. Endogenous ROS can often achieve a state of self-balance, whereas exogenous ROS requires people to be aware of the risk factors, such as eating organic foods, maintaining regular dietary and lifestyle habits, avoiding tobacco and alcohol, and wearing personal protective equipment in high exposure risks (Wang et al., 2020). Rich dietary sources of polyphenols are most commonly found in vegetables and fruits (cereals, dried legumes, nuts, tomatoes, spinach, pears, beans, cinnamon, cherries, oranges, apples), as well as in beverages (tea, coffee, etc.). Polyphenols play a part in their nutritional and sensory qualities (color, astringency, odor, etc.) (Losada-Barreiro et al., 2022).
Quantitative indices like informant consensus factor and fidelity level were used in the research of medicinal plants used by traditional healers in Algeria. 44 species presented with malignancy, with the highest informant consensus factor of 0.46. The maximum fidelity value of 100% was recorded by Juniperus phoenicea, Zingiber officinale, Artemisia herba-alba, and Marrubium vulgare. It may be possible to find new bioactive compounds by looking for medicinal species with a high fidelity level (Belhouala & Benarba, 2021).
The genus Marrubium includes several species known for their medicinal properties. Marrubium vulgare is the most studied, other species like M. deserti, M. peregrinum, and M. cylleneum, it is distributed in Europe, Asia and Brazil (Meyre-Silva & Cechinel-Filho, 2010).
Marrubium sp is an annual or perennial herb belonging to the lamiaceae family. It has many fibrous lateral roots or a tough, woody, branched taproot, and it has several quadrangular, tall, downy stems that range in height from 20 to 100 cm. On a long stem, the leaves are placed in opposite pairs and are roundish, ovate, typically serrated, petiolate, veined, and hoary on the surface. White flowers are arranged in dense axillary whorls within inflorescences that grow in the axils of higher leaves (Ahvazi et al., 2018).
It has historically been used as a cholagogue, purgative, diuretic, bitter tonic, carminative, appetizer, and to treat lung infections, cough, rheumatoid arthritis, night blindness, and dyspeptic complaints. According to the phytochemical analysis, the numerous bioactive components, including alkaloids, sterols, steroids, terpenoids (diterpene), flavonoids, saponins, catecholic tannins, anthocyans, and phenolic compounds, were present in the plant (Al-Snafi et al., 2021). Pharmacological studies revealed that the plant had numerous biological effects, including antidiabetic effect (Elberry et al., 2015), antispasmodic properties (Schlemper et al., 1996), gastroprotective effect (Paula de Oliveira et al., 2011) , Hepatoprotective (Akther et al., 2013), anti-inflammatory and antioxidant activity (Fathiazad et al., 2016).                  
This study was conducted to evaluate the pharmacological and toxicological properties of the hydroethanolic extract from the aerial parts of Marrubium sp. The evaluation began with a phytochemical assessment, followed by an analysis of the antioxidant potential using several assays, including DPPH radical scavenging, ABTS, ferrous ion chelating, and reducing power (phenanthroline method). It’s in vivo acute toxicity in albino rats was assessed by monitoring liver and kidney parameters, and it’s in vitro antioxidant activity was examined. Finally, the effects on gastric emptying and intestinal motility in mice were investigated.
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Abstract
The present study investigated the phytochemical content, antioxidant activity, toxicological effects of Marrubium hydroethanolic extract (MHE), and its impact on gastric emptying (GE) and intestinal transit (IT) rates. The extraction yield was 21.66%. Quantitative analysis revealed high levels of bioactive compounds, including total polyphenols (95±1.010GAEµg/mg), flavonoids (54.43±11.37QEµg/mg), and tannins (77.06±0.47 TAEµg/mg). MHE exhibited notable antioxidant properties across multiple assays: DPPH radical scavenging (IC₅₀ = 98.86±2.09 µg/mL), ABTS assay (IC₅₀ = 24.40±1.24 µg/mL), ferrozine-based iron chelation (IC₅₀ = 210.71±1.59 µg/mL), and phenanthroline-based reducing power (EC₅₀ = 560.18 ± 20.47 µg/mL).
Acute toxicity studies revealed no mortality or behavioral alterations, even at high doses (up to 5 g/kg). Biochemical assays showed a significant reduction in hepatic enzymes (ALP, AST, ALT), while creatinine levels remained stable, suggesting hepatoprotective activity without nephrotoxicity. At the 5 g/kg dose, oxidative stress biomarkers showed improved antioxidant defense: glutathione (GSH) levels were 2.10 ± 0.24 µmol TNB/g in kidneys and 4.06 ± 0.82 µmol TNB/g in liver tissue; malondialdehyde (MDA) levels were 43.6 nmol/g in kidney tissue and 34.87 nmol/g in liver. Catalase (CAT) activity reached 5.85 ± 0.33 mmol/min/mg (kidney) and 6.86 ± 4.1 mmol/min/mg (liver), while total protein content was 4.56 ± 0.26 mg/mL in kidneys and 6.24 ± 0.55 mg/mL in liver. 
Gastric emptying and Intestinal transit evaluations showed that MHE at 100 mg/kg significantly inhibited gastric emptying (32.9%), whereas the 50 mg/kg dose showed no significant difference from the control (24.4%). Both doses exhibited similar significant inhibition effects on intestinal transit (13-14%). These findings support the potential therapeutic use of MHE as an antioxidant and hepatoprotective agent with gastrointestinal inhibition effects.
Key words: Marrubium sp, antioxidant activity, gastric emptying, intestinal transit and acute toxicity.

الملخص   
هدفت هذه الدراسة إلى تقييم المحتوى الكيميائي النباتي، والنشاط المضاد للأكسدة، والسمية، وتأثير مستخلص الإيثانولي المائي   لنبات Marrubium hydroethanolic extract  (MHE) على معدلات إفراغ المعدة (GE) وحركة الأمعاء الدقيقة (IT). بلغت نسبة مردود الاستخلاص 21.66%. أظهرت التحاليل الكمية احتواء المستخلص على مستويات مرتفعة من المركبات النشطة حيويًا، شملت: البوليفينولات الكلية (95 ± 1.010 ميكروغرام مكافئ حمض الغاليك/مليغرام)، الفلافونويدات (54.43 ± 11.37 ميكروغرام مكافئ كيرسيتين/مليغرام)، والدباغ (77.06 ± 0.47 ميكروغرام مكافئ حمض التانيك/مليغرام.اظهر مستخلص MHEخصائص مضادة للاكسدة عبراختبارات متعدد DPPH :(IC50=98.86± 2.09ميكروغرام/مل)،IC50 )ABTS=1,24±24.40ميكروغرام/مل)،Ferrozine based ion chelating activity(IC50=210.71±1,59ميكروغرام/مل)  وphenantroline based reducing power (EC50 =560.18±20,44ميكروغرام ).
أظهرت دراسة السمية الحادة عدم وجود وفيات او تغيرات سلوكية حتى عند جرعات مرتفعة (حتى 5غرام/كيلوغرام). كما أظهرت التحاليل البيوكيميائية انخفاضا معنويا في انزيمات الكبد (ALT, AST,ALP) بينما بقيت مستويات الكرياتينين مستقرة، ما يشير الى تأثير وقائي للكبد دون سمية كلوية. عند جرعة 5 غرام/كيلوغرام، أظهرت مؤشرات الاجهاد التأكسدي تحسنا في النظام المضاد للأكسدة: الجلوتاثيون (GSH):2.10 ± 0.24 ميكرومول TNB/غرام (الكلى) و4.06 ± 0.82 ميكرومول TNB/غرام (الكبد)، المالون ألديهيد (MDA): 43.59 ± 4.19 نانومول/غرام (لكلى) و34.87 ± 2.41 نانومول/غرام (الكبد). نشاط إنزيم الكاتالاز (CAT):5.85 ± 0.33 ميليمول/دقيقة/ميليغرام (الكلى) و6.86 ± 4.1 ميليمول/دقيقة/ميليغرام (الكبد). محتوى البروتين الكلي: 4.56 ± 0.26 ميليغرام/مل (الكلى) و6.24 ± 0.55 ميليغرام/مل (الكبد).

أظهرت تقييمات افراغ المعدة (Gastric emptying) وحركة الأمعاء الدقيقة (Intestinal transit) ان مستخلص (MHE) بجرعة 100 ملغ/كغ تثبيطا معنويا لإفراغ المعدة بنسبة (32.9%), في حين أن جرعة 50 ملغ/كغ لم تظهرفرقا معنويا مقارنة مع المجموعة الشاهدة(%24.4).أما في ما يتعلق بحركة الأمعاء الدقيقة, فقد أظهرت كلتا الجرعتين تأثيرا مثبطا متشابها و بنسب متقاربة (13-14 %).تدعم هذه النتائج الاستخدام العلاجي المحتمل لمستخلص MHE كمضاد أكسدة و كمركب يتمتع بخصائص وقائية للكبد , إضافة الى تأثيراته المثبطة على وظائف الجهاز الهضمي.
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