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					ABSTRACT  

					ARTICLE INFO  

					The long-term use of synthetic drugs for treating chronic pain, inflammatory diseases, and  

					depression is associated with various side effects. Salvia verbenaca is widely used in traditional  

					medicine to alleviate pain and treat inflammation. This study aimed to identify the chemical  

					compounds present in the ethanolic extract of S. verbenaca through a phytochemical analysis. The  

					analgesic activity was assessed using two pain models induced by acetic acid and formalin in rats.  

					Anti-inflammatory activity was evaluated using a carrageenan-induced paw edema test.  

					Additionally, the antidepressant effects were examined by measuring changes in immobility  

					duration in the Forced Swim Test (FST) and the Tail Suspension Test (TST). Acute toxicity was  

					also assessed. Both polyphenolic and hydroethanolic extracts demonstrated significant pain  

					inhibition in the acetic acid-induced model, with inhibition rates of 56.98% for the hydroethanolic  

					extract (400 mg/kg) and 59.54% for the polyphenolic extract (100 mg/kg). Furthermore, six hours  

					after treatment, oral administration of the methanol extract led to a notable reduction in paw  

					inflammation. The highest paw-licking time reduction (75%) was observed with the polyphenolic  

					extract at 100 mg/kg. In both the TST and FST, S. verbenaca extracts significantly reduced  

					immobility time compared to the control group. These findings highlight Salvia verbenaca as a rich  

					source of bioactive molecules with promising analgesic, antidepressant, and anti-inflammatory  

					properties without exhibiting toxic effects.  
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					Introduction  

					For centuries, medicinal plants have been used for disease prevention  

					and healing. Herbal medicine remains highly popular worldwide,  

					particularly in developing countries, where approximately 80% of the  

					population relies on plants for therapeutic purposes due to their  

					accessibility and effectiveness.¹ Globally, herbal preparations are  

					recognized as a vital source of modern medicine.² Numerous plant  

					species have demonstrated significant curative properties.³ The  

					widespread use of medications to manage chronic pain and  

					inflammatory diseases has become a significant public health concern  

					due to severe side effects, including drug resistance and allergic  

					reactions.⁴ As a result, there has been a growing shift toward modern  

					pharmaceuticals and alternative plant-based remedies, which have  

					gained increasing interest among scientific communities.  

					Given the adverse effects of conventional medicine, a large portion of  

					the global population now turns to botanical treatments to address  

					various health conditions.⁶Depressive disorder, commonly known as  

					depression, is a widespread mental health issue and a major public  

					health concern. It is characterized by a persistent low mood or a  

					prolonged inability to experience pleasure or interest. This disorder is  

					associated with psychomotor, cognitive, and emotional alterations.  

					Several adverse effects are linked to synthetic drugs used to treat  

					depression, including insomnia, loss of libido, tolerance, and physical  

					dependence, particularly with selective serotonin reuptake inhibitors  

					(SSRIs).⁸  

					Salvia verbenaca is an endemic plant native to Mediterranean regions  

					such as Morocco, Tunisia, Egypt, the Canary Islands, Libya, Algeria,  

					and Cyprus. It is also found in parts of Europe and Asia.⁹ This plant is  

					well known for its numerous health benefits and contains various  

					secondary metabolites from various phytochemical classes.¹⁰ In  

					traditional medicine, the aerial parts of S. verbenaca are the most  

					commonly used. They are valued for their healing effects on burns,  

					treatment of respiratory disorders, and management of genitourinary  

					issues.11,12 Additionally, the plant exhibits antinociceptive properties  

					and is used to alleviate stomach pain. S. verbenaca is also recognized  

					for its anti-inflammatory, antispasmodic, and antiparasitic activities and  

					its significant effects on Alzheimer's disease.14-16 Species of the Salvia  

					genus have long played an essential role in the pharmaceutical industry  

					for developing various drugs targeting multiple health conditions.¹⁷  

					Furthermore, S. verbenaca is utilized in food formulations to produce  

					functional foods.¹⁸  
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					The objective of this study was to characterize the chemical  

					composition and evaluate the anti-inflammatory, analgesic,  

					antidepressant, and cytotoxic activities of Moroccan Salvia verbenaca  

					extracts. These findings could contribute to the identification of new  

					natural remedies with enhanced pharmacological properties.  

					shaker before filtration. Then, 5 mL of the filtrate was mixed with 3 mL  

					of a solution containing 0.01 M FeCl₃ in 0.001 N HCl and 0.008 M  

					potassium ferrocyanide. After 10 minutes, the absorbance was  

					measured at 120 nm using a spectrophotometer. A blank sample was  

					prepared, and the developed color was read at the same wavelength. A  

					standard solution of tannic acid (100 ppm) was used for comparison.²³  

					Animals  

					Male Wistar rats weighing between 100 and 150 g were selected for the  

					study to assess the pharmacological activities. The animals were housed  

					under controlled conditions, with a regulated temperature and a  

					standardized light/dark cycle. They had unrestricted access to food and  

					water. All experimental procedures adhered strictly to ethical guidelines  

					for the care and use of laboratory animals.²⁴  

					Material and Methods  

					Plant Samples  

					The plant samples were collected from Sefrou Province, located in the  

					Fes-Meknes region of Morocco, between March and April, coinciding  

					with their peak growth and flowering period. The species was identified  

					and authenticated by botanist Eloutassi Nouredinne, a professor at the  

					Regional Center for Education and Training in Fez, under the voucher  

					specimen number FMM/032102. The identification was accredited by  

					the French Association for Plant Protection.  

					Analgesic activity  

					Acetic acid method  

					This study followed the method previously described by Konaté et al.  

					(2012)xx. The procedure involves evaluating pain reduction in rats by  

					administering an analgesic substance to counteract the twisting  

					movements induced by an irritant injection. A total of 30 Wistar rats  

					were randomly assigned to six groups, with five rats in each group (n =  

					5).  

					Group 1: positive control (Paracetamol (200 mg/kg).)  

					Group 2: negative control (10 mL/kg NaCl 0.9%)  

					Group 3 and 4: Hydro-ethanol extract at 200 mg/kg and 400 mg/kg  

					respectively  

					Solvent extraction  

					The hydroethanolic extract was obtained through maceration. Twenty  

					grams of plant powder, previously rinsed and dried in an oven at 45°C  

					for 72 hours, were macerated for 48 hours in a solvent mixture of 70%  

					ethanol and 30% distilled water. The resulting solution was filtered  

					using Whatman paper, and the solvent was subsequently removed by  

					evaporation under reduced pressure using a rotary evaporator (BUCHI  

					R-100 Rotavapor, New Castle, DE, USA). The final crude extract was  

					stored at 6°C in Eppendorf tubes for further use. The extraction yield  

					was 15.13%.  

					Group 5 and 6: Polyphenolic extract at 50 mg/kg and 100 mg/ kg  

					respectively  

					One hour later, all rats were injected with acetic acid (1%) by  

					intraperitoneal technique (10 mL/kg). 5 minutes later, the contortions  

					were counted for each treated rat for 30 min.  

					Polyphenolic extract  

					For this extraction, 10 g of S. verbenaca powder was macerated three  

					times in 30 mL of methanol. The macerate was then filtered and  

					concentrated at a low temperature. The concentrated extract was  

					dissolved in 50 mL of distilled water and subjected to liquid-liquid  

					extraction using 20 mL of hexane, chloroform, and ethyl acetate, each  

					performed three times. The ethyl acetate phase was evaporated under  

					vacuum at 40°C using a rotary evaporator to obtain the polyphenolic  

					fraction. The extraction yield of the polyphenolic extract was 5.89%.  

					Formalin Test  

					This test assesses pain sensitivity following formalin injection, based  

					on the method described by Gong (2014).²⁶ Pain was induced by  

					injecting 20 µL of 2% formalin into the posterior paw of the rats 30  

					minutes after oral administration of Tramadol or plant extracts. The paw  

					licking and biting duration, indicative of pain response, was recorded  

					using a stopwatch. The total time spent on these behaviors was  

					measured during two distinct phases: the early phase (0–5 minutes) and  

					the late phase (15–30 minutes). A total of 30 Wistar rats were divided  

					into six groups, with five rats in each group.  

					Group 1: Positive control (Paracetamol 200 mg/kg)  

					Group 2: Negative control (0.9% NaCl);  

					Group 3 and 4: Hydro-ethanol extract solution at 200 mg/kg and 400  

					mg/kg respectively  

					Phytochimical composition  

					Determination of Alkaloids  

					In this determination, 200 mL of 10% acetic acid in ethanol was added  

					to 1 g of extract and allowed to stand for 4 hours. The solution was then  

					filtered using filter paper and concentrated in a water bath. A few drops  

					of ammonium hydroxide were added until complete precipitation  

					occurred. The resulting precipitate was collected, rinsed with diluted  

					ammonium hydroxide, and filtered. The final residue was dried and  

					weighed to determine the alkaloid content.²⁰  

					Group 5 and 6: Polyphenolic extract at 50 mg/kg and 100 mg/ kg  

					respectively  

					Evaluation of acute anti-inflammatory activity  

					As described in previous studies, the anti-inflammatory effect was  

					assessed using the carrageenan-induced paw edema inhibition  

					method.27,28 Before the experiment, the animals were fasted for 12  

					hours, weighed, and randomly assigned to six groups (n = 5).  

					Group 1: Positive control (Diclofenac 15 mg/kg).  

					Group 2: Negative control (0.9% NaCl)  

					Group 3 and 4: Hydro-ethanol extract solution at 200 mg/kg and 400  

					mg/kg, respectively  

					Group 5 and 6: Polyphenolic extract at 50 mg/kg and 100 mg/ kg,  

					respectively  

					One hour after administering the respective treatments to each group,  

					all rats received a subcutaneous injection of 50 μL of a 1% carrageenan  

					solution into the plantar surface of the right hind paw. Paw edema was  

					assessed by measuring paw volume at different time points: before the  

					carrageenan injection (baseline, V₀ ) and at 3 hours (T₃ ), 4 hours (T₄ ),  

					5 hours (T₅ ), and 6 hours (T₆ ) post-injection (V0).  

					The inhibition percentage of edema (EI) was calculated as stated  

					below:  

					Determination of Flavonoids  

					A 1 g sample was repeatedly extracted using 100 mL of 80% aqueous  

					methanol. The solution was then filtered using Whatman filter paper.  

					The filtrate was evaporated in a water bath until complete dryness, and  

					the remaining residue was weighed to determine the flavonoid  

					content.²¹  

					Determination of Saponins  

					In this assay, 200 mL of 20% ethanol was added to 20 g of the extract.  

					The mixture was heated in a water bath at 50°C for 4 hours with  

					continuous stirring. After filtration, the residue was re-extracted with  

					another 200 mL of ethanol and then concentrated to 40 mL in a water  

					bath at 90°C. The concentrate was transferred to a 250 mL separating  

					funnel, where 20 mL of diethyl ether was added and shaken vigorously.  

					The aqueous layer was collected, while the ether layer was discarded.  

					The aqueous extract was then combined with 60 mL of n-butanol and  

					washed with 10 mL of 5% aqueous sodium chloride. The resulting  

					solution was evaporated in a water bath and dried in an oven. The final  

					dried sample was weighed to determine the saponin content.²²  

					Inhibition %(((Vt - V0) Control - (Vt - V0) Treated)/ (Vt - V0)Control))  

					* 100  

					Vt: The volumes after the Carrageenan administration  

					V0: The volumes before the Carrageenan administration  

					Determination of Tannins  

					In this determination, 50 mL of distilled water was added to 500 mg of  

					the extract and the mixture was stirred for one hour using a mechanical  
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					Antidepressant activity  

					For each test (FST and TST), thirty Wistar rats were divided into six  

					groups, with five in each group.  

					Group 1: Negative control (0.9% NaCl)  

					Group 2: Positive control (Diazepam 15 mg/kg).  

					Group 3 and 4: Hydro-ethanol extract solution at 200 mg/kg and 400  

					mg/kg, respectively  

					analgesic with 71.22%. At a 200 mg/kg dose, the HEE reduced the  

					number of contortions to 47.2±2.92. Nevertheless, it shows analgesic  

					activity with a reduction of about 32.76% compared to the control.  

					Increasing the dose to 400 mg/kg enhanced the analgesic effect of HEE,  

					with a greater decrease in the number of contortions (30.2± 1.85),  

					achieving nearly a 56.98% reduction compared to the control. This  

					result shows dose dependency with better efficacy at higher doses. Poly  

					treatment at 50 mg/kg also showed a significant decrease in contortions  

					(32.80 ±0.83), similar to HEE at 400 mg/kg. It reduced contortions by  

					approximately 46.72% compared to control. At a higher dose of 100  

					mg/kg, the polyphenolic extract further reduced the number of  

					contortions (28.40 ± 1.67), showing a 59.54% reduction, indicating that  

					its analgesic effect is also dose-dependent.  

					Forced swimming test (FST)  

					The antidepressant effect was evaluated using the method described by  

					Cryan and Rodríguez-Landa.²⁹ ³⁰ The swimming apparatus consisted of  

					,

					a transparent, open glass container (50 × 30 × 60 cm) filled with 10 cm  

					of water maintained at 25 ± 1°C. Treatments were administered 60  

					minutes before the test. Each rat was placed in the tank and forced to  

					swim for 6 minutes, with immobility duration recorded during the last  

					4 minutes of the test.³¹ The results were obtained after an 8-day  

					treatment period.¹⁹ Rats were immobile when they ceased struggling  

					and remained floating in the water, making only the necessary  

					movements to keep their heads above the surface.  

					Table 2: S. verbenaca extracts influence the rats' response to  

					acetic acid-induced writhing  

					Treatment  

					Number of Writhes  

					Control  

					70.2 ±2.97  

					Tail suspension test (TST)  

					Paracetamol (10mg/kg)  

					HEE (200 mg/kg)  

					HEE (400 mg/kg)  

					Poly (50 mg/kg)  

					20.2±2.52  

					47.2±2.92  

					30.2± 1.85  

					32.80 ±0.83  

					28.40 ± 1.67  

					In this test, drugs were administered 60 minutes before the experiment.  

					The rats were suspended by adhesive tape placed 1 cm from the tip of  

					their tails at 50 cm above the floor. The duration of the immobility was  

					recorded for 6 minutes within the 10-minute testing period.³² The results  

					were obtained after an 8-day treatment. Rats were considered immobile  

					when they remained completely motionless, hanging passively.  

					Acute toxicity Test  

					The hydro-methanol extracts of Salvia verbenaca were tested at doses  

					of 600, 1000, 2000, and 4000 mg/kg, diluted in physiological saline  

					(0.9% NaCl). Thirty mice were randomly assigned to five groups, with  

					six in each group (n = 6). The first group (negative control) received  

					only the physiological saline solution, while the remaining groups were  

					treated with different extract concentrations. The animals were  

					monitored for 72 hours to evaluate toxicity and mortality rates.³³  

					Poly (100 mg/kg)  

					100  

					Unités vendues  

					80  

					60  

					40  

					20  

					0

					71.22  

					Results and discussion  

					59.54  

					56.98  

					46.72  

					The phytochemical characterization of S. verbenaca demonstrated that  

					this plant has a significant amount of several chemical compounds. It is  

					particularly rich in the composition of secondary metabolites. Alkaloids  

					are the most abundant, with the highest percentage at 7.85%, followed  

					by saponins at 6.89%, flavonoids at 2.65%, coumarins at 2.25%, and  

					tannins at 1.63% (Table 1).  

					32.76  

					Table 1: Secondary metabolites content in the dry matter of Salvia  

					verbenaca  

					Compounds  

					Percentage of dry matter (%)  

					Figure 1: Percentage of the inhibitory influence of paracetamol  

					and S. verbenaca extract on rat contortions induced with acetic  

					acid(n = 5). (a,b,c,) represent the treatment differences that are  

					statistically significant at p <0.05. HEE: Hydroethanolic extract;  

					Poly: polyphenolic extract  

					Flavonoids  

					2.65  

					Coumarins  

					Tannins  

					2.25  

					1.63  

					6.89  

					7.85  

					The results of the analgesic activity in the formalin-induced pain model  

					are presented in Table 3 and illustrated in Figure 2. The HE extract at  

					doses of 200 mg/kg and 400 mg/kg inhibited pain by 40.35% and  

					62.14%, respectively, in the first phase and 41.16% and 63.68%,  

					respectively, in the second phase. The polyphenolic extract at doses of  

					50 mg/kg and 100 mg/kg inhibited pain by 47.50% and 64.64%,  

					respectively, in the first phase and by 56.41% and 68.58%, respectively,  

					in the second phase. Paracetamol (the standard treatment) showed  

					greater activity in both phases, achieving up to 87.23% pain reduction  

					in response time.  

					to the results presented in Table 4 and illustrated in Figure 3, both the  

					hydro-ethanol extract at a dose of 400 mg/kg and the polyphenolic  

					fractions at doses of 50 mg/kg and 100 mg/kg of S. verbenaca exert  

					remarkable anti-inflammatory activity, in the evaluation of acute anti-  

					inflammatory activity in vivo edema test, reaching 71.75%, 72.50%, and  

					75%, respectively, 6 hours later. The EHE 200 showed a lesser effect,  

					Saponosids  

					Alkaloids  

					The plant extract was investigated for analgesic activity using different  

					pain models. In the acetic acid-induced writing, the number of  

					contortions under different treatments is presented in Table 2. The  

					percentage inhibition of contortions is illustrated in Figure 1. The  

					control group had the highest number of contortions (70.2 ±2.97),  

					indicating a strong response to pain. This serves as the benchmark  

					against which other treatments are evaluated. Paracetamol, a standard  

					analgesic, significantly reduced the number of contortions (20.2±2.52)  

					compared to the control group, demonstrating its effectiveness as an  
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					with an inhibition of edema of only 52.38%. When treating the rats with  

					100 mg/kg Diclofenac, significant and major inhibition of inflammation  

					was induced, reaching 77.50%.  

					In the antidepressant activity assay, the results revealed that in both TST  

					and FST, all S. verbenaca extracts significantly reduced immobility  

					compared to the control group, which received only the vehicle (Table  

					5). In the FST, the control group had an immobility duration of 210.00  

					seconds, while diazepam, used as a reference, reduced this duration to  

					60.80 seconds. EHE extracts of S. verbenaca showed immobility  

					durations of 126.4 seconds at 200 mg/kg and 95.20 seconds at 400  

					mg/kg. In TST, immobility time is 235 seconds for EHE 200 mg/kg and  

					217 seconds for EHE 400 mg/kg, showing a dose-dependent reduction.  

					The control group had an immobility duration of 260.80 seconds, and  

					Diazepam resulted in a duration of 180.40 seconds.  

					Table 3: Effect of the hydroethanolic and polyphenolic extracts of S. verbenaca on formalin-induced pain in rats.  

					Licking Time (s)  

					Treatment  

					First Phase  

					Second Phase  

					(0–5 min)  

					(15–30 min)  

					Control  

					56.00±1.58  

					9.49±1.34  

					31.20±0.83  

					4.00 ± 0.57  

					Paracetamol (10 mg/kg)  

					HEE (200 mg/kg)  

					HEE (400 mg/kg)  

					Poly (50 mg/kg)  

					Poly (100 mg/kg)  

					33.40±1.40  

					21.20±0.83  

					29.40±1.51  

					19.80±1.30  

					18.67 ± 0.88  

					11.33 ± 1.70.  

					13.6±0.89  

					9.80 ± 0.83  

					Figure 2: Percentage of inhibition of formalin-induced pain in rats upon applying HEE: Hydroethanolic extracts, Poly: polyphenolic  

					extracts of S. verbenaca, and Paracetamol. (a,b,c,) represent the treatment differences that are statistically significant at p <0.05.  
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					Figure 3: Percentage of inhibition of edema induced by carrageenan.  

					EHE 200 mg/kg: Extrait hydroethanolique à 200 mg/kg ; EHE 400 mg/kg:Extrait hydroethanolique à 400 mg/kg ; Poly 50 mg/kg: Extrait  

					polyphénolique à 50mg/kg ;Poly 100 mg/kg: Extrait polyphénolique à 100mg/kg  

					Table 4: Anti-inflammatory effects and inhibition percentage of carrageenan-induced edema in treated rats with S. vervenaca extracts  

					and diclofenac, (n = 5), p < 0.05 considered statistically significant compared to the control and reference drug (Diclofenac 15 mg/ml)  

					Treatment  

					Diameter paw (cm) Diameter paw (cm) after Carrageenan Injection (Mean ± SEM)/Percent Inhibition  

					before the Carrageenan of Edema  

					Injection  

					T3  

					T4  

					T5  

					T6  

					Control  

					2.02± 0.083  

					2.12± 0.13  

					2.34.± 0.089  

					2.33± 0.083  

					2.27 ± 0.083  

					2.30 ± 0.122  

					2.32 ± 0.114  

					2.34 ± 0.114  

					2.5± 0.95  

					2.44± 0.08  

					2.26± 0.054  

					2.24± 0.089  

					2.23 ±0.083  

					2.243±0.054  

					2.27 ± 0.100  

					2.42± 0.04  

					2.21±0.08  

					2.19±0.081  

					2.19± 0.070  

					2.21 ± 0.070  

					2.22 ± 0.14  

					Diclofenac (15 mg/kg)  

					HEE (200 mg/kg)  

					HEE (400 mg/kg)  

					Poly (50mg/kg)  

					Poly (100mg/kg)  

					2.31± 0.054  

					2.30 ± 0.075  

					2.27± 0.054  

					2.29 ± 0.083  

					2.31 ± 0.158  

					2.04 ± 0.134  

					2.08 ± 0.130  

					2.10 ± 0.10  

					2.12 ± 0.021  

					chlorophyll A and B.³⁴ Furthermore, the methanol extract from the  

					aerial parts of Tunisian S. verbenaca L. was found to contain several  

					flavonoids, including luteolin, apigenin, genkwanin, cirsiliol,  

					naringenin, hesperidin, and naringin.³⁵ Regarding phenolic acids,  

					various phenolic compounds have been identified in the methanolic  

					extract of S. verbenaca, such as rosmarinic acid, p-hydroxybenzoic  

					acid, p-coumaric acid, vanillic acid, phenolic diterpenes, caffeic acid,  

					and ferulic acid.³⁶ The analgesic activity was assessed using two  

					experimental protocols. The first protocol involved the induction of  

					writhing in rats through the intraperitoneal administration of an acetic  

					acid solution. Acetic acid causes tissue irritation and destruction,  

					releasing various chemical mediators, including bradykinin, histamine,  

					Furthermore, the results showed no signs of toxicity or mortality in mice  

					that received oral administration of the hydroethanolic extract of Salvia  

					verbenaca leaves at 600, 1000, 2000, and 4000 mg/kg doses.  

					Additionally, no significant changes in organ health were observed  

					during the 14-day observation period. These findings suggest that the  

					studied extracts have a low risk of harmful effects, remaining below the  

					toxicity threshold established by OECD Guidelines-423  

					Chemical analysis reveals that Moroccan Salvia verbenaca is rich in  

					secondary metabolites and contains many chemical compounds.  

					Similarly, a study on the methanol extract of Algerian S. verbenaca  

					identified the presence of phenols, flavonoids, tannins, carotenoids, and  
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					serotonin, acetylcholine, and prostaglandins. These mediators sensitize  

					nociceptors, triggering pain perception, which in rats is exhibited  

					through leg stretching, abdominal writhing, and active movements.³⁷  

					demonstrated a higher percentage of edema inhibition than the  

					hydroethanolic extract.⁴⁵ Moreover, numerous studies have reported  

					that flavonoids like rutin, quercetin, luteolin, biflavonoids, and related  

					polyphenols exhibit significant antinociceptive and anti-inflammatory  

					The second protocol involved formalin-induced pain,  

					a

					test  

					,

					characterized by two distinct nociceptive phases. The early phase  

					results from direct nociceptor activation in the paw, reflecting centrally  

					mediated pain. In contrast, the late phase releases pro-inflammatory  

					mediators such as serotonin, bradykinin, histamine, and  

					effects.⁴⁶ ⁴⁷ In this study, two widely used depression models were  

					investigated: the Forced Swimming Test (FST) and the Tail Suspension  

					Test (TST). These behavioral models are commonly employed to assess  

					the pharmacological antidepressant potential of compounds.⁴⁸ The  

					behavior observed in these tests, which reflects behavioral despair, is  

					also associated with symptoms of human depression.⁴⁹ The tests  

					measured immobility duration after an 8-day treatment period.  

					Diazepam, used as a reference drug, increased immobility time by  

					reducing the levels of monoamines (dopamine, norepinephrine, and  

					serotonin) in the brain. This effect is achieved through the inhibition of  

					monoamine oxidase or neurotransmitter reuptake, mechanisms that are  

					typically targeted in depression treatment. The significant  

					antidepressant effects observed in S. verbenaca extracts may be  

					attributed to the plant's high content of bioactive compounds, which  

					contribute to its antidepressant properties. These findings suggest the  

					potential of S. verbenaca as a natural alternative for depression  

					treatment. Previous studies have confirmed that this plant contains  

					flavonoids and phenolic acids, known for their ability to modulate brain  

					receptors and alleviate depression symptoms. Additionally, research on  

					various Salvia species has demonstrated promising antidepressant  

					effects.⁵⁰ Hispidulin, a flavonoid found in Salvia, has been shown to  

					exert significant antidepressant activity, primarily through GABAergic  

					and glutamatergic mechanisms.⁵¹ Studies suggest that these bioactive  

					compounds may interact with key neurotransmitter systems, including  

					serotonin and norepinephrine, which could explain the antidepressant  

					effects observed in the FST and TST. Recent studies have supported our  

					toxicity test results, confirming that Salvia verbenaca extracts do not  

					cause adverse effects or behavioral disorders. Additionally, research has  

					demonstrated that the plant is safe for human use, with findings  

					indicating that its LD₅ ₀ after oral administration at 2000 mg/kg is not  

					lethal.⁵²  

					,

					prostaglandins.³⁸ ³⁹ The analgesic effect of the extracts is likely  

					attributed to specific bioactive compounds, particularly flavonoids and  

					polyphenols, which are found in high concentrations. The polyphenolic  

					(Poly) extracts demonstrated significant efficacy, even at lower doses,  

					underscoring the crucial role of polyphenols in modulating pain  

					responses. This observation aligns with the findings of Guil-Guerrero  

					and colleagues, who highlighted the bioactive potential of S. verbenaca  

					polyphenols.⁴⁰ Paracetamol, used as the reference analgesic, exhibited  

					the highest percentage of pain inhibition. Its effectiveness in this test is  

					attributed to its ability to block the production of key mediators  

					involved in pain signal transmission to the brain, explaining its broad-  

					spectrum analgesic activity. The findings suggest that S. verbenaca  

					exhibits a remarkable anti-inflammatory effect, likely due to the high  

					content of flavonoids in the extract. Flavonoids are known for their  

					potent inhibitory action in producing prostaglandins and other active  

					pro-inflammatory molecules. Additionally, the extract is rich in tannins  

					and polyphenols, which help reduce the production of key pro-  

					inflammatory mediators such as leukotrienes and prostaglandins  

					(PGI₂ , PGD₂ , and PGE₂ ).⁴¹ This anti-inflammatory effect is likely  

					attributed to the inhibition of arachidonic acid metabolism, particularly  

					through the suppression of lipoxygenase, cyclooxygenase, and  

					phospholipase A₂ .⁴² Flavones and flavonols, in particular, are known  

					to inhibit cyclooxygenase (COX) activity. Steroids, triterpenes, and  

					,

					polyphenols further enhance this anti-inflammatory action.⁴³ ⁴⁴  

					Previous studies have also suggested that the anti-inflammatory activity  

					of S. verbenaca is due to its phytochemicals, including polyphenolic  

					compounds. Our findings support this, as the polyphenolic extract  

					Table 5: Effect of S. verbenaca extracts on immobility time in FST and TST,  

					Treatment (mg/kg)  

					Forced Swim test Duration of Immobility (sec)  

					Tail Suspension test Duration of Immobility (sec)  

					Control  

					210.00±2.21  

					60.80±2.28  

					126.4±2.40  

					95.20±3.11  

					260.80±2.28  

					Diazepam (15 mg/kg)  

					HEE (200 mg/kg)  

					HEE (400 mg/kg)  

					180.40±1.14  

					235.00±2.29  

					217.20±1.164  
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