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					ABSTRACT  

					ARTICLE INFO  

					Depression and anxiety impair motor coordination, leading to functional disability. While current  

					therapies are effective, they do not target increased brain oxidative stress, a key underlying cause.  

					Natural antioxidants like lycopene (LYC), alone or with fluoxetine (FLX), may offer a therapeutic  

					strategy. This study evaluated LYC’s effects on depression, anxiety, and motor coordination  

					dysfunction. Thirty-six rats were divided into six groups (6 per group). Treatment groups received  

					LYC orally once daily at 5, 10, or 20 mg/kg, or a combination of FLX (20 mg/kg) and LYC (20  

					mg/kg). The standard group received FLX (20 mg/kg), while the control group received a vehicle,  

					for 10 days. Behavioural studies, including the forced swim, hole board, elevated plus maze, and  

					rotarod tests, were conducted on the 10th day of the study. Additionally, biochemical analyses  

					measured brain levels of glutathione (GSH), thiobarbituric acid reactive substances (TBARS), and  

					serotonin. Behavioural assessments revealed that the rats treated with LYC (20 mg/kg), alone and  

					in combination with FLX (20 mg/kg), showed significant (P<0.05) antidepressant and antianxiety  

					activity, along with improved motor coordination, moreover, there was a significant (P<0.05)  

					increase in brain levels of GSH and serotonin along with decrease in TBARS compared to control  

					rats displaying depressive and anxious behaviour. Furthermore, the combination treatment did not  

					significantly surpass the effects of individual treatments in most parameters, indicating an additive  

					rather than a synergistic effect. Hence, LYC reduced brain oxidative stress, enhanced serotonin  

					levels, and alleviated depression, anxiety, and motor dysfunction in rats, possibly via the  

					serotonergic pathway.  
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					In this context, studies suggest that antioxidant supplementation may  

					help prevent and manage depression and anxiety, supporting their  

					Introduction  

					Depression is one of the most common and debilitating  

					mental illnesses worldwide.1 Despite the availability of  

					pharmacological and non-pharmacological therapies, there remains a  

					need for more effective treatments, encouraging the development of  

					new targeted interventions in recent years.1 According to the World  

					Health Organization (WHO), 4.4% of individuals worldwide suffer  

					from depression, making it a major cause of disability.2 Depression is  

					also associated with other mental conditions, including anxiety.3 In the  

					year 2019, depression and anxiety were reported to be diagnosed in 280  

					million and 301 million people respectively.4 Together these conditions  

					have a significant impact on the global economy, costing an estimated  

					US$ 1 trillion annually.3 In addition to emotional distress, depression  

					and anxiety can also lead to psychomotor impairments, including  

					balance and coordination deficits.5,6 Among the various underlying  

					causes of these disorders, oxidative stress plays an important role and is  

					often linked to decreased plasma antioxidant levels.7,8  

					potential use as adjunct therapies alongside conventional antidepressant  

					drugs.9 Natural antioxidants, in particular, have been highlighted for  

					their therapeutic potential in these conditions.10 However, identifying  

					and evaluating potent natural antioxidants that have not yet been studied  

					in this context could lead to significant advancements. One such natural  

					antioxidant under investigation is lycopene, found in tomatoes,  

					watermelons, and papayas, which has been extensively studied in  

					various neurological disorders, including Parkinson’s disease, cerebral  

					ischemia, Huntington’s disease, epilepsy, Alzheimer’s disease, and  

					depression.11 Lycopene (LYC) has demonstrated potent antioxidant  

					activity12 and neuroprotective properties, suggesting its potential role in  

					managing neurodegenerative diseases, including mood disorders.13  

					Previous studies have shown that LYC exhibits antidepressant effects in  

					chronic mild stress-induced depression models.14 However, its  

					pharmacological effects on oxidative stress-induced depression and  

					anxiety leading to psychomotor dysfunction, specifically motor  

					coordination impairments, remain unexplored. Given the increasing  

					interest in natural antioxidants as complementary therapies for mental  

					illnesses, it was hypothesized that LYC, either alone or in combination  

					with the standard antidepressant drug fluoxetine, may attenuate  

					oxidative stress-induced depression and anxiety symptoms or improve  

					motor coordination effects in rats. This effect may be mediated through  

					its antioxidant potential. Therefore, this study aimed to evaluate the  

					antidepressant, antianxiety and motor coordination effects of LYC in a  

					rat model of oxidative stress-induced depression, anxiety and motor  

					coordination dysfunction.  
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					between successive tests to allow for recovery while ensuring the  

					continuation of the stress-induced state.  

					Materials and Methods  

					Animals  

					Hole-Board Test  

					Thirty-six (36) Sprague Dawley male rats (180 ± 200 g) were included  

					in this study. The rats were divided into six (6) groups, with each group  

					comprising 6 rats. The study protocol was approved by the Asian  

					Institute of Medicine, Science and Technology (AIMST) University  

					Animal Ethics Committee (AUAEC/FOP/2023/02). The care of  

					animals was carried out according to the guidelines laid down by  

					AUAEC.  

					The hole-board test (HBT) served as an experimental method to assess  

					anxiety in animals. The test utilized a 40x40 cm board which was  

					elevated 28 cm above the ground. 16 holes, each 3 cm in diameter, were  

					evenly spaced across the floor of the board. Each rat was placed on the  

					arena containing the evenly arranged holes and allowed to explore  

					freely for five minutes. During this time, both the frequency and  

					duration of spontaneous hole-poking behaviour (head-dipping) were  

					recorded as part of the experimental analysis. After each observation,  

					the hole-board apparatus was cleaned with 70% ethyl alcohol to remove  

					any scent cues left by the previous rat.20,21  

					Experimental design  

					Lycopene was purchased from A&T Ingredients Sdn. Bhd. Malaysia  

					and all other chemicals and reagents used in this study were of standard  

					analytical grade. Based on a previously published report, the doses of  

					lycopene14 and fluoxetine15 were selected.  

					Elevated Plus Maze Test  

					The elevated plus maze (EPM) test is a simplified behavioural  

					assessment used to evaluate anxiety-related behaviour in rats. The EPM  

					apparatus is a plus-shaped maze elevated above the ground, consisting  

					of two closed arms, two open arms positioned opposite each other, and  

					a central area. The rats were placed at the intersection of the four arms,  

					facing an open arm, and their movements such as entries and time spent  

					in each arm were recorded for 5 minutes. Anxiety behaviour in rats was  

					assessed by calculating the ratio of time spent in the open arms to time  

					spent in the closed arms. Increased activity in the open arms (in terms  

					of duration and/or entries) indicates anti-anxiety behaviour. As the rats  

					explored the maze freely, their behaviour was recorded. Anxiety-like  

					behaviour is measured by calculating the preference for the open arms  

					over the closed arms, expressed as either the percentage of entries or the  

					percentage of time spent in the open arms.21,22  

					The grouping of animals and treatment schedule are detailed as follows:  

					Group I (Control; CON): Rats received an equal volume of the vehicle,  

					dimethyl sulfoxide (DMSO) from day 1 to day 10.  

					Group II (Fluoxetine; FLX): Rats were treated with FLX (20 mg/kg;  

					p.o.) from day 1 to day 10.  

					Group III (Lycopene 5; LYC 5): Rats were treated with LYC (5 mg/kg;  

					p.o.) from day 1 to day 10.  

					Group IV (Lycopene 10; LYC 10): Rats were treated with LYC (10  

					mg/kg; p.o.) from day 1 to day 10.  

					Group V (Lycopene 20; LYC 20): Rats were treated with LYC (20  

					mg/kg; p.o.) from day 1 to day 10.  

					Group VI (Fluoxetine + Lycopene 20; FLX + LYC 20): Rats were  

					treated with (FLX 20 mg/kg; p.o.) and LYC (20 mg/kg; p.o.) from day  

					1 to day 10.  

					All treatments were done once daily for 10 days. Thereafter,  

					behavioural studies were performed using the forced swim test, hole  

					board test, elevated plus maze test and rotarod test.  

					Rotarod Test  

					The rotarod test was performed to determine the motor coordination in  

					the depressed and anxious rats. Motor coordination in rats has  

					traditionally been evaluated using the rotarod test. In this test, the  

					animal is placed on a horizontally rotating rod and must walk forward  

					to maintain balance and avoid falling off. Rats were individually placed  

					on this rotating rod to assess their ability to remain balanced. The time  

					it took for the rats to fall off the rod was recorded. An increased fall-off  

					time was considered a direct measure of improved motor coordination  

					in the rats.20, 23-25  

					Forced Swimming Test  

					The forced swimming test (FST)15-17 was performed on day 10 after  

					completing the treatment schedule. The rats were individually exposed  

					to a 15-minute pretest swim session on day 9, followed by a 6-minute  

					test swim session on day 10 after the treatment. FST was performed by  

					making rats to forcefully swim inside a plastic cylinder filled with 25  

					cm of water maintained at room temperature. During the 15-minute  

					pretest swim session, it was observed that rats displayed very active and  

					vigorous swimming behaviour along with climbing from the side of  

					cylinder and diving down. However, at the end of 2-3 minutes, these  

					behavioural activities were reduced, and rats displayed a characteristic  

					behaviour i.e. immobility in which it made only the movements that  

					helped it to keep its head above the water. The rats were taken out of  

					the water after the swim session and then placed back into their  

					respective cages. The rats were made completely dried by using a clean  

					cloth to wipe off the water. Further, after each swim session with  

					individual rats, the cylinders were cleaned properly and then refilled  

					with fresh water. Further, on next day i.e. 24 hours after pretest swim  

					session all the rats underwent 6 minutes test swim session. During these  

					6-minute test swim session, the rats displayed increased immobility  

					time, however, the immobility count was recorded only for the last 4  

					minutes. The rat’s behaviour was analysed by observing their  

					immobility, swimming and climbing behaviour. The rat demonstrating  

					floating behaviour with no other activity except the one required to keep  

					the head above water was defined as immobility behaviour. Further, rat  

					movement on water surface throughout the swim chamber with rat in a  

					horizontal position was defined as swimming behaviour and upward-  

					directed vigorous thrashing movements with the forepaws, usually  

					along the side of the swim chamber was defined as climbing behaviour.  

					A time-sampling technique was used whereby the predominant  

					behaviour in each 5-second interval of the 4-minute test swim was  

					scored.18,19  

					Blood and Brain Sample Collection  

					The rats were anesthetised using the inhalation method with ether after  

					the completion of all behavioural assessments on day 10 of the study.  

					Blood samples were collected using the retroorbital puncture method  

					and later the blood was centrifuged to separate the serum. The serum  

					was stored at -20ºC until biochemical analyses were conducted.  

					Subsequently, the rats were sacrificed by cervical dislocation and their  

					brains were isolated and weighed. The isolated brains were  

					homogenized in 0.01 M phosphate buffer (pH 7.4), and the homogenate  

					was centrifuged at 3000 rpm for 15 minutes to obtain a clear  

					supernatant. The supernatant was used for biochemical estimations.26  

					Brain Thiobarbituric Acid Reactive Substances Assay  

					The whole-brain thiobarbituric acid reactive substances (TBARS)  

					content was measured using the method described by Buege and Aust.27  

					To the 0.2 mL of brain homogenate supernatant 2 mL of a reagent  

					mixture containing thiobarbituric acid, trichloroacetic acid, and  

					hydrochloric acid in a test tube was added. The mixture was then heated  

					in a boiling water bath for 10 minutes to develop a pink chromogen.  

					After heating, the test tubes were cooled under running tap water and  

					centrifuged at 5500 rpm for 15 minutes. The absorbance of the  

					supernatant was subsequently measured using  

					a

					UV-visible  

					spectrophotometer (UV-1800, Shimadzu Corporation, Kyoto, Japan) at  

					a wavelength of 532 nm. A standard curve was generated using  

					tetramethoxypropane concentrations ranging from 0 to 100 µM.28  

					Additionally, the brain's total protein content was determined using  

					Lowry’s method.29  

					After completing the FST, the same rats underwent a series of  

					behavioural assessments in the following order on day 10. Hole-board  

					test, elevated plus maze test, and the rotarod test, as detailed in the  

					following sections. A time interval of 15 to 30 minutes was maintained  

					2055  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, May 2025; 9(5): 2054 - 2060  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					Brain Reduced Glutathione Assay  

					A significant increase in swimming counts was observed in the FLX (P  

					< 0.001), LYC 20 (P < 0.05), and FLX + LYC 20 (P < 0.05) groups  

					compared to the CON group. Moreover, climbing counts were  

					significantly increased in the FLX (P < 0.001), LYC 20 (P < 0.05), and  

					FLX + LYC 20 (P < 0.001) groups compared to CON group (Figure 1  

					C and D). Furthermore, there were no significant behavioural changes  

					in the FLX + LYC 20 group compared to LYC 20 or FLX. Thus, FST in  

					this study demonstrated that the CON group rats displayed significantly  

					increased immobility and decreased swimming and climbing  

					behaviours, indicating depression-like behaviour which is in line with  

					previously published reports.32,33 However, treatment with LYC and  

					FLX showed a significantly reduced immobility while increasing  

					swimming and climbing behaviours. The effects of these treatments on  

					FST-induced immobility may be exerted by distinguishable  

					contributions from different neurotransmitter systems by blocking  

					monoamine uptake and thereby increasing their levels in brain. This  

					increased monoamine levels could have stimulated the central nervous  

					system leading to increased mobility in FST. Furthermore, it is reported  

					that drugs like imipramine which is a norepinephrine reuptake inhibitor  

					selectively increase climbing behaviours, whereas the selective  

					serotonin reuptake inhibitors (SSRIs) like fluoxetine, selectively  

					increase swimming32 behaviours in rats during FST. Interestingly, this  

					study found increases in both swimming and climbing behaviours in  

					LYC 20 group, indicating the effects of LYC on multiple  

					monoaminergic pathways18 to display the antidepressant activity.  

					However, this study has shown an elevated level of serotonin in LYC  

					20 group, thereby, the activation of serotonergic pathway could be the  

					possible mechanism behind LYC antidepressant action.  

					The whole brain reduced glutathione (GSH) content was determined  

					using the method of Beutler et al.30 Briefly 0.5 mL of the brain  

					homogenate supernatant was mixed with 2 mL of 0.3 M disodium  

					hydrogen phosphate solution. Subsequently, 0.25 mL of freshly  

					prepared 0.001M DTNB [5,5`-dithiobis (2-nitrobenzoic acid),  

					dissolved in 1% w/v sodium citrate] was added immediately before  

					absorbance measurement. The absorbance changes were recorded at  

					412 nm using a UV-visible spectrophotometer (UV-1800, Shimadzu  

					Corporation, Kyoto, Japan). A standard curve was generated using 10-  

					100 µM of reduced glutathione.  

					Serum and Brain Serotonin Assay  

					The serum and brain serotonin levels were determined by using ST/5-  

					HT(Serotonin/5-Hydroxytryptamine) ELISA Kit (Elabscience,  

					Houston, Texas, USA. Cat. No.: E-EL-0033). The results are expressed  

					as ng/ml.  

					Statistical Analysis  

					The data obtained from behavioural studies and biochemical  

					estimations were statistically analysed by applying a one-way analysis  

					of variance (ANOVA) followed by the Tukey-Kramer test. GraphPad  

					prism statistical software was used. All results are expressed as mean ±  

					standard error of the mean (SEM). The probability value of p < 0.05  

					was considered to be statistically significant.  

					Results and Discussion  

					Effect of Lycopene in Rats on FST  

					The FST was used to assess the antidepressant activity, since over the  

					years, animal models using FST to induce physiological stress have  

					provided valuable translational insights into major depression for initial  

					screening.31 The FST findings in this study indicated a reduction in  

					immobility counts and time across all treated groups compared to the  

					control group. Notably, a significant decrease in immobility counts and  

					time was observed in the FLX (P < 0.001), LYC 20 (P < 0.05), and  

					FLX + LYC 20 (P < 0.05) groups compared to CON group (Figure 1 A  

					and B). Additionally, FST findings also indicated an increase in  

					swimming and climbing counts in all treated groups compared to the  

					control group.  

					Effect of Lycopene in Rats on HBT and EPM Test  

					Post-FST, the rats were considered to have developed anxiety, hence,  

					the rats in this study underwent the HBT and EPM tests to assess  

					anxiety-related behaviours. HBT is a validated model for studying  

					anxiety in rodents,34 similarly, the EPM test is a widely used  

					behavioural study for assessing the anti-anxiety effects of  

					pharmacological agents.35 The HBT indicated an increase in the number  

					of head dips across all treated groups compared to the control group.  

					Notably, a significant increase in the number of head dips was observed  

					in FLX (P < 0.01), LYC 20 (P < 0.001), and FLX + LYC 20 (P < 0.001)  

					groups compared to the CON group. Furthermore, the FLX + LYC 20  

					group showed a significant increase in the number of head dips  

					compared to the FLX and LYC 20 groups (P < 0.01 and P < 0.05,  

					respectively; Figure 2 A). The CON group rats in HBT displayed  

					significantly decreased head-dipping counts, indicative of increased  

					anxiety-like behaviour, consistent with previous studies.21,36 However,  

					treatments with LYC and FLX showed significantly increased head-  

					dipping counts, indicating anxiolytic activity, since it is reported that  

					anxiolytics are expected to increase exploratory behaviours such as  

					head dipping.37 Furthermore, in the EPM test, all treated groups  

					displayed an increase in the percentage of open arm time (%OAT) and  

					the percentage of open arm entries (%OAE) compared to the control  

					group. Specifically, significant increases in %OAT and %OAE were  

					found in the FLX (p< 0.05), LYC 20 (p<0.05), and FLX + LYC 20 (p  

					< 0.001) groups compared to the CON group. Furthermore, the FLX +  

					LYC 20 group showed a nonsignificant increase in %OAT and %OAE  

					compared to the FLX and LYC 20 groups (Figure 2 B and C). The CON  

					group rats in EPM test had significantly decreased %OAT and %OAE,  

					indicating anxiety-like behaviour in rats, consistent with previous  

					studies.21,36 However, treatments with LYC and FLX showed a  

					significant increase in %OAT and %OAE, further supporting their  

					anxiolytic activity, since, the anxiolytics are expected to increase the  

					proportion of entries and time spent in open arms in EPM test.37 These  

					findings are in line with previously published reports with lycopene.14  

					Furthermore, previous studies have reported that FLX exhibits anti-  

					anxiety effects in rodents via the vagus nerve,38 a key pathway involved  

					in regulating the parasympathetic nervous system, which plays a crucial  

					role in mood disorders such as anxiety and depression.39 Additionally,  

					FLX selectively inhibits serotonin reuptake, a neurotransmitter closely  

					linked to anxious and depressive behaviours, thereby enhancing its  

					binding to serotonin (5-hydroxytryptamine, 5-HT) receptors and  

					contributing to mood improvement.38  

					Figure 1: Effect of LYC, FLX, and FLX + LYC 20 on  

					immobility counts (A), immobility time (B), swimming counts  

					(C) and climbing counts (D) in rats subjected to the forced swim  

					test.  

					Each group (n = 6) is represented as mean ± SEM. Statistical  

					significance: a = p < 0.05 vs. CON. Abbreviations: CON; control, FLX;  

					fluoxetine, LYC; lycopene, and FLX + LYC; fluoxetine + lycopene.  
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					when compared to either the FLX or LYC 20 groups (Figure 3). The  

					rotarod test showed that CON group rats exhibited a significant  

					decrease in fall-off time, indicating impaired motor coordination due to  

					depression and anxiety. However, treatment with LYC and FLX resulted  

					in significantly increased fall-off time, indicating enhanced motor  

					coordination. Recent evidence from animal studies suggests that  

					antidepressants, such as SSRIs, can improve motor performance.23  

					Similarly, it is suggested that dietary supplementation with natural  

					products may also enhance motor coordination skills.24 Previous studies  

					suggest that drugs that increase serotonin levels may improve motor  

					symptoms associated with neurological conditions by facilitating motor  

					skill development, enhancing motor cortex plasticity, and influencing  

					motor output.40 In this study, elevated levels of serotonin were observed  

					in both the brain and serum, suggesting its possible involvement in  

					motor function regulation. Given the established role of serotonin in  

					motor control, LYC may exert complementary or synergistic effects  

					with FLX, potentially contributing to motor skill enhancement.  

					Figure 3: Effect of LYC, FLX, and FLX + LYC 20 on average  

					fall-off time of rats in the rota-rod test.  

					Each group (n = 6) is represented as mean ± SEM. Statistical  

					significance: a = p < 0.05 vs. CON; b = p < 0.05 vs. FLX and c = p <  

					0.05 vs. LYC 20. Abbreviations: CON; control, FLX; fluoxetine, LYC;  

					lycopene, and FLX + LYC; fluoxetine + lycopene.  

					Figure 2: Effect of LYC, FLX, and FLX + LYC 20 on head-  

					dipping behaviour in the hole board test (A), percentage open-  

					arm time (B) and percentage open-arm entries (C) in the  

					elevated plus maze test.  

					Each group (n = 6) is represented as mean ± SEM. Statistical  

					significance: a = p < 0.05 vs. CON; b = p < 0.05 vs. FLX and c = p <  

					0.05 vs. LYC 20. Abbreviations: CON; control, FLX; fluoxetine, LYC;  

					lycopene, and FLX + LYC; fluoxetine + lycopene.  

					Effect of Lycopene on Brain TBARS and GSH Levels  

					The behavioural tests performed in this study are known to increase  

					oxidative stress in animals,41 which is considered an underlying factor  

					in the pathophysiology of depression and anxiety which may also  

					contribute to impaired motor coordination. The previously published  

					reports suggest that individuals with anxiety or depression often have  

					lower levels of antioxidants, contributing to heightened oxidative  

					stress.7 Oxidative stress has been involved in the pathophysiology of  

					neurological disorders, characterized by impaired antioxidant defences  

					and heightened susceptibility to lipid peroxidation.42 This study  

					assessed lipid peroxidation in the brains of rats by estimating TBARS  

					levels. The TBARS levels were found to decrease in all treated groups  

					compared to the control group. However, a significant decrease in  

					TBARS levels was found in the LYC 20 (P < 0.05) and FLX + LYC 20  

					(P < 0.01) groups of rats compared to CON group. Additionally, FLX  

					+ LYC 20 showed a non-significant decrease in TBARS levels  

					compared to FLX and LYC 20 alone, indicating a reduction in brain  

					oxidative stress and suggesting antioxidant activity of LYC, both alone  

					and in combination with FLX (Figure 4 A). These findings are in line  

					with previous studies suggesting that elevated reactive oxygen species  

					lead to the peroxidation of cell membrane lipids, producing  

					malondialdehyde (MDA), a byproduct of lipid peroxidation, which has  

					In line with these findings, the present study observed elevated  

					serotonin levels, further supporting the role of serotonin in alleviating  

					anxiety and depressive behaviours, as suggested by previous research.  

					Interestingly, the findings also demonstrate that LYC exhibits elevated  

					levels of serotonin in both the brain and serum, suggesting its potential  

					involvement in anxiety regulation. This suggests the possibility that  

					LYC may interact with similar neurochemical pathways as serotonin or  

					exert its effects through complementary mechanisms.  

					Effect of Lycopene in Rats on Rotarod Test  

					In this study, after performing the FST, HBT, and EPM tests, rats were  

					subjected to the rotarod test to assess their motor coordination  

					behaviour. The rotarod test revealed an increased fall-off time in all  

					treated groups compared to the control group. Specifically, a significant  

					increase in the fall-off time from the rotarod was observed in FLX (P <  

					0.001), LYC 10 (P < 0.01), and LYC 20 (P < 0.001), and FLX + LYC  

					20 (P < 0.001) groups compared to the CON group. Additionally, FLX  

					+ LYC 20 showed a significant increase in the fall-off time (P < 0.05)  
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					may offer therapeutic benefits beyond monoamine regulation by  

					boosting antioxidant levels and controlling damage caused by oxidative  

					stress.45  

					Effect of Lycopene on Serum and Brain Serotonin Levels  

					The monoamine hypothesis of depression suggests that deficiencies in  

					neurotransmitters such as serotonin, norepinephrine, and dopamine  

					contribute to the pathophysiology of depression.46 Serotonin, in  

					particular, plays a crucial role, and its depletion has been associated  

					with depression43 and anxiety38 along with motor dysfunction.40 This  

					study found that serum and brain serotonin levels were found to increase  

					in all the groups compared to the control group. Notably, serum  

					serotonin levels were significantly increased in the FLX (P < 0.05) and  

					FLX + LYC 20 (P < 0.05) groups compared to CON group. Similarly,  

					brain serotonin levels were significantly increased in the FLX (P <  

					0.01), LYC 10 (P < 0.05), LYC 20 (P < 0.001) and FLX + LYC 20 (P  

					< 0.001) groups compared to the CON group. Furthermore, the FLX +  

					LYC 20 group showed a non-significant increase in serum serotonin  

					levels compared to LYC 20 and a similar effect compared to FLX alone.  

					Additionally, FLX + LYC 20 showed a significant (P < 0.05) increase  

					in brain serotonin levels compared to FLX alone, while the increase  

					compared to LYC 20 alone was non-significant. (Figure 5 A and B).  

					This estimation displayed a significant decrease in brain and serum  

					serotonin levels in the CON group rats, indicating dysfunction in the  

					serotonergic pathway and possibly a downregulation of synaptic  

					serotonin concentrations. This may be due to oxidative stress-induced  

					neuronal damage, as increased MDA levels have been linked to damage  

					in serotonergic neurons.42 Furthermore, it is reported that there is a  

					significant correlation between serotonin levels and biomarkers  

					associated with oxidative stress.42  

					Figure 4: Effect of LYC, FLX, and FLX + LYC 20 on brain  

					thiobarbituric acid reactive substances (A) and brain glutathione  

					(B) levels in rats.  

					Each group (n = 6) is represented as mean ± SEM. Statistical  

					significance: a = p < 0.05 vs. CON. Abbreviations: CON; control, FLX;  

					fluoxetine, LYC; lycopene, and FLX + LYC; fluoxetine + lycopene.  

					been observed at higher levels in patients with major depression  

					compared to a control group.3 However, in this study treatments with  

					LYC and FLX were able to decrease the increased TBARS levels in  

					depressed and anxious rats, indicating their antioxidative effects.  

					Furthermore, the GSH levels were found to increase in all treated  

					groups compared to the control group. However, a significant increase  

					in GSH levels was found in the FLX (P < 0.05), LYC 20 (P < 0.05),  

					and FLX + LYC 20 (P < 0.01) groups of rats compared to CON group.  

					Additionally, FLX + LYC 20 showed a similar effect on GSH levels as  

					FLX and LYC 20 alone, indicating the attenuation of increased brain  

					oxidative stress and suggesting antioxidant potential of LYC, both alone  

					and in combination with FLX (Figure 4 B). Reduced antioxidant levels,  

					such as glutathione (GSH), have also been observed in patients and  

					animal models of depression.43 In this study, CON group rats displayed  

					a significant decrease in GSH levels, however, treatments with LYC and  

					FLX were able to increase the GSH levels in depressed and anxious rats,  

					hence supporting their antioxidative effects. These findings are  

					consistent with previously published reports suggesting that  

					antioxidants can reduce anxiety and depression-related behaviours by  

					mitigating brain oxidative stress.44 The findings of present study thereby  

					support the fact that oxidative stress plays a key role in the pathogenesis  

					of depression and the use of antioxidants as a promising therapeutic  

					strategy in the management of depression43 and anxiety. In addition, this  

					study supports earlier reports indicating that classical antidepressants  

					Figure 5: Effect of LYC, FLX, and FLX + LYC 20 on serum  

					serotonin (A) and brain serotonin (B) levels in rats.  

					Each group (n = 6) is represented as mean ± SEM. Statistical  

					significance: a = p < 0.05 vs. CON and b = p < 0.05 vs. FLX.  

					Abbreviations: CON; control, FLX; fluoxetine, LYC; lycopene, and  

					FLX + LYC; fluoxetine + lycopene.  
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