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					Abstract

					Background:The relationship between the treatment of depression and plant-derived substances (e.g., flavonoids, coumarin, and scopoletin) has been demonstrated through interference with the monoamine system. The present study was planned to evaluate the anti-depressant effects of Asperula odorata L. plant through behavioral tests in mice. Material and Methods: In this experimental study, 35 male Syrian mice weighing 30-40 g were examined in five groups (n=7) as follow: received oral distilled water gavage (control), 10 mg/kg of fluoxetine solution gavage (reference standard), 10, 5, and 2.5 mg/kg of A. odorata L. extract gavage (treatment groups). After one week, all behavioral tests, including tail suspension test (TST), forced swimming test (FST), open field test (OFT), elevated plus maze test (EPMT), and fractionation tests were performed each morning for 4-6 h within five days. Results: The hydroalcoholic extract of A. odorata contained phenolic and flavonoid substances (Shinoda test confirmed flavonoid family). Administration of extract (10 and 5 mg/kg doses) versus fluoxetine (10 mg/kg dose) reduced the immobility of animals in both FST and TST (P<0.05). At the OFT, the administered extract increased the number of central square entries of animals with higher mobility (P<0.05). At a 10 mg/kg dose, the active flavonoid ingredients increased the mice's incline to entre and spent more time within no wall parts of EPMT (P<0.05). Conclusion: Our study suggests that the hydroalcoholic extract of A. odorata L. could have significant anti-depressant activity.
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				Introduction

				Depression is one of the most common and recurrent psychological disorders worldwide. Depression-induced disorders 

			

		

		
			
				are the typical cause of suicide and hospitalization in the neurology departments of hospitals [1]. Today, depression-induced suicide is known to be one of the leading causes of death in the world. Depression is 
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				usually caused by a combination of genetic, physical, environmental, and psychological factors. In addition to genetic disorders and inherited habits, some biological factors such as physical illnesses, hormonal disorders, neurotransmitter disorders, and the use of certain medications can contribute to depression [2].

				According to the research, major depression risk factors are stress, vegetarian diets, nutritional supplements, socio-demographic characteristics, medical conditions, lifestyle behaviors, social support networks, and life events [3]. By altering neurotransmitters, stress changes behavior and habits can increase depression [4]. According to studies in the United States, depression is more prevalent among white people than African-American people [5]. Studies showed that depression is more common among females [6].

				The prevalence of depression is directly associated with race, culture, and lifestyle [7].

				Depression is highly prevalent due to its high risk of recurrence in human societies [8]. Studies on Iranian adults from 2001 to 2015 indicated that 43% of Iranian people suffer from varying degrees of depression [9]. 

				Among different treatments proposed for depression, the most common ones are tricyclic drugs such as imipramine and amitriptyline, with side effects like drowsiness, agitation, tachycardia, and weight gain [10]. Also, selective serotonin reuptake inhibitors such as fluoxetine and citalopram with nausea and headache as side effects are used [11]. 

				Numerous studies have been conducted on the anti-depressant effects of medicinal plants whose effects are received by consuming them in the forms of extract, herbal tea and/or the plant itself. Hypericum perforatum [12], Polygala sabulosa [4], and Asperula orodata L. [5] are examples of such plants. 

				A. odorata L. is from the Rubiaceae Juss family, with more than 200 species across the world. It is native to Europe, Northern America, Ukraine, and Russia [13]. It has been demonstrated by 40 species in Ukraine, the most common one being A. orodata L. It was anciently used as a diuretic, pain killer, and wound healing drug [14]. A. Orodata L. contains phenol carboxylic iridoids, tanning 

			

		

		
			
				agents, flavonoids, coumarins, and steroidal saponin. Also, the anti-depressant properties of some of these species have been proved [14].

				Indeed, these substances influence the genes of neurotransmitter receptors with anti-depressant effects, such as noradrenaline (NE), serotonin (5-HT), dopamine (DA), and 5-Hydroxyindoleacetic acid (5-HIAA). This family also covers the reversible weaknesses of monoamine oxidases [15]. 

				The present study aimed to explore the anti-depressant effects of A. orodata L. on the adult male laboratory mice using the behavior and fractionation tests.

				Materials and Methods

				1. Plant Materials and Extraction Preparation

				A. odorata L. was cultivated and obtained from medicinal plant farmlands of Malard (central of Iran). It is about 1 m high with white flowers. The authenticity of the plant was approved by Dr. Mahsa Hadipour Jahromi (pharmacologist, Tehran) based on the herbarium book. To prepare the plant extract, the aerial parts (leaves and petals) of the plant were separated and air-dried at 25-30 °C. Then, 93 g of the powder was mixed with 300 ml of distilled water and 50% methanol at 70-80 °C to obtain the hydroalcoholic extract (HAE) and incubated in a water bath at 60 °C. The mixture was then passed through Whatman filter paper No. 3 to obtain the extract resulting in 6.104 g of HAE from the 93g of dry powder, and the remainder of the powder was used for fractionation test to prove the presence of flavonoids, phenolics, and terpenoids.

				2. Animals

				Thirty-five 6-month-old male Syrian mice (weighing 30-40 g) standard fed meals from birth that had grown at 12 h light/12 h dark cycle, and ambient temperature of 20-30 °C was used. Mice were randomly divided into five groups (n=7 per group). They were provided with identical diet and environmental conditions throughout the experimental period. Each mouse was only included in the assessments once. All mice were bred and maintained in the animal house of the Pharmacology Research 
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				Center at the Faculty of Medical Sciences, Islamic Azad University, Tehran. All laws and ethics were followed by the Ethics Research Code of the Islamic Azad University of Iran and approved by the faculty (code: IR.IAU.TMU.REC.1398.379).

				3. Study Design

				In this experimental study, solutions were prepared from the HAE of A. odorata L. and fluoxetine (Tehran Darou Co., Iran) for behavioral tests. To prepare the herbal solution, 100 mg of the HAE was mixed with distilled water (40 ml) to make a stock solution. Fluoxetine (100 mg) was combined with 40 ml of distilled water to prepare the drug solution, so there was 2.5 mg of the drug in each cc of solution [16]. After the preparation of these solutions, different doses were adjusted for each experimental group and orally gavaged daily at 9-12 A.M. for one week [17-24]. Animals received oral gavage of distilled water, herbal solution, and drug solution as follows:

				Group 1: distilled water gavage (the same volume as other groups)

				Group 2: 10 mg/kg of fluoxetine solution gavage

				Group 3: 10 mg/kg of herbal solution gavage

				Group 4: 5 mg/kg of herbal solution gavage

				Group 5: 2.5 mg/kg of herbal solution gavage

				4. Behavioral tests

				After one week of oral gavage, all behavioral tests were performed each morning for 4-6 h within five days.

				4.1. Forced Swimming Test (FST)

				This test is one of the most validated tests for analyzing rodent depression. It indicates that mice become frustrated after exposure to continuous stress and stop their activity and motility [25].

				To perform this test, a cylindrical acrylic bucket with a depth of 80 cm was filled with water (23-24 °C) up to 30 cm. The mice were then gently inserted into the water, and their activity was monitored for 5 minutes. The immobility time was measured separately for individual mice.

			

		

		
			
				4. 2. Tail Suspension Test (TST)

				This test is similar to the FST for assessing rodent depression. In this test, mice in each group were hung from the middle 2/3 of their tails at 60 cm height. They freely left, and immobility as an index was then measured individually. Normal mice get frustrated after one minute and stop their activity. The mice must be hung from the middle 2/3 of their tails to avoid getting their hands to the junction and not suffering from pain and irritation [26].

				4. 3. Open Field Test (OFT)

				This test is used to determine excitement, anxiety, and depression in rodents [27]. The test device was a 60 cm cube with the open upper side for examination, a floor with 16 squares with specified colored sides, and a clearly distinguishable central square. Mice in each group were placed in the corner of the cube, and a camera monitored their activity for 5 minutes in terms of the following parameter:

				Line crossing (the number of crossed lines): Number of entries into small side squares. 

				Mice with a depression background usually have less mobility in this test and rarely stand on their paws.

				4. 4. Elevated Plus Maze (EPM)

				This test is used to examine anxiety and depression levels in rodents [27]. It uses a cross-like (+) background, 60 cm from the floor and a line were enclosed by a wall, and the other was open. In this test, mice from each group were placed in the field, and their motility was measured in terms of the number of entries into the enclosed line and the open arm. Depressed mice have less tendency to exit the enclosed line and enter the open arm. 

				5. Fractionation Test

				The fractionation tests were used to investigate the presence of flavonoids, phenolics, and terpenoids in A. odorata L. [28]. Flavonoids are compounds with proven anti-depressant effects [15]. This study investigated the contents of flavonoids, phenolics, and terpenoids through content analysis tests. To investigate the constituents of A. odorata L., the dried extract (1.1 g) of the aerial parts was combined with 500 ml of distilled water and 
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				then extracted with 500 ml of hexane three times each for 1 h. The obtained extract was dried, and the aqueous layer was extracted with 500 ml of dichloromethane three times each for 1 h. The resultant extract was dried, and the aqueous layer was extracted with 500 ml of ethyl acetate for 1 h. The extract was dried for the shinoda, phenolics, and terpenoids tests. 

				For phenolic assessment, the plant ethyl acetate extract was mixed with a solution containing ethyl acetate, formic acid, acetic acid, and water (26, 11, 11, and 100 ratios). The resultant solution was examined for the presence of blue-violet droplets. For terpenoid testing, the plant ethyl acetate extract was combined with a solution of toluene, dichloromethane, and ethanol (10, 40, and 40 ratios). The solution was examined for the presence of blue, red, or yellow clots.

				The Shinoda test was used to evaluate the plant for flavonoids. For this test, the plant ethyl acetate extract was combined with magnesium, a few drops of hydrochloric acid were added, and then the solution was examined in terms of pink or cherry color, indicating the presence of flavonoids in the plant.

				6. Statistical Analysis

				Data were analyzed using SPSS software version 22 (version 20, IBM. Corporation, Armonk, NY, USA) using one-way analysis of variance (ANOVA) and Tukey`s Post hoc tests. 

			

		

		
			
				Significant levels were considered at P≤0.05.

				Results

				Fractionation 

				The tests' results indicated that the HES of A. odorata L. contains some amounts of phenolics, terpenoids, and flavonoids. The presence of flavonoids was confirmed through the Shinoda test.

				TST 

				The TST results confirmed the effects of all HES doses on decreasing the immobility time of mice (Figure-1). A comparison between either fluoxetine (10 mg/kg) or A. odorata HES (10 mg/kg) groups and the control group (P<0.01) indicated the higher effect of fluoxetine in reducing immobility time.

				FST 

				According to Figure-2, the FST results indicated the effects of all plant HES doses on shortening the immobility time. A comparison between the results of fluoxetine and HES groups (both at the dose of 10 mg/kg) and the control group indicated higher efficacy of the HES than the drug solution in shortening the immobility time in the FST (P<0.01).

				OFT

				Figure-3 represents the OFT results. The number of crossed lines by mice was compared between HES (10 mg/kg) group 

			

		

		
			
				Figure 1. TST assessment. Each group contains seven mice exposed to oral gavage of fluoxetine and plant HES for one week. All mice were tested one day after gavage. ** Specified groups in the figure were compared with the control group at P<0.01.
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				Figure 2. Result of FST. Each group contained seven mice. After seven days of orally gavaged distilled water, fluoxetine solution, and plant HES, all animals were tested on the same day. **Comparison of fluoxetine group and plant HES results at a dose of 10 mg/kg with the control group at P<0.01

				
					[image: ]
				

			

		

		
			
				Figure 3. The OFT assessment. The number of crossed lines in the HES, fluoxetine, and control groups were compared. All animals were tested after seven days of oral solution gavage. *Comparison of plant HES group at a dose of 10 mg/kg with the control group (P<0.05). #Comparison of plant HES group at a dose of 10 mg/kg with the fluoxetine group at a dose of 10 mg/kg (P<0.05).
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				Figure 4. EPM test for the percentage of elapsed time in the open arm. Each group contained seven mice subjected to oral gavage for one week. All the groups were assessed on the same day. ** Comparison of both fluoxetine or plant HES groups at doses of 5 and 10 mg/kg and the control group (P<0.01). ## Comparison between HES group at the dose of 2.5 mg/kg and fluoxetine group (P<0.01).
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				and either fluoxetine (P<0.05) or the control groups (P<0.05). The results indicated more reduction in the number of crossed lines in the plant HES (10 mg/kg) group than the control and fluoxetine solution received groups.

				EPM

				Two parameters were measured in the EPM test; (1) the percentage of time when the mice were elapsed within the open arm, and (2) the frequency of mice entry to the open arm.

				The first criterion (Figure-4) showed that the increased percentage of time in the open arm in all HES groups doses compared to the control group. Figure-4 also compared the results of both fluoxetine or plant HES groups (at doses of 10 and 5 mg/kg) and the control group (P<0.01). It was observed that the dose of the drug had the highest effect on this parameter, as the dose of 5 mg/kg showed the uppermost impact. Comparison between fluoxetine and plant HES group indicated that 2.5 mg/kg dose of HES had less effect on the elapsed time within the open arm (P<0.01).

				As the second measured parameter (Figure-5), the results of either fluoxetine or HES groups at doses of 5 and 10 mg/kg were compared with the control group (P<0.05). Also, the results of the HES group at the dose of 2.5 mg/kg compared with either the fluoxetine group (P<0.01) or control (P<0.01).

				The results showed that HES at doses of 5 and 10 mg/kg increased the number of mice entry to the open arm. Contrary, at the dose of 2.5 mg/kg, it reduced the number of mice entry to the open arm as compared with either the 

			

		

		
			
				control or fluoxetine groups.

				Discussion

				Plant-derived extracts are owing to rendering unique therapeutic properties and their natural origin, leading to minimal side effects that have attracted a wide range of attention to treating various diseases such as depression [29]. Depression is defined as a prevalent condition that has plagued human society during the recent decades [30]. Since the standard anti-depressant drugs have not been very effective and their administration has caused side effects in patients, a novel therapeutic approach is required to promote existing treatments [31]. In this regard, some types of research have concentrated on using herbal medicine to improve depression. Our behavioral tests revealed that the HAE of A. odorata L. possesses anti-depressant and anxiolytic effects. In the research of Hellión-Ibarrola et al., the fractionation and Shinoda tests confirmed flavonoids in A. odorata L. HAE [28]. Similarly, the effects of flavonoids on the monoaminergic system intervening in the depression treatment were reported by the FST analysis [28]. The current study proved the effect as mentioned earlier by taking advantage of four tests. Another research demonstrated different amounts of phenol, caffeic acid, and other substances in A. odorata L. extract [14].

				In addition to confirming the presence of phenolics, this investigation specifically proved that A. odorata L. contains flavonoids 

			

		

		
			
				Figure 5. Mice entry to the open arm in the EPM test. Comparison amongst the control, drug solution, and HES groups. * Comparison of both fluoxetine or HES groups at doses of 5 and 10 mg/kg and the control group (P<0.05). ** Comparison of HES group at the dose of 2.5 mg/kg and the control group (P<0.01). ## Comparison of HES group at the dose of 2.5 mg/kg and fluoxetine group (P<0.01).
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				according to the Shinoda test. Besides, Sergeevna et al. [14] reported that the dried extract of A. odorata L. had sedative and anti-hypoxic effects. The phenolic compounds of A. odorata L. were identified and quantified according to high-performance liquid chromatography: chlorogenic, o-coumaric, p-coumaric, 4,5-caffeoylquinic acid, quercetin, rutin, kaempferol-3-O-glucoside, diosmetin-7-O-glucoside, and luteolin-7-O-glucoside [14]. Chlorogenic acid and cynarozide were dominant in the dry extract. Also, they demonstrated that the dry extract at a dose of 100 mg/kg showed a high anti-hypoxic effect, which was almost two times higher than the reference drug [14]. The dry extract showed a dose-dependent sedative ability on the central nervous system, but it doesn’t have any side effects on skeletal coordination and muscle tone [14] In line with our evaluation, several studies support the anti-depressant features of herbal medicine. 

				Capra et al. [4] showed that scopoletin, a coumarin extract from P. sabulosa, played the anti-depressant role. They induced depression-like behavior in mice via immobility stress then evaluated the impact of scopoletin as the herbal extract on immobility time in the FST and TST compared to fluoxetine as the positive control [4].

				The results indicated that scopoletin could decrease immobility time in the TST but not affect the FST [4]. Nonetheless, scopoletin exerts its anti-depressant-like effects probably through the involvement of noradrenergic (α1- and α2-adrenoceptors), dopaminergic (D1 and D2 receptors), and serotonergic (5-HT2A receptors) systems [4].

				H. perforatum is the well-known herbal medicine for curing depression disorder, which so far has been characterized as the only traditional alternative medicine to the common synthetic anti-depressant drugs [32]. 

				Increased oxidative stress, apoptosis, inflammation, decreased neurogenesis (especially in the hippocampus), and brain-derived neurotrophic factor (BDNF) are all involved in inducing depressive-like behavior [33].

				Neuroinflammation and decreased levels of BDNF play a major role in depression. Abnormal activity of astrocytes in depression 

			

		

		
			
				has also been demonstrated [33-35].

				Neuroprotection by flavonoids (A. odorata L.) is by modulating intracellular signaling pathways [36].

				On the one hand, flavonoids activate neuronal survival pathways (ERK, PKC, and Akt) and inhibit neuronal death pathways (JNK and p38). These effects ultimately led to increased expression of transcription factors responsible for neuronal survival and decreased transcription factors responsible for neuronal death [36].

				BDNF plays a very important role in mood regulation. Many environmental factors and drugs affect BDNF activity [37].

				By modulating BDNF activity, these factors alter neurogenesis in important brain areas, such as the hippocampus, affect neuronal survival and plasticity, and affect neuronal communication and activity [37].

				Ultimately, these changes lead to mood swings [37]. Stress reduces and/or impairs BDNF function, which in turn reduces neuronal flexibility. Subsequently, due to a lack of flexibility and decreased glutamate levels, neurotransmission decreases, and neuronal degeneration increases [38]. This vicious cycle leads to depression [38].

				Among the other reports related to the anti-depressant activity of herbal extracts, Zhang et al. [39] designed the experimental study to investigate the rapid anti-depressant effect of ethanol extract of Gardenia jasminoides Ellis (GJ) in Kunming mice. They observed that about two hours after GJ administration, the number of escape failures in the learned helplessness test and the latency of food consumption in the novelty suppressed-feeding test reduced significantly [39]. Furthermore, GJ could stimulate upregulation of BDNF expression in the hippocampus, which is associated with anti-depressant responses [39]. In the research conducted in 2012, the mouse models of depression were treated intragastrically with Kai Xin San (KXS) at 175, 350, 700, and 1400 mg/kg/day for three days and were tested for the depression-related test [40].

				It has been reported that the duration of immobility in TST and FST were decreased considerably, albeit this effect was not dose-

			

		

	
		
			
				8

			

		

		
			
				
					References

				

			

		

		
			
				Yi LT, Li CF, Zhan X, Cui CC, Xiao F, Zhou LP, Xie Y. Involvement of monoaminergic system in the antidepressant-like effect of the flavonoid naringenin in mice. Prog Neuropsychopharmacol Biol Psychiatry. 2010; 34(7): 1223-8.

				Zavvari F, Karimzadeh F. A methodological review of development and assessment of behavioral models of depression in rats. Neurosci J Shefaye Khatam. 2015;3(4):151-60.

				Wu CS, Yu SH, Lee CY, Tseng HY, Chiu YF, Hsiung CA. Prevalence of and risk factors for minor and major depression among community-dwelling older adults in Taiwan. Int Psychogeriatr. 2017;29(7):1113-21.

				Capra JC, Cunha MP, Machado DG, Zomkowski AD, Mendes BG, 

				Santos AR, Pizzolatti MG, Rodrigues AL. Antidepressant-like effect of scopoletin, a coumarin isolated from Polygala sabulosa (Polygalaceae) in mice: evidence for the involvement of monoaminergic systems. Eur J Pharmacol. 2010;643(2-3): 232-8.

				Riolo SA, Nguyen TA, Greden JF, King CA. Prevalence of depression by race/ethnicity: findings from the National Health and Nutrition Examination Survey III. Am J Public Health. 2005; 95(6): 998-1000.

				Lehtinen V, Joukamaa M. 1994. Epidemiology of depression: prevalence, risk factors and treatment situation. Acta Psychiatr Scand. 1994; 89:7-10.

				Simon GE, Goldberg DP, Von Korff M, Ustün TB. Understanding cross-national differences in depression prevalence. 

			

		

		
			
				dependent [40].

				Modulation of the monoaminergic system was assumed as the probable mechanism for the anti-depressant function of KSX [40]. 

				In agreement with the data as mentioned earlier to approve the hypothesis anti-depressant effect of plant-derived extracts, our research demonstrated that the HAE of A. odorata L. contains flavonoids, a substance with effective depression treatment. One-week oral gavage of A. odorata at 10 mg/kg compared with the same dose of fluoxetine solution increased immobility of mice in the TST and FST analyses. Compared to the same dose of fluoxetine, HAEs increased the mice entry into the central square in the OFT as a measure to show the anti-depressant effects of A. odorata. In the EPM test, it was found that male mice in the HAE-treated groups had more entry into the open arm than the fluoxetine group, suggesting the anxiolytic and anti-depressant effects of the A. odorata. However, it is recommended that further studies are needed especially to clarify the involved mechanisms of its action. 

				A high dose of A. odorata L. can cause headaches, and very high doses can even have psychoactive properties as well as cause dizziness, drowsiness, even paralysis, and 

			

		

		
			
				coma [4].

				It may even have physical side effects; hence, excessive consumption is not recommended, and its use during pregnancy and lactation is prohibited [41].

				Limitations

				Our study did not evaluate the antioxidant and anti-inflammatory properties of A. odorata L. Therefore, future studies are necessary to investigate these properties and find the mechanisms of A. odorata L.

				Conclusions

				The present study showed that the HAE of A. odorata L. contains flavonoids. It decreased the immobility time of male mice at FST and TST analyses. The entry of mice into the central square increased in the OFT analysis. Also, the plant HAE increased the number of male mice entry into the open arm of the EPM test. These results indicate the anti-depressant effects of A. odorata L.
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Abstract

Background:The relationship between the treatment of depression and plant-derived
substances (e.g.. flavonoids. coumarin. and scopoletin) has been demonstrated through
interference with the monoamine system. The present study was planned to evaluate the
anti-depressant effects of Asperula odorata L. plant through behavioral tests in mice.
Material and Methods: In this experimental study. 35 male Syrian mice weighing 30-
40 g were examined in five groups (n=7) as follow: received oral distilled water gavage
(control). 10 mg/kg of fluoxetine solution gavage (reference standard). 10, 5. and 2.5
mg/kg of A. odorata L. extract gavage (treatment groups). After one week. all behavioral
tests. including tail suspension test (TST). forced swimming test (FST). open field test
(OFT). elevated plus maze test (EPMT). and fractionation tests were performed each
morning for 4-6 h within five days. Results: The hydroalcoholic extract of A. odorata
contained phenolic and flavonoid substances (Shinoda test confirmed flavonoid family).
Administration of extract (10 and 5 mg/kg doses) versus fluoxetine (10 mg/kg dose)
reduced the immobility of animals in both FST and TST (P<0.05). At the OFT, the
administered extract increased the number of central square entries of animals with
higher mobility (P<0.05). At a 10 mg/kg dose, the active flavonoid ingredients increased
the mice's incline to entre and spent more time within no wall parts of EPMT (P<0.05).
Conclusion: Our study suggests that the hydroalcoholic extract of A. odorata L. could
have significant anti-depressant activity.

[GMJ.2021;10:e2206] DOI:10.31661/gmj.v10i0.2206

Keywords: Anti-Depressant; Flavonoid: Asperula Odorata L.: Monoamine Oxidase: Mice

Introduction are the typical cause of suicide and
hospitalization in the neurology departments

epression is one of the most common of hospitals [1]. Today. depression-induced

and recurrent psychological disorders suicide is known to be one of the leading
worldwide. Depression-induced  disorders causes of death in the world. Depression is
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