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Abstract: Members of the plant genus Morus are widely used traditionally in Asia to treat depression, Morus 

mesozygia is the only member of the genus native to Africa. The study was carried out to evaluate the 

antidepressant-like activity of Ethanolic Extract of Morus Mesozygia Leaves (EEMM) in mice subjected to chronic 

unpredictable mild stress (CUMS). Materials and Methods: Male Swiss mice were randomly assigned to 6 

different experimental groups and treated groups were given EEMM (2.5, 5 or 10 mg/kg, i.p) 30 minutes before 

exposure to different mild stressors in the CUMS paradigm for 14 days. They were then subjected to Sucrose 

Preference Test (SPT) and Forced Swim Test (FST). At the end of the behavioral studies, the levels of Nitrite, 

Malondialdehyde and Gluthathione in the homogenate of the brain tissues were determined 

spectrophotometrically. One-way ANOVA was used to statistically determine significant differences. Result: The 

results showed that EEMM at all doses significantly decreased immobility periods of stressed mice in the forced 

swim test without increasing the locomotor activity in open field test, and as well reversed the stress-induced 

anhedonia in the sucrose preference test. Biochemical analysis showed that EEMM significantly (p < 0.05) reduced 

the concentrations of Nitrite and MDA while the GSH level was elevated in the brains of mice exposed to CUMS. 

Conclusion: The findings provide significant evidences that EEMM has valid antidepressant-like activity, and 

might be useful in the management of stress-related disorders on account of its adaptogenic and neuroprotective 

effects as it prevents oxidative damage in brain tissues. 
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1.   INTRODUCTION 

Depression is a debilitating and life-threatening illness that negatively affects thoughts, behavior, feelings and sense of 

well-being. Depression usually presents as a triad of symptoms characterized by low or decreased mood, anhedonia and 

low energy or fatigue [27]. Depression can occur at any age from childhood to late life, oftentimes, if left untreated may 

result in fatal outcome with suicide as the hallmark ending [39]. The global prevalence of the disease is very high, 

reaching about 21% of the population [35]. In most cases, depression present as a complex heterogeneous disorder of 

diverse variants having more than one etiology, but more commonly, stressful life events have been identified as the 

major factor that precipitates most depressive episodes [36]. Studies combining behavioral, molecular and 

electrophysiological techniques reveal that major aspects of depression results from maladaptive stress-induced 

neuroplastic changes in the neural circuits and these neuroplastic alterations are reversible upon administration of 

antidepressants [11]. An identified mechanism is the stress-induced structural alteration resulting from excessive reactive 

oxygen species production causing oxidative damage to macromolecules including lipids, proteins and DNA, leading to 

neuronal dysfunction such as decrease release of the monoamine neurotransmitter, hence, the monoamine theory of 
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depression [23]. Additionally, stress-induced release of dynorphin which activates kappa opioid receptors and down 

regulates dopamine levels results in disruption of the brain reward circuitry, presenting as anhedonia, the characteristic 

feature of depression [20]. The exhibited despair and anhedonia are possible behavioral markers which are reversed after 

treatment with antidepressants [13]. Biochemical markers can as well predict antidepressant activity because they return 

to normal levels after successful treatment with antidepressants [5]. 

Numerous antidepressant compounds are available but they are not satisfactory because of a variety of side effects and the 

poor therapeutic effectiveness. Many of these antidepressant drugs such as Tricyclic Antidepressants (TCAs), Monoamine 

Oxidase Inhibitors (MAOIs), Selective Serotonin Reuptake Inhibitors (SSRIs) targets the neurotransmitters systems 

thereby persistently increasing the level of the neurotransmitters in the brain, thus having other associated effects of the 

elevated monoamine transmitters. These side effects of antidepressants are diverse, present at the minimal therapeutic 

dose and often defectively interfere with quality of life. Example is persistent dry mouth, constipation and sexual 

dysfunction associated with adrenergic pathway activation in TCAs. Therefore, majority of patients exhibits poor 

compliance and refuse to take medications [9]. Importantly, the cost of these antidepressants may also pose economical 

challenge for depressed patients especially in developing countries, thereby contributing to the residual symptomatology 

and relapse seen in almost 80% of patients treated with conventional antidepressants [6]. 

Being natural products, it is assumed that plants with potent antidepressant properties may offer lower side-effect profiles 

and may even serve as a cheaper alternative when compared to synthetic drugs [40]. Many plants have been identified to 

have antidepressant properties; examples include Bacopa monniera [34], Cimicifuga racemosa [42], Hypericum 

perforatum [26], Kaempferia parviflora [38], Olax Subscorpioidea [1], Ptychopetalum olacoides [30], Tinospora 

cordifolia [10],  Zingiber officinale [44]. In Asia, plants belonging to the genus Morus have been identified to have 

antidepressant property and they are commonly used in Chinese medicine to treat brain and nervous disorders [33]. Morus 

mesozygia or African mulberry is the only member of the genus Morus native to Africa, growing as deciduous tree in the 

wild and the concoction/preparation is widely used traditionally across the subtropical Africa for treating mental illness, 

pain and many other illnesses [7]. Documented medicinal properties of crude extract and isolated compounds of Morus 

mesozygia include antimicrobial activity [21], antioxidant activity [18], antiplasmodial and cytotoxicity activity [45]. 

Emerging evidence have suggested that dietary phytochemicals, in particular flavonoids, may exert beneficial effects on 

the central nervous system by protecting neurons against stress-induced injury, suppressing neuroinflammation and 

improving cognitive function [17]. Morus mesozygia is rich in flavonoids; Moranoline, Albafuran, Albanol, Morusin, 

Kuwanol, Calystegine and Hydroxymoricin [18]. These isolated compounds from mulberry plants have many identified 

pharmacological profile including potential to reverse cell damage. Therefore, this study is to evaluate the antidepressant-

like effect of ethanol extract of Morus mesozygia leaves (EEMM) in mice subjected to chronic unpredictable mild stress 

(CUMS). 

2.   MATERIALS AND METHODS 

Plant Authentication: The leaves of Morus mesozygia were collected at the Botanical Garden, University of Ibadan, 

Nigeria. The taxonomical identification and authentication of the plant was done at the herbarium section of the Forestry 

Research Institute of Nigeria (FRIN), Ibadan, Nigeria. A voucher specimen with identification number FHI:110387 was 

deposited and compared with the reference specimen. 

Preparation of Extract: One hundred grammes (100g) of the air-dried leaves were pulverized and soaked in 50% ethanol 

(2L) for 48 hours. The filtrate was concentrated with a rotary evaporator to give a semisolid residue and evaporated to 

dryness to form solid residue. It was kept in the desiccator for further use. The dried extract was dissolved in distilled 

water and administered intraperitoneally. 

Experimental Animals: Male Swiss mice (20-25g) obtained from the Central Animal House, University of Ibadan were 

used in the study. They were housed individually in plastic cages at room temperature and with access to rodent pellet 

food and water ad libitum. The animals were acclimatized for a period of 14 days before the study. The animals were 

handled in the study in accordance with the US National Institutes of Health (NIH) Guideline for the Care and Use of 

Laboratory Animals. 

Chronic Unpredictable Mild Stress (CUMS): The CUMS protocol was carried out according to the previously 

described method, but with slight modifications [43]. After 2 weeks of acclimatization, mice were randomly assigned to 6 

different experimental groups (n = 5), so that mean body weights were comparable in all groups. Thereafter, independent 

mice group received either EEMM (2.5, 5 or 10 mg/kg, i.p), Imipramine (15 mg/kg) or vehicle (distilled water, 10 ml/kg) 
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30 min before daily exposure to different stressors in the CUMS paradigm as shown in Table 1. The CUMS procedure 

was repeated daily for 14 consecutive days and the stressors were applied in random order at varying times to maximize 

unpredictability. Mice subjected to CUMS procedure were called stressed mice while the unstressed mice were those not 

subjected to CUMS procedure but only treated with vehicle. Behavioral test employed for evaluation of antidepressant-

like activity was Forced Swim Test (FST) and Sucrose Preference Test (SPT) for comparing CUMS-induced depressive-

like phenotypes. 

Table 1: The order of stressors used in CUMS paradigm 

Days Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Week 1 I E W O F X T1 

Week 2 E O F I X C W 

I—Immobilization for 10 mins; E—Exposure to empty water bottles for 1 hour; W—Wet bedding exposure for 24 hours; 

O—overnight illumination; F—Foot shock (0.2mA for 15s); X—Tilted cage at 45 degrees for 7 hours; T1—Forced swim 

in cold water 4
o
C for 30 s.  

Sucrose Preference Test (SPT): The SPT was used in the study as the bioassay for determining anhedonia, a core 

symptom of major depression in human. The test was carried out before and after the 14 days CUMS exposure between 9 

a.m. - 12 noon which were the training and testing courses respectively. After 2 weeks of acclimatization before start of 

CUMS, mice were trained to consume 1% (w/v) sucrose solution. In the training course, mice were deprived of food and 

water for 24 hours and only exposed to 1% (w/v) sucrose solution. After 72 hours post training course, the animals were 

subjected to 1hr baseline test. In the test, mice were housed in individual cages with free access to two pre-weighted 

bottles, one containing 100 ml water and another containing 100 ml 1% (w/v) sucrose solution. After 1 hour both the 

amount of water and sucrose solution was measured and recorded. The ratio of amount of sucrose solution to that of total 

solution consumed within 1 hour represented the parameter of hedonic behavior. The sucrose preference was calculated 

according to the following formula:  

                                                                                 sucrose solution intake (g) 

Sucrose Preference =        x 100 

             sucrose solution intake + water intake 

The test was performed again 24 hr after the 14 days of CUMS exposure to evaluate the effect of stress as well as drug 

treatment on the depressive symptoms. 

Forced Swimming Test (FST): On the second day post CUMS, 30 minutes after treatment as in the CUMS protocol, 

FST was carried out on mice according to the method of Porsolt [31]. The mice were placed individually in plexiglas 

cylinders (40 cm in height, 18 cm in diameter) filled with water (25 °C) up to 15 cm. A 2 min pre-swimming period was 

followed later by a 4 min test period during which the total immobility time was recorded. Mice were considered 

immobile when they made no further attempts to escape, except for necessary movements to keep their heads above the 

water. The period of immobility was recorded by an experimenter (not blind for the experimental conditions) using a 

stopwatch during the exposures. The water in the cylinders was changed before every trial and mice were towel dried and 

returned to their housing conditions after the swimming session. 

Measurement of Locomotor Activity: To rule out the effects of various drug treatments on motor function, crossing 

activities of control and test animals were measured for a period of 5 min in an open field apparatus consisting of white 

plexiglas box (45 cm × 25 cm × 25 cm) with the floor equally divided into 16 equal squares marked with painted black 

grid. Ambulatory behavior was assessed as previously described [2]. The animals were placed singly in the center of the 

box; the number of squares crossed with all four paws was counted for 5 min. The cage was cleaned with 70% ethanol at 

5 min interval when the animal is removed. Before each test, animals were kept in the test room at least 1 hour before 

open field test (OFT) for habituation. All animals were used only once in this test. These animals were different from 

those used in the CUMS procedure. 

Biochemical Estimations: After subjecting unstressed and stressed mice to FST on the second day post CUMS, the 

animals were sacrificed by cervical dislocation. The brains were excised and quickly rinsed in ice-cold 1.15% KCl after 

which they were blotted. The brains were then minced with scissors in 10% w/v ice-cold 0.1M phosphate buffer, pH 7.4, 

and homogenized using a Tefflon homogenizer. The resulting homogenates were centrifuged at 10,000 rpm, 4°C for 10 

minutes. The supernatant – post mitochondrial fraction (PMF) were collected and processed for biochemical estimations. 
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Determination of Glutathione (GSH) Concentration: The concentrations of reduced GSH were measured in the 

aliquots of homogenates of individual mice brain of the respective treatment groups according to the method described by 

Moron [25]. Equal volume (0.4 ml) of tissue homogenate and 20% trichloroacetic acid (TCA) (0.4 ml) were mixed and 

then centrifuged using a cold centrifuge at 10,000 rpm at 4
o
c for 20 min. The supernatant (0.25 ml) was added to 2ml of 

0.6mM DTNB reagent and the final volume was made up to 3ml with phosphate buffer (0.2M, pH 8.0). The absorbance 

was then read at 412 nm against blank reagent using a spectrophotometer. The concentrations of reduced GSH in the brain 

tissues were expressed as micromoles per milligram of protein. 

Determination of Lipid Peroxidation: The malondialdehyde (MDA) content, a measure of lipid peroxidation 

determined by measuring the thiobarbituric acid reactive substances (TBARS) during lipid peroxidation, was estimated 

according to the method described by Okhawa [28].  Briefly, 0.5 ml of distilled water and 1.0 ml 10% TCA were added to 

0.5 ml of each brain tissue homogenate and centrifuged at 3000 rpm for 10 min. Then 0.1 ml thiobarbituric acid (TBA) 

(0.375%) was added to 0.9 ml of supernatant. The mixture was placed in a water bath at 80ºC for 40 min and then cooled 

to room temperature. Upon cooling, the absorbance of the supernatant was measured at 532nm using a spectrophotometer. 

The thiobarbituric acid-reactive substances were quantified using an extinction coefficient of 1.56×10
5
 M

-1
 cm

-1
 and 

values were expressed as µmoles of MDA per gramme tissue. Tissue protein was estimated using the biuret method as 

previously described, and the brain malondialdehyde content was expressed as micromole of malondialdehyde per 

milligram of protein. 

Estimation of Nitrite Levels: Nitrite levels in the aliquots of homogenates of individual mice brain of the respective 

treatment groups was measured by using the method described by Green [14]. A mixture of 1% (w/v) sulfanilamide in 5% 

aqueous solution of m-phosphoric acid (1 part) and 0.1% (w/v) N-(1-naphthyl) ethylenediamine dihydrochloride (1 part) 

was prepared and kept at 0 
0
C for 60 min. 0.5 ml brain homogenate was mixed with 0.5 ml of the above mixture and kept 

in dark for 10 min at room temperature. The absorbance was read at 546 nm using UV–visible spectrophotometer. 

Data Analysis: All data were presented as Mean ± SEM. The results were analyzed by One-way Analysis of Variance 

(ANOVA) and post hoc test (Student’s-Newman-Keuls) was carried out to determine the source of significant main effect 

using GraphPad Prism Biostatistics software version 5.00. The level of significance for all tests was set at p < 0.05 (i.e. at 

95% confidence interval). 

3.   RESULTS 

Effect of EEMM on CUMS-induced Anhedonia in Mice using the SPT: There was no significant difference in sucrose 

preference (%) among all the groups in the baseline test (pre-test). Exposure of the mice to stress for 14 successive days 

significantly (p < 0.05) decreased sucrose preference (%) in vehicle-treated stressed mice as compared to the unstressed 

control. EEMM (2.5, 5 and 10 mg/kg) and Imipramine (15 mg/kg) administered for 14 successive days significantly 

reverse the reduced sucrose preference (%) in stressed mice as compared to the vehicle-treated control (Fig. 1). 

 

Fig. 1: Effect of EEMM on Sucrose preference in mice. 
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The results are expressed as Mean +/- SEM (n=5). In the post-test, One way ANOVA revealed that there is significant [F 

(5, 24) = 6.414, p < 0.001] difference between various treatment groups. 

#
 indicates significant difference from the control p < 0.05 (Student-Newman-Keuls test). 

*indicates significant difference from the stressed vehicle treated p < 0.05 (Student-Newman-Keuls test). 

NS+VEH: Non-stressed+Vehicle; S+VEH: Stressed+Vehicle; S+EEMM: Stressed+Ethanol Extract of Morus mesozygia; 

S+IMI: Stressed+Imipramine (15 mg/kg, i.p.). 

Effect of EEMM on Immobility period in FST in mice subjected to CUMS: Chronic unpredictable mild stress 

(CUMS) significantly increased the immobility period in vehicle treated stressed mice (S+VEH) as compared to non-

stressed vehicle treated (NS + VEH) control mice subjected to FST. EEMM (2.5, 5 and 10 mg/kg, i.p.) administered for 

14 successive days significantly (p < 0.001) decreased the immobility period in stressed mice as compared to the stressed 

controls (Fig. 2). 

 

Fig 2: Effect of EEMM on immobility period in FST in CUMS. 

The results are expressed as Mean +/- SEM (n=5). One way ANOVA revealed that there is significant [F (5, 24) = 200.4, 

p < 0.001] difference between various treatment groups. 

#
 indicates significant difference from the non-stressed control p< 0.05 (Student-Newman-Keuls test). 

* indicates significant difference from the control p < 0.05 (Student-Newman-Keuls test). 

NS+VEH: Non-stressed + Vehicle; S+VEH: Stressed + Vehicle; S+EEMM: Stressed + Ethanol Extract of Morus 

mesozygia; S+IMI: Stressed + Imipramine (15 mg/kg, i.p.). 

Effect of EEMM on Locomotor Activity in Open Field: The administration of EEMM (2.5, 5 or 10 mg/kg, i.p.) showed 

a significant reduction [F (5, 24) = 137.7, P < 0.001] in the locomotor activity of mice when compared to vehicle (Table 

2). 

Table 2: Effect of EEMM on locomotor activity in open field 

Locomotor Activity Test 

Treatment (mg/kg) Number of Square Crossing 

VEH 73.60±1.631 

 

EEMM  

2.5 57.60±1.568* 

5 51.60±2.657* 

10 46.60±1.661* 

Values represent mean ± S.E.M for 6 animals per group. *P < 0.05 compared to Control (ANOVA followed by Newman 

Keuls test). 

VEH: Vehicle; EEMM: Ethanol Extract of Morus mesozygia 
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Effect of EEMM on brain Glutathione Levels: GSH levels were significantly (p < 0.001) decreased in brains of 

vehicle-treated stressed mice (S+VEH) as compared to non-stressed control (NS+VEH). EEMM (2.5, 5 and 10 mg/kg) 

and Imipramine (15 mg/kg) produced a significant (p < 0.001) increase in GSH levels in respective treated mice as 

compared to vehicle-treated stressed control (S+VEH) mice (Fig. 3). 

 

Fig. 3:  Effect of EEMM on GSH Levels in mice. 

The results are expressed as Mean +/- SEM (n=5). One way ANOVA revealed that there is significant [F (5, 24) = 37.7, 

p< 0.001] difference between various treatment groups. 

#
 indicates significant difference from the control p< 0.05 (Student-Newman-Keuls test). 

*indicates significant difference from the stressed vehicle treated p< 0.05 (Student-Newman-Keuls test). 

NS+VEH: Non-stressed+Vehicle; S+VEH: Stressed+Vehicle; S+EEMM: Stressed+Ethanol Extract of Morus mesozygia; 

S+IMI: Stressed+Imipramine (15 mg/kg, i.p.). 

Effect of EEMM on brain Malondialdehyde Levels: Malondialdehyde levels were significantly (p < 0.001) increased 

in brains of vehicle-treated stressed mice (S+VEH) as compared to non-stressed control (NS+VEH). EEMM (2.5, 5 and 

10 mg/kg) and Imipramine (15 mg/kg) produced a significant (p < 0.001) decrease in MDA levels in respective treated 

mice as compared to vehicle-treated stressed control (S+VEH) mice (Fig. 4). 

 

Fig. 4:  Effect of EEMM on MDA Levels. 
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The results are expressed as Mean +/- SEM (n=5). One way ANOVA revealed that there is significant [F (5, 24) = 26.11, 

p < 0.001] difference between various treatment groups. 

#
 indicates significant difference from the control p < 0.05 (Student-Newman-Keuls test). 

*indicates significant difference from the stressed vehicle treated p < 0.05 (Student-Newman-Keuls test). 

NS+VEH: Non-stressed+Vehicle; S+VEH: Stressed+Vehicle; S+EEMM: Stressed+Ethanol Extract of Morus mesozygia; 

S+IMI: Stressed+Imipramine (15 mg/kg, i.p.). 

Effect of EEMM on Nitrite Levels: Brain nitrite levels were significantly (p < 0.001) elevated in vehicle treated mice 

subjected to CUMS. EEMM (2.5, 5 0r 10 mg/kg) administered for 14 successive days in CUMS significantly (p < 0.001) 

decreased nitrite levels in stressed mice as compared to vehicle-treated control mice (Fig. 5). 

 

Fig. 5:  Effect of EEMM on Nitrite Levels in mice. 

The results are expressed as Mean ± SEM (n=5). One way ANOVA revealed that there is significant [F (5, 24) = 51.52, 

p< 0.001] difference between various treatment groups. 

#
 indicates significant difference from the control p < 0.05 (Student-Newman-Keuls test). 

*indicates significant difference from the stressed vehicle treated p < 0.05 (Student-Newman-Keuls test). 

NS+VEH: Non-stressed+Vehicle; S+VEH: Stressed+Vehicle; S+EEMM: Stressed+Ethanol Extract of Morus mesozygia; 

S+IMI: Stressed+Imipramine (15 mg/kg, i.p.). 

4.   DISCUSSION 

CUMS-induced depression model was used in this study as the chronic model of depression. Animals subjected to CUMS 

model exhibits characteristic depressive behavior similar to that observed in humans after a long-term exposure to 

multiple stressors, hence, the model satisfies most of the criteria of validity for an animal model of depression [41]. 

Additional studies have shown that CUMS can be used for evaluating the potential antidepressants by employing 

behavioral tests like FST and sucrose preference test [24]. Mice forced to swim in a restricted space from which they 

cannot escape are induced to a characteristic behavior of immobility. This prolonged immobility behavior reflects a state 

of despair similar to depression in humans and the immobility can be reduced in mice by several agents that are 
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therapeutically effective in human depression [32]. The sucrose preference test represents the anhedonia-like behavioral 

change, a hallmark core symptom of depression in humans, indicating loss of interest or pleasure. Anhedonia was 

modeled in mice by inducing a decrease in responsiveness to pleasure reflected by a reduced consumption of sucrose 

solutions. The behavioral and molecular changes induced by CUMS are reversed by treatment with antidepressant drugs 

after administration for weeks [22]. In this work, the CUMS mice model satisfactorily mimicked the depressive status 

“behavioral despair” as seen in human depression. The results of vehicle treated mice subjected to chronic stress in 

CUMS exhibited a significant prolongation of immobility time in FST and reduction of the sucrose solution consumption 

as compared to unstressed mice. The results reflect successful induction of depressive state in test mice by the applied 

CUMS protocol in this study. However, chronic administration of EEMM significantly decreased the duration of 

immobility in mice FST and prevented the reduced preference of sucrose solution which both indicates the antidepressant-

like effect. The antidepressant-like activity of EEMM is specific and not false positive since the result of the locomotor 

activity indicated that EEMM at the respective treatment doses (2.5, 5, or 10 mg/kg) did not show CNS stimulant effect in 

mice subjected to open field test. Although CNS-depressant agents may be sedative, generally, the activity follows a dose-

response curve in the open field test [37]. The observed dose dependent reduction in locomotor activity in the EEMM 

treated mice is suggestive of a possible CNS depressant activity, however, the effect does not interfere-with or mask the 

antidepressant activity seen in the FST paradigm, thus, EEMM at the treatment doses is not sedative. 

Reversal of CUMS-induced depressive-like phenotypes measured using the mouse FST and SPT has been reported as a 

valid measure of antidepressant property [3]. The findings here from the FST and SPT of mice subjected to CUMS 

indicate the face-validity of the antidepressant-like profile of action of EEMM. Additionally, SPT has been identified as a 

sensitive screening test for potential rapid-acting antidepressant-like drugs [13]. Therefore, the significant positive 

outcome of activities of EEMM on SPT reflects its potential rapid onset of antidepressant effect. 

Physical and psychological stressors have also been shown to increase free radical production, cause oxidative damage 

and accelerate lipid peroxidation [15]. Repeated stress on a daily basis described as un-predictive increasing stress has 

been reported to enhance stress-induced tissue damage and malfunction [8]. Excessive reactive oxygen species production 

from repetitive stress can cause oxidative damage to macromolecules including lipids, proteins and DNA, leading to 

neuronal dysfunction and depression [12]. Reactive oxygen species play a role in the pathogenesis of neuropsychiatric 

disorders. Basically, derangement of the antioxidant defense system leads to neurotransmitter deficiencies, one of the 

most important mechanisms in major depression [19]. This free radical activity and the extent of tissue damage are often 

characterized by high level of malondialdehyde (MDA), high level of nitrite and a reduction of glutathione (GSH) 

concentrations. The high malondialdehyde level is a marker of lipid peroxidation which is characteristic of oxidative 

damage. Lipid peroxidation and antioxidant enzymes can be assessed as markers of major depression because they 

returned to normal levels after treatment with antidepressants [5]. Chronic unpredictable mild stress was found to impair 

the antioxidant status of brain tissue, presumably through production of excessive reactive oxygen species. In the present 

study, 14 days successive exposure of mice to different stressors resulted in increased lipid peroxidation and nitrite levels, 

and decreased endogenous antioxidant activity in mice. Chronic administration of EEMM showed a significant decrease 

in lipid peroxidation and increase in GSH in stress-exposed mice.  Thus, EEMM showed a significant antioxidant activity 

in mice. The in vitro antioxidant activity of Morus mesozygia has been reported [18]. Stressful situations have also been 

shown to significantly increase nitrite levels [16]. EEMM significantly reduced nitrosative stress as indicated by reduction 

of the brain nitrite levels of EEMM treated stressed mice as compared to the vehicle treated stressed mice. Thus, EEMM 

showed a strong neuroprotective effect against oxidative stress and nitrosative stress that plays a key role in chronic 

unpredictable mild stress-induced depression. Hence, EEMM antidepressant-like activity in chronically stressed mice is 

probably through the decrease in plasma nitrite levels and due to its antioxidant activity. Importantly, when the production 

of reactive oxygen species exceeds the level which the normal body antioxidant defense mechanisms can cope with; there 

is a gradual breakdown of body’s stress adaptive system [4]. The results of this study may also suggest this inhibition of 

oxidative stress as an adaptogenic property of EEMM, which prevents oxidative breakdown of macromolecules such as 

DNA, proteins and lipids involved in body’s stress adaptive process.  Generally, plant extracts having antioxidant 

properties have been experimentally shown to have neuroprotective effects [29]. They have also been shown to be useful 

in the management of various stress related metabolic and chronic diseases [39], which was also demonstrated in this 

study. 
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5.   CONCLUSION 

The primary findings concluded that EEMM could improve the depressive-like symptoms induced by CUMS that may be 

related to regulation of oxidative and nitrosative stress. Hence, EEMM has a valid antidepressant property that could be 

rapid-acting, however, further studies needs be done to identify the active constituent in the plant and determine the 

modulation of the momoaminergic neurotransmitter systems by EEMM. 
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