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ABSTRACT 

Bioactive components of Basella alba leaves are responsible for their antidepressant-like activity. However, the com-
ponent with the greatest anti-depressant activity is unknown. This study investigated the antidepressant-like activities of 
the bioactive components (phenols, flavonoids, and glycosides) in Basella alba leaves. Forty-two male Wistar rats 
weighing 50–200 g were randomly divided into six groups (n=7). All the groups, except for the control, were subjected 
to chronic unpredictable stress (CUS) for five weeks. The rats in the CUS groups were treated with normal saline (1 
mL/kg), escitalopram (5 mg/kg), and each of the phenol-, flavonoid-, and glycoside-rich Basella alba extracts (200 
mg/kg) orally for twenty-one days. The tail suspension, sucrose preference, light-dark box, and hole-board tests were 
carried out before and after the induction of depression. In the CUS groups, reduced mobility time on tail suspension, 
increased percentage sucrose consumption, frequency of head dips on the hole board, and line-cross frequency in the 
light-dark box were observed. The latency on the hole board was reduced with Basella alba components, while there 
was a significant (p<0.05) decrease in serum brain-derived neurotrophic factor and an increase in serum IL-6 in the 
CUS animals not treated with extracts. The phenol-rich Basella alba extract showed the most potent antidepressant-
like activity, followed by the flavonoid-rich extract. The bioactive components of Basella alba, particularly phenols, were 
effective in ameliorating the depressive features of CUS and should be further studied for use as an adjunct or stand-
alone antidepressant. 

Keywords 
Basella alba, Brain-derived neurotrophic factor, Chronic unpredictable stress, Depression, Interleukin-6 

Correspondence: Hidaayah O. Jimoh-Abdulghaffaar, MSc; Department of Physiology, Faculty of Basic Medical Science, University of 
Ilorin, Ilorin, Nigeria. E-mail: jimoh.ho@unilorin.edu.ng; Phone number: +2348030817882; ORCID: 0000-0001-8255-5453 

Cite as: Jimoh-Abdulghaffaar, H.O., Areola, E.D., Jimoh, O.S., Sodimu, A.T., Adebosin, V.T., Bakare, A.O., Ipinmoroti, D.I., 
Olagbemi, O., Yousuph, S.O., Egwa, J.O. and Ojulari, L.S. (2023). Anti-depressant potentials of some bioactive components of 
Basella alba leaves in chronic unpredictable stress rat model. Nig. J. Neurosci. 14(2):52-58. 
https://doi.org/10.47081/njn2023.14.2/003   

 
 

INTRODUCTION 
 
Depression refers to a wide range of mental health prob-
lems characterized by the absence of a positive affect (a 
loss of interest and enjoyment in ordinary things and 
experiences), low mood, and a range of associated emo-
tional, cognitive, physical, and behavioural symptoms 
(Lewinsohn et al. 2000; Abhinayani et al. 2016). 
According to the World Health Organization (WHO), de-
pression is one of the leading causes of disability 
worldwide and is a major contributor to the overall global 

burden of disease (Biala et al. 2018). Depression affects 
an estimated one in fifteen adults (6.7%) in any given year, 
and one in six people (16.6%) will experience depression 
at some point in their lives (Cai et al. 2020). Women are 
more likely than men to experience depression, and there 
is a high degree of heritability (approximately 40%) when 
first-degree relatives have depression (Cartwright et al. 
2016). In recent years, the prevalence of depression in 
teens and young adults has increased. Trends in preva-
lence point to a rising number of young people with 
untreated depression in the sense of little progress in 
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mental health treatments (Carniel and da Rocha 2020). 
Clinically, depression presents with inflammation and/or a 
reduction in neurotrophic factors, such as the brain-derived 
neurotrophic factor (BDNF), in the brain (Ahmadi and 
Khaledi 2020). It is depicted in various physical, emotional, 
and mental signs and symptoms, some of which are: low 
self-esteem, over- or under-eating, weight gain or loss, 
pain without a known cause, loss of interest, and social 
isolation (Alshawwa et al. 2019). Although several synthet-
ic drugs are being used as the standard treatment for 
clinically depressed patients, they have adverse effects 
that can compromise the treatment, which include dry 
mouth, fatigue, gastrointestinal or respiratory problems, 
anxiety, agitation, drowsiness, and cardiac arrhythmias 
(Bahar and Rahman 2020). The long duration before 
improvement of symptoms is also a drawback (Comai et 
al. 2020). Several drug-drug interactions can also occur 
(Bahar and Rahman 2020). These conditions create an 
opportunity for alternative treatment of depression through 
the use of medicinal plants. With the use of herbal plants, 
many of these side effects can be prevented since all the 
synthetic drugs available for the treatment of depression 
have various adverse effects associated with problematic 
interactions. Among animal models, the chronic unpredict-
able stress model is the most frequently used and 
considered one of the most perfect models of depression 
and stress-related disorders (Duman et al. 2021). These 
disorders occur as a result of hypothalamic-pituitary-
adrenal axis dysregulation (Cartwright et al. 2016). Similar 
to other stress models, CUS has mostly been validated 
and replicated in adult rodents, with the knowledge ob-
tained in juvenile animals being surprisingly scarce. 
Behavioural tests to assess stress and depression-like 
symptoms include the tail suspension test (TST), sucrose 
preference, light-dark box, and hole-board tests (Katiyar 
and Kumar 2021). 
Escitalopram is a standard drug for the treatment of com-
mon depressive disorders. It is a selective inhibitor of 
serotonin reuptake. It is, in fact, the most selective of all 
serotonin reuptake inhibitors (Sanchez et al. 2014). In this 
study, the drug escitalopram was used as a standard 
antidepressant to constitute a positive control in the exper-
iment. 
Basella alba (commonly known as Malabar spinach) leaf is 
an important vegetable found commonly in tropical regions 
of the world. It is an underutilized green leafy vegetable 
rich in vitamins, minerals, dietary fibre, phenols, and anti-
oxidants (Kumar et al. 2022). Numerous bioactive 
compounds such as flavonoids, phenols, saponins, glyco-
sides, ferulic acid, gallic acid, caffeic acid, lutein, 
zeaxanthin, and beta-carotene have been isolated from the 
leaves of Basella alba (Mao et al. 2019). However, their 
potential as ingredients for the development of functional 
foods has not been fully explored. Some of these bioactive 
compounds have been worked out for one or more medici-
nal attributes, including antidepressant activity 
(Mohammed et al. 2020). In previous research done to 
investigate the antidepressant effect of Basella alba ex-
tracts, the specific bioactive compounds that produce its 
antidepressant effect were not convincingly stated (Abhi-

nayani et al. 2016). This study aimed to explore the poten-
tial of some bioactive components of Basella alba in the 
management of depression and compare the antidepres-
sant effects of phenol-, flavonoid-, and glycoside-rich 
Basella alba extracts in CUS-induced depression in male 
Wistar rats. 
 
 
MATERIALS AND METHODS 
 
Ethical Considerations 
This study was carried out according to the University of 
Ilorin guidelines and regulations and was assigned the 
approval number UERC/ASN/2019/1551 by the University 
Ethical Review Committee. 
 
Study Design 
This was a comparative study among normal, healthy rats, 
CUS-depressed rats untreated or treated with escital-
opram, as well as phenol-, flavonoid-, and glycoside-rich 
Basella alba extracts. 
 
Animals 
Forty-two adult male Wistar rats weighing 150–200 g were 
used for the study. The rats were housed in the animal 
house of the Faculty of Basic Medical Sciences, University 
of Ilorin, where they were maintained in plastic cages with 
net covers under standard conditions and fed with rat 
pellets and distilled water ad libitum. The animals were 
acclimatized for two weeks and randomly divided into six 
groups of seven animals each. 
 
Identification and Processing of Plant Materials 
Fresh leaves of Basella alba (Malabar spinach) were 
obtained from a local farmer in Mopa town, Kogi State. 
They were identified at the Department of Plant Biology, 
University of Ilorin, Ilorin, Nigeria, and assigned the identi-
fication number UILH/001/1416/2020. After identification, 
3.5 kg of the leaves were air-dried and pounded using a 
mortar and pestle, which yielded 250 g. The powdered 
leaves were freeze-dried for 48 h, and the various bioac-
tive compounds were extracted. 
 
Extraction of Bioactive Components 
Phenol (PHE): Sodium hydroxide pellets (40 g) were 
dissolved in a litre of methanol, and the solution was 
added to 83 g of the powdered Basella alba leaves. The 
mixture was stirred and left for 24 h. After which, the ex-
tract was filtered twice using a muslin cloth. The filtrate 
was then dried with a rotary evaporator (to remove the 
alcohol content). A solid, PHE-rich extract (29 g) was 
obtained (Alara et al. 2019). 
 
Flavonoid (FLV): Sodium nitrite (3.2 g) was dissolved in 
70 mL of distilled water in a beaker, and the solution was 
added to 83 g of powdered Basella alba leaves. Ethanol 
(30%) was then added to the mixture. A solution containing 
700 mL of distilled water and 70 g of aluminium chloride 
(AlCl3) was prepared separately in another beaker and 
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added to the previous mixture in the plastic container. The 
new mixture was stirred and left for 24 h, after which it was 
filtered twice using a muslin cloth. A 20-gram sodium 
hydroxide pellet was dissolved in distilled water, added to 
the filtered extract, and stirred. A deep brown layer was 
seen precipitating gradually at the base of the container. 
After about one and a half hours, the upper layer was 
decanted, leaving behind the lower brown layer of FLV-rich 
extract. The remaining water content was removed using a 
freeze dryer. FLV-rich extract (28 g) was obtained in the 
end (Alara et al. 2021). 
 
Glycoside (GLY): Powdered Basella alba leaves (83 g) 
were dissolved in one litre of 70% ethanol and allowed to 
stand for 24 h, after which it was filtered twice using a 
muslin cloth. The filtrate was dried with a rotary evaporator 
to remove the alcohol content. 5 g of a paste-like GLY-rich 
extract was obtained (Alara et al. 2019). 
 
Induction of Depression 
Depression was induced using the chronic unpredictable 
stress (CUS) model. This involved exposing the experi-
mental rats to any two random stressors daily for five 
weeks: 1) bed-wetting (200 mL of water was poured onto 
the bedding (wood shavings) and it remained unchanged 
for 24 h); 2) overcrowding (the number of rats in each cage 
was doubled for 24 h); 3) water deprivation (rats were 
deprived of water for 24 h); and 4) food deprivation (rats 
were given water but were deprived of feed for 24 h) 
(Naveen Kumar 2016). 
  
Animal Grouping and Treatment 
After acclimatization, the rats were randomly grouped and 
received treatment orally, once daily for twenty-one days 
after the induction of depression, as follows: Control group 
(normal, healthy rats); CUS group, CUS-depressed rats 
treated with normal saline (1 mL/kg); CUS + escitalopram 
(ESC), CUS-depressed rats treated with ESC (5 mg/kg); 
CUS + PHE, CUS-depressed rats treated with PHE-rich 
Basella alba extract (200 mg/kg); CUS + FLV, CUS-
depressed rats treated with FLV-rich Basella alba extract 
(200 mg/kg); CUS + GLY, CUS-depressed rats treated 
with GLY-rich Basella alba extract (200 mg/kg). 
  
Behavioural Tests 
The following: tail suspension, sucrose preference, light-
dark box, and hole-board tests were carried out before and 
after induction of depression, as well as after treatment. 
  
Tail Suspension Test 
Each animal was suspended from a rod by its tail and, with 
the aid of masking tape, approximately 10 cm above the 
ground. The animal would try to escape and reach for the 
ground. This test lasted for 5 min, and the time it took each 
rat to remain immobile was measured as the time of mo-
bility (Nishuty et al. 2019). 
  
Sucrose Preference Test 
A 2% sucrose solution was prepared by dissolving 20 g of 
sugar in a bowl containing a litre of distilled water. Each rat 

was placed in a single cage containing two drinking bot-
tles: One contained 150 mL of sucrose solution, and the 
other contained 150 mL of distilled water. After 12 h, the 
positions of the sucrose- and water-containing bottles were 
changed to eliminate any positional preference. The test 
lasted for 24 h. At the end of the test, the sucrose prefer-
ence (SP) was calculated as SP = volume of sucrose 
consumed/total fluid taken (sucrose + water) ×100% 
(Ozbeyli et al. 2019). 
  
Light-Dark Box Test 
A square box made up of four chambers: two light cham-
bers and two dark chambers was used. Two rats were 
placed in the box at a time, one in each of the light com-
partments. The total number of transitions between the 
light and dark chambers was noted. This test lasted for 5 
min. 
  
Hole-Board Test 
Each rat was placed one at a time in a box with regularly 
arranged holes on its floor. Both the number of head dips 
and latency (time taken before the first head dip) were 
measured within 5 min (Rabiei and Rabiei 2017). 
  
Blood Sample Collection 
Rats were euthanized with intramuscular ketamine/ 
xylazine (87.5/12.55 mg/kg b.w.). Five millilitre of blood 
samples were collected through cardiac puncture, put in 
plain sample bottles, and centrifuged at 4,500 rpm for 5 
min. The sera were then collected and assayed for the 
biomarkers interleukin-6 (Il-6) and brain-derived neu-
rotrophic factor (BDNF). 
  
Statistical Analysis 
All data were expressed as mean ± standard error of the 
mean (SEM). Statistical group analysis was performed with 
the GraphPad Prism software version 5.0. A one-way 
ANOVA was used to compare the mean values of varia-
bles among the groups. Bonferroni’s test was used for 
post-hoc analysis. Statistically significant differences were 
accepted at p < 0.05, n = 7. 
  
 
RESULTS 
 
Body Weight 
The mean body weight of rats in all the groups was similar 
at baseline. However, post-induction of depression, there 
was a significant (p<0.05) decrease in body weight in the 
CUS, ESC-, PHE-, FLV-, and GLY-treated groups com-
pared to the control group. Post-treatment, there was a 
significant (p<0.05) increase in body weight in the treated 
groups compared to the control group. 
 
Behavioural Tests 
Tail Suspension Test 
At baseline, there was no significant difference in the time 
of mobility. In post-induction depression, there was a 
significant (p<0.05) decrease in mobility time. However, 
upon treatment, there was a significant (p<0.05) increase 
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in the time of mobility on the tail suspension test in the 
ESC, PHE, FLV, and GLY groups compared to the CUS 
group (Fig. 1A). 
 
Sucrose Preference Test  
After treatment, there was a significant (p<0.05) increase 
in the percentage of sucrose consumed in the ESC, PHE, 
FLV, and GLY groups compared to the CUS group (Fig. 
1B). 

Fig. 1A: Effects of ESC and PHE-, FLV-, and GLY-rich 
Basella alba extract on time of immobility of CUS-depressed 
male Wistar rats. One-way ANOVA and Bonferroni’s test: n=6; 
*p < 0.05 vs control; #p < 0.05 vs CUS (chronic unpredictable 
stress). ESC (escitalopram), PHE (phenol), FLV (flavonoid), GLY 
(glycoside) 
 

Fig. 1B: Effects of ESC and PHE-, FLV-, and GLY-rich 
Basella alba extract on sucrose preference in male CUS-
depressed Wistar rats. One-way ANOVA and Bonferroni’s test: 
n=6; *p < 0.05 vs control; #p < 0.05 vs CUS; αp< 0.05 vs Baseline; 
βp < 0.05 vs post CUS (chronic unpredictable stress). ESC 
(escitalopram), PHE (phenol), FLV (flavonoid), GLY (glycoside) 

 
Light-Dark Box Test  
After treatment, there was a significant (p<0.05) increase 
in the head dip in the ESC, PHE, FLV, and GLY groups (#) 
when compared to the CUS group (Fig. 1c). 
 
Hole Board Test 
Latency: After treatment, there was a significant (p<0.05) 
decrease in the latency across the ESC, PHE, FLV, and 
GLY groups compared to the CUS group (Fig. 1di). 

Head Dips: After treatment, there was a significant 
(p<0.05) increase in the head dip in the ESC, PHE, FLV, 
and GLY groups when compared to the CUS group (Fig. 
1dii). 

Fig. 1c: Effects of ESC and PHE-, FLV-, and GLY-rich 
Basella alba extract on the number of crosses in CUS-
depressed male Wistar rats. One-way ANOVA and Bonferroni’s 
test: n=6; *p < 0.05 vs Control; #p < 0.05 vs CUS (chronic unpre-
dictable stress). ESC (escitalopram), PHE (phenol), FLV 
(flavonoid), GLY (glycoside) 

Fig. 1di: Effects of ESC and PHE-, FLV-, and GLY-rich 
Basella alba extract on latency in CUS-depressed male 
Wistar rats. One-way ANOVA and Bonferroni’s test: n=6; *p < 
0.05 vs control; #p < 0.05 vs CUS (chronic unpredictable stress). 
ESC (escitalopram), PHE (phenol), FLV (flavonoid), GLY (glyco-
side) 

Fig. 1dii: Effects of ESC and PHE-, FLV-, and GLY-rich 
Basella alba extract on the number of head dips in CUS-
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depressed male Wistar rats. One-way ANOVA and Bonferroni’s 
test: n=6; *p < 0.05 vs control; #p < 0.05 vs (chronic unpredictable 
stress). ESC (escitalopram), PHE (phenol), FLV (flavonoid), GLY 
(glycoside) 
 
Serum Biomarkers 
Brain-Derived Neurotrophic Factor (BDNF) 
There was a significant increase in the serum BDNF level 
in the Basella alba PHE-treated group more than in the 
ESC-treated group, which was also more than in the 
Basella alba FLV-treated group and more than in the 
Basella alba glycoside-treated groups compared to the 
CUS-exposed untreated group (Fig. 2a). 

 
Fig. 2A: Effects of ESC and PHE-, FLV-, GLY-rich Basella 
alba extracts on serum BDNF in CUS-depressed male Wistar 
rats. One-way ANOVA and Bonferroni’s test: n=6; *p < 0.05 vs 
control; #p < 0.05 vs CUS (chronic unpredictable stress). ESC 
(escitalopram), PHE (phenol), FLV (flavonoid), GLY (glycoside) 
 
Interleukin-6 (Il-6) 
There was a significant decrease in the serum IL-6 level in 
the Basella alba PHE-treated group, which was more than 
in the ESC-treated group, more than in the Basella alba 
FLV-treated group, and more than in the Basella alba 
GLY-treated group compared to the CUS-exposed un-
treated group (Fig. 2b). 

 
Fig. 2B: Effects of ESC and PHE-, FLV-, and GLY-rich 
Basella alba extract on serum IL-6 in CUS-depressed male 
Wistar rats. One-way ANOVA and Bonferroni’s test: n=6; *p < 
0.05 vs control; #p < 0.05 vs CUS (chronic unpredictable stress). 
ESC (escitalopram), PHE (phenol), FLV (flavonoid), GLY (glyco-
side) 

DISCUSSION 
 
This study was carried out to assess the effect of PHE-, 
FLV-, and GLY-rich Basella alba extracts on CUS-induced 
depression in male Wistar rats. The results showed that all 
the extracts have antidepressant activity, with the effect 
being highest in the PHE-rich, followed by the FLV-rich, 
and the least in the GLY-rich Basella alba extract. 
CUS induces a cognitive deficit and anxiety-like behaviour 
in rats (Romanczuk-Seiferth et al. 2014). CUS has also 
been reported to induce significant weight loss in rats 
(Sadaf et al. 2020). Thus, the significant weight loss seen 
in the groups subjected to CUS can be attributed to the 
stressors they were exposed to, especially the starvation 
stressor. Post-treatment, a trend of increased body weight 
was noticed in both the treated groups and the CUS group. 
This can be said to be a result of the cessation of the CUS 
paradigm. 
After the induction of depression, a significant decrease 
was observed in the mobility time in the CUS, ESC-, PHE-, 
FLV-, and GLY-treated groups when compared with the 
normal control group. This suggests a successful induction 
of depression because decreased mobility time is a de-
pression-like symptom (Bahar and Rahman 2020). Post-
treatment, the ESC-treated group showed a marked in-
crease in mobility time compared to the CUS group. There 
was also an increase in mobility time in the PHE-, FLV-, 
and GLY-treated groups compared to the CUS group. 
Increased mobility time suggests the absence of stress 
and, hence, the absence of depression (Bahar and Rah-
man 2020). This shows that the standard drug ESC and 
the PHE, FLV, and GLY components of Basella alba 
extract have antidepressant activity. 
The high level of sucrose preference at baseline in all the 
groups also signifies the absence of depression during this 
stage. Another indication of successful depressive condi-
tion modelling is the significant decrease in sucrose 
preference seen in all the groups subjected to CUS proce-
dures. Decreased sucrose preference represents 
anhedonia, which is one of the core symptoms of depres-
sion in rats (Tongco et al. 2015). A significant increase in 
sucrose preference was observed in all the test groups 
after treatment in the CUS group, which suggests that both 
ESC and Basella alba extracts have antidepressant ef-
fects. Among the extracts, the antidepressant effects 
regarding sucrose preference were comparable. 
The high mean number of crosses (between the light and 
dark chambers) and head dips by all the rats in the light-
dark box test and hole-board test, respectively, in the 
baseline show that the rats were normal during this period. 
The subsequent marked decrease in these parameters in 
all the groups subjected to depression suggests that the 
induction of depression was successful in these groups. 
Stress has been shown to reduce the number of crosses 
between the two chambers of the light-dark box (Van 
Bodegom et al. 2017). Anxiety has also been said to 
reduce the head-dipping behaviour of rats in the hole-
board test (Wernecke and Fendt 2015). Therefore, after 
treatment, the subsequent increase in the number of 
crosses and number of head dips in the light-dark box test 
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and hole board test, respectively, by all the treatment 
groups except the CUS group depicts that ESC and the 
Basella alba extracts are true antidepressants. Likewise, 
the course of the latency graph also supported the fact that 
depression was successful in the rats subjected to it and 
that both ESC and the Basella alba extracts functioned as 
antidepressants. It has been reported that exposure to 
chronic stress could cause an increase in latency to the 
first head dip in rats in the hole-board test (Xu et al. 2020). 
Some medicinal plants exert their antidepressant effects 
through synaptic regulation of serotonin, noradrenaline, 
and dopamine, regulating the activity of the hypothalamo-
pituitary-adrenal axis, reinforcing the antioxidant defence 
system, and decreasing inflammatory mediators (Yousuf-
Rather et al. 2019). 
There was a significant decrease in the BDNF level in the 
CUS group compared to the normal control group. This 
finding supports clinical studies that have indicated that 
serum or plasma BDNF levels are decreased in untreated 
depressed patients (Sekita-Krzak et al. 2016). Although 
BDNF is not a classical biomarker of neurodegenerative 
disease, its reduction is an indication of memory dysfunc-
tion in health and disease, which is part of the symptoms 
of neurodegenerative disease. Here, CUS, plausibly via 
epigenetic mechanisms, caused a reduction in BDNF 
levels (Johnson et al. 2021). Nevertheless, a significant 
increase was seen in serum BDNF levels in the ESC-, 
PHE-, FLV-, and GLY-treated groups compared with the 
CUS group. This signifies that both the standard drug and 
the extracts showed antidepressant effects because it has 
been shown that antidepressant drugs raise the levels of 
serum BDNF (Sekita-Krzak et al. 2016). The similar level 
of BDNF in the ESC- and PHE-treated groups suggests 
that the standard drug ESC and the PHE-rich extract have 
similar potencies. Among PHE-, FLV-, and GLY-treated 
groups, BDNF levels were highest in the PHE-treated 
group, followed by the FLV- and then GLY-treated groups, 
showing that PHE is the most potent micronutrient regard-
ing augmentation of BDNF and, by extension, memory 
functions, followed by FLV and then GLY. 
The significant increase in serum Il-6 levels in the CUS 
group compared with the normal control represents suc-
cessful modelling of CUS-induced depression. Conversely, 
the significant decrease in serum Il-6 levels in ESC-
treated, PHE-treated, FLV-treated, and GLY-treated 
groups compared to the CUS group also suggests that 
both the standard drug and Basella alba extracts are 
potent enough to suppress the pro-inflammatory condition 
associated with stress-induced depression. This effect is 
capable of preventing complications and providing consid-
erable neuroprotection. IL-6 is known to be a pro-
inflammatory biomarker, with its serum level significantly 
increased in depressed individuals but very low in normal 
individuals (Serchov et al. 2016). Insignificant differences 
in serum IL-6 levels among the ESC-treated and Basella 
alba-treated groups indicate that they may all have similar 
potencies. 
 
 
 

Conclusion 
This study shows that PHE, FLV, and GLY-rich Basella 
alba extracts have antidepressant activities. These bioac-
tive compounds may be considered cheaper adjuncts or 
stand-alone antidepressants in the treatment of depres-
sion. 
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