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A B S T R A C T

Stingless bee honey (SBH), as a functional food supplement, is of particular interest in this context due to its 
potential to modulate neurobiological factors such as BDNF and neurotransmitter release, which are often dis
rupted in depressive disorders. SBH is a fermented honey rich in trehalulose, probiotics, organic acids including 
aliphatic acids, and various bioactive compounds. These properties mitigate neurodegenerative processes by 
reducing oxidative stress and inflammation, enhancing neuronal resilience, and supporting the maintenance of 
cognitive function and overall brain health. This preclinical study aims to investigate the antidepressant effects of 
SBH in the chronic restrained stress (CRS) depression model via behavioural, hormone secretions, and histo
logical analyses. Forty-two Swiss Albino mice (8 weeks old) were divided into five groups, receiving SBH sup
plementation or paroxetine (positive control). CRS was induced for 2 h daily for 28 days. The evaluated effects 
include body weight, behavioural tests, neurotransmitter levels, hippocampal neuron integrity, and brain- 
derived neurotrophic factor (BDNF) expression. The results of the physicochemical analysis confirmed that the 
SBH complied with the Malaysian Standard (MS2683:2017). FESEM experiment indicates the presence of bac
teria and yeast on the walls of cerumen pots. Behavioural assessments demonstrated a significant reduction in 
anxiety-like behaviours and immobility duration among SBH-treated groups, indicative of its anxiolytic and 
antidepressant-like effects. The biochemical evaluations via ELISA assay showed that SBH supplementation 
reduced corticosterone levels, maintained serotonin concentrations, and increased dopamine availability, whilst 
elevating the serum phenylalanine levels. Upregulated BDNF expression and downregulation of the pro- 
inflammatory cytokines were also observed. The increased level of BDNF has been closely linked with synap
tic plasticity as well as regulating the monoaminergic neurotransmitter regulation. These findings underscore the 
potential of SBH as a neuroprotective supplement, likely mediated by monoamine modulation, neurogenesis, and 
anti-inflammatory effects, warranting further clinical investigations as a functional food with anti-depressant 
effects.

1. Introduction

Stingless bees, belonging to the Family Apidae and tribe Meliponini, 
differ from common Apis honeybees by lacking functional stingers. 
These highly eusocial species are vital pollinators that aid in maintain
ing the ecosystem balance, where they are native to tropical and sub
tropical regions, including Southeast Asia, Northern Australia, Africa, 
and parts of South America (Wayo, Sritongchuay, Chuttong, Attasopa, & 

Bumrungsri, 2020). Their honey commonly multi-floral, stored in 
cerumen-propolis pots, possesses a distinct sweet sourness flavor due to 
probiotic fermentation and contains several bioactive compounds, 
enhancing its antioxidant, antimicrobial, and anti-inflammatory prop
erties (Biluca et al. 2020, Al-Hatamleh et al., 2020). It is also rich in free 
acidity which enhances therapeutic benefits including wound healing 
and immune-boosting qualities (Al-Hatamleh et al., 2020; Julika et al., 
2020). Additionally, the presence of trehalulose, a rare low glycaemic 
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index (GI) sugar, further contributes to the distinctive qualities of SBH, 
offering potential health benefits that have attracted growing research 
interest. Previous research showed that SBH supplementation improved 
memory and learning in mice via the BDNF signalling pathway. The 
BDNF signalling pathway plays a crucial role in promoting neuro
plasticity and influencing memory formation, learning, and mood 
regulation, presenting SBH as a promising food supplement for pre
venting depression (Mustafa et al., 2019).

Subsequently, BDNF signalling also modulates the release of sero
tonin and dopamine in the mesolimbic dopamine system (Narita et al., 
2003). Apart from BDNF, glucocorticoids also showed implications in 
neuronal function and depression. While the BDNF supports neuronal 
survival and plasticity, glucocorticoids which are often elevated during 
stress could modulate BDNF expression and impact neuroplastic out
comes as highlighted by past evidence (Al-Rahbi et al., 2014). Thus, the 
strong crossover between their functions is suggested as a mechanism of 
depression.

Depression is a prevalent mental illness marked by persistent sadness 
and a loss of interest in activities, also alters emotion, and behaviour to 
suicide (Stepanichev et al., 2014; World Health Organization, 2023). 
The World Health Organization (WHO) projects that by 2030, depres
sion will become a leading global health burden, impacting approxi
mately 280 million individuals across all age groups (World Health 
Organization, 2023).

Various pathological studies have identified causes of depression, 
with the monoamine hypothesis being the most relevant and well- 
accepted (Tiemeier, 2003). Conventional antidepressants targeting 
monoamines to treat depression often come with several drawbacks, 
including dizziness, sedation, sexual dysfunction, insomnia, anxiety, and 
high relapse rates, underscoring the need for alternative therapies 
(Torres et al., 2003).

Previous research highlights the role of inflammation relapses in 
depressive disorders. Chronic inflammation, marked by prolonged im
mune activation and elevated pro-inflammatory cytokines can affect 
brain function and behaviour. High levels of cytokines such as IL-1β, IL- 
6, and TNF-α are found in some individuals with depression, influencing 
neurotransmitter metabolism, reducing neurogenesis, and disrupting 
neural plasticity. Neuroinflammation can alter brain regions involved in 
mood regulation, such as the hippocampus and prefrontal cortex, 
impairing mood, cognition, and behaviour (Adeniyi et al., 2023; Audet 
& Anisman, 2013). Chronic stress exacerbates this immune response, 
negatively affecting the hypothalamic-pituitary-adrenal (HPA) axis and 
contributing to depressive symptoms (McEwen et al., 2016).

The relationship between monoamines and inflammation in 
depression is intricate and bidirectional. Monoamines, including sero
tonin (5-HT), norepinephrine, and dopamine (DA), are integral to the 
regulation of mood and behaviour (Jiang et al., 2022). Inflammation has 
the potential to disrupt the balance of these monoamines, thereby 
exacerbating depressive symptoms and perpetuating a reciprocal rela
tionship between the two factors and thus should be the major target in 
treating depression. Inline, a higher antioxidant and anti-inflammatory 
profile of SBH may mitigate neuroinflammation. To date, no prior 
study has specifically evaluated the effects of SBH using the CRS model 
for depression, making this investigation the first to explore its potential 
antidepressant properties within a well-established preclinical frame
work of stress-induced mood disorders. This gap highlights the novelty 
and significance of the present study, aiming to investigate the potential 
of SBH as a functional food in alleviating depressive-like behaviour and 
exploring its potential for depression prevention.

2. Materials and methods

2.1. Source of stingless bee honey

The multiflora SBH was obtained from a local farm (Brainey Sdn 
Bhd) in Malaysia where this farm has been reported to comprise a 

consistent presence of phenylalanine. The SBH was harvested from 
Heterotrigona itama species (Hymenoptera: Apidae: Meliponini), with a 
good practice of harvesting. The moisture content of SBH was initially 
determined to be at 32 % and further dehydrated to up to 20 % using 
Honey Interlinked Dehydration and Dispenser Apparatus (HILDA) to 
comply with the moisture content limit set by the Codex Alimentarius 
for Honeys (Codex Alimentarius Commission, 2001) (Yong et al., 2022). 
Low moisture levels are essential for maintaining its stability whilst 
preventing overfermentation (Ahmed et al., 2016). The honey was 
further bottled at the Hazard Analysis and Critical Control Points 
(HACCP), HALAL, Good Manufacturing Practice (GMP), and Interna
tional Organization for Standardization (ISO22000)-certified processing 
plants (Honeygold Enterprise Sdn Bhd) to ensure high-quality and hy
gienic honey handling.

2.2. Evaluation of stingless bee honey pot via field electron scanning 
electron microscopy

Cerumen propolis pot samples were freshly harvested, preserved 
with glutaraldehyde and osmium tetroxide, and dehydrated with grad
ually increasing ethanol concentrations. The samples were mounted on 
an aluminium stub using a conductive adhesive, coated with gold to 
prevent charging and viewed under the FESEM. High-resolution images 
at various magnifications were captured to specifically obtain the shapes 
and morphology of the probiotics (Erlandsen et al., 2002).

2.3. Drugs and chemicals

ELISA kits for corticosterone (ab108821), 5-hydroxytryptamine 
(ab133053), and phenylalanine (ab83376) were purchased from 
Abcam (Cambridge, UK). ELISA kits for BDNF (QY-E20219) and dopa
mine (QY-E20493) were obtained from Qayee (Shanghai, China). Par
oxetine (ab120069), used as the control drug, was procured were 
ordered from Abcam (Cambridge, UK). Sodium acetate anhydrous was 
obtained from Merck (New Jersey, USA), and 2,4,6-Tris(2-pyridyl)-s- 
triazine was purchased from Sigma-Aldrich (St. Louis, MO, USA) for 
UPLC analysis. All chemicals used in this study were of analytical grade.

2.4. Physicochemical analysis of stingless bee honey

The SBH sample was analysed using ultra-performance liquid chro
matography (UPLC) and standard methods following AOAC to deter
mine the peak areas of the main components of sugar content, and 
hydroxymethylfurfural (HMF). Several other parameters including pH 
and moisture content were performed to evaluate its compliance with 
the MS2683:2017 standard (Official methods of analysis of AOAC inter
national, 2005). Ultra performance liquid chromatography (UPLC) 
method was conducted as demonstrated in the Empower UPLC software. 
The sample was analysed in triplicate and reported on average.

2.5. Animals

Forty-two Swiss Albino mice (8 weeks old) were obtained from the 
Animal Research and Services Centre (ARASC), Universiti Sains 
Malaysia (USM). Swiss albino mice, a widely used outbred strain in 
biomedical research have shown consistent responses in experimental 
models of stress-related psychiatric disorders and suitability that is 
associated with depression studies (Marchette et al., 2018). All mice 
were acclimatized for 5 days with ad libitum access to water and stan
dard pellet, maintained on a 12 h light/dark and controlled temperature 
(± 25 ◦C). All procedures were performed following the guidelines 
approved by the Animal Ethics Committee of Universiti Sains Malaysia 
(USM/Animal Ethics Approval/2018(112)(927)).
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2.6. Experimental groups

All mice were caged individually after acclimatization and randomly 
divided into seven groups (n = 42); G1 (normal), G2 (stressed), G3 
(paroxetine 10 mg/kg), G4 (stress treated with 200 mg/kg on day 15), 
G5 (stress treated with 200 mg/kg on day 1), G6 (stress treated with 
2000 mg/kg on day 15), and G7 (stress treated with honey 2000 mg/kg 
on day 1) groups.

The dosage selection was calculated according to a 162 mg/kg honey 
dose extrapolated from a human into a mouse dose using the body 
surface area (BSA) formula as recommended by the FDA (Reagan-Shaw 
et al., 2008). This ensures the dose used in mice reflects a safe and 
relevant intake level comparable to human consumption. The formula is 
mentioned below (Nair & Jacob, 2016).

Human equivalence dose (HED), mg/kg =.
Animal dose, mg/kg x Correction factor (Km) ratio.
Km ratio for mice = 0.081.
The doses of 200 mg/kg and 2000 mg/kg of SBH are considered safe 

for mice based on prior studies. According to OECD guidelines, sub
stances with no observed adverse effects at 2000 mg/kg in acute toxicity 
tests are classified as safe (OECD, 2001). Previous research also reported 
no signs of toxicity or mortality in rodents given SBH at these doses, 
supporting their safe use in animal studies (Fauzi et al., 2018). Mean
while, G2 was exposed to stress only and the G3 group was given par
oxetine drug (10 mg/kg) via intraperitoneal injection.

2.7. Induction of chronic restraint stress (CRS)

All groups underwent stress induction using the restraint stress 
model for studying psychogenic stress as described by (Kim et al., 2017). 
Stress was administered daily for 2 h, from day 1 to day 28, by placing 
the animals in specialized plastic restraint tubes (diameter: 6 cm × 10 
cm × 9 cm), which completely restricted their movement. Body weight 
was monitored daily throughout the experiment. The CRS model was 
employed in conjunction with its ability to induce genetic and protein 
changes that resemble those observed in depression. Designed to mimic 
prolonged psychological stress, it offers a practical, cost-effective, and 
reliable method for modeling depression in rodents (Woo et al., 2018).

2.8. Behavioural and protein expression analyses

Behavioural analyses were conducted using the elevated plus-maze 
(EPM), forced swim test (FST), enzyme-linked immunosorbent assay 
(ELISA), and immunohistochemistry (IHC) to examine stress-induced 
responses, quantify targeted molecular biomarkers, and visualize 
neuroanatomical changes of protein expression in the brain tissues, 
respectively. These extensively validated tests are essential in preclinical 
studies for assessing emotional and psychological states in rodents, 
providing reliable behavioural endpoints that mirror human anxiety and 
depressive symptoms. Thereby enhancing the translational value of the 
findings in the context of neuroprotective and antidepressant research 
(Woo et al., 2018).

2.8.1. Elevated plus-maze (EPM)
The elevated plus-maze (EPM) was used to assess anxiety-like 

behaviour in rodents, following the method of (Sestakova et al., 
2013). The maze was elevated 50 cm above the floor, and each mouse 
was placed in the center facing an open arm. The test was conducted on 
days 22 and 29. Their behaviour was videotaped for 5 min using ANY
maze software. The apparatus was cleaned with 70 % alcohol between 
each trial. The number of open-arm entries and the time spent in the 
open arms were recorded and presented in seconds (Mehta et al., 2017).

2.8.2. Force swimming test (FST)
The test was performed to assess depression-like behaviour and was 

conducted on days 22 and 29 following the method described by (Yan 

et al., 2015). A resting period was included to minimize the potential 
carryover effects from the previous test (McIlwain et al., 2001). Each 
mouse was placed in a glass cylindrical container (40 cm height, 16 cm 
diameter) with 30 cm of water maintained at 25 ± 2 ◦C. The mouse was 
videotaped for 6 min, and the total immobility time was measured in 
seconds. Immobility was defined as the mouse remaining motionless in 
the water, only moving to keep its head above the water surface, 
reflecting the despair status of the mouse.

2.9. CORT, 5-HT, DA, Phe, and BDNF measurement using ELISA

Enzyme-linked immunosorbent assay (ELISA) was conducted to 
determine the secretion levels of several hormones. The mice were 
anesthetized using a ketamine/xylazine cocktail (with the recom
mended dosage of 90 mg/kg and 5 mg/kg body weight) prior to sacrifice 
via intraperitoneal injection. Blood samples (1 mL, approximate vol
ume) were collected and kept on ice and later centrifuged at 3000 rpm 
for 15 min at 4 ◦C to separate serum. The serum collected was evaluated 
for corticosterone (ab108821), serotonin (ab133053), dopamine (QY- 
E20493), and Phenylalanine (ab83376) following kit instructions. The 
left brain (hippocampus) tissue of mice was also collected following the 
anesthesia. The brain tissue was collected into RNA later and used to 
quantify BDNF protein levels (QY-E20219) using a commercially 
available sandwich ELISA kit. The serum and brain tissue samples were 
stored at − 80 ◦C until further use (Monteiro et al., 2015).

2.10. Histology of hippocampus

After anesthetizing and decapitating the mouse, the brain was 
dissected, fixed in 10 % formalin, and stored at 4 ◦C before tissue pro
cessing. The brain was embedded in paraffin wax. Sections were trim
med to 5 μm, mounted on slides, air-dried, and stored in a slide box until 
the staining procedure. Nissl staining was performed to visualize neu
rons by highlighting bodies, which are rich in RNA and located in the 
rough endoplasmic reticulum. Nissl-positive cells in the hippocampus 
were counted across five microscopic fields as representative of the 
whole sample (Hasim et al., 2020). Only clearly visible neurons in a 
single focal plane were counted to prevent double-counting, ensuring 
only clear, distinct neurons were included in the analysis. Nissl-stained 
neurons were identified by their round shape, prominent nucleolus, and 
Nissl substance, while abnormal neurons showed reduced staining in
tensity and dark appearance. This method aids in neuronal structure, 
size, and presence of Nissl substances, which are commonly used to 
detect nerve cell damage (Kiernan, 2015).

2.11. Statistical analysis

All values were expressed as mean ± standard error of the mean 
(SEM) in each experiment. The statistical significance was determined 
by one-way analysis of variance (ANOVA) followed by Tukey’s post hoc 
test using GraphPad-Prism v.8.0.1 software (GraphPad, San Diego, CA). 
All tests were two-tailed and the significance level was set at p < 0.05.

3. Results

3.1. Physicochemical properties

Table 1 shows the physicochemical properties of SBH (dehydrated 
honey) in comparison to Malaysian Standard (2017) MS2683:2017 with 
moisture content, sugars, HMF, and pH values all within acceptable 
ranges. Findings showed that the collected SBH sample fulfilled the 
criteria of authentic honey according to the Malaysian standard. 
Notably, SBH contains a significant amount of trehalulose (17.08 ±
1.35 g/100 g), a rare disaccharide absent from standard guidelines but 
recognized for its unique properties of SBH as compared to other honey. 
The absence of sucrose and low levels of HMF further support the quality 
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and stability of SBH. Together, these highlighted the basic foundation of 
honey standardization.

3.2. Ultrastructural imaging of propolis using field emission scanning 
electron microscope

The surface morphology of the raw propolis of stingless bee Hetero
trigona itama was examined via FESEM micrograph. Fig. 1A (under 
5000× magnification) showed the presence of rod-shaped cells (bacilli) 
appearing in variety as singly and in pairs. Some presented to align end- 
to-end whilst comprised of smooth surfaces. Fig. 1B illustrated the 
ellipsoidal-shaped cells that formed in budding pairs with a slightly 
rough texture upon 10,000× magnification imaging. A distinct protu
berance (indicates the connection between the mother and daughter 
cells) also clearly being observed in the budding cells. These further 
highlighted that the appearance of various microorganisms could be 
potentially identified as bacteria (Fig. 1A) and yeast (Fig. 1B), which 
were abundantly present on the smooth surface of propolis.

SBH is known to comprise beneficial microbes that may play a sig
nificant role in its bioactive properties in SBH, including its antioxidant 
and anti-inflammatory effects (Salomón et al., 2024). These microbial 
components, alongside its rich nutritional profile, support its potential 
as a neuroprotective agent. Growing evidence supports the involvement 
of the gut-brain axis in the regulation of mood and cognitive function, as 
the gut microbiota influence the neurochemical pathways and inflam
matory responses linked to mental health. Through its probiotic-like 

activity, SBH potentially mitigates depression-related symptoms and 
supports brain health.

3.3. Body weight (%)

Fig. 2 represents the percentage of body weight changes in the mice 
model. It indicated that the changes in the body weight increased 

Table 1 
Physicochemical properties of stingless bee honey.

Physicochemical properties Stingless bee honey Malaysian standard 
(2017)

Moisture content (%) 20.00 ± 0.01 Max 35
Fructose (g/100 g) 28.85 ± 1.40 Max 85
Glucose (g/100 g) 35.18 ± 1.50
Trehalulose (g/100 g) 17.08 ± 1.35 NA
Maltose 2.18 ± 1.15 Max 9.5
Sucrose ND Max 7.5
Hydroxylmethylfurfural (HMF) 8.50 ± 2.15 Max 30
pH 2.98 ± 0.13 2.5–3.8

NA; not available, ND; not detected.

Fig. 1. Left image shows the gross view of SBH cerumen pots, entirely different from normal honeycombs. The presence of microorganisms observed on the surface of 
stingless bee propolis upon viewing under FESEM microscopy. (A) Bacteria; (B) yeast.

Fig. 2. The percentage of body weight changes over 30 days following stress 
induction and treatment. The graph showed that the food intake in all CRS- 
induced groups was not significant as compared to the G1 group. Data repre
sented as means ± SEM. Data were analysed using one-way ANOVA.
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gradually, however, the body weight was more stable in the SBH-treated 
groups. Body weight in the untreated CRS (G2) showed significantly 
lower (p < 0.05) than in normal (G1) mice, highlighting that the chronic 
stress condition has been successfully developed that later suppressed 
the growth of body weight in G2. Whereas, observation on G3 and G4- 
G7 showed insignificant changes when compared to normal (G1), sug
gesting that SBH supplementation and the positive control helped to 
counteract the stress-induced weight loss. These findings highlight the 
hypothesis that SBH has protective effects against the physiological 
impacts of chronic stress.

3.4. Behavioural assessment

As shown in Fig. 3a and b, the 28-day CRS-induced anxiety-like 
behaviour has been evidenced by the decreased time spent and fewer 
entries into the open arms. The untreated CRS (G2) showed no move
ment into the open arms or time spent there, while G3 exhibited 
movement and time spent in the open arms. All SBH-treated groups (G4- 
G7) also showed movement into the open arms and increased time spent 
there, although no significant differences were observed compared to 
G2. One-way ANOVA analysis of the percentage of time spent in open 
arms and the number of open arm entries among all groups revealed no 
significant differences: F(6,42) = 0.92, p = 0.49; F(6,42) = 1.48, p = 0.21.

In the FST analysis (Fig. 3c), higher immobility time indicates a more 
severe depression state in CRS mice, indicating the stress induction has 
successfully developed the despair behaviour. Results showed that 
normal (G1) mice had significantly lower (p < 0.001) immobility time 
compared to untreated CRS mice (G2) mice. The treated groups (G3-G7) 
exhibited significant reduction (p < 0.001) in immobility times 
compared to G2, with the treated groups showing similar results to G1. 
This suggests that both paroxetine (10 mg/kg) and SBH treatment 
reduced immobility time in CRS mice. It is also observed that G5 (the 

group with low dose SBH treatment) which consumed from day 1 of 
stress induction exhibited a similar result upon compared to G3 (par
oxetine). One-way ANOVA analysis confirmed the significance of 
immobility time differences, F(6,42) = 9.83, p < 0.001 among groups.

3.5. Neurochemical analysis

Corticosterone (CORT) is a key stress hormone in rodents, analogous 
to cortisol in humans. Higher secretion levels have been closely associ
ated with chronic stress and depressive-like states. The results of serum 
corticosterone levels in mice subjects are presented in Fig. 4a. In control 
groups, the normal (G1) and positive control (G3) mice groups showed 
lower corticosterone levels as compared to the untreated CRS (G2). In 
the SBH-treated groups, a significantly lower (p < 0.05) level of serum 
corticosterone was also observed in G4-G7 as compared to G2. Indeed, 
identical expression has been observed between SBH-treated and posi
tive control groups. One-way ANOVA analysis showed a significant 
difference F(6,42) = 4.53, p = 0.0001 among groups.

In rodents, serotonin plays a role in modulating the hypothalamic- 
pituitary-adrenal (HPA) axis, governing stress response. Reduced sero
tonin levels are closely linked to the development of depression. The 
effects of CRS on serotonin levels in mice are depicted in Fig. 4b. Groups 
G1, G3, and G4-G7 showed identical levels and significantly (p < 0.001; 
p < 0.05) higher serotonin levels compared to G2. In addition, identical 
levels between G1, G3, & G4-G7 primarily indicated that the serotonin 
was maintained at normal levels in all treated groups upon CRS induc
tion. One-way ANOVA analysis showed a significant difference F(6,42) =

7.92, p < 0.0001 among groups.
Dopamine plays an essential role in reward, motivation, and 

emotional regulation. Decreased dopamine levels are often associated 
with anhedonia (loss of pleasure) and reduced motivation, which are 
core symptoms of depression. Effects of dopamine levels within the 28 

Fig. 3. (a)The percentage number of open arm entries (EPM) in mice; (b) the percentage of time spent in open arms (EPM) in mice, as indicators of anxiety-like 
behaviour. p > 0.05 vs. G2; (c) The immobility time of FST testing, as a benchmark for depressive-like behaviour in mice. p < 0.001 vs. G2. Administration of 
SBH significantly reduced the immobility time compared to the negative control group. Data represented as mean ± SEM.
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days of CRS-induced mice were presented in Fig. 4c. The G2 mice 
showed lower levels of serum dopamine as compared to G1 and G3, 
emphasizing that the CRS induction has primarily reduced the dopamine 
level. In the SBH-treated groups, a higher level of serum dopamine was 
observed. Strikingly, the high-dose SBH-treated group that began on day 
1 (G7 mice) showed a prominent surge of dopamine (p < 0.05) 
compared to all other groups G1, G2, G4, G5, and G6. One-way ANOVA 
revealed a significant difference F(6,42) = 6.61, p < 0.0001 among 
groups.

BDNF is an important protein that helps neurons grow, survive, and 
stay healthy, playing a key role in neuroplasticity, which allows the 
brain to adapt, form new connections, and recover from stress, all of 
which are crucial for learning and memory. The expressions of BDNF in 
the hippocampus of CRS mice were measured. As shown in Fig. 4d, the 
G2 mice showed decreased BDNF levels as compared to all groups. 
Whereas, G3 mice showed significantly higher (p < 0.05) as compared to 
G2. Nevertheless, only high-dose SBH-treated groups (G6 and G7) 
showed a significant increase (p < 0.001; p < 0.05) in comparison to G2. 
Expressions of BDNF in high-dose SBH treatment showed a comparable 
result with paroxetine, G3. Results indicated that the SBH supplemen
tation possessed a direct effect to increase the BDNF level. One-way 
ANOVA revealed a significant difference F(6,42) = 5.76, p = 0.0002 
among groups.

Phenylalanine (Phe) levels can reflect changes in the body’s 
biochemical processes, especially those related to neurotransmitter 
production. Higher phenylalanine levels in SBH-treated groups suggest 
that the treatment may help improve amino acid metabolism and 

support the production of neurochemicals that regulate mood. Fig. 4e 
shows the level of phenylalanine in the serum of experimental mice. The 
bar chart indicated that the G2 has a lower phenylalanine level 
compared to G1 and G3 mice. All SBH-treated groups (G4-G7) also 
showed the same pattern of increased phenylalanine as compared to G2. 
Nevertheless, only high-dose SBH treatments were significantly higher 
(p < 0.05) as compared to G2. One-way ANOVA revealed a significant 
difference F(6,35) = 3.13, p = 0.015 among groups.

3.6. Histopathological assessment of hippocampal neuronal structure and 
preservation

The normal histology of the hippocampus region; CA3 and DG in G1, 
G3, G4, G5, G6, and G7, where abundant healthy intact neurons (black 
arrows) were observed. The normal architecture and arrangement of 
neurons were preserved as well as Nissl substances in the cytoplasm 
were visible as observed in Fig. 5A, C, D, E, F, G, and H, J, K, L, M, N. In 
contrast, the number of intact neurons in G2 was reduced in CA3 and 
DG. The damaged neurons were shrunken and sparse (red arrows), 
meanwhile, the intensity of cytoplasmic staining was reduced as illus
trated in Fig. 5B and I. There was a significant neuronal loss with the 
existence of dark neurons which suggests neuronal damage.

Table 2 shows the number of intact neurons in the CA3 and DG areas 
of the hippocampus, respectively. In the CA3 area, there was a signifi
cant difference in the mean number of intact Nissl neurons across all 
groups (F(6,42) = 6.29, p < 0.0001) (Table 2), with G1-G7 showing a 
significantly higher (p < 0.05) in Nissl intact neurons compared to G2. 

Fig. 4. (a) The serum corticosterone levels of mice after CRS for 28 days; (b) Effect of CRS on the serotonin concentration levels in mice; (c) Effect of CRS on the 
dopamine secretion levels in mice; (d) Effect of CRS on BDNF concentration levels in mice; (e) Analysis of Phe levels in serum blood of mice. Compared to the 
negative control group, SBH administration significantly decreased the level of corticosterone, whilst increasing dopamine, serotonin, BDNF, and phenylalanine 
expression. Statistical significance was determined by one-way ANOVA. ap < 0.01; bp < 0.05 vs. G2; cp < 0.05 vs. G4; dp < 0.05 vs. G5;e p < 0.05 vs. G6. Data 
represented as mean ± SEM.

A.A. Shaheran et al.                                                                                                                                                                                                                            Journal of Functional Foods 130 (2025) 106913 

6 



Similarly, the DG area showed a significant difference (F(6,42) = 6.510, p 
< 0.001) (Table 2), with G1-G7 showing a significantly higher (p < 0.05) 
in intact Nissl neurons compared to G2.

The intact neurons in CA3 and DG areas showed a significant in
crease of neuronal improvement in all treated-SBH groups (G4-G7) 
including the positive control group (G3) when compared to the un
treated CRS mice (G2) group. This observation indicates reduced 
neuronal damage and enhanced neuroprotection, by which the hippo
campal subregions are critically involved in memory formation, and 
emotional regulation, and are particularly sensitive to stress-induced 
neurodegeneration. The preservation of neuronal integrity in these 
areas further highlights the neuroprotective potential of SBH. The 
enhanced neuronal survival and regeneration observed in the SBH- 
treated groups further support its potential as a therapeutic agent to 
mitigate the effects of chronic stress and promote brain health.

3.7. Immunohistochemical localization of pro-inflammatory and anti- 
inflammatory cytokines

Fig. 6a and b showed the OD of expression in pro-inflammatory 
markers, IL-6, in the CA3 and DG areas of the hippocampus, respec
tively. Data were represented as mean ± SEM. In the CA3 area of the 
hippocampus, there were significant differences among groups [F(6,14) 
= 3.76, p = 0.02]. Analysis showed a significant decrease (p < 0.005) in 
the OD expression of IL-6 in CA3 in G7 as compared to the G2. Mean
while, the DG area of the hippocampus also showed significant differ
ences in all groups [F(6, 14) = 5.29, p = 0.005]. The G3, G6, and G7 
exhibited a significant decrease (p < 0.005) in the OD expression in IL-6 
in DG as compared to the G2.

Meanwhile, Fig. 6c and d showed the OD of expression in IL-1β in the 
CA3 and DG area of the hippocampus, respectively. Data were repre
sented as mean ± SEM. In the CA3 area of the hippocampus, the G1 and 
G3-G7 showed a decreasing trend towards OD of expression IL-1β in CA3 
as compared to the G2, however, there was no significant difference 
observed. Similarly, the OD of expression IL-1β in the DG area of the 
hippocampus showed no significant differences between all groups.

Fig. 7a illustrates immunohistochemical views of IL-6 expression in 
two distinctive areas, namely CA3 (red dotted) and DG (black dotted). In 
the analysed tissues of the CA3 region, the G2 group illustrated an 
intense brown DAB (3,3′-diaminobenzidine) staining indicating robust 
IL-6 immunoreactivity, particularly around the pyramidal neurons. A 
similar observation in which strong IL-6 signals were observed in the DG 
region, particularly within the granule cell layer. In contrast, the DAB 
(3,3′-diaminobenzidine) staining intensity visibly reduced within the 
inflamed cells of the hippocampus regions for SBH-treated groups (G7, 
G6, G5, G4, G4), paroxetine control (G3), and negative control (G1), 
indicating the suppression of stress-induced neuroinflammatory 

Fig. 5. Histology of intact neuron in hippocampus (CA3) region from (A) G1; normal, (B) G2; stressed, (C) G3; paroxetine, (D) G4; SBH 200 mg/kg day 15, (E) G5; 
SBH 200 mg/kg day 1, (F) G6; SBH 2000 mg/kg day 15 and (G) G7; SBH 2000 mg/kg day 1. (DG) region from (H) G1; normal, (I) G2; stressed, (J) G3; paroxetine, (K) 
G4; SBH 200 mg/kg day 15, (L) G5; SBH 200 mg/kg day 1, (M) G6; SBH 2000 mg/kg day 15 and (N) G7; SBH 2000 mg/kg day 1. The black arrows denote preserved 
neurons, while the red arrows indicate neuronal damage (Nissl staining, magnification of 20×, scale bar: 50 μm). (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.)

Table 2 
Effect of treatment with SBH following exposure to CRS on morphometric 
measurement of the hippocampus in CA3 and DG area. One-way ANOVA be
tween groups analysis was applied followed by post-hoc multiple comparison 
using Tukey’s method. Data are expressed as mean ± SEM. ap < 0.01 statistical 
comparison between treated and control groups; bp < 0.05 statistical compari
son between the treated and control group.

Groups CA3 area (Mean ± SEM) DG area (Mean ± SEM) p-value

1 13.71 ± 1.40a 11.91 ± 0.72a

ap < 0.01   

bp < 0.05

2 7.06 ± 0.54 5.60 ± 0.69
3 14.74 ± 1.50a 12.63 ± 1.03a

4 13.66 ± 0.88b 10.66 ± 0.42b

5 13.37 ± 0.90b 10.77 ± 1.27b

6 13.20 ± 0.96b 10.29 ± 0.83b

7 14.34 ± 0.80a 10.37 ± 0.96b
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response, IL-6 protein.
As for the cytoplasmic staining of IL-1β in both CA3 and DG of the 

hippocampus region, only G7 and G3 evident intense purplish cyto
plasmic staining (brown DAB counterstain with haematoxylin) upon 
comparison to G2, G4, G5, and G6 samples, where intense DAB staining 
has been observed (Fig. 7b). This further reflects their capabilities to 
downregulate the inflammatory response, leading to lower IL-1β 

expression.

4. Discussion

This present study highlighted that the stingless bee honey (SBH) 
used contains trehalulose sugar. Primary studies have found a predom
inant amount of trehalulose between 13 and 44 g per 100 g in SBH of 

Fig. 6. (a) IL-6 expression in the CA3; (b) DG area of the hippocampus; (c) IL-1β expression in the CA3; (d) DG area of the hippocampus. SBH administration 
suppressed significantly the pro-inflammatory marker, IL-6 in both CA3 and DG regions compared to the negative control. ap < 0.005 vs. G2. Data represent the mean 
± SEM.

Fig. 7. Immunohistochemical analysis of IL-6 (red box) and IL-1β (black box) in CA3 and DG hippocampal regions. Both IL-6 and IL-1β expression are significantly 
reduced in high-dose SBH-treated groups (G6 and G7), supporting the anti-inflammatory role of SBH. Images were viewed using 4× and 100× microscopic views. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Heterotrigona itama sp. (Fletcher et al., 2020; Zawawi et al., 2022). Other 
disaccharides such as glucose, fructose, and maltose were also detected, 
with sucrose being absent in this SBH sample. This is closely related to 
the nectar source of the blossoms gathered by the bees, which later be 
conjugated with the enzyme invertase, catalyzing the breakdown of 
sucrose into glucose and fructose in which the fructose further converts 
into trehalulose via the formation of β-D-glucosyl enzyme intermediate 
(Olaitan et al., 2007; Zhang et al., 2022). Trehalulose is a unique sugar 
abundantly found in SBH that sets it apart from regular honey. It has 
been shown to have health benefits, including antioxidant, anti- 
inflammatory, and low glycaemic properties. In terms of brain health, 
trehalulose may help protect neurons and reduce oxidative stress, 
enhancing the overall neuroprotective effects of SBH (Fletcher et al., 
2020; Zawawi et al., 2022). While trehalulose is still being studied, it 
shares similar biological properties in the modulation growth of gut 
microbiota with another structurally related sugar, trehalose, which 
provides a fermentable substrate for the growth and metabolic activity 
of beneficial gut microbiota, including Lactobacillus and Bifidobacte
rium sp. (Wang et al., 2018). This further suggests that trehalulose may 
possess a similar fermentable substrate although further studies are 
needed to directly assess its prebiotic effects.

Additionally, the moisture content of dehydrated SBH was recorded 
at 20 % along with its low hydroxymethylfurfural (HMF) content. 
Moreover, this view has been supported in that these criteria are crucial 
to be present in authentic SBH that is functionalized as an antioxidant- 
rich natural source (Mello dos Santos et al., n.d.). These properties 
highlighted the honey used meets the requirements outlined in the 
current Malaysian standard MS2683:2017. Processed honey is normally 
best limited to up to 22 % to preserve its beneficial contents whilst 
extending the shelf life (Shamsudin et al., 2019).

In parallel, SBH is rich in distinctive probiotics microbes, contrib
uting to gut microbial balance, whereby this combination of prebiotic 
trehalulose and endogenous probiotics has the potential to enhance gut 
health and modulate the gut-brain axis, a bidirectional communication 
system that correlates the gastrointestinal tract with the central nervous 
system. Through this mechanism, SBH may influence neurochemical 
signalling, reduce systemic inflammation, and promote hippocampal 
integrity, particularly in regions susceptible to stress-related damage 
such as the CA3 and dentate gyrus. A previous clinical study using SBH 
showed the emerging neuroprotection potential with bioactive compo
nents that further supported brain plasticity, lowered the inflammation, 
and enhanced cognitive outcomes post-stroke, additionally (Sabarisah 
et al., 2022). These interactions may underlie the observed improve
ment in emotional and cognitive outcomes, reinforcing the potential of 
SBH as a natural, multifunctional neuroprotective agent.

Based on the morphology of diverse microbial observed on the sur
face of propolis via FESEM analysis, they potentially suggest the bacteria 
and yeast (Fig. 1) which indicate the presence of a probiotic population. 
They are primarily in line with the morphological features of Saccha
romyces cerevisiae yeast and Bacillus amyloliquefaciens bacteria viewed 
under a scanning electron microscope (Kadaikunnan, Rejiniemon, 
Khaled, Alharbi, & Mothana, 2015; Molon et al., 2018). The high 
moisture content of SBH in this study at 30 % upon harvesting provides 
the optimum condition that favours their growth and allows for 
fermentation within the pot. This microbial activity is crucial for the 
fermentation process that contributes to the production of bioactive 
compounds with antioxidant properties. Bacillus species have accounted 
for the majority of the isolates discovered in stingless bee nest products 
(honey, propolis, and bee bread) alongside Firmicutes, Proteobacteria, 
and Actinobacteria, where these bacteria primarily secreted several 
enzymes to breakdown the complex biomolecules including phenylala
nine amino acids into simpler, active compounds that benefit both gut 
health and brain function, including the production of dopamine neu
rotransmitters (Lani et al., 2017; Ngalimat et al., 2019). Another pre
vious study supported current findings on the existence of yeasts, such as 
Saccharomyces spp., Mucor spp., Penicillium spp., and 

Schizosaccharomyces spp. where they are commonly detected in SBH 
that comprise moisture content beyond 21 %, highlighting their crucial 
roles in the fermentation process that eventually leads to the production 
of bioactive components with antioxidant effects (Salomón et al., 2024). 
The sugars in propolis are also catabolized into lactic acid and other 
organic compounds also support the growth of beneficial gut bacteria, 
reinforcing the probiotic benefits of SBH (Suyabatmaz et al., 2025; Deng 
et al., 2021). Decomposition of phenylalanine will directly breakdown 
into dopamine neurotransmitters (Lou, 1994). In the meantime, the 
production of various crucial metabolites including short-chain fatty 
acids (SCFAs) also occurs via indirect connection. The given further 
postulated that the presence of these beneficial microorganisms was an 
important characteristic that helped to increase the antioxidant prop
erties of SBH, setting it apart from other honey. Hence, highlighting that 
the SBH has effective properties that play a crucial role in its probiotic 
benefits, largely attributed to the presence of beneficial bacteria and 
yeast within the hive environment itself. These microbial contributions 
make SBH a unique functional food that stands out for its potential to 
promote gut health, support the immune system, and enhance brain 
function.

Accumulating evidence suggested Lactobacillus as one of the most 
evaluated probiotics with the capability of alleviating depressive 
symptoms via in vivo and in vitro studies. For instance, decreased 
corticosterone and depression-related behaviour patterns upon admin
istering Lactobacillus rhamnosus have been observed, indicating signifi
cant physiological effects of Lactobacillus on the central nervous system 
(Bravo et al., 2011). Other recent research indicated that administration 
of Lactobacillus rhamnosus and Bifidobacterium lactis exhibited increased 
secretion of dopamine neurotransmitters with significantly lowered 
TNF-α, IL-6, IL-18, and IL-1β levels in the serum, brain, and colon re
gions of chronic unpredictable mild stress (CUMS) group (Huang et al., 
2022). Meanwhile, the BDNF and its receptor tyrosine kinase receptor B 
(TrkB), N-methyl-d-aspartic acid receptor 1 alongside the monoamine’s 
dopamine, noradrenaline, and 5-hydroxytryptamine were reversely 
examined by Lactobacillus casei intervention (Gu et al., 2020). Although 
CUMS and CRS differ in their mechanism, both paradigms show similar 
outputs by activating the hypothalamic-pituitary-adrenal (HPA) axis 
including within the prolonged stressed condition, leading to the 
depletion of dopaminergic and serotonergic neurochemical markers 
alongside BDNF downregulation in the prefrontal cortex and hippo
campus areas (Miao et al., 2020). In another study where the CRS model 
was induced with Akkermansia muciniphila probiotics, the abnormal 
changes in depressive molecular markers (dopamine, corticosterone, 
and BDNF) were reportedly upregulated (Ding et al., 2021). These ob
servations imply that the probiotics could restore the imbalances dis
rupted by chronic stress by regulating neurotransmitters that directly 
enhance BDNF activation, and contribute to suppressing inflammation 
whilst promoting cognitive improvements.

CRS is a well-established and validated model for inducing 
depression-like behaviours in rodents, mimicking the physiological and 
behavioural symptoms observed in human depression (Chiba et al., 
2012). The current study primarily evaluates the ability of SBH as an 
antidepressant in the CRS model and further compares it with paroxe
tine antidepressants and normal conditions. Past research that utilized 
peripheral biomarkers had demonstrated that CRS is the legitimate 
mouse model of depression through the shrinkage of hippocampal vol
ume, abnormal brain functional connectivity, as well as identical gene 
expression and protein alterations possessed, resembling human 
depression (Seewoo et al., 2020).

It has been observed that SBH-treated and paroxetine groups are 
more susceptible to reducing stress-depressive behaviour, demon
strating lower anxiety levels and immobility time as observed in Fig. 3. 
Our finding is in line with previous studies that reported reduced time 
spent in despair using a high-dose paroxetine (10 mg/kg), serving the 
antidepressant effect (Kulikov et al., 2011). For the above reason, SBH is 
rich in microorganisms and various organic compounds and is capable of 
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producing a nearly similar effect as paroxetine (positive control), which 
is known to work as a selective serotonin reuptake inhibitor (SSRI) 
through serotonin reuptake transporter (SERT) inhibition which allows 
for persistent serotonin level in the treatment strategy of depression. 
When compared to paroxetine, SBH demonstrated comparable and in 
some measures potentially like antidepressant effects. Paroxetine 
treatment (G3) effectively elevated serotonin, dopamine, and BDNF 
levels, aligning with its known pharmacodynamic profile. However, G6 
increased in BDNF and showed broader neurochemical restoration, 
including regulation of corticosterone levels and normalization of 
phenylalanine, suggesting a more comprehensive impact on both the 
central and peripheral markers of depression. Notably, G7 increased 
dopamine, suggesting a potential rapid-onset antidepressant effect, 
particularly on the reward-related pathways which is a significant 
advantage over SSRIs. In terms of tolerability and translational rele
vance, SBH presents several advantages. While paroxetine is associated 
with well-documented adverse effects, SBH, being a plant-derived food 
product, may offer a safer profile. Together, these findings indicate that 
SBH, particularly at a high dose, is not only equally effective as parox
etine in reversing depression-like neurochemical changes but may also 
be better tolerated, underscoring its promise as a translationally relevant 
alternative or adjunct to conventional antidepressants.

In general, stress leads to the lower expression of monoamine such as 
dopamine and serotonin along with the increase of corticosterone in the 
brain, inducing pro-inflammatory mediators that trigger depressive 
symptoms (Jiang et al., 2022). These biomarkers were specifically 
selected due to their central roles in stress response and monoaminergic 
neurotransmission, which are closely linked to neuropsychiatric and 
neurodegenerative conditions. Phenylalanine was chosen over other 
amino acids in conjunction with its natural presence in SBH and crucial 
role as a direct precursor in the biosynthesis of dopamine, norepineph
rine, and epinephrine (Lou, 1994; Zulkifli et al., 2022). It has been 
studied that phenylalanine is an essential precursor for tyrosine con
tributes to the upregulation of BDNF genes that further enhances spatial 
memory performance in the treated mice (Moon et al., 2018; Mustafa 
et al., 2019). Therefore, one of the important points observed in the 
present study is that the high-dose SBH-treated group significantly 
increased the levels of dopamine and serotonin neurotransmitters, BDNF 
as well as phenylalanine expressions whilst reducing IL-6 cytokine 
significantly in the hippocampus tissue of CA3 and DG regions when 
compared to the CRS group. This could be further associated with the 
abundant presence of phenylalanine amino acids obtained in the high- 
dose SHB-treated group in comparison to the low-dose SBH-treated 
groups (G4 and G5), which influence the availability of L-tyrosine, key 
in dopamine synthesis (Daubner et al., 2011). On the other hand, 
decreased secretion of corticosterone was found to be significantly 
observed in all treated groups except for CRS mice. All findings of 
dopamine hormone, BDNF as well as inflammatory markers outlined 
that SBH synergistically targets both monoamines and inflammatory 
pathways. Taken together, these components operate in a complemen
tary manner with antioxidant compounds such as flavonoids, phenolic 
acids, as well as polyphenols which are extensively detected in SBH 
(Santos et al., 2021). Therefore, enhances BDNF levels, modulates 
neurotransmitters, and lowers inflammation which improves cognitive 
function and mood regulation, especially in depression.

Phenylalanine has been known as an essential amino acid that is 
unable to be secreted by the body (Litwack, 2018). It has been investi
gated phenylalanine can produce phytochemical ferulic acid through 
the shikimate pathway, which could easily pass through the blood-brain 
barrier (BBB) and modulate neuro-immunomodulatory effect including 
the anti-depressant properties (Zheng et al., 2019). This strongly em
phasizes that it is primarily ingested from the diet which in this study, 
direct elevation of phenylalanine in the serum was observed and has 
been directly acquired through SBH consumption. In a couple of studies, 
this dietary amino acid phenylalanine is regularly detected in SBH 
(Mustafa et al., 2019), where phenylalanine synthesizes and produces 

tyrosine, a BDNF receptor that is significantly associated with brain 
function (Slutsky & Etnier, 2019). Hence, this suggests that apart from 
the presence and direct mechanism of probiotics, other phytochemical 
compounds are postulated to be highly associated with elevating tyro
sine receptor kinase B (TrkB) and BDNF that are crucial for neuro
plasticity and neuronal survival, particularly in chronic stress 
conditions. However, future research is needed to understand this 
intriguing relationship.

Hippocampal inflammation particularly possesses an intimate rela
tionship with gut microbes and brain disorders. The dentate gyrus (DG) 
has been the primary site of hippocampal neurogenesis with CA3 being 
the highly connected region to it upon exposure to chronic stress. 
Therefore, examination of intact neurons in high-dose SBH-treated 
through cresyl violet staining in the current study illustrated the pres
ence of neurons characterized by their round shape, large nucleolus 
formation, and Nissl substances within the cytoplasm. A previous 
finding has reported that probiotic prophylaxis significantly decreases 
the number of neuronal deaths and apoptotic cells in the hippocampal 
CA1, CA3, and DG regions (Rahmati et al., 2019).

The overall evidence emphasizes that the aliphatic acids, amino 
acids, and probiotics in SBH are mainly functionalized as the key players 
that possess multiple biological properties including antioxidant and 
anti-inflammatory effects. This could be further explained by their 
capability to neutralize free radicals such as reactive oxygen stress 
(ROS), which are directly linked to oxidative stress and cellular damage, 
through the secretion of antioxidant enzymes (Zulkifli et al., 2022). By 
promoting cellular repair and lowering oxidative damage, the probiotics 
also undergo fermentation and produce several potential SCFAs that 
conjointly serve the antioxidant property. This study and its further 
details complement previous studies that highlighted raw honey 
exhibited nootropic effects, including memory enhancement and anti
depressant neuropharmacological activities in supporting brain function 
(Mijanur Rahman et al., 2014). Hence, highlighting that SBH possesses a 
nootropic effect that further boosts cognitive function, although a 
deeper understanding of the mechanism action is still requisite.

The current findings of this study are the involvement of mono
aminergic and anti-inflammatory pathways (Fig. 8), the precise mech
anisms underlying these effects remain speculative. The lack of 
mechanistic blocking experiments, such as receptor-specific antagonists 
or genetic inhibition techniques, limits the ability to establish causal 
relationships and constitutes a key limitation of this study. Future 
studies incorporating such mechanistic approaches of the particular 
compounds presented in SBH and their capability to cross the blood- 
brain barrier (BBB) are necessary to validate the proposed pathways 
and elucidate their specific roles, along with the identification of specific 
strain of probiotics and identify the SCFAs or other organic compounds. 
Furthermore, translation into the clinical trial focusing on the assess
ment of major depressive disorder (MDD) patients via Beck Depression 
Inventory (BDI) scoring evaluation is crucial to objectively measure the 
anecdotal effects of SBH in treating MDD as well as reducing the side 
effects of conventional drugs.

The recognition of SBH as a functional food has garnered increasing 
scientific interest, especially related to its neuroprotective and psycho
tropic potential (Mustafa & Vit, 2024). Unlike synthetic antidepressants 
that commonly target a single neurotransmitter system and induce 
several side effects including sedation, weight gain, or sexual dysfunc
tion, SBH promotes a multimodal mechanism of action with a favorable 
safety profile rooted in its long-standing dietary use. With its rich 
compositions of polyphenols, flavonoids, organic acids, and trehalulose 
sugars, they complement one another and are implicated in the patho
physiology of depression. These multifunctional properties align with 
the current understanding of depression as a multifactorial disorder 
engaging oxidative, inflammatory, and neurochemical imbalances 
which highlighted SBH as a promising candidate for alternative therapy. 
Most importantly, it does not possess known toxicity or adverse effects 
either at dietary or elevated dosages which is suitable to be translated 
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into human clinical trials. Therefore, the results obtained provide a 
foundational framework that supports promising targets for further 
investigation.

5. Conclusions

Given the limitations of current pharmacotherapies and the growing 
interest in natural alternatives, it is crucial to explore novel, multi
functional agents such as SBH. Its unique composition, including tre
halulose, antioxidants, good bacteria, and microbial metabolites, may 
target both monoaminergic systems and neuroinflammation. Therefore, 
this study investigates the antidepressant-like effects of SBH in a vali
dated chronic stress mouse model, integrating behavioural, biochem
ical, and histological assessments.

Notable findings included increased dopamine levels, maintained 
secretion of serotonin, and prevention of corticosterone elevation, 
comparable to paroxetine. The dopamine increase may result from the 
interaction of bacteria and yeast probiotics in SBH as well as phenylal
anine, enhancing monoamine production and the effect is likely dose- 
dependent. SBH also improved stress responses, body weight, and 
neuron preservation while reducing pro-inflammatory cytokines and 
preventing neuronal damage. Therefore, current findings indicate that 
SBH primarily possesses a direct effect on hormonal regulation whilst 
modulating the immune-inflammatory response. SBH has the potential 
to act as a functional food supplement and emphasizes its potential 
development as an adjuvant therapy for recurrent major depressive 
disorder (MDD) treatment, warranting further trial investigation.
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