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Abstract

Obesity is a condition where there is an accumulation of excess body fat, which can
increase oxidative stress either in the blood or in tissues, such as brain tissue. This
situation can trigger atrophy in neurons and reduce brain-derived neurotrophic factor
(BDNF) levels, which can increase the risk of impaired cognitive function. This study
aimed to ascertain the effect of oyster mushroom (Pleurotus ostreatus) p-glucan extract on
the number of neurons and levels of BDNF in rats. The study design was a true
experimental with a randomized control group post-test only with white male Sprague
Dawley rats as the subjects. A total of twenty-four rats were divided into four groups,
namely the normal diet group fed AIN-93M standard diet (KN), the high-fat-high-fructose
(HFHF) diet group (KP), and the HFHF diet group with the addition of -glucan extract
dose of 125 mg/kg body weight (P1), and dose of 375 mg/kg body weight (P2). The
BDNF was measured by ELISA, and the number of neurons was by histological staining
approach. Although there was no significant difference in the number of neurons (p =
0.692), the data revealed a significant difference in BDNF levels (p = 0.005). There was
no relationship between the number of neurons and BDNF levels (p = 0.874) and between
the B-glucan dose and the number of neurons (p = 0.796). However, there was a
relationship between B-glucan dose and BDNF levels (p = 0.001; r = 0.695). This study
concludes that the dose of B-glucan from oyster mushroom extract positively affects
BDNF levels but not the number of neurons. There was no relationship between the
number of neurons with BDNF levels and B-glucan dose. It was presumable because the
staining technique was less specific, so the possibility of other cells counted as neurons
may occur.

1. Introduction

Obesity is a state of excess body fat accumulation.

Indonesia, 2018). The obesity prevalence in Indonesia is
estimated to grow, with an increase of 3.9% per year to

Increased body mass index (BMI) can elevate the risk of
cancer, type 2 diabetes, and cardiovascular diseases
(World Health Organization (WHO), 2020). In 2016,
11% (men) and 15% (women) had a BMI of 30 kg/m?, or
nearly half a billion people in the world over the age of
18 were obese (WHO, 2020). In Indonesia, the obese
population shows an increase every year. The 2018
national survey known as Indonesia Baseline Health
Research showed that the population aged >18 years
who were obese (BMI 27 kg/m?) in 2007 was 10.5% and
increased to 21.8% in 2018 (The Ministry of Health of
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reach 22 million cases of obesity (BMI 30 kg/m?®) in
2030 (World Obesity Federation, 2022).

Obesity is often associated with the incidence of non
-degenerative diseases, but another problem that can also
arise from obesity is neurodegenerative, which is
characterized by impaired cognitive function. Meo et al.
(2019) reported that school adolescents aged 12-15 with
a higher body mass index (BMI) experienced a
significant decline in cognitive function compared to
healthy adolescents (Meo et al., 2019). The decline in
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cognitive function may be due to atrophy in the
hippocampus, along with an increase in a person's BMI
(Buie et al., 2019). A study in high-fat-high-fructose
(HFHF) diet-induced obesity model rats showed an
inflammatory response in the hippocampus characterized
by Toll-like Receptor 4 (TLR4) and Nuclear Factor
Kappa B (NF-kB) activation and proinflammatory
cytokine production. In addition, neuronal cell apoptosis
was relatively high in the HFHF diet group than in the
normal group (Yu et al., 2019).

Brain-derived neurotrophic factor (BDNF) is a
neurotrophic factor functioning in the neurogenesis
process and has a role in learning and memory (Krabbe
et al., 2007). BDNF levels decreased due to increased
food intake, hyperphagia, and obesity (Zhang et al.,
2013; Jani¢ijevi¢ et al., 2020). Several studies have
proven that BDNF plays a role in energy homeostasis
and weight management by regulating satiety. Decreased
levels of BDNF can increase appetite through
serotonergic mechanisms in the hypothalamus and
inhibition of stimulation of glutamate or gamma-
aminobutyric acid-ergic (GABAergic) receptors resulting
in changes in neuronal activity that cause obesity (Pandit
et al., 2020; Bumb ef al., 2021).

B-glucan has long been studied for its benefits
against obesity. The results show that B-glucan can
improve hypertriglyceridemia, hypercholesterolemia,
hypertension, hyperglycemia, and insulin resistance
(Zheng et al., 2013; Bashir and Choi, 2017).
Improvement of the above conditions will ultimately
help reduce oxidative stress. Oxidative stress can trigger
neuronal cell death in the hippocampus by activating
microglia, releasing cytochrome c¢ and apoptosis-
inducing factor (Apaf-1), and causing neurotoxic effects
by disrupting the brain barrier (Shah et al, 2009;
Kusumastuty et al., 2020; Mullins et al., 2020).

Currently, research on the benefits of B-glucan on
the number of neurons and BDNF levels in the obese
condition is limited, particularly in Indonesia. Therefore,
the purpose of this study was to investigate the impact of
oyster mushroom (Pleurotus ostreatus) B-glucan extract
on the number of hippocampal neurons and BDNF levels
in HFHF diet-induced rats.

2. Materials and methods
2.1 Research design

The study design was true experimental with a
randomized control group post-test only. The ethical
permission was granted by the Health Research Ethics
Commission, Faculty of Medicine, Universitas
Brawijaya (No. 136/EC/KEPK/07/2020). The subjects
used in this study were male Sprague Dawley rats. Rats
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were divided into four groups, namely the negative
control group (KN) fed AIN-93M standard diet, the
positive control group (KP) fed HFHF diet, the
intervention 1 group (P1), and the intervention 2 group
(P2). The intervention groups were given HFHF diet
with the addition of B-glucan doses of 125 and 375 mg/
kg body weight (mg/kg BW).

2.2 Research instruments

The tools used are rat cages, cage drinking water
bottles, analytical scales, oral probes, syringes, blenders,
pans, beakers, measuring cups, and rotary evaporators.
The materials used were oyster mushrooms, male
Sprague Dawley rats, 96% ethanol, distilled water,
ketamine, 10% formalin or 10% buffer, BDNF ELISA
kit (Catalog No.: E-EL-R1235 96T), husks, diet for rats,
drinking water, fructose solution, gloves, and mask.

2.3 Subject preparation

A total of 24 rats aged between 40-60 days were
acclimatized for 14 days, then randomized and divided
into four groups. The treatment period lasted 14 weeks.

2.4 Preparation of beta-glucan

Extraction of B-glucan was carried out based on the
method described by Ariyanti (2016) and consists of 3
main stages, namely, (1) making a mushroom solution;
(2) mixing the oyster mushroom solution with 96%
ethanol and incubating for 24 hrs; and (3) separating the
mushroom extract with ethanol solvent using a rotary
evaporator. The PB-glucan was identified in 2 stages,
using FTIR (Fourier-transform Infrared Spectroscopy)
spectrophotometry to identify the functional group of -
glucan as well as calculating total glucan levels and then
measuring total glucan (a-glucan + B-glucan) levels
using the Mega-Calc™ from Megazyme. The B-glucan
content was calculated as total glucan minus o-glucan
(Yunita et al., 2020).

2.5 Normal diet and high-fat-high-fructose diet making

A normal diet was made using a mixture of
ingredients such as cornstarch, sucrose, maltodextrin,
gelatine, white egg flour, fish meal, agar flour, casein,
mineral and vitamin mix AIN, L-cystine, and choline
bitartrate, then added with soybean oil and water. The
HFHF diet replaced soybean oil with lard and animal fat.
In addition, a 30% fructose solution was given with
0.02% red food coloring.

2.6 Calculation of hippocampal neurons and brain-
derived neurotrophic factor levels

After 14 weeks of treatment, the rats were injected
with 0.005 mL/g body weight of ketamine and then
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sacrificed for their brain organs (Winarto, 2009). After
that, histological preparations of the rat brain were made,
which were stained with hematoxylin-eosin (HE)
staining. The observation of hippocampal neurons was
carried out by observing the results of the scan
preparations using double-blinding. Hippocampal
neurons were counted with OlyVIA application at 400x
magnification of 10 fields of view per preparation
(Arjadi et al., 2014). Meanwhile, plasma BDNF levels
were calculated using the ELISA technique.

2.7 Data analysis

SPSS 16.0 was used to analyze the data. First,
normality and homogeneity tests were carried out using
the Shapiro-Wilk and Levene tests. Furthermore,
different tests were carried out on body weight and the
number of hippocampal neurons using the One-Way
ANOVA test. In contrast, the Lee index and BDNF
levels used the Kruskal Wallis test. Spearman Rank
correlation test was used to test whether there was a
relationship between B-glucan dose, the number of
hippocampal neurons, and BDNF levels.

3. Results and discussion
3.1 Body weight and Lee’s index

Rat body weight was observed and measured once
per week for 14 weeks of treatment to monitor changes
in body weight. The average weight gain of rats can be
seen in Table 1. Each group experienced an increase in
body weight by 209.67 g (KN), 192.33 g (KP), 184.50 g
(P1), and 193.33 g (P2). However, statistical analysis
revealed no significant differences in initial body weight,
final body weight, and weight gain between the groups.
The highest Lee index value was in the P1 group
(296.10), and the lowest was in the P2 group (289.47).
However, no rats were obese based on the Lee index
value because the value was still <300.

Rat body weight increased in all groups, although
there was no significant difference. In this study, rats
were given a high-fat and high-fructose diet, which
contained a high caloric density that could lead to weight

gain (Inbar et al., 2020). The increased body weight in
rats due to the high-calorie intake resulted in large
calorie stores in the body and an increase in visceral fat,
body fat, and adiposity index (Matias et al., 2018). The
Lee index is one of the indicators used to assess obesity
in rats. If a rat has a Lee index >300, then the rat is said
to be obese (Nesti, 2015). In this study, rats fed the
HFHF diet (KP, P1, and P2) were not said to be obese
because the Lee index was still <300. However, with
Lee's index close to 300, it can be said that the rat was
pre-obese.

3.2 Food and fructose intake

Food and fructose intake were determined by
measuring the total food in grams and fructose in ml
given to the rats and subtracting the remaining food and
fructose every 24 hrs. The average increase in food
intake can be seen in Table 2. There were significant
differences in food and fructose intake between groups,
as well as carbohydrate and fat intake. However, the
groups had no significant difference in energy and
protein intake.

3.3 High-fat-high-fructose, beta-glucan and neuron

The number of hippocampal neurons was calculated
from the total number of cells in 10 visual fields taken
from five areas in the hippocampus, namely CA2-3,
CAl, dentate gyrus (granular cell layer and hilum or
polymorphic cell layer), and subiculum. The average
number of neurons in the hippocampus can be seen in
Table 3. The highest number of neurons was found in the
P1 group (408.21), then the KP group (384.00), the KN
group (364.00), and finally, the P2 group (360.92). The
statistical analysis showed that there was no significant
difference in the number of hippocampal neurons
between the groups (p = 0.692; p>0.05). However, the
number of neurons in the P1 group (which was given [-
glucan at a dose of 125 mg/kg BW) appeared to be
higher than the positive control group (KP).

Administration of the HFHF diet in mice can lead to
obesity, insulin resistance, hyperinsulinemia, and
dyslipidemia, similar to the pathogenesis of humans

Table 1. Average body weight of rats and Lee's index.

KN KP Pl P2
Parameter P-Value
(N=6) (N=6) (N=6) (N=6)
Initial body weight (g) 214.67+21.91 224.83+£15.56  225.67+27.10  222.50+20.38  0.809°
Final body weight (g)  424.33+39.25 417.17420.82 410.17+37.62  415.83+51.51  0.938"
Weight gain (g) 209.67439.78  192.33+25.78  184.50+25.73  193.33+35.10  0.594°
Lee’s index 291.63+3.26 294.04+7.47 296.10+9.45 289.47+6.67 0.555°

Values are presented as mean+SD. KN: Negative Control Group (KN), KP: Positive Control Group (HFHF), P1: Intervention
Group 1 (HFHF + B-glucan dose 125 mg/kg BW), P2: Intervention Group 2 (HFHF + B-glucan dose 375 mg/kg BW). Weight
gain was calculated by subtracting the final body weight from the initial body weight.

*Parametric test (One Way ANOVA), "Non-parametric test (Kruskal Wallis Test).
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Table 2. Average food intake of rats.
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Parameter KN Kp Pl P2 P-Value
(N =6) (N =6) (N =6) (N = 6)

Food (g) 22.53+1.37 11.90+0.75 11.07+1.07 11.52+1.42 0.003°

Fructose (g) 0 25.7142.72 22.86+3.82 19.19+3.18 0.000°

Energy (kcal)  92.40+5.55 95.83+5.12 87.86+8.14  85.92+10.14  0.129*

Carbohydrate ~ 12.37+0.74;  11.82+0.84;  10.68+1.26; 9.77+1.27; 0.002°
(g; %) 53.54% 49.34% 48.58% 45.49%
.18+0.20; 11£0.20; .88£0.30; .02+0.38;

Powin (@) o0 Clame nise aaom 07
+i : =+ : =+ : =+ :

Values are presented as mean+SD. KN: Negative Control Group (KN), KP: Positive Control Group (HFHF), P1: Intervention
Group 1 (HFHF + B-glucan dose 125 mg/kg BW), P2: Intervention Group 2 (HFHF + B-glucan dose 375 mg/kg BW).
"Parametric test (One Way ANOVA), bNon—paratmetric test (Kruskal Wallis Test).

Table 3. Average BDNF levels and number of neurons.

KN
(N=6)

KP
Parameter

N=6)

P1 P2
(N=6) (N=6)

P-Value

BDNF Levels (pg/mL) 452.83+218.85

Number of Neurons 364.00+65.37

81.58+63.24
384.00+£70.53

116.17463.12  394.924221.66  0.005°
408.21497.81  360.92+66.76  0.692°

Values are presented as mean+SD. KN: Negative Control Group (KN), KP: Positive Control Group (HFHF), P1: Intervention
Group 1 (HFHF + B-glucan dose 125 mg/kg BW), P2: Intervention Group 2 (HFHF + B-glucan dose 375 mg/kg BW).
*Parametric test (One Way ANOVA), "Non-parametric test (Kruskal Wallis Test).

(Zhuhua et al., 2015). This condition, through a complex
mechanism, can indirectly affect neurons in the
hippocampus. In conditions of insulin resistance, tumor
necrosis factor-o (TNF-a) levels are elevated, which can
trigger the synthesis of free fatty acids and interleukin-6
(IL-6), which 1is correlated with an increase in
triglyceride levels (Fernandez-Sanchez et al., 2011).
Increased levels of triglycerides can trigger increased
levels of protein carbonyl and 4-hydroxynonenal (HNE),
which are pro-oxidants so that oxidative stress will
increase. Increased oxidative stress can also be caused by
low levels of high-density lipoprotein (HDL), which will
trigger an increase in amyloid precursor protein (APP)
followed by the formation of amyloid (AP) and the
presence of excessively oxidized fat (Fernandez-Sanchez
et al., 2011; Kusumastuty et al., 2020). Oxidative stress
can trigger the death of neurons in the rat hippocampus.

B-glucan is a dietary fiber that can generally be
found as a constituent of most cell walls in oats and
mushrooms (El Khoury et al, 2012). Some of the
benefits of B-glucan include reducing the adverse effects
of a high-fat diet (HFD), such as weight gain, fat mass
development, excess fasting glucose levels, glucose
intolerance, fat accumulation in the liver, and
hypercholesterolemia. In addition, hypercholesterolemic
rats showed a decrease in triglyceride levels in the blood
(Kusmiati and Dhewantara, 2016).

The microbiota-gut-brain relationship is believed to
be the primary regulator of neural function. One of the
gut microbiotas, namely Bacteriodetes, will decrease in
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number due to the influence of the HFHF diet and will
increase lipopolysaccharide (LPS) serum which can
affect microglia activation and increase proinflammatory
cytokine activation in the hippocampus. Administration
of B-glucan will increase Bacteriodetes and microbiota
diversity which will help reduce microglia activation and
proinflammatory cytokine formation in the hippocampus
(Shi et al., 2020). B-glucan from mushrooms and oats
can increase IL-10 expression, decrease TNF-o and IL-6
expression in the colon, increase BDNF levels in the
prefrontal cortex, and reduce the number of microglia in
the prefrontal cortex and hippocampus (Hu et al., 2022).
However, different results were obtained in this study
where there was no significant difference in the number
of neurons, and there was no relationship between
neurons with the dose of B-glucan and also BDNF levels
(Table 4). This was probably because the HE staining
technique cannot specifically differentiate neuronal cells
from microglia, where under conditions of increased
oxidative stress, the number of microglia cells will rise
(Rimbun and Kalanjati, 2012; Shi et al., 2020).

Another possibility is the fat percentage in the diet
and the treatment or intervention period. In a study by
Lozano et al. (2016), the administration of HFD and
HFHF diets with a fat content of 21.4% for two months
was able to have an effect in the form of increased
oxidative stress in plasma and tissues. However, a
significant increase in TNFo up to 4-5-fold could only be
seen after eight months of diet (Lozano et al., 2016). In
this study, the percentage of fat in the diet that was given
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Table 4. The correlation test between BDNF levels, number of neurons, and dose of f-glucan.

Parameter Group P-Value r
BDNF Levels (pg/mL)  Number of Neurons KN, KP, P1,P2  0.874° 0.034
Dose of B-glucan BDNF Levels (pg/mL)  KP, P1, P2 0.001° 0.695
Dose of B-glucan Number of Neurons KP, P1, P2 0.796" -0.066

KN: Negative Control Group (KN), KP: Positive Control Group (HFHF), P1: Intervention Group 1 (HFHF + B-glucan dose 125
mg/kg BW), P2: Intervention Group 2 (HFHF + B-glucan dose 375 mg/kg BW).

°Non-parametric test (Kruskal Wallis Test).

was only about 30%, with the duration of the diet for 14
weeks. Therefore, it is possible that the existing
oxidative stress conditions can only activate the
microglia activation response but have not reached the
limit that can have a negative histological effect. In
addition, the age of the experimental animals also affects
the response to oxidative stress conditions. Where the
older the experimental animal, the more likely it is to
release proinflammatory cytokines throughout the
amygdala and hippocampus and increase microglial
immunoreactivity (Spencer et al., 2019; Milanova et al.,
2021).

3.4 High-fat high-fructose, beta-glucan, and brain-
derived neurotrophic factor

The highest levels of BDNF were found in the KN
group (452.83), the P2 group (394.92), the P1 group
(116.17), and finally, the KP group (81.58). Statistical
analysis showed that BDNF levels between groups
significantly differed (p = 0.005; p<0.05). BDNF is part
of a group of neurotrophic factors that greatly influence
neuron function and development (neurogenesis) and
cognitive function. Animal research has shown that
BDNF can also be found in the periphery besides being
produced by the brain. In the brain, BDNF is widely
expressed in high plasticity areas, such as the
hippocampus, cortex, and basal areas (Krabbe et al.,
2007; Tapia-Arancibia et al., 2008; Mudjihartini, 2021).
BDNF circulating in the periphery does not only
originate from the brain because BDNF can be produced
by peripheral tissues (Gravesteijn et al, 2021;
Mudjihartini, 2021). Peripheral BDNF production
appears to be similar between animals and humans. At
the periphery, most of the BDNF is stored in platelets
while the remainder circulates in plasma. There are
indications that peripheral and central BDNF
concentrations are positively related, so blood BDNF
concentrations can be considered as an indication of
BDNF concentrations in the Central Nervous System
(CNS), although this finding is still open to further
investigation (Gravesteijn ef al., 2021).

Studies have shown that BDNF functions in energy
homeostasis and weight management by controlling
satiety (Pandit et al., 2020). BDNF levels were found to
decrease in conditions of increased food intake,
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hyperphagia, and obesity (Zhang et al., 2013; Janiéijevié
et al., 2020). Several studies in rats have shown that
feeding a diet high in saturated fat and sugar has a
negative effect on BDNF levels in the hippocampus
(Virtuoso et al., 2022). Research on mice fed a HFD
showed that BDNF levels significantly decreased after
four weeks (Ramalho et al., 2018). Decreased levels of
BDNF can increase appetite through serotonergic
mechanisms in the hypothalamus and inhibition of
stimulation of glutamate or GABAergic receptors
resulting in changes in neuronal activity that cause
obesity (Pandit et al., 2020; Bumb et al., 2021). In line
with this study, where the levels of BDNF in the KP
group had lower BDNF levels than in the KN group and
intervention groups (P1 and P2).

Dietary fiber, including B-glucan, has the potential to
impact the microbiota ecosystem and thus improve brain
function via the microbiota-gut-brain axis. The study
conducted by Hu et al. (2022) showed that B-glucan
supplementation was good from mushroom, curdlan, and
oats bran because it can increase BDNF in the Prefrontal
Cortex (PFC). This outcome aligns with this study's
results. This study also showed a positive relationship
between B-glucan dose and BDNF levels (p = 0.001; r =
0.695). The highest BDNF level was found in P2 with a
dose of B-glucan as much as 375 mg/kg BW. However,
several studies have stated that plasma concentrations
can be considered an indication of the concentration of
BDNF in the CNS (Gravesteijn et al., 2021). It seems
that B-glucan can provide protection to neurons in the pre
-obesity phase.

3.5 Neurons and brain-derived neurotrophic factor

The statistical test results in Table 4 showed no
significant relationship between BDNF levels and the
number of neurons in all groups (p = 0.874; p>0.05).
Statistical analysis of the HFHF diet groups (KP, P1, and
P2) revealed that there was no significant relationship
between the administration of B-glucan dose and the
number of hippocampal neurons (p = 0.796; p>0.05).
However, different results were shown by the
relationship between B-glucan dose and BDNF levels,
with a significant relationship between these two
variables. The direction of the correlation is positive,
which means that the higher the B-glucan dose, the
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higher the BDNF levels and the strength of the
correlation is strong (r = 0.695).

In this study, the sample used to analyze BDNF
levels was plasma. Most immunoassays used to measure
BDNF concentrations cannot differentiate between
precursor BDNF (proBDNF) and mature BDNF
(mBDNF) (Lim et al., 2015; Gravesteijn et al., 2021;
Mudjihartini, 2021). On the other hand, studies also
mention that the plasma concentration of BDNF can be
considered an indication of BDNF concentration in the
CNS (Gravesteijn ef al., 2021). The results of this study
revealed an increase in BDNF levels following the
administration of the [-glucan dose. This was an
interesting finding because B-glucan has been shown to
provide qualitative protection to neurons by increasing
BDNF.

4. Conclusion

This study concluded that the B-glucan dose from
oyster mushroom extract positively correlated with
BDNF levels in rats induced by a high-fat and high-
fructose diet. Higher doses of B-glucan were proportional
to an increase in BDNF levels. Increasing BDNF levels
helps to regulate appetite through a complex mechanism,
which is beneficial for reducing obesity. The B-glucan
dose from oyster mushroom extract was not associated
with the number of neurons. It is presumable because the
staining technique was less specific, so the possibility of
other cells counted as neurons may occur. Although
there are still shortcomings, the results of this study
showed that B-glucan can provide qualitative protection
to neurons by increasing BDNF.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgments

The research work was funded by the Institute of
Research and Community Services (LPPM), Universitas
Brawijaya, Malang, Indonesia (Grant No. 437.4/
UN10.C10/PN/2020).

References

Ariyanti, L. (2016). Beta Glucan Extraction of Oyster
Mushroom (Pleurotus ostreatus) with Boiling Time
Effect. Bogor: IPB University, BSc. Thesis. [In
Bahasa Indonesia].

Arjadi, F., Soejono, S.K., Maurits, L.S. and Pangestu, M.
(2014). Jumlah sel piramidal CA3 hipokampus tikus
putih jantan pada berbagai model stres kerja
kronik. Majalah Kedokteran Bandung, 46(4), 197-

https://doi.org/10.26656/11.2017.8(S6).8

202. https://doi.org/10.15395/mkb.v46n4.337
Bahasa Indonesia].

Bashir, K.M.I. and Choi, J.S. (2017). Clinical and
physiological perspectives of B-glucans: The past,
present, and future. [International Journal of
Molecular  Sciences, 18(9), 1906.  https://
doi.org/10.3390/ijms 18091906

Buie, J.J., Watson, L.S., Smith, C.J. and Sims-Robinson,
C. (2019). Obesity-related cognitive impairment:
The role of endothelial dysfunction. Neurobiology of
Disease, 132, 104580. https://doi.org/10.1016/
j.nbd.2019.104580

Bumb, J.M., Bach, P., Grosshans, M., Wagner, X.,
Koopmann, A., Vollstidt-Klein, S., Schuster, R.,
Wiedemann, K. and Kiefer, F. (2021). BDNF
influences neural cue-reactivity to food stimuli and
food craving in obesity. European Archives of
Psychiatry and Clinical Neuroscience, 271(5), 963-
974. https://doi.org/10.1007/s00406-020-01224-w

El Khoury, D., Cuda, C., Luhovyy, B.L. and Anderson,
G.H. (2012). Beta-glucan: Health benefits in obesity
and metabolic syndrome. Journal of Nutrition and
Metabolism, 2012, 851362. https://
doi.org/10.1155/2012/851362

Fernandez-Sanchez, A., Madrigal-Santillan, E., Bautista,
M., Esquivel-Soto, J., Morales-Gonzélez, A.,
Esquivel-Chirino, C., Durante-Montiel, 1., Sanchez-
Rivera, G., Valadez-Vega, C. and Morales-Gonzalez,
J.A. (2011). Inflammation, oxidative stress, and
obesity. International Journal of Molecular
Sciences, 12(5), 3117-3132. https://doi.org/10.3390/
ijms12053117

Gravesteijn, E., Mensink, R.P. and Plat, J. (2021).
Effects of nutritional interventions on BDNF
concentrations in humans: a systematic review.
Nutritional Neuroscience, 25(7), 1425-1436. https://
doi.org/10.1080/1028415X.2020.1865758

Hu, M., Zhang, P., Wang, R., Zhou, M., Pang, N., Cui,
X., Ge, X., Liu, X., Huang, X. and Yu, Y. (2022).
Three Different Types of B-Glucans Enhance
Cognition: The Role of the Gut-Brain Axis.
Frontiers in  Nutrition, 9, 848930. https:/
doi.org/10.3389/fnut.2022.848930

Inbar, D., Gendelis, S., Mesner, S., Menahem, S. and
Kupchik, Y.M. (2020). Chronic calorie-dense diet
drives differences in motivated food seeking
between obesity-prone and resistant mice. Addiction
Biology, 25(3), e12753, 1-14. https://
doi.org/10.1111/adb.12753

Jani¢ijevi¢é, S.M., Dejanovi¢, S.D. and Borov¢anin, M.
(2020). Interplay of brain-derived neurotrophic
factor and cytokines in schizophrenia. Serbian

[In

© 2024 The Authors. Published by Rynnye Lyan Resources


https://doi.org/10.15395/mkb.v46n4.337
https://doi.org/10.3390/ijms18091906
https://doi.org/10.3390/ijms18091906
https://doi.org/10.1016/j.nbd.2019.104580
https://doi.org/10.1016/j.nbd.2019.104580
https://doi.org/10.1007/s00406-020-01224-w
https://doi.org/10.1155/2012/851362
https://doi.org/10.1155/2012/851362
https://doi.org/10.3390/ijms12053117
https://doi.org/10.3390/ijms12053117
https://doi.org/10.1080/1028415X.2020.1865758
https://doi.org/10.3389/fnut.2022.848930
https://doi.org/10.3389/fnut.2022.848930
https://doi.org/10.1111/adb.12753

Nastiti et al. / Food Research 8 (Suppl. 6) (2024) 38 - 45 44

Journal of Experimental and Clinical Research, 21

(4), 283-289. https://doi.org/10.1515/sjecr-2017-
0031
Krabbe, K.S., Nielsen, A.R., Krogh-Madsen, R.,

Plomgaard, P., Rasmussen, P., Erikstrup, C., Fischer,
C.P., Lindegaard, B., Petersen, A.M.W., Taudorf, S.,
Secher, N.H., Pilegaard, H., Bruunsgaard, H. and
Pedersen, B.K. (2007). Brain-derived neurotrophic
factor (BDNF) and type 2 diabetes. Diabetologia, 50
(9), 431-438. https://doi.org/10.1007/s00125-006-
0537-4

Kusmiati and Dhewantara, F.X.R. (2016). Cholesterol-
lowering effect of beta glucan extracted from
saccharomyces cerevisiae in  rats.
Pharmaceutica, 84(1), 153-165.
doi.org/10.3797/scipharm.ISP.2015.07

Kusumastuty, 1., Sembiring, F., Andarini, S. and
Handayani, D. (2020). High-fat-high-fructose diet
decreases hippocampal neuron number in male rats.
Indonesian Biomedical Journal, 12(1), 865. https://
doi.org/10.18585/inabj.v12i1.865

Lim, Y., Zhong, J.H. and Zhou, X.F. (2015).
Development of mature BDNF-specific sandwich
ELISA. Journal of Neurochemistry, 134(1), 75-85.
https://doi.org/10.1111/jnc.13108

Lozano, 1., Van Der Werf, R., Bietiger, W., Seyfritz, E.,
Peronet, C., Pinget, M., Jeandidier, N., Maillard, E.,
Marchioni, E., Sigrist, S. and Dal, S. (2016). High-
fructose and high-fat diet-induced disorders in rats:
Impact on diabetes risk, hepatic and vascular
complications. Nutrition and Metabolism, 13, 15.
https://doi.org/10.1186/s12986-016-0074-1

Matias, A.M., Estevam, W.M., Coelho, P.M., Haese, D.,
Kobi, J.B.B.S., Lima-Leopoldo, A.P. and Leopoldo,
A.S. (2018). Differential effects of high sugar, high
lard or a combination of both on nutritional,
hormonal, and cardiovascular metabolic profiles of
rodents.  Nutrients, 10(8), 1071.  https://
doi.org/10.3390/nu10081071

Meo, S.A., Altuwaym, A.A., Alfallaj, R.M., Alduraibi,
K.A., Alhamoudi, A.M., Alghamdi, S.M. and
Akram, A. (2019). Effect of obesity on cognitive
function among school adolescents: A cross-
sectional study. Obesity Facts, 12(2), 150-156.
https://doi.org/10.1159/000499386

Milanova, 1.V., Correa-Da-silva, F., Kalsbeek, A. and
Yi, C.X. (2021). Mapping of microglial brain region,
sex and age heterogeneity in obesity. International
Journal of Molecular Sciences, 22(6), 3141. https://
doi.org/10.3390/ijms22063141

Mudjihartini, N. (2021). Brain-derived neurotrophic
factor (BDNF) dan proses penuaan: sebuah tinjauan.

Scientia
https://

https://doi.org/10.26656/11.2017.8(S6).8

Jurnal Biomedika Dan Kesehatan, 4(3), 120-129.
https://doi.org/10.18051/JBiomedKes.2021.v4.120-
129

Mullins, C.A., Gannaban, R.B., Khan, M.S., Shah, H.,
Siddik, M.A.B., Hegde, V K., Reddy, P.H. and Shin,
A.C. (2020). Neural underpinnings of obesity: The
role of oxidative stress and inflammation in the

brain.  Antioxidants,  9(10), 1018.  https:/
doi.org/10.3390/antiox9101018
Nesti, D.R. (2015). Morfologi, Morfometri dan

Distribusi Sel Imunoreaktif Insulin dan Glukagon
Pada Pankreas Tikus (Rattus norvegicus) Obesitas.
Yogyakarta: Gajah Mada University, MSc. Thesis.
[In Bahasa Indonesia].

Pandit, M., Behl, T., Sachdeva, M. and Arora, S. (2020).
Role of brain derived neurotropic factor in obesity.
Obesity  Medicine, 17, 100189. https://
doi.org/10.1016/j.0bmed.2020.100189

Ramalho, A.F., Bombassaro, B., Dragano, N.R., Solon,
C., Morari, J., Fioravante, M., Barbizan, R., Velloso,
L.A. and Araujo, E.P. (2018). Dietary Fats Promote
Functional and Structural Changes in the Median
Eminence  Blood/Spinal ~ Fluid  Interface-the
Protective  Role for BDNF. Journal of
Neuroinflammation, 15, 10. https://doi.org/10.1186/
s12974-017-1046-8

Rimbun, R. and Kalanjati, V.P. (2012). Teknik
Pewarnaan Neuron dan Neuroglia pada Sistem Saraf
Pusat. Majalah  Biomorfologi, 25(Q2), 33-40.
Retrieved from journal.unair.ac.id/filerPDF/
abstrak 520830 tpjua.pdf [In Bahasa Indonesia].

Shah, V.B., Williams, D.L. and Keshvara, L. (2009). B-
Glucan attenuates TLR2- and TLR4-mediated
cytokine production by microglia. Neuroscience
Letters, 458(3), 111-115. https://doi.org/10.1016/
j-neulet.2009.04.039

Shi, H., Yu, Y., Lin, D., Zheng, P., Zhang, P., Hu, M.,
Wang, Q., Pan, W., Yang, X., Hu, T., Li, Q., Tang,
R., Zhou, F., Zheng, K. and Huang, X.F. (2020). B-
Glucan Attenuates Cognitive Impairment Via the
Gut-Brain Axis in Diet-Induced Obese Mice.
Microbiome, 8, 143. https://doi.org/10.1186/s40168-
020-00920-y

Spencer, S.J., Basri, B., Sominsky, L., Soch, A., Ayala,
M.T., Reineck, P., Gibson, B.C. and Barrientos,
R.M. (2019). High-fat diet worsens the impact of
aging on microglial function and morphology in a
region-specific manner. Neurobiology of Aging, 74,
121-134. https://doi.org/10.1016/
j.neurobiolaging.2018.10.018

Tapia-Arancibia, L., Aliaga, E., Silhol, M. and
Arancibia, S. (2008). New insights into brain BDNF

© 2024 The Authors. Published by Rynnye Lyan Resources


https://doi.org/10.1515/sjecr-2017-0031
https://doi.org/10.1515/sjecr-2017-0031
https://doi.org/10.1007/s00125-006-0537-4
https://doi.org/10.1007/s00125-006-0537-4
https://doi.org/10.3797/scipharm.ISP.2015.07
https://doi.org/10.18585/inabj.v12i1.865
https://doi.org/10.18585/inabj.v12i1.865
https://doi.org/10.1111/jnc.13108
https://doi.org/10.1186/s12986-016-0074-1
https://doi.org/10.3390/nu10081071
https://doi.org/10.3390/nu10081071
https://doi.org/10.1159/000499386
https://doi.org/10.3390/ijms22063141
https://doi.org/10.3390/ijms22063141
https://doi.org/10.18051/JBiomedKes.2021.v4.120-129
https://doi.org/10.18051/JBiomedKes.2021.v4.120-129
https://doi.org/10.3390/antiox9101018
https://doi.org/10.3390/antiox9101018
https://doi.org/10.1016/j.obmed.2020.100189
https://doi.org/10.1016/j.obmed.2020.100189
https://doi.org/10.1186/s12974-017-1046-8
https://doi.org/10.1186/s12974-017-1046-8
http://journal.unair.ac.id/filerPDF/abstrak_520830_tpjua.pdf
http://journal.unair.ac.id/filerPDF/abstrak_520830_tpjua.pdf
https://doi.org/10.1016/j.neulet.2009.04.039
https://doi.org/10.1016/j.neulet.2009.04.039
https://doi.org/10.1186/s40168-020-00920-y
https://doi.org/10.1186/s40168-020-00920-y
https://doi.org/10.1016/j.neurobiolaging.2018.10.018
https://doi.org/10.1016/j.neurobiolaging.2018.10.018

45 Nastiti et al. / Food Research 8 (Suppl. 6) (2024) 38 - 45

function in normal aging and Alzheimer disecase.
Brain Research Reviews, 59(1), 201-220. https://
doi.org/10.1016/j.brainresrev.2008.07.007

The Ministry of Health of Indonesia. (2018). Basic
Health Research 2018. Retrieved from website:
http://kesmas.kemkes.go.id/assets/upload/
dir_519d41d8cd98100/files/Hasil-riskesdas-

2018 1274.pdf

Virtuoso, A., Tveden-Nyborg, P., Schou-Pedersen,
A.M.V., Lykkesfeldt, J., Miiller, HK., Elfving, B.
and Serensen, D.B. (2022). A Long-Term Energy-
Rich Diet Increases Prefrontal BDNF in Sprague-
Dawley Rats. Nutrients, 14, 126. https:/
doi.org/10.3390/nu14010126

Winarto, D. (2009). Pengaruh Pemberian Ketamin Dosis
Induksi dan  Analgesi Terhadap Kapasitas
Fagositosis Makrofag Intra Peritoneal Mencit
BALB/C  yang  Terpapar  Lipopolisakarida.
Semarang: Diponegoro University, BSc. Thesis. [In
Bahasa Indonesia].

World Health Organization (WHO). (2020). Global
Health Observatory (GHO) Data: Overweight and
Obesity Adults Age 18+. Retrieved from website:
https://www.who.int/gho/ncd/risk factors/
overweight text/en/

World Obesity Federation. (2022). World Obesity Atlas
2022. Retrieved on July 27, 2022, from website:
https://www.worldobesityday.org/assets/downloads/
World Obesity Atlas 2022 WEB.pdf

Yu, M., Huang, H., Dong, S., Sha, H., Wei, W. and Liu,
C. (2019). High mobility group box-1 mediates
hippocampal inflammation and contributes to
cognitive deficits in high-fat high-fructose diet-
induced obese rats. Brain, Behavior, and Immunity,

82, 167-177. https://doi.org/10.1016/
j-bbi.2019.08.007
Yunita, E.P., Yuniar, AM., Kusumastuty, L.,

Maghfirotun, A. and Handayani, D. (2020). The
Effects of B-glucan Extract from Oyster Mushroom
(Pleurotus ostreatus) on Expression of Serum
Malondialdehyde in Sprague dawley Rats Induced
by HFHF Diet. Journal of Physics: Conference
Series, 1665, 012035. https://doi.org/10.1088/1742-
6596/1665/1/012035

Zhang, Y., Chen, M., Wu, Z., Chen, J., Yu, S., Fang, Y.
and Zhang, C. (2013). Association Study of
Val66Met  Polymorphism in  Brain-Derived
Neurotrophic Factor Gene with Clozapine-Induced
Metabolic Syndrome: Preliminary Results. PLoS
ONE, 8(8), €72652. https://doi.org/10.1371/
journal.pone.0072652

Zheng, J., Shen, N., Wang, S. and Zhao, G. (2013). Oat

https://doi.org/10.26656/11.2017.8(S6).8

beta-glucan ameliorates insulin resistance in mice
fed on high-fat and high-fructose diet. Food and
Nutrition Research, 57, 22754. https://
doi.org/10.3402/fnr.v5710.22754

Zhuhua, Z., Zhiquan, W., Zhen, Y., Yixin, N., Weiwei,
Z., Xiaoyong, L., Yueming, L., Hongmei, Z., Li, Q.
and Qing, S. (2015). A novel mice model of
metabolic syndrome: The high-fat-high-fructose diet
-fed ICR mice. Experimental Animals, 64(4), 435-
442, https://doi.org/10.1538/expanim.14-0086

© 2024 The Authors. Published by Rynnye Lyan Resources


https://doi.org/10.1016/j.brainresrev.2008.07.007
https://doi.org/10.3390/nu14010126
https://doi.org/10.3390/nu14010126
https://doi.org/10.1016/j.bbi.2019.08.007
https://doi.org/10.1016/j.bbi.2019.08.007
https://doi.org/10.1088/1742-6596/1665/1/012035
https://doi.org/10.1088/1742-6596/1665/1/012035
https://doi.org/10.1371/journal.pone.0072652
https://doi.org/10.1371/journal.pone.0072652
https://doi.org/10.3402/fnr.v57i0.22754
https://doi.org/10.3402/fnr.v57i0.22754
https://doi.org/10.1538/expanim.14-0086

