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Abstract

The elderly are a high-risk age group that is more vulnerable to severe diseases, such as
diabetes, cardiovascular disease, and respiratory tract infections. Germinated brown rice
(GBR) has glucose-lowering properties and antioxidant potential due to high phenolic
bioactive compounds. Oyster mushroom (Pleurotus oestreatus) is rich in B-glucans with
its wide-known anti-inflammatory effect. This present study evaluated the effect of the
combination of GBR and oyster mushroom supplementation in the inflammatory response
and glycemic effect on aged rats. Supplementation was given at 250 mg per kg body
weight per day in three different ratios and administered to fructose-induced
hyperglycemic aged rats for 8 weeks. A total of thirty-five rats aged 12-18 months were
randomly assigned into five groups, negative (I) and positive (II) control, GBR: oyster
mushroom ratio extract of 60%:40% (III), 70%:30% (IV), and 90%:10% (V). Groups II to
IV received 50% fructose in the drinking water. The inflammatory and glycemic
responses were evaluated by measuring serum TNF-a, IL-6, fasting glucose and insulin.
HOMA-IR and HOMA- were also calculated. All supplementation formulations had not
been able to show a significant reduction in the levels of pro-inflammatory markers as
well as fasting insulin markers. However, this formulation was able to reduce the serum
glucose level (p = 0.001) and insulin resistance level (p = 0.002) of hyperglycemic rats to
a similar level as the negative control rat. No significant difference was found between the
three different formulations. In summary, the combination of GBR and oyster mushroom
supplementation has the potential as functional food for the management of
hyperglycemia and its possible complications.

1. Introduction

aged seventy years or older, the incubation period may

Physical and physiological weaknesses are traits of
aging in humans (Weyand et al., 2014). Aging is linked
to declines in body function, including adaptive and
innate immunity. As a result, elderly people are more
prone to infections and autoimmune diseases with the
coexistence of multiple chronic diseases. Another
significant aspect of aging is increased pro-inflammatory
cytokines (TNF-a and IL-6) levels which develop a low-
grade chronic inflammation (de Almeida Brasiel, 2020).

During the coronavirus disease (COVID-19)
pandemic, the infection was found in all age groups,
however, some groups were reported to have a higher
risk of morbidity and mortality such as the elderly;
individuals with comorbidities, such as diabetes mellitus,
hypertension, heart disease; and immune system
disorders (Rothan and Byrareddy, 2020). In the elderly
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be shorter due to a weak immune response (Qin et al.,
2020; Shi et al., 2020; Tay et al., 2020). Therefore, the
prevention and control of the coronavirus pandemic
focuses on strengthening the body's immune system,
such as the body's protection against bacteria, viruses,
and other disease-causing agents. Nutrition is a potential
therapeutic for COVID-19 (de Almeida Brasiel, 2020),
by means of nutritional management, functional food, or
supplementation.

Germinated brown rice (GBR) is a widely known
functional food that has various health benefits. GBR has
a lower carbohydrate percentage and more fiber content
than white rice; thus, has a lower glycemic index (Sekar
and Ayustaningwarno, 2013). Additionally, its content of
GABA (gamma-aminobutyric acid) and phenolic
bioactive compounds is higher than other types of rice so
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it has antioxidant activity with a more optimal immune-
boosting function (Ravichanthiran et al., 2018; Munarko
et al., 2020). White oyster mushroom (Pleurotus
ostreatus) has a good protein content and complete
essential amino acids. Its functional component, f3-
glucan, is useful as an antioxidant, protection against
viral infections, and anti-inflammatory (Pranamuda et
al., 2012; Tjokrokusumo, 2018).

During the COVID-19 pandemic, functional food
innovation is very indispensable, specifically for the
elderly to improve their immune system and overall well
-being, and simultaneously reduce the risk of
degenerative diseases. The aim of this study was to
investigate the effect of the combination of GBR and
white oyster flours on the level of IL-6, TNF-a, and
insulin resistance in a fructose-induced hyperglycemic
aged rat model.

2. Materials and methods
2.1 Study design

This study was true experimental laboratory research
using a randomized posttest-only control group design.
The subjects were randomized using a simple random
sampling method. Germinated Brown Rice and white
oyster mushroom flours were mixed with three different
formulations, with ratio of 90%:10%, 70%:30% and
60%:40% (W/w).

2.2 Test animals

A total of 35 male Wistar strain white rats (Rattus
norvegicus) aged 12 to 18 months old to mimic the old
age of humans was used in this study. The cage was
made from polypropylene sized 7 x 9.5 x 7 inches. Rats
were given standard normal rat feed and ad libitum
access to water. For treatment groups, groups III, IV, and
V, the water was mixed with 50% fructose solution to
trigger the metabolic syndrome. All rats were grouped as
follows:

Group I (Negative control) = normal rats, normal diet

Group II (Positive Control) = normal diet + 50%

fructose solution

Group III (Treatment 1) = normal diet + 50% fructose
solution and GBR flour supplement: oyster mushroom
dose 1 (60:40)

Group IV (Treatment 2) = normal diet + 50% fructose
solution and GBR flour supplement: oyster mushroom
dose 2 (70:30)

Group V (Treatment 3) = normal diet + 50% fructose

solution and GBR flour supplement: oyster mushroom
dose 3 (90:10)
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The study subjects were kept in a room with an
optimal temperature (22-24°C), 50-60% humidity, and a
12:12 light-dark cycle on a regular basis. The
experimental procedures were approved and carried out
in accordance with the protocol of the Animal Ethics
Committee, Faculty of Medicine, Universitas Brawijaya,
Malang, Indonesia (No. 65/EC/KEPK/02/2021).

2.3 Laboratory analysis

Serum TNF-a, IL-6, and insulin levels were
determined using the ELISA kit (BT-Lab, South Korea).
The samples were read using a spectrophotometer at OD
450 nm. Meanwhile, blood glucose level was measured
using glucose oxidase-phenol 4-aminoantipyrine (GOD-
PAP) enzymatic method (Dia Sys) and read at a
wavelength of 500 nm.

2.4 Insulin resistance measurements

Insulin resistance is a clinical condition that shows
the low potential of endogenous and exogenous insulin
to increase the uptake and use of glucose by body cells.
Insulin resistance was calculated based on the equation
by Anwer (2014):

[fasting insulin {mIU/mL) x fasting glucose({mg,/dL)

HOMA—IR = 205

To measure the strength level of pancreatic beta cells
that produce insulin, HOMA-B% was calculated as:

[360 x fasting insulin (mIU/mL)]

HOMA - B% = -
B% [fasting glucose(mg/dL) — 63]

2.5 Statistical analysis

All data was statistically analyzed by SPSS for
Windows. Data was checked for normality and
homogeneity of variance. Multiple comparisons were
performed either by one-way ANOVA followed by post-
hoc Tukey test for normal distribution data or Kruskal-
Wallis followed by Mann-Whitney for not-normally
distributed data. Statistical significance was considered
as a 0.05 significance level and a 95% confidence
interval.

3. Results and discussion

This study aimed to determine the optimum ratio of
GBR and oyster mushrooms to improve inflammatory
response and glycemic control of old rats during 8 weeks
of treatment. This experimental animal study used
elderly mice with 50% fructose solution to induce
metabolic disorders. The mean levels of TNF-a, IL-6,
insulin, and fasting blood sugar in rat serum after the
intervention are presented in Table 1.

Based on Table 1, the lowest mean of TNF-a level
was in group V while the highest average was in group
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Table 1. Mean serum concentrations of TNF-a, IL-6, insulin, and glucose.

Group N TNF-a (ng/L) IL-6 (ng/L) Insulin (mIU/L) Glucose (mg/dL)
I 7 96.65+19.40 4.26+1.67 4.98+1.29 83.86+8.42%
11 7 97.41+£15.96 4.34+2.11 4.63+1.22 133.43+34.08°
I 7 95.984+21.65 4.70+£1.52 3.87+1.13 83.14+5.87%
v 7 101.21+18.60  4.73+0.99 4.21+0.87 79.71+£8.79%
v 7 91.98+13.52 4.70+0.88 4.39+1.47 85.57+5.74*
p-value 0.897 0.812 0.509 0.001

Values are presented as mean+SD. Values with different superscripts within the same column are statistically significantly

different (p<0.05).

IV. The mean serum of TNF-a in groups III and V
tended to be lower when compared to negative and
positive controls, but no significant difference was found
between groups. The results of serum IL-6 levels showed
a relatively similar number for all treatment groups (p =
0.812). The mean serum IL-6 tended to be higher in
groups III, IV, and V than in the negative and positive
controls. Similar results were also found in serum insulin
levels. Group III had the lowest insulin levels (3.87+1.13
mlU/L), and the negative control had the highest insulin
levels (4.98+1.29 mIU/L).

For fasting blood sugar measurement, it was found
that the treatment of brown rice and oyster mushrooms
was able to reduce blood sugar levels of rats receiving
50% fructose, indicated by blood sugar levels that were
significantly different from positive control (p = 0.001)
and mean serum levels of GDP were significantly
different from negative control. Post-hoc tests found a
significant difference between group II and group I (p =
0.002), group III (p = 0.001), group IV (p<0.001), and
group V (p =0.014).

There was a very significant effect between the feed
treatment on the blood glucose levels of this animal
study. The post-hoc test showed that there were
differences between treatment groups and positive
control groups (p = 0.001). This result showed that GBR
and oyster mushroom supplementation can reduce the
level of blood glucose to a similar level to the negative
control group.

After 8 weeks of interventions, glucose levels in
blood in the group of metabolic syndrome rats fed with
GBR and oyster mushroom supplementation decreased.
This was due to the high content of dietary fiber in
brown rice and sprouts. Dietary fiber can absorb water
and bind glucose, reducing the availability of glucose. A
high-fiber diet consists of foods high in complex
carbohydrates and fiber which can help to control the
sudden rise in blood glucose levels (Ravichanthiran et
al., 2018). In addition to fiber, anthocyanins in brown
rice function as antihyperglycemic. A prior study showed
that hyperglycemic rats given anthocyanins from
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Ayamurasaki sweet potato (100 mg/kg) can reduce blood
glucose levels by 16.5% after 30 mins, compared to the
control treatment (Suda et al., 2003).

Antihyperglycemic effects of anthocyanins are by
inhibiting a-glucosidase enzyme activity in producing
glucose. The sprout growth in germinated brown rice in
diabetic rats can reduce levels of blood glucose
compared to normal white rice (Seki er al., 2005;
Munarko et al., 2020) The content of soluble dietary
fiber increasing viscosity in the intestinal tract, thereby
suppressing diffusion glucose as a result of coated starch
molecules and enzymes, which ultimately inhibits
amylase activity. Fiber content in GBR sprouts reached
10.76% (Nurhidajah and Nurrahman, 2017). Dietary
fiber has the potential to increase the viscosity of the
digestive tract, the main reason for the change in the rate
of glucose absorption (Maulida and Estiasih, 2014)

In addition, calculations were made for the
homeostatic model of insulin resistance (HOMA-IR) and
percentage pancreatic beta cell function (HOMA-B). The
calculation results can be seen in Table 2. The results
showed the highest HOMA-IR value or insulin resistance
in the positive control group (normal diet and 50%
fructose drink ad libitum) and the lowest in the treatment
group I, with the addition of GBR flour supplementation
and oyster mushroom ratio of 60:40. As for the value of
HOMA-B, the positive control group had the lowest
value compared to the other groups. While treatment
group II had a HOMA-B value which was almost the
same as the normal (negative control) group.

Table 2 shows the HOMA-IR and HOMA- values
between treatment groups. Significant differences were
found in the HOMA-IR value, group II or positive
control had a higher value than the treatment group
(groups III, IV and V). In addition, the treatment group
has a value that was not different from group I or
negative control. Meanwhile, no significant difference in
the HOMA-B value between the treatment groups (p =
0.06).

Increased blood glucose (hyperglycemia) and free
fatty acids promote the development of oxidative stress,
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Table 2. Mean HOMA-IR and HOMA-p.

Group
I 1 1 v % p-value
HOMA-IR 1.04+0.28" 1.50+0.43 0.80£0.27° 0.83£0.19° 0.95+0.38" 0.002
HOMA-B 1254035 0.76+0.30 0.96+0.26 1.1240.30 1.05+0.30 0.060

Values are presented as mean+SD. Values with different superscripts within the same row are statistically significantly different

(p<0.05).

reactive oxygen species (ROS), and reactive nitrogen
species (RNS) (Banerjee and Vats, 2014). This may
impair insulin sensitivity and pancreatic beta cell
function, worsening the condition of diabetes (Tran et
al., 2009) During the brown rice germination process,
there is an increase in protein breakdown into several
amino acids which stimulate insulin secretion, such as
alanine (Ala), arginine (Arg), phenylalanine (Phe),
isoleucine (Ile), leucine (Leu) and lysine (Lys)
(Nurhidajah and Nurrahman, 2017). Insulin deficiency
can be caused by a decrease in insulin's ability to reach
peripheral tissues (insulin resistance) as well as beta cell
dysfunction, which causes the pancreas to produce
insufficient insulin to compensate for insulin resistance
(Anwer, 2014).

The results showed the highest value of insulin
resistance (HOMA-IR) in positive control rats with
standard feed and the lowest in the GBR and oyster
mushroom formulations 60:40. GBR contains higher
fiber than ordinary cracked rice (Kayahara et al., 2000).
The results of the analysis of dietary fiber in brown rice
were 7.98% and increased to 10.76% in the sprouts
(Nurhidajah and Nurrahman, 2017). Increased dietary
fiber in the diet affects the reduction of insulin resistance
(Anderson et al., 2009). Insulin resistance reduces
insulin-mediated glucose utilization in peripheral tissues
(Lee et al., 2006). Insulin deficiency resulted in the
failure of the insulin receptor substrate (IRS) complex's
phosphorylation, decreased GLUT-4 translocation, and
glucose oxidation, resulting in glucose being unable to
enter cells, a condition known as hyperglycemia (Lee et
al., 2006). A higher value of HOMA-IR (in the positive
control group of mice) caused impaired uptake and use
of glucose by body cells, as a result of which blood
glucose levels rise. Meanwhile, the greater the HOMA-3
value, the better the beta cell strength level (Anwer,
2014; Lee et al., 2016).

4. Conclusion

A combination of GBR and oyster mushroom with
three different formulations was able to reduce the
fasting blood glucose and insulin resistance of rats with
metabolic disorders to a similar level to normal or
negative control rats. This combination can be served as
a supplementation which has the potential as functional
food for the management of hyperglycemia and its
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possible complications.
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