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ABSTRACT !
Obesity is closely linked to adipose tissue inflammation, where
macrophages play a crucial role. One approach to enhance the issue of

obesity is by implementing nutritional intervention. This study designed to Article History
investigate the impact of administering brown rice and gamma oryzanol Received: 05 August
(ORZ) on reducing adipose tissue expansion and inflammation in a rat 2024

model of diet-induced obesity. The study involved male Sprague-Dawley Accepted: 12 September
rats of the Rattus novergicus strain. The negative control group received 2024

AIN93M as the standard diet, while the remaining were induced to become
obese by high-fat, high fructose (HFHFr) diet. Then, we divided them into Keywords

4 treatment groups: mix HFHFr diet with brown rice; white rice; white rice Adipose Tissue;
+ ORZ; and ORZ only. Treatment iven for 12 weeks. Histological |  orown Rice:

; an only. Treatment was given for 12 weeks. Histologica Gamma Oryzanol:
examination was used to measure both the size and number of adipocytes. Inflammation;
Immunohistochemical staining was done to evaluate the infiltration of Obesity.

macrophages into adipose tissue, while immunofluorescence labelling was
utilized to examine the expression of macrophages M1 and M2. The addition
of brown rice and ORZ appears to improve adipocyte expansion. The brown
rice group showed the least amount of M1 macrophages, while the negative
control group showed the highest amount of M2 macrophages, leading to
much lower M1/M2 ratios compared to the other groups. No differences
were found in the study of variables in either visceral or subcutaneous
adipose tissue. Brown rice and ORZ can potentially improve adipose tissue
expansion and suppress the expression of pro-inflammatory macrophages.
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Introduction

Obesity represents a major health issue worldwide,
affecting individuals across the lifespan and
contributing to various chronic diseases.” The
prevalence of obesity among children and
adolescents has been on the rise, with substantial
implications for public health.?

Obesity is often associated with metabolic disorders
that result from hypertrophy and hyperplasia of
adipocytes, leading to inflammation of adipose
tissue and ultimately causing adipocyte dysfunction.®
Excessive nutrient intake in obesity can trigger
oxidative stress and mitochondrial dysfunction in
adipocytes.* This obesity-induced inflammation
can lead to adipocyte dysfunction, such as
dedifferentiation of adipocytes or suppression of
glucose uptake.® Hypertrophic adipocytes have
altered metabolic and endocrine functions compared
to smaller adipocytes, contributing to metabolic
dysfunction.® In obesity, inflamed adipocytes
recruit immune cells like macrophages, leading
to a chronic state of low-grade inflammation in
adipose tissue and reactive oxygen species (ROS)
generation.” Adipocytes produce various pro-
inflammatory cytokines and chemokines, such as
TNF-a, IL-6, and MCP-1, contributing to adipose
tissue inflammation.® This interaction promotes the
retention of macrophages in obese adipose tissue,
driving further pro-inflammatory polarization and
enhancing adipocyte dysfunction.® Dysregulation
of adipokines and chemokines in the crosstalk
between adipocytes and macrophages exacerbates
adipose tissue inflammation.® Additionally, pro-
inflammatory and adipocyte hypertrophy responses
are closely associated with the development of
insulin resistance in adipose tissue.

Brown rice is a whole grain that is higher in fiber
vitamins, minerals, and antioxidants compared to
refined white rice.'>'® Gamma oryzanol, a ferulic
acid ester found in the bran layer of brown rice,
has been shown to possess anti-inflammatory and
antioxidant effects. Studies have indicated that
gamma oryzanol may ameliorate obesity-associated
metabolic disorders, suggesting a role in mitigating
inflammation and metabolic dysfunction in adipose
tissue.'® Targeting adipose tissue macrophages
(ATMs) and understanding their role in adipose
tissue inflammation may offer potential therapeutic
strategies for mitigating the adverse metabolic
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effects of obesity. This study designed to determine
the impact of administering brown rice and gamma
oryzanol on the size and quantity of adipocytes, as
well as adipose tissue macrophages, in diet-induced
obesity rats model.

Materials and Methods

Animal Experiment

This study was a true experimental in vivo test,
post-test only control group with 42 male Sprague
Dawley rats, 10-12 weeks old, weighing 200-250
grams, and in healthy condition. The rats were
housed individually in a 12-hour light/dark cycle.
After two weeks of acclimatization, seven rats were
in the negative control group (NG) on a standard
diet AIN-93M. The remaining 35 rats were given a
high-fat, high-fructose (HFHFr) diet for 14 weeks
to induce obesity. After developing obesity, the
rats were divided into five groups: positive control
(PG-HFHFr), T1 treatment (HFHFr + brown rice),
T2 (HFHFr + white rice), T3 (HFHFr + white rice +
ORZ), and T4 (HFHFr + ORZ). The treatment was
administered for 12 weeks period. The gamma
oryzanol used in this study was produced by Panca
Prima Wijaya Co., Ltd, Jakarta, Indonesia.

The T1 group was given a mix of 337.5 grams
of brown rice in 1 kilogram of HFHFr. which was
determined based on statistical data regarding
the average rice consumption of the Indonesian
population. Meanwhile, the T2 group received a
mixture of HFHFr and white rice that was the same
weight as brown rice. We gave the T3 group a
combination of dietary HFHFr, white rice, and 3.5
grams of ORZ based on the examination of the ORZ
levels in brown rice using High-Performance Liquid
Chromatography (HPLC). On the other hand, group
T4 received a mixture of HFHFr diet and 3.5 grams
of ORZ only. The duration of treatment lasted for 12
weeks. Weekly body weight (BW) measurements
are taken, and food residues are collected daily.
The study has received approval from the Health
Research Ethics Commission of the Faculty of
Medicine, Universitas Brawijaya. Malang, Indonesia.
Rats are categorized based on their anthropometric
status using the subsequent formula: Body Mass
Index (BMI) = (body weight in grams) / (body
length in cm)2. A BMI exceeding 0.68 grams/
cm? is classified as obese. The adiposity index
is a recognized method for quantifying body
fat in rats. The calculation involves dividing the
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combined weight of fatty tissue in the mesenteric,
epididymis, retroperitoneal, and perirenal areas by
the individual's body weight, and then multiplying the
quotient by 100. This data is presented in the form
of a percentage.'®

Sample Collection and Preparation

After fasting for twelve hours, the rats were
euthanized with ketamine and xylazine. Following
the rats' dissection, visceral adipose tissues
(VAT) were collected from the mesenteric,
epididymis, retro-peritoneal, and perirenal areas and
subcutaneous adipose tissues (SAT) were collected
from underneath the skin. Each sample then divided
into two parts, one was fixated in 90% formaldehyde
solution and embedded in paraffin, and the other was
washed in Phosphate Buffer Saline solution (PBS)
and stored in the freezer.

Histological Assessment of Adipose Tissue

Formalin-fixed, paraffin-embedded white adipose
tissues were sectioned and de-paraffinized in a
Biogear Poly-L-Lysine slide. Slides were stained by
Hematoxylin Eosin (HE) and set for at least 24 h.
Using an inverted microscope, five representative
photos of each section are taken with a 40x
objective. Slide images were then analyzed using
Imaged (Fiji-64 bit) with Adiposoft Plugins to
measure the size and number of adipocyte cells.
Immunohistochemical staining was performed to
examine the macrophage infiltration in adipose
tissue, utilizing cell-specific anti-CD68 markers
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for targeted staining (KP1) (sc-20060 Santa Cruz
Biotechnology, Inc).

Analysis of Macrophage Expression

The immunofluorescence staining method was used
to analyse the expression of macrophages (M1 and
M2). The slides were stained and incubated with
antibodies, including Rat anti-F4/80 (NB600-404,
Novus Biological, LLC), which is a macrophage
marker; anti-CD11c (sc-398708, Santa Cruz
Biotechnology, Inc), which is specific to M1
macrophages; and anti-CD206 (sc-58986, Santa
Cruz Biotechnology, Inc) which is specific to M2
macrophages. Following the staining and incubation
period, the slides must be covered and shielded from
light before analysis. A total of five representative
images of each slide were captured using a
fluorescence microscope with a 40x objective and
analysed using the ImageJ (Fiji 64-bit) software.

Statistical Analysis

The differences between variables were analyzed
using the ANOVA test and Tukey post-hoc test. If
the data are not normally distributed, the analysis
process continues using the Kruskal-Wallis Test and
Mann-Whitney U post-hoc test. All research data is
processed computerized using Statistical Package
for the Social Sciences (SPSS) software, IBM SPSS
Statistics 20 with a significance level or p-value<0.05
and a confidence level of 95%. Data are presented
in mean + SEM.

Table 1.Adiposity index and white adipose tissue weight

NG PG T1 T2 T3 T4 P-value
Adiposity 4.04+1.08 6.88+224 538+272 46+247 394+152 5.08+159 0.099
index (%)
Visceral 3.47£1.82 10.21+£3.7° 539 +2.98%¢ 491 +4.213¢ 3.7+235° 4.63+2.07>¢ 0.000
fat (g)
Subcutan- 3.22+0.72 6.82+27 485%+275 374+235 3.79+171 438+147 0.522

eous fat (g)

All values were mean + SEM (n= 7 rats/group).

Differences in mean adiposity index were analyzed using Two-Way ANOVA followed by the post-hoc Tukey
HSD test. Differences in mean white adipose tissue weight between groups were analyzed using Two-Way
ANOVA followed by the post-hoc Tukey HSD test. Values with different superscripts within a row were
significantly different (p <0.05). The groups were indicated as NG (negative control group), PG (positive
control group), T1 (HFHFr + brown rice), T2 (HFHFr + white rice), T3 (HFHFr + white rice + ORZ), and T4
(HFHFr + ORZ).
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Results was in the NG group, while the highest mean was in
All rats in the treatment group developed obesity,as  the PG group. This was also observed in the weight
indicated by a BMI exceeding 0.68 g/cm?. As seen  of visceral and subcutaneous fat.

in Table 1, the lowest mean adiposity index of rats

Table 2. Adipocyte cell number

Average NG PG T T2 T3 T4  P-value

number of

adipocytes

Visceral fat 28212 145.93 + 232.37 167.24 + 24183+ 108.73+ 0.00
48.672 27.08b¢ 76.292P 68.282bc 70.1ab 67.1°

Subcutaneous fat 295 + 180.04 + 282.29 + 223.88 + 145.08 + 112.32+ 0.00
43.192 39.5abe 79.352 54.352° 78.63>¢  56.42°

All values were mean + SEM (n= 7 rats/group).

Differences in mean number of adipocyte cells between groups were assessed using Two-Way ANOVA,
followed by the post-hoc Tukey HSD test. Values with different superscripts within a row were significantly
different (p <0.05). The groups were indicated as PG (positive control group), NG (negative control group),
T1 (HFHFr + brown rice), T2 (HFHFr + white rice), T3 (HFHFr + white rice + ORZ), and T4 (HFHFr + ORZ).

Adipose tissue expansion can be seen as hypertrophy ~ The T1 group receiving brown rice and the T3 group
(increased size) of adipocytes and hyperplasia  receiving white rice and ORZ had no difference in
(increased number of adipocytes). The NG group  the number of adipocytes in visceral fat compared
had the highest mean number of adipocyte cells.  to the NG group (Table 2).
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Fig. 1. Adipose tissue expansion. A) Adipocyte cell diameter, B) Adipocyte cell size. The images
were analysed using ImageJ (Fiji-64 bit). Differences in mean adipocyte cell diameter and size
between groups were assessed using Two-Way ANOVA, followed by the post-hoc Tukey HSD

test. Statistical significance was denoted as *p<0.05 **p<0.01. The groups were indicated as NG

(negative control group), PG (positive control group), T1 (HFHFr + brown rice), T2 (HFHFr + white
rice), T3 (HFHFr + white rice + ORZ), and T4 (HFHFr + ORZ).

Adipocyte hypertrophy can be seen from the area  inclusion of brown rice and ORZ in treatment groups
and diameter of adipocytes as shown in Figure 1.  T1 and T3 appears to improve adipocyte expansion
The largest adipocyte diameter was observed in  via decreasing cell size and diameter.

PG rats in both visceral and subcutaneous fat. The
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Fig. 2. Adipose macrophage infiltration. A) Representative histopathology of the visceral fat of
CLS+ rats using light microscopy with immunohistochemistry staining. One characteristic of
localized chronic inflammation in adipose tissue is the dark, crown-like formations (white arrows)
made up of aggregates of CD68 immunoreactive macrophages with 400x magnificence, B) Fat
tissue macrophage density was quantified by examining all of the accessible fields per slide at
high-power field (HPF) magnification using light microscopy. Differences in mean macrophage
number between groups were assessed using Two-Way ANOVA, followed by the post-hoc Tukey
HSD test. Statistical significance was denoted as *p<0.05 **p<0.01 ***p<0.00. The groups were
indicated as PG (positive control group), NG (negative control group), T1 (HFHFr + brown rice),
T2 (HFHFr + white rice), T3 (HFHFr + white rice + ORZ), and T4 (HFHFr + ORZ).
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Fig. 3. Macrophage immunofluorescence staining in visceral fat, relative expression of M1M2
macrophages and changes of M1/M2 macrophage ratio. A)F4/80 for macrophage labelling
is represented by blue, CD11¢ for M1 macrophage labelling by green, and CD206 for M2
macrophage labelling by red (B) Quantitative analysis of macrophages and the M1/M2 ratio in
visceral and subcutaneous fat between groups. Differences in mean M1M2 macrophages and M1/
M2 macrophage ratio between groups were assessed using Two-Way ANOVA, followed by the
post-hoc Tukey HSD test. The groups were indicated as NG (negative control group), PG (positive
control group), T1 (HFHFr + brown rice), T2 (HFHFr + white rice), T3 (HFHFr + white rice + ORZ),
and T4 (HFHFr + ORZ).
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Figure 2 demonstrates that the presence of
macrophages CLS+ (crown-like structures) in
visceral fat was notably greater in the PG and T4
groups. No differences in CLS macrophage density
were found in subcutaneous fat between groups.
Brown rice significantly inhibits the infiltration of
macrophages in adipose tissue.

In both visceral and subcutaneous adipose tissue,
the T1 group had the lowest level of M1 macrophage
expression, while the NG group displayed the
highest level of M2 macrophage expression. The M1/
M2 ratio in the NG and T1 groups had a significantly
lower value in comparison to the remaining groups.
However, there were no notable disparities observed
across all groups in terms of M1 and M2 macrophage
expression or the M1/M2 ratio (Figure 3).

Discussion

Brown rice is known to be rich in fiber essential
minerals, and bioactive compounds. Brown rice's
minimal processing sets it apart from other rice
varieties because it retains the outer layer, including
the rice bran. Studies have shown that brown
rice contains higher quantities of phytochemicals
compared to white rice.'” Phenolics are the main
bioactive compounds present in brown rice,
along with flavonoids, y-oryzanol (ORZ), various
phytosterols, and y-amino butyric acid (GABA). The
total phenolic content is 9.3 times higher in darker
brown rice than white rice.'®®

Based on its distribution, adipose tissue is divided
into subcutaneous adipose tissue, which has the
largest fat storage and is located under the skin,
and visceral adipose tissue, which is located in the
internal organs.?° Disorders in the level of precursor
cell commitment and subcutaneous adipose tissue
are associated with metabolic complications.
Excessive storage capacity in subcutaneous adipose
tissue results in the accumulation of fat in ectopic
tissue like the liver, skeletal muscle, and heart
as visceral adipose tissue. The accumulation of
excess fat in ectopic tissue will lead to inflammation
and insulin resistance. Fat tissue expansion can
occur through hypertrophy or hyperplasia. In rats,
visceral fat will expand through hypertrophy, while
subcutaneous fat will expand through hyperplasia.?!
Adipocyte hypertrophy, rather than overall obesity,
is considered a major contributor to adipose tissue
inflammation and insulin resistance.?
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According to Figure 1, the largest adipocyte
diameter and size were found in the PG group. The
hypertrophy condition in the PG group might be
caused by the continuous high-fat diet that resulted
in excessive fat storage, dysregulation of adipocytes
and lead to local and systemic inflammation.2®
Meanwhile, the T1 and T3 treatment groups had
significant differences compared to the PG group.
The addition of brown rice and ORZ to a high-fat,
high-fructose diet seems to lower the expansion of
adipocytes by reducing both cell size and diameter.
Gamma-oryzanol, a specific component in brown
rice, suppressed the expression of adipogenic
transcription factors like enhancer-binding proteins
(C/EBPs) and peroxisome proliferator-activated
receptor gamma (PPAR-y), which prevented the
development of mature adipocytes.'® Other studies
stated that gamma-oryzanol also has anti-adipogenic
properties by inhibiting the mRNA expression of fatty
acid synthase (FAS).?* The benefits of y-oryzanol
may be synergistically enhanced by other bioactive
substances found in the brown rice, including
phytic acid, kaempferol, vanillin, fisetin, ferulic acid,
a-tocopherol, and y-amino butyric acid.?®?%

Macrophages are the largest cell type among
leukocytes present in adipose tissue and are
heterogeneous with functions and phenotypes
influenced by the surrounding environment. The
M1, or pro-inflammatory macrophage, produces
pro-inflammatory cytokines such as interleukin-13
(IL-1B), IL-6, IL-12, IL-23, and TNF-a in response
to both infection and stress. The M2, or anti-
inflammatory and immuno-regulatory macrophages,
produce IL-10 and TGF-B, which play a role in
tissue repair, remodeling, vasculogenesis, and
homeostasis.?” The M2 CD206+ macrophages
appear to be dominant in the interstitial among
adipocytes, whereas M1 CD11c+ macrophages are
commonly found in adipocyte necrosis or crown-like
structure (CLS).%

Based on previous research, increased adipocyte
cell size is a factor that triggers macrophage
infiltration. A positive correlation was obtained
between the size of adipocyte cells and the density
of the CLS macrophages.? This is in line with the
results in Figure 1 and Figure 2. The PG group has
the largest diameter and size of adipocyte cells
compared to other groups, as does the number
of CLS macrophages. Excess fat and increased
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adipocyte cells size are associated with an increased
frequency of adipocyte cell death and changes in
the recruitment of ATM. Obesity-related adipocyte
cell deaths occur through alternative pathways
of necrosis and apoptosis, so-called paraptosis.
Hypertrophic adipocyte cells suffer multiple cytotoxic
stresses, including endoplasmic reticulum stress,
increased TNF-a, species-reactive oxygen, and
free fatty acids. The cytotoxic stress activates the
signaling pathway of inflammation, thus inducing cell
death and suppressing adipocyte insulin signaling
and PPAR gene expression.*®®

As shown in Figure 3, the highest M1 macrophage
expression and the M1/M2 ratio are found in the
PG group, whereas the lowest M1 macrophage
expressions as well as M1/M2 ratios are observed
in the NG and T1 groups. This proves that adding
brown rice to a high-fat, high-fructose diet is
effective in reducing inflammation in rats with
obesity conditions. Previous research suggested
that high-calorie diets, high fructose or sugar, and
high cholesterol can activate pro-inflammatory
conditions with the dominance of M1 macrophages
in adipose tissue, while dietary components such
as fiber, n-3-polyunsaturated fatty acid (PUFA), and
bioactive flavonoids can enhance the profile of M2
macrophages both directly and indirectly.®'

Based on research conducted on the administration
of red rice to the effects of adipogenesis and
inflammation on white adipose tissue, the presence
of a phenolic compound called flavonoid is effective
in inhibiting the infiltration of inflammatory cells,
especially macrophages.?? The predominant
flavonoids found in brown rice are tricin (75%),
while the remaining flavonoids include luteolin,
apigenin, quercetin, kaempferol, isorhamnetin,
and myricetin.’® Quercetin, a type of flavonoid, is
also effective in attenuating inflammation in mice
with obesity conditions through three mechanisms.
Quercetin suppresses the expression of CD11c+ and
Nos2, which are the markers of M1 macrophages,
thereby modifying the M1/M2 ratio in adipose
tissue. In addition, quercetin suppressed the levels
of proinflammatory cytokines TNF-a, IL-6, and
MCP-1. It also impacts adenosine monophosphate-
activated protein kinase (AMPK) a1, thus activating
silent information regulator 1 (SIRT1) and inhibiting
inflammation in macrophages. AMPK and SIRT1
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serve as essential sensors of nutrients and
regulators of inflammation.

Conclusion

In summary, the inclusion of brown rice in the
HFHFr diet, particularly in obese rats, improves
adipocyte hypertrophy and reduces inflammation
in adipose tissue. Brown rice, a whole grain that is
rich in a variety of bioactive compounds, such as
phenols, flavonoids, ORZ, phytosterols, and GABA,
can be used as a functional food substitute for
white rice. The consumption of brown rice is more
advantageous than the consumption of gamma
oryzanol alone.

Nevertheless, this investigation is subject to
certain limitations. We have not investigated the
pathways that influence macrophage infiltration
and the inflammatory mediators that contribute to
it. Additional research is also required to clarify the
impact of brown rice on fat deposition in a variety
of organs.
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