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Special Article

Anti-inflammatory effects of rice bran components

Ewelina Kurtys, Ulrich L.M. Eisel, Robert J.J. Hageman, J. Martin Verkuyl, Laus M. Broersen,
Rudi A.J.O. Dierckx, and Erik F.J. de Vries

Neuroinflammation has been implicated in the pathology of various psychiatric
and neurodegenerative disorders. Accumulating evidence suggests that food com-
ponents can modulate inflammatory processes, and therefore it could be hypothe-
sized that such nutrients might exhibit therapeutic efficacy against these brain
diseases. Rice bran is often discarded as a waste product, although it contains a
wide range of potentially useful substances. Several rice fiber components from rice
bran have been described as having antiinflammatory properties. This review sum-
marizes the evidence supporting a modulatory effect of rice fiber components on
symptoms in several animal models for neuroinflammation. In vitro studies on im-
mune cells and in vivo studies on nutritional intervention in animal models of cen-
tral and peripheral inflammation are discussed in the context of the potential use
of rice fiber components for prevention and treatment of brain diseases in which
neuroinflammation is involved.

INTRODUCTION

Neuroinflammation is a natural response of the central

nervous system (CNS) to alterations in the environment

and disturbances in homeostasis, such as those caused by

CNS injury or during neurodegenerative diseases.

Astrocytes and microglia are 2 important cell types in the

CNS that are responsible for the maintenance of homeo-

stasis. Astrocytes are necessary for the trophic support of

neurons, and microglia are the main immune cells in the

brain, also called “brain macrophages.”1 During neuroin-

flammation, activated astrocytes and microglia produce a

wide range of inflammatory mediators, such as cytokines,

chemokines, reactive oxygen species (ROS), and reactive

nitrogen species.1,2 Some of these mediators help trigger

mechanisms that limit tissue damage and promote re-

pair.3,4 However, when neuroinflammation becomes

persistent and excessive, it may also have a detrimental

effect on brain functions.1 Evidence suggests that proin-

flammatory mediators, especially when chronically pro-

duced, are involved in the development of brain diseases.

Chronic neuroinflammation has been observed in many

psychiatric and neurodegenerative diseases, including

schizophrenia,5 depression,6 Parkinson’s disease, and

Alzheimer’s disease.7–9 It is currently even hypothesized

that peripheral inflammation can trigger brain diseases,

such as Parkinson’s disease,10,11 Alzheimer’s disease,9,10

depression,12–14 and postoperative cognitive dysfunc-

tion,15,16 via induction of neuroinflammation.
Complex and multifactorial mechanisms are in-

volved in the interaction between the peripheral im-

mune system and the brain. Studies on the induction of

neuroinflammation by major surgery have helped to

shed some light on the potential mechanisms in-

volved.17,18 Surgical interventions cause local peripheral

inflammation and, as a result, an increase in circulating
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proinflammatory cytokines (eg, interleukin 6 [IL-6], tu-

mor necrosis factor a [TNF-a]). These proinflammatory
molecules may pass through he blood–brain barrier and

directly affect microglia cells. Increased permeability of
the blood–brain barrier has been observed during pe-

ripheral inflammation. Proinflammatory cytokines may
also indirectly activate the brain immune cells by inter-

acting with brain endothelial receptors or with the vagal
nerve in peripheral tissue.16 Direct or indirect activation

of brain immune cells may contribute to cognitive dys-
function. The interplay between peripheral inflammation

and neuroinflammation has been confirmed in animal

models, in which peripheral inflammatory processes,
such as colitis or lipopolysaccharide (LPS)–induced in-

flammation, were found to cause neuroinflammation
(activation of microglia).19,20 Also, the gut and gut

microbiota play a role in the communication between
the brain and peripheral tissues. These mechanisms are

extensively reviewed elsewhere.21–24

Neuroinflammation appears to be an important fac-

tor in the etiology of brain diseases and in disease progres-
sion. Therefore, neuroinflammation may be a promising

target for new treatment approaches against these dis-
eases.25 Because epidemiological studies have demon-

strated that diet can have an impact on incidence of brain

diseases in which pathology neuroinflammation is in-
volved,26,27 there is a lot of interest in the investigation of

specific nutrients that may be responsible for this effect
and could therefore be good candidates for future

nutrition-based therapies. Current knowledge about rice
bran components, which appear to exert promising anti-

inflammatory and therapeutic properties, is reviewed
herein.

RICE FIBER COMPONENTS

Rice is the major component of the diet for a large part
of the human population and provides more than 20%

of the calories consumed by humans worldwide. Rice
bran, the outer layer of a whole brown rice kernel, con-

sists of aleurone and pericarp. It is often considered a
by-product of rice processing and is discarded as waste

or used as animal food. However, rice fibers from rice
bran consist of high amounts of useful nutrients, in-

cluding proteins, fats, dietary fibers, minerals, antioxi-
dants, and phytochemicals.28,29 Rice fiber components

such as phytosteryl pherulates and isoprenoids have

been shown to exert anti-inflammatory effects, either
acting directly on the immune cells30 or affecting in-

flammation indirectly via modulation of gut micro-
biota.31 These results may lay the path for the design of

an (adjuvant) therapeutic intervention with specific rice
fiber components for brain disorders, for which effec-

tive treatment is currently not available. This review

therefore surveys the anti-inflammatory properties of

several rice fiber components in the context of potential
intervention for brain diseases associated with neuroin-

flammation, as summarized in Tables 1–3.32–58

PHYTOSTERYL PHERULATES

Mode of action

Gamma oryzanol (c-OZ) is a secondary plant metabolite

that is isolated from bran layers of grains and is a mixture
of lipophilic compounds, ferulic acid (FA) esters of phy-

tosterols. Gamma oryzanol is rich in antioxidants and
lipid-lowering compounds.43,44,59 Its ROS-scavenging

properties have been extensively investigated in vitro in
lipids,59 tissue homogenates,33 and LPS-stimulated macro-

phages.34 The anti-inflammatory properties of c-OZ have
been demonstrated in LPS-stimulated vascular endothelial

cells (model for atherosclerosis), where it inhibited the ex-
pression of adhesion molecules through inhibition of nu-

clear factor kappa B (NF-jB).35 Interestingly, a recent
in vivo study demonstrated that the permeation of the c-

OZ components through the gut is very low, suggesting
that the effects of c-OZ are probably indirect.60

Peripheral inflammation

In vivo, the anti-inflammatory properties of c-OZ have
been demonstrated in dextran sulfate sodium (DSS)–in-

duced colitis. Oral administration of c-OZ inhibited in-
flammation in mice with DSS-induced colitis and thus

prevented disease progression.41 The anti-inflammatory
and lipid-lowering properties of c-OZ have also been

demonstrated in metabolic syndrome models, such as
high-fat and high-fructose diet–induced metabolic syn-

drome in rats,42 high-fat diet in rats,43 and Zucker
rats.44 Despite promising data from animal studies sug-

gesting anti-inflammatory properties of c-OZ in the
gut, potential effects on neuroinflammation, brain func-

tion, and behavior have not yet been shown.

FERULIC ACID

Mode of action

One of the most extensively studied components of c-
OZ is FA, a phenolic derivative of cinnamic acid.

Ferulic acid is present in rice bran and several other
plants, such as whole grains, citrus fruit, banana, beet

root, cabbage, spinach, and broccoli.48 Ferulic acid can
also be isolated from arabinoxylans, fibers present in

the plant cell wall, which are also emerging as promising
anti-inflammatory compounds.61 Ferulic acid can be re-

leased from the fibers through hydrolyses by bacterial
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enzymes and can then interact with intestinal signaling

cells.62 Studies in animal models of diseases in which in-

flammation is involved have demonstrated neuroprotec-

tive and anti-oxidative effects of FA. In the middle

cerebral artery occlusion model of stroke in rats, admin-

istration of FA decreased the infarct volume. This neuro-

protective effect of FA was mediated by activation of the

Akt signaling pathway, which plays a critical role in cell

survival signaling and restoration of the antioxidant pro-

teins peroxiredoxin-2 and thioredoxin.57,63 Further stud-

ies on the same model have demonstrated that FA

administration leads to inhibition of the activation of

microglia, macrophages, oxidative stress, and apoptosis

markers.58 Likewise, FA showed neuroprotective proper-

ties in aged rats by inhibiting cytokine release and upre-

gulating the MEK/ERK1/2 survival pathway in the

hippocampus.55

Peripheral inflammation

Several peripheral inflammation models were used to

investigate the ability of FA to modulate disease pro-

gression. In a model of high-fat diet–induced oxidative

stress in mice, FA alone or in combination with

atorvastatin ameliorated oxidative stress and thus pro-

tected the liver by reducing lipid peroxidation, normal-

izing the hepatic lipid profile and elevating hepatic

antioxidant enzymes.46 In a model of streptozotocine-

induced diabetes in rats, FA also decreased oxidative

stress, the release of proinflammatory cytokines, and

apoptosis of pancreatic beta cells and, consequently, led

to the normalization of blood glucose levels.48

Neuroinflammation and behavior

Evidence also suggests a role of FA in the CNS, which

could be due to modulation of neuroinflammation. In a

model of gamma radiation–induced neuroinflamma-

tion in mice, FA exhibited a neuroprotective and anti-

neuroinflammatory effect by increasing antioxidant

enzymes (superoxide dysmuthase [SOD]; CAT, catalase

[CAT]) and by partly reducing the levels of proinflam-

matory markers, such as NF-jB, cyclooxygenase-2

(COX-2), inducible nitric oxide synthase (iNOS), TNF-

a, and IL-6.47 An anti-depressant effect of FA was

shown in several preclinical investigations. Screening

assays for new antidepressants with the tail suspension

test and the forced swim test in mice showed that acute

Table 1 Effects of nutrients on inflammation in cell models, divided according to the cell type used (excluding microglia,
summarized in Table 3)
Nutrient Reference Cell type Main outcome

Indigestible
oligosaccharides

Vendrig et al. (2013)32 Peripheral blood mononu-
clear cells

# TNF-a
# IL-10
" Cell viability

Gamma oryzanol Parrado et al. (2003)33

Islam et al. (2009)34

Sakai et al. (2012)35

Tissue homogenates
Macrophages
Vascular endothelial cells

# Brain protein and lipid
peroxidation
# NF-jB
# NF-jB
# Adhesion molecule expression

Ferulic acid Maruf et al. (2015)36 Hepatocytes # Methylglyoxal cytotoxicity
# ROS
Improved mitochondrial mem-

brane potential
Geranylgeraniol Tricarico et al. (2014)37

Marcuzzi et al. (2010)38

Kim et al. (2013)39

Murine monocytes
Human monocytes
Murine peritoneal

macrophages

# Programmed cell death
# Proinflammatory cytokines

(IL-1a, IL-1b, IL-6, IL-12, TNF-a,
granulocyte macrophage colony-
stimulating factor)
# NO
# Proinflammatory cytokines

(IL-1b, TNF-a)
# Malt-1 (NF-jB–activating

protein)
Farnesol Ku et al. (2013)40 Murine splenocytes Did not change IL-10/IL-2 cyto-

kine secretion ratios, potential
to improve Th2-skewed aller-
gic disease (Th2 inflammation
may induce allergic disease)

Abbreviations: IL-1a, interleukin 1a; IL-1b, interleukin 1b; IL-2 interleukin 2; IL-6, interleukin 6; IL-10, interleukin 10; IL-12, interleukin
12; NF-jB, nuclear factor kappa B; NO, nitric oxide; ROS, reactive oxygen species; Th2, T helper cell response 2; TNF-a, tumor necrosis
factor a.
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administration of FA has an antidepressant effect

through modulation of the serotoninergic system.

Moreover, subeffective doses of FA demonstrated syner-

gistic antidepressant effects with serotonergic drugs used

in the clinic for the treatment of depression (fluoxetine,

paroxetine, and sertraline).64 Other studies demonstrated

the involvement of antioxidative modulation in the anti-

depressant effects of FA in stress-induced, depressive-

like behavior. Amelioration of behavioral abnormalities

was accompanied with a decrease in stress-induced anti-

oxidative enzymes (SOD, CAT, glutathione [GSH]).65

Similar antidepressant effects were shown in a reserpine-

induced pain and a depressive-like behavior model in

mice, in which FA partly reversed behavioral abnormali-

ties, increased the nociceptive threshold, and decreased

the inflammatory and apoptosis markers NF-jB and

caspase 3 in the prefrontal cortex.66 Behavior improve-

ment and anti-inflammatory effects due to administra-

tion of FA were also demonstrated in animal models

of neurodegenerative diseases. For example, in a trans-

genic model of Alzheimer’s disease, FA attenuated be-

havioral abnormalities and diseases-related pathology,

including reducing proinflammatory markers.45 In

chemically induced Parkinson’s disease models, FA at-

tenuated behavioral abnormalities, suppressed neuro-

inflammation, and had a neuroprotective effect.54,56

In summary, these data from preclinical studies indicate

that FA can have beneficial effects on neuroinflammation,

inflammation-related behavior, and disease progression.

Therefore, this rice fiber component might be considered

a potential candidate for further clinical investigation.

Unfortunately, clinical studies with FA are lacking thus far.

ISOPRENOIDS

Isoprenoids (terpenoids) are secondary metabolites of

the mevalonate pathway, in which cholesterol and lipo-

philic isoprenoid compounds are produced. Isoprenoids

are involved in maintaining endotoxin tolerance. Some

autoimmune diseases are caused by mutations of

enzymes in the mevalonate pathway. Isoprenoids, such

as geranylgeraniol (GGOH), farnesol (FOH), and gera-

niol (GOH), are produced endogenously but are also

consumed in the diet because they are present in several

fruits, vegetables, and grains, including rice.67

GERANYLGERANIOL

Mode of action

Geranylgeraniol is believed to play an important role in

regulation of inflammatory responses. Recent studies

Table 2 Effects of nutrients on peripheral inflammation and brain functions in animals and humans, divided according to
the model used
Nutrient References Disease/animal model Peripheral inflammation

Gamma oryzanol Islam et al. (2008)41

Wang et al. (2015)42

Son et al. (2011)43

Candiracci et al. (2014)44

Colitis (DSS, mice)
High-fat, high-fructose diet–

induced metabolic syndrome
(rats),

High-fat diet (rats)
Zucker rats

# Inflammation
# Disease progression
# Inflammation
# Hyperlypidemia
# Hyperglycemia
# Insulin resistance

Ferulic acid Mori et al. (2013)45

Kesh et al. (2013)46

Das et al. (2014)47

Roy et al. (2013)48

Alzheimer’s disease (transgenic
mice)

High-fat diet–induced oxidative
stress (mice)

Gamma radiation–induced inflam-
mation (mice)

Streptozotocine-induced diabetes
(rats)

# Inflammation
# Oxidative stress
# Lipid peroxidation
# Inflammation
# Inflammation
# Oxidative stress
# Apoptosis of pancreatic beta

cells
Geranyl-geraniol Marcuzzi et al. (2008)49

Giriwono et al. (2013)50
Model of mevalonate pathway

dysfunction (mice)
LPS-induced challenge (rats)

# Inflammation
# Serum amyloid A
# Peritoneal exudate cells
# Inflammation
# NF-jB in liver
# Liver damage

Farnesol Khan et al. (2011)51

Ku et al. (2015)52

Santhanasabapathy et al.
(2015)53

Colitis (DMH, rats)
Ovalbumin-sensitized mice
Acrylamide-induced neurotoxicity

# Inflammation
# Apoptosis
# Mucosal edema
# TH-2 skewed allergic reaction
# Inflammation
Behavioral improvement

Abbreviations: DMH, 1, 2-dimethylhydrazine; DSS, dextran sodium sulfate; LPS, lipopolysaccharide; NF-jB, nuclear factor kappa B; Th-2,
T helper cell response 2.
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have shown that sufficient production of GGOH is nec-

essary to prevent chronic inflammation due to repeti-

tive exposure to a proinflammatory stimulus

(endotoxin tolerance). An in vitro study demonstrated

that chemical blocking of the mevalonate pathway

caused mitochondrial dysfunction and apoptosis in

LPS-stimulated murine monocytes. The effect of inhibi-

tion of the mevalonate pathway was reversed by treat-

ment with GGOH.37 In macrophage-derived RAW

cells, chemical suppression of the mevalonate pathway

caused an excessive proinflammatory response, which

could be reversed by the exogenous administration of

GGOH. Similar beneficial effects of GGOH were dem-

onstrated on human monocytes from patients with an

impaired mevalonate pathway.38 Additionally, in perito-

neal macrophages repeatedly stimulated in vitro with

LPS, insufficient GGOH production, caused by inhibi-

tion of 3-hydroxy-3-methyl-glutaryl-CoA reductase, led

to an excessive proinflammatory response.39

Peripheral inflammation

The findings from in vitro models have been confirmed

in animals. In a mouse model of mevalonate pathway

dysfunction, administration of GGOH reduced the lev-

els of inflammatory markers, serum amyloid-A, and

peritoneal exudate cells.49 In rats intraperitoneally

injected with LPS, dietary supplementation with GGOH

reduced the plasma levels of inflammatory cytokines, at-

tenuated the activation of the proinflammatory tran-

scription factor NF-jB in the liver and prevented liver

damage.50 Studies on the effect of GGOH on neuroin-

flammation and brain function are currently lacking.

FARNESOL

Peripheral inflammation

Farnesol has been described as possessing anti-

inflammatory and antioxidative properties and exerting

beneficial effects on lung injury,68 metabolic disor-

ders,69 colitis,51 and allergic reactions.40 In chemically

induced colitis in rats, FOH decreased colonic mucosal

damage by decreasing ROS, inflammation, and apopto-

sis; stimulating antioxidative enzymes; and reducing

colitis-related mucosal edema.51 However, the anti-

inflammatory effects of FOH are not always beneficial

for human health. Farnesol has also been shown to be

Table 3 Effects of nutrients on microglia activation in vitro and in vivo
Nutrient Reference Model used Effects on microglia

Ferulic acid
Farnesol

Kim et al. (2015)54

Jin et al. (2008)55

Kim et al. (2015)54

Haque et al. (2015)56

Koh 201257; Sung et al.
(2014)63; Cheng et al.
(2008)58

Santhanasabapathy et al.
(2015)53

Microglia (in vitro, LPS-
stimulated BV-2 micro-
glial cells)

Aged rats
Parkinson’s disease: MPTP,

rats
Parkinson’s disease:

Rotenone, rats
Stroke: MCAO, rats
Acrylamide-induced stress

model (rats)

Lithospermum officinale extract containing fe-
rulic acid as one of the main components:
# NO release
" DPPH radical scavenging activity
# COX-1 and iNOS protein and mRNA
# TNF-a, IL-1b, IL-6 mRNA
# NF-jB in BV-2 microglia
# p38 MAPK phosphorylation
Glyoxal cytotoxicity
Pure ferulic acid:
# NO release
# COX-2, iNOS, TNF-a, IL-1b, IL-6 mRNA
Sodium ferulate:
# the number of microglia cells in hippocampus

(Western blot)
# IL-1b release by microglia in hippocampus

(OX-42 and IL-1b staining)
L. officinale extract containing ferulic acid as

one of the main component:
# Microglia activation (MAC-1 staining)
# MAC-1 and Iba-1 protein levels (Western blot)
# Of microglia cells, number in substantia nigra

pars compacta
# Microglia/macrophages number in the ische-

mic areas of cortex and striatum (Mac-1
staining)
# Microglia proliferation (Iba-1 staining) in the

cortex, hippocampus, and striatum
Abbreviations: COX-1, cyclooxygenase-1; COX-2, cyclooxygenase-2; DPPH, 2,2-diphenyl-1-picrylhydrazyl; Iba-1, ionized calcium-binding
adapter molecule 1; IL-1b, interleukin 1b; IL-6, interleukin 6; iNOS, inducible nitric oxide synthase; LPS; MAPK, mitogen-activated pro-
tein kinase; MAC-1, macrophage Ag complex-1; MCAO, middle cerebral artery occlusion; MPTP, 1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine; mRNA, messenger RNA; NO, nitric oxide; OX-42, tumor necrosis factor receptor superfamily, member 4; p38, P38 mitogen-
activated protein kinases; TNF-a, tumor necrosis factor a.
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involved in quorum sensing. Thus, FOH can suppress

the Th1 response in favor of an anti-inflammatory Th2
response and thus promote fungal growth and exacer-

bation of infection.70

Neuroinflammation

Recent studies point toward beneficial effects of FOH
on the CNS because FOH was suggested to be a modu-

lator of neuroinflammation and pain. In a mouse
model of acrylamide-induced neurotoxicity, FOH sup-

plementation caused behavioral improvement (mea-

sured with gait performance, neuromuscular function,
and fine motor coordination) and attenuation of in-

flammation as measured with astrocytes and microglia

staining in the cortex, hippocampus, and striatum.53

Neroli oil containing FOH (9.1%) and other oils (linal-

ool, linalyl acetate, nerolidol, a-terpineol, limonene)

has been demonstrated to have central and peripheral
nociceptive effects in both rats and mice.71 Although

the available data suggest promising properties of iso-

prenoids on inflammation and brain function, more
studies in inflammation-related brain diseases models

are needed to determine the potential usefulness of
isoprenoids as modulators of neuroinflammation in

clinical investigations.

LECTINS

Lectins are a group of glycoproteins that can specifically

bind to oligosaccharides and are present in a wide variety

of plants, including rice bran. It has been demonstrated
that the amount and type of lectins vary depending on

the rice source and the method of purification.72 In vitro

studies have shown that the carbohydrate-binding prop-
erties of lectins allow them to affect many processes, in-

cluding the immune system. For example, selectin
expressed on the cell membrane of endothelial cells can

bind to oligosaccharides on immune cells and thus direct

the immune cells to a site of inflammation. However, lec-
tins in rice bran could potentially also do harm if con-

sumed in high quantities. For example, rice bran

agglutinin has been shown to induce cell-cycle deregula-
tion and cell death in human cancer cells in vitro.73

These properties can be potentially beneficial in chemo-

prevention but may be harmful in other situations.74

Dietary lectins are also believed to contribute to food al-

lergies and nutritional deficiency.75 Lectins can also bind

to intestinal epithelial cells76 and affect absorption of the
nutrients. Therefore, measurement of absorption of bio-

active ingredients is important in assessing the efficacy of
dietary interventions with rice bran extracts. It should

also be noted that the effect on epithelial cells depends

on the type of lectins.77 These indirect effects of lectins

on nutrient absorption are probably more important

than possible direct effects on the brain. Because lectins

bind to a high variety of carbohydrates, they need to es-

cape binding to dietetic carbohydrates, enterocytes, and

blood proteins before reaching the target organ. This low

bioavailability decreases the likelihood that rice bran

consumption could lead to lectin-induced changes to the

human brain. Still, more experimental evidence is re-

quired to weigh the potential beneficial and detrimental

effects of lectins in rice bran.

POTENTIAL EFFICACY OF NUTRIENT COMBINATIONS

Several rice fiber components are able to attenuate in-

flammatory processes, not only in the gastrointestinal

tract but possibly also in the brain. Dietary interventions

with specific food components with potent anti-

inflammatory properties, such as rice fiber components,

may therefore be explored as new therapeutic strategies

against brain diseases. Yet, it can be expected that each

individual component is less effective than pharmaceuti-

cal drugs that are specially designed to inhibit inflamma-

tion. However, a multinutrient dietary concept

consisting of several compounds may be more effective.

Food components can interact with different pathways

involved in the inflammatory process, and therefore a

combination of several nutrients acting on convergent

pathways may increase the efficacy of dietary interven-

tions. The first step to test possible synergistic or additive

anti-inflammatory effects of specific food components is

in vitro experiments on activated immune cells. So far,

no published studies have investigated the anti-

inflammatory properties of combinations of rice fiber

components. However, several studies have investigated

combinations of other nutrients (eg, resveratrol, eicosa-

pentaenoic acid, vitamin D, b-sitosterol, flavonoids) on

LPS-activated microglia or macrophages.78–80

The concept of combined food components has

also been investigated in vivo. For example, a combina-

tion of vegetable components containing polyphenols

and amino acids has been shown to improve spatial

memory and modulate inflammation in aged rats.81 A

similar approach could be applied to combinations of

the rice fiber components discussed in this review.
In vitro studies on single components may help to

reveal the specific pathways that rice fiber components

may affect. This information can be used to design

studies with multiple nutrient combinations that act on

different pathways to induce possible synergistic effects

of these nutrients. Multinutrient dietary supplementa-

tion targeting inflammation is an interesting concept

for safe interventions in humans, given the low toxicity

of common food supplements.82 However, this
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compelling approach first needs to be tested in animal

models of diseases associated with neuroinflammation.

CONCLUSION

Rice fiber components are emerging as potential anti-

inflammatory agents. Some of them have been demon-

strated to act on peripheral and central inflammation

(Figure 1). Although some promising results have been

obtained in vitro and in vivo, rice fiber components still

need to be further investigated in animal models and,

subsequently, in clinical trials to evaluate their potency

in preventing or curing brain diseases. To achieve ade-

quate efficacy, rice fiber components may need to be

combined with other anti-inflammatory nutrients.

Studies on nutrient combinations can also be a base

for new research investigating new synergism with

other nutritional components. Better knowledge of nu-

tritional intervention strategies can also contribute to

the development of lifestyle recommendations concern-

ing healthy nutritional behavior, which could be benefi-

cial for the general public.
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