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I have been working with Rice Bran Arabinoxylan Compound (RBAC) for the last
15 years, utilizing it as the treatment in clinical trials and working with individuals
who either want to combat a current health challenge or keep the immune system
healthy and functional in the first place. Over this time, I have seen countless
examples of how this polysaccharide exerts its impressive effects, mostly through
improving immune function and/or lowering inflammation according to many
biomarkers; the former (improved immune function) being one of the primary
mechanisms in preventing chronic disease and the latter (lowering inflammation)
being responsible for driving chronic diseases. As I reflect on the voluminous level
of information that has been published about RBAC’s impressive effects, including
that of my own work, I am grateful for the opportunity to have participated in this
ongoing and continuing journey of discovery. Truly, the information about RBAC’s
effects should be spread everywhere so that more people can benefit from it.

To that end, I believe that Dr. Pak and his colleagues have chosen a very worthy
cause by writing and editing this book to summarize all of the current information
about RBAC in the scientific literature. Unfortunately, lots of beneficial information
in the global repository of peer-reviewed journal articles is not easily accessible to
the vast number of people, even those in academia who work outside the fields of
nutrition and dietary supplementation. I can recount plenty of lectures where I
discussed my research findings to learned healthcare professionals who, before
hearing me speak, had no knowledge about the health benefits of polysaccharides
in general and RBAC specifically. Thus, I congratulate the editorial team for putting
together a book that hopefully will help spread the word about the importance of
RBAC and its impressive effects.

While the new and unfamiliar events of the last two years (2020-2022) have had
acute, lingering, and detrimental effects on billions of people, other problems, such
as cancer, did not go away. It may be that more people are now aware of the
importance of a healthy and functional immune system, despite not knowing what
a T cell is or what a cytokine does, which may also help to bring this book to the
forefront with timely information. The editorial team has done an outstanding job of
summarizing how RBAC improves overall immune function, lowers inflammation,
and helps improve the quality of life for people afflicted with cancer and other
common diseases of our era. In addition, this book provides one source for all of this
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valuable information, as opposed to requiring someone to spend lots of time on
PubMed or other search engines looking for all of this information. This summary
will appeal to many people who have limited time and focus in today’s stressed out,
high-strung world. Thus, this book holds promise for educating people who under-
stand the importance of an optimal immune system or how to improve immune
function and why RBAC is a key asset to achieving that. For far too long, the benefits
of nutrition and dietary supplementation have been either suppressed or relegated to
a dark corner, missing the opportunity to help professionals and laypeople. I believe
that the world should know how beneficial RBAC is for achieving and maintaining
optimal health, and this book will help to advance that mission. My congratulations
to the editorial team for a job well done!

Department of Psychiatry and Behavioral Sciences, John E. Lewis
University of Miami Miller School of Medicine,
Miami, FL, USA



Rice bran has been touted as the next big superfood by the popular media due to its
high nutritional value and enormous potential for improving health and well-being.
This book looks at a modified rice bran extract product called Rice Bran
Arabinoxylan Compound, also known as RBAC, MGN-3, or commercially as
Biobran. RBAC has shown significant potential for treating cancer and improving
the immune health of humans in a variety of medical conditions, and has proven to
be more than a temporary news fad. RBAC has been tested in clinical trials for two
decades, over which time there has been a steady growth of evidence that supports its
position as a substantially beneficial health product.

Our editors started writing the first systematic review article of RBAC in 2018,
where we found RBAC to be a complementary therapy for conventional cancer
treatment. In 2021, we published a narrative review with an expanded scope
covering RBAC’s health-promoting properties and clinical applications. Due to
the exponential interest in the potential effectiveness of RBAC as a dietary supple-
ment for immune improvement and disease prevention, we have solicited
manuscripts from leading RBAC experts in order to write this book, Modified Rice
Bran Arabinoxylan: Therapeutic Applications in Cancer and Other Diseases.
Contributions from experts around the world with a range of research backgrounds
have all come to the conclusion—RBAC is a powerful product for improving
immune health. Using available primary literature, the authors have collated,
interpreted, and synthesized the best and most relevant evidence for the interested
public as well as well-trained clinicians.

In particular, this book highlights the effect of RBAC on cancer, a very damaging
disease that is a critical health concern of the modern era. There are now many
clinical results showing the potential benefits of RBAC in the management of cancer.
Astute readers will notice that utmost importance is placed on therapeutic
applications of RBAC in cancer. Part I introduces RBAC by detailing its relationship
to dietary fibers, chemical composition, and production. Part II details RBAC’s
therapeutic properties, specifically its enhancement of natural killer cell activity
and its immunomodulatory, antioxidant, antiangiogenesis, antiproliferative, and
anti-inflammatory effects. Part III then focuses specifically on the therapeutic
applications of RBAC for treating cancer, while Part IV details its use for a variety
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of additional medical conditions such as chronic micro-inflammation, HIV, and
hepatitis.

This first edition also reports on preliminary findings where RBAC has been
demonstrated to be a strategy for treating a variety of medical conditions; at the same
time, underlying theories are presented as to why these results encourage the use of
RBAC in preclinical studies. With continuing scientific and medical studies and a
better understanding of the mechanisms by which this unique biological response
modifier improves immune health, we hope that future editions of the book can
provide an even deeper understanding and appreciation of RBAC.

We would like to thank all the chapter authors for their contributions and give
special thanks to our publisher, Springer Nature, for this opportunity to publish
evidence-based data on RBAC and its therapeutic effects. The collected chapters
represent the most up-to-date understanding and findings on RBAC. We sincerely
hope that this book will help increase the potential for RBAC to confer health
benefits to all those in need.

Bathurst, NSW, Australia Sok Cheon Pak
Bathurst, NSW, Australia Soo Liang Ooi
Port Macquarie, NSW, Australia Peter S. Micalos

Los Angeles, CA, USA Mamdooh H. Ghoneum



For this first edition, we searched across the globe for potential contributors at the
forefront of Biobran research. Not only did we successfully find a premiere group of
contributors, but we found a group of fascinating people with a diverse range of
backgrounds and knowledge. Some of the contributors are research academics,
others are university scholars teaching in postgraduate programs, and others are
clinicians with significant clinical experience. Each contributor has been very
enthusiastic about Biobran, and they have been equally enthusiastic about
summarizing and synthesizing the research evidence for Biobran’s therapeutic
applications into the book you find before you now. Their dedication, tenacity,
and passion have been integral to this work, and they have humbled us with their
support and their sacrifice of time to make this book possible.

We would also like to thank John Lewis, Terry Golombick, Garth Harris, Daniel
Baden, Nori Shirai, and Kentaro Ninomiya for their unwavering support for our
vision of an edited book dedicated to evidence-based applications of Biobran.

Finally, we would like to thank the team at Springer Nature for their support and
encouragement, in particular Lenold Esithor, for his energy and coordination in the
publication of this book.
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Part |

Introduction

Part I aims at introducing rice bran arabinoxylan compound (RBAC) to the reader by
detailing its relationship to dietary fibers, chemical composition, and production.
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Abstract

The role of non-starch polysaccharides of cereals in health and nutrition has
stimulated a wide range of research activities. Arabinoxylans are the major
non-starch polysaccharide constituents of cereals, and they are predominantly
found in the outer layers of the grain. They are composed of backbone chains of
a-(1-4)-linked D-xylopyranosyl residues to which a-L-arabinofuranose units are
linked as side chains. Rice bran has been identified as an underutilized source of
dietary fiber, and there is a great potential to produce modified/unmodified
arabinoxylans as a nutraceutical. The available studies have shown the health
beneficial effects of rice bran arabinoxylans such as immunomodulatory, antioxi-
dant, anticarcinogenic, and antiproliferative properties. This introductory book
chapter summarizes the available information on rice bran, rice bran dietary fiber,
and its relationship to rice bran arabinoxylans and rice bran arabinoxylan
structure.
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1.1 Rice

Cereal grains comprise over 73% of the total world agricultural crops, and they
provide dietary fiber, energy, proteins, and other bioactive components required for
human health (Charalampopoulos et al. 2002). Rice (Oryza sativa L.) is a major
cereal, and it is a staple food for more than half of the world’s population (Wani et al.
2012). It has been reported that more than 2 billion people obtain 75% of their daily
calorie intake from rice in Asian countries (Roy et al. 2011). As a result, rice is
grown in more than 100 countries and is used mainly for human dietary consump-
tion (Chang 2002). Rice contains 80% carbohydrates, 7-8% proteins, 3% fat, and
3% fiber (Juliano and Bechtel 1985), and rice grain contains about 5% bran, of which
12-18.5% is oil (Saikia and Deka 2011). The milling of rice yields low-value
byproducts/wastes, such as bran and seed coat. Rice bran is a mixture of bran and
germ that remains after the removal of husk and the endosperm during milling
(Mccaskill and Zhang 1999).

1.2 Rice Bran

Rice bran is a good source of proteins, minerals, fatty acids, and dietary fiber
(Mccaskill and Zhang 1999). Rice bran represents 5-8% of the total grain. It is
primarily composed of aleurone, pericarp, sub-aleurone layer, and germ (Gul et al.
2016). It was estimated that global rice production is 741 million tons, with more
than 70 million tons of rice bran extracted in 2014 (Food and Agriculture Organiza-
tion (FAO) 2015). However, some studies stated that rice bran has a global potential
to produce about 29.3 million tons annually. Rice bran is attracting attention in
research due to several reasons including its excellent nutrient composition, easy
availability, low cost, high antioxidant potential, and health beneficial effects (Sohail
etal. 2017). Approximate composition analysis of rice bran and its derivatives shows
that oils (20-29%), carbohydrates (20-27%), and proteins (10-15%) are the three
major components (Taha et al. 2012). Moreover, rice bran is also rich in B-complex
vitamins (Saunders 1985). The rice bran contains minerals including iron, phospho-
rus, and magnesium and approximately 11.5% fibers (Oliveira et al. 2011). The
composition of rice bran depends upon several factors including rice type, climatic
conditions, and rice processing methods (Grist 1985).

Rice bran is an excellent nutrient source, but it is not suitable for human
consumption due to the rancidity caused by the presence of lipase enzymes. During
milling, bran layers are removed from the endosperm; as a result, the individual cells
are disrupted, and lipase enzymes come into contact with fat and initiate the
hydrolysis of fat to free fatty acids and glycerol (Malekian et al. 2000). In addition,
rice bran does not masticate well because of possible hull contamination. Therefore,
it has been estimated that 90% of the rice bran produced in the world is utilized
cheaply as a feedstock for cattle and poultry, and the remainder is used for extraction
of rice bran oil (Schramm et al. 2007; Zullaikah et al. 2009).

Rice bran hemicelluloses and preparations from defatted rice bran have a great
potential in the food industry due to the presence of fibers, especially in the
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development of functional foods such as functional bakery products (Hu et al. 2009).
It can be used in the production of low-fat and high-fiber bakery products (Keneddy
et al. 1996). Moreover, industrially, it is used in meat emulsions and batter mixes
(Tuncel et al. 2014). Rice bran affects the functional properties of foods such as
texture, gelling, thickening, emulsifying, and stabilizing qualities of certain foods
(Dreher 1987; Sharma 1981).

Fermented rice bran is used as a new food adjunct as it contains many essential
amino acids for humans (Kim et al. 2001). Different food products could be
produced to contain 5-10% rice bran (Lebesi and Tzia 2011; Gordon 1989; Hallén
et al. 2004; International Organization for Standardization (ISO) 1998). It is consid-
ered as an underutilized source of dietary fiber compared to other cereal brans such
as wheat, rye, and corn. Therefore, it is appealing to enrich foods with dietary fiber
from rice bran as a food ingredient due to its functional and nutritional potential and
being a less expensive source of dietary fiber than other cereal brans (Chinma et al.
2015).

1.3  Rice Bran Dietary Fiber

Dietary fiber are nondigestible polysaccharides which are indigestible by human gut
enzymes. In cereals, non-starch polysaccharides make up to 75% of the cell wall and
is mainly composed of glucomannan, (1-3)- and (1-4)-linked B glucan, cellulose,
and arabinoxylans (Pedersen et al. 2014). Rice bran dietary fiber is mainly composed
of cellulose, hemicellulose, lignin, and pectin (Chinma et al. 2015; Elleuch et al.
2011). The total dietary fiber content in stabilized rice bran ranges from 25 to 40%
depending on the product (Carroll 1990). Most of the dietary fiber of rice bran is
insoluble, and soluble fiber comprises only about 7-13% (Anderson et al. 1990). The
recommendation for total dietary fiber intake is 38 g/d and 25 g/d for young men and
women, respectively (Slavin 2005).

It has been reported that increased intake of dietary fiber has beneficial effects
against several chronic diseases. Higher dietary fiber intake lowers blood pressure
and serum cholesterol levels and improves glycemia and insulin sensitivity in
nondiabetic and diabetic individuals. Furthermore, increasing consumption of die-
tary fiber has significant benefits on gastroesophageal reflux disease, duodenal ulcer,
diverticulitis, constipation, and hemorrhoids and enhances immune function
(Anderson et al. 2009). Furthermore, dietary fiber has been accepted in the preven-
tion and management of noncommunicable diseases in Western society as dietary
fiber exerts its direct physiological effect throughout the gastrointestinal tract in
addition to affecting metabolic activities. These mechanisms of action are related to
its physicochemical properties and its fermentation in the large intestine (Guillon and
Champ 2000).
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1.4  Rice Bran Arabinoxylans

Arabinoxylan content in rice bran is about 4.84-8.5% (Hashimoto et al. 1987),
whereas it has been also reported to be as high as 10% in some studies (Malathi
and Devegowda 2001; Mansberger et al. 2014). Arabinoxylans are the major
non-starch polysaccharides found in cereals and are composed of backbone chains
of B-(1-4)-linked D-xylopyranosyl residues that can be substituted with a-L-arabino
furanose units through a-(1,2) and/or a-(1,3) glycosidic linkages as side chains in the
second and/or third carbon positions (Courtin et al. 2000; Roubroeks et al. 2000;
Zhou et al. 2010). Therefore, there are both mono- and di-substituted xylopyranosyl
residues at the O-2 and O-3 positions and non-substituted xylopyranosyl residues.
The majority of L-arabino furanose substitutions are monomeric, whereas a small
proportion of substitutions can form short oligomers, which consist of two or more
arabino furanose residues or an arabino furanose residue with a terminal
xylopyranosyl residue (Broekaert et al. 2011; Saulnier et al. 2007). In contrast,
other rare substitutions include the linkage of glucuronic acids, uronic acids,
D-galactose, D-glucose, and acetyl residues to the xylopyranosyl backbone at the
0O-2 and/or O-3 position (Pastell et al. 2009).

Arabinoxylans are classified as either water-extractable arabinoxylans or
water-unextractable arabinoxylans depending on their solubility. The structure of
water-unextractable arabinoxylans is different from water-extractable arabinoxylans;
however, water-unextractable arabinoxylans are solubilized in alkaline solutions
(Moza and Gujral 2017). Arabinoxylan contents of different types of rice grain
tissues and grain are shown in Table 1.1.

It has been reported that rice bran contains 303 mg/100 g of ferulic acid (Jung
et al. 2007) which might affect arabinoxylans’ solubility. Recent reports have shown
that ferulic acid side chains are esterified to some arabinose residues (Snelders et al.
2013). The solubility of arabinoxylans could also be affected by close packing of the
cell content, which is proposed to be due to steric hindrance (Faulds et al. 2006). In
contrast, several studies have reported that arabinoxylan’s solubility depends on its
degree of branching (Mandalari et al. 2005). Arabinoxylans with high arabinose
substitution have a higher solubility in water and vice versa. Degree of branching

Table 1.1 Total AX, WEAX, and WUAX contents of rice grain and its byproducts (%)

Tissue/raw material Total AX WEAX WUAX References

Bran 4.84-5.11 0.35-0.77 4.34-4.49 Hashimoto et al. (1987)
8.5 0.2 8.3 Choct (2015)

Defatted pericarp 26.7 NA NA Wang et al. (2016)

Defatted aleurone 13.2 NA NA Wang et al. (2016)

Hulls 8.36-9.24 0.11 8.25-9.13 Hashimoto et al. (1987)

Cooked 0.5 NA NA Dodevska et al. (2013)

Germinated whole grain 2.97-6.84 NA NA Kim et al. (2015)

Whole grain 2.64 0.06 2.58 Hashimoto et al. (1987)

NA not available, AX arabinoxylans, WEAX water-extractable arabinoxylans, WUAX water-
unextractable arabinoxylans, % dry weight basis
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and molecular weight distribution of arabinoxylans determine the health benefits
such as immunological activities to a large extent (Li et al. 2013, 2015; Ma et al.
2017). The enzymatically modified low molecular weight arabinoxylans extracted
from rice bran have desirable health effects. MGN-3/Biobran is an arabinoxylan
derived from rice bran with modification by hydrolyzing enzymes from the shiitake
mushroom (Lentinus edodes mycelia extract) (Ooi et al. 2018).

1.5 Rice Bran Arabinoxylan Compound/MGN-3/Biobran

Production of MGN-3/Biobran includes several steps such as extraction of
polysaccharides from defatted rice bran hemicellulose, partial hydrolysis of
polysaccharides by the carbohydrate-hydrolyzing enzymes obtained from shiitake
mushrooms, and treating with high heat and pressure. MGN-3/Biobran is the most
widely studied rice bran polysaccharide. The chemical structure of MGN-3 is shown
in Fig. 1.1.

MGN-3 is a natural blend of hemicelluloses, and its structure is composed of a
xylose backbone attached to arabinose in its side chain. The molecular weight of rice
bran arabinoxylan compound is about 30-50 kDa (Ghoneum and Matsuura 2004;
Pérez-Martinez et al. 2015). The biological activities of rice bran arabinoxylans are
dependent on their sugar composition, molecular weight, and degree of branching
(Zhou et al. 2010; Mendis et al. 2017). The MGN-3 has a low molecular weight with
a low arabinose-to-xylose ratio of 0.5 (Zhang et al. 2015).

MGN-3 is developed and manufactured in Japan by Daiwa Pharmaceutical Co.,
Ltd., and marketed worldwide as a nontoxic food supplement under different brand
names such as BioBran (globally), Lentin Plus (Japan/Asia), Ribraxx
(Australia/New Zealand), BRM4 (United States), and others (Biobran.org 2020).

e H H H Xylose ~N

~ o “n

Fig. 1.1 Chemical structure of MGN-3/Biobran (Ghoneum 2014). (Reprinted from Wheat and
Rice in Disease Prevention and Health, 1st ed., M. H. Ghoneum, Chapter 31 - Apoptosis and
Arabinoxylan Rice Bran, pp 401-408, Copyright 2014, with permission from Elsevier)
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The MGN-3 has been identified as a nontoxic compound, and in vivo studies of
pig and rat models suggested MGN-3 is negative for mutagenicity, genotoxicity,
antigenicity, and subchronic toxicity (Ghoneum 2016). It has been found that >36 g/
kg is the lethal dose 50% (LD50) for MGN-3 (BioBran Research Foundation 2013;
Daiwa Pharmaceutical Co. Ltd 2020). The safety of MGN-3 was confirmed upon
human investigation in clinical trials on cancer patients and analysis of blood
chemistry (Ghoneum and Matsuura 2004).

MGN-3 is known to have several health benefits such as anticancer, antiviral,
antiproliferative, immunomodulatory, and antioxidant properties. It appears more
effective in activating macrophages due to differences in the sugar composition since
MGN-3 has more glucose (6%) and galactose (5—7%) side chains compared to other
cereal arabinoxylans (Zhang et al. 2015). MGN-3 can activate and enhance host
immune system functions by augmentation of macrophage, natural killer cells, T and
B cell function, interferon-gamma (IFN-y), and tumor necrosis factor-alpha (TNF-o)
production (Gollapudi and Ghoneum 2008). The anticancer properties of MGN-3
include in vivo cancer cell apoptosis stimulation, tumor growth inhibition in mice,
and human breast cancer sensitization to chemotherapy agents. MGN-3 can also
enhance antioxidant scavenging enzyme activity along with free radical reduction in
tumor-bearing mice with antioxidant disturbances (Ghoneum et al. 2014). MGN-3/
Biobran exerts an antioxidant activity against lipid peroxidation, activating the
antioxidant defense system and protecting against oxidative stress. MGN-3/Biobran
could be used as an antiviral agent as it possesses anti-HIV activity and can inhibit
HIV-1 replication by inhibition of HIV-1 p24 antigen production in vitro (Ghoneum
2014).

1.6 Conclusion

Rice bran is one of the most abundant byproducts generated during rice milling
process, and it is gaining interest in recent years due to its potential health benefits.
Rice bran arabinoxylan compound is a modified form of arabinoxylan and composed
of a xylose backbone attached to arabinose monomers with a molecular weight range
of 30-50 kDa. The functional and biological activities of rice bran arabinoxylans are
highly dependent upon the degree of branching, arabinose-to-xylose ratio, and the
molecular weight of the compound. Future studies should focus on studying the fine
molecular structure of rice bran arabinoxylans from different rice varieties and using
different enzymes. MGN-3 is a modified form of arabinoxylan from rice bran, and
there is limited research on the non-modified rice bran arabinoxylans. The modifica-
tion can be used effectively to improve the activities of MGN-3, providing a new and
promising application for rice bran. Moreover, further studies should be carried out
to evaluate the relationship between its structure and function.
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Therapeutic Properties

Part II aims at detailing the therapeutic properties of RBAC based on scientific
evidence from in vivo, in vitro, and human studies.
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Abstract

Biobran/MGN-3, a unique natural product extracted from rice bran, can
strengthen immune health by enhancing the activity of natural killer (NK) cells.
NK cells play a crucial role in the first line of defense against cancer and viral
infections, but they are suppressed during aging, and low NK cell activity is
linked with cancer. Over the last 25 years, studies have shown that Biobran/
MGN-3 can enhance this suppression of NK cell activity and furthermore that it
has superior effects in comparison with other biological response modifiers
(BRMs). Biobran/MGN-3 has been shown to restore the aging-induced NK cell
immune suppression of aged mice to normal levels, and it enhanced NK cell
activity in human geriatric subjects participating in a randomized, double-blind,
placebo-controlled clinical trial. In addition, Biobran/MGN-3 has been shown to
exert significant anticancer effects in several studies of mice and rats bearing
tumor as well as in human clinical trials against several types of malignancies by a
mechanism that involved enhancement of NK cell activity. The molecular
mechanisms underlying Biobran/MGN-3’s effect on NK cell activity involve
increasing the granular content of NK cells and increasing the expression of
key cell surface receptors such as adhesion molecule ICAM-1 and the activation-
associated receptors CD25 and CD69. Biobran/MGN-3 has no toxicity or side
effects, and unlike many other BRMs, its long-term effects are not limited by
hyporesponsiveness. This report describes the superiority of Biobran/MGN-3 as a
BRM that enhances NK cell activity, followed by evidence showing how
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Biobran/MGN-3 can improve lives by reversing aging-induced and cancer-
induced NK cell suppression.

Keywords

Biobran/MGN-3 - Cancer - Aging - Biological response modifier -
Immunomodulator - ICAM-1

2.1 Introduction

The field of immunotherapy has undergone several phases of development over the
past 50 years. From the mid-1970s to early 1990s, the field developed by studying
microbes as adjuvant immunotherapy for the treatment of cancer. Microbes such as
Corynebacterium parvum and Mycobacterium bovis (bacillus Calmette-Guérin)
were used to treat melanoma (Fahey et al. 1976; Lipton et al. 1983, 1991). From
the early 1980s to 1990s, the immunotherapy of cancer also involved studying
interleukin (IL)-2 and lymphokine-activated killer (LAK) cells. Dr. Rosenberg
developed LAK cell therapy for the treatment of cancer (Rosenberg 1988). However,
this therapy was not widely used because it was associated with extremely toxic side
effects that included hypotension and required intensive nursing care in 75% of
patients (Margolin et al. 1989). More recently, immune checkpoint inhibitors have
been studied in the treatment of different tumor types. Unfortunately, this phase of
immunotherapy development has also seen that treatment with immune checkpoint
inhibitor drugs, anti-CTLA-4 antibodies, and anti-PD-1/PD-L1 agents is associated
with severe immune-related adverse events, including fatalities in some cases
(Bertrand et al. 2015; Wang et al. 2017). There is a strong need to find and explore
safe and effective substances that modify the immune system or “biological response
modifiers” (BRMs). Biobran/MGN-3 may satisfy this need: it is a safe, nontoxic
BRM that can enhance natural killer (NK) cell activity for long times.

NK cells play a crucial role in the first line of defense against cancer and viral
infections by mediating spontaneous cytotoxicity against a variety of malignant
tumors and virally infected cells (Trotta et al. 1998; Dustin and Chan 2000; Finn
and Lotze 2001). NK cells are a subset of large granular lymphocytes; they can be
easily recognized by their reniform nucleus and the presence of many azurophilic
granules in their cytoplasm. NK cells attach to cancer cells, after which they release
their granules to form holes that ultimately cause cancer cell death. NK cells express
diverse families of antigen receptors, as well as expressing the cluster of differentia-
tion molecule CD16 to allow for binding to antibody-ligated target cells. There are
several lines of evidence from the scientific literature showing that low NK cell
activity is associated with the development of cancer. As a few examples: (1) mouse
models with defects in NK cell effector function clearly demonstrate an increased
susceptibility to neoplastic disease as they age (Trapani and Voskoboinik 2007);
(2) an 11-year follow-up study of a general population indicated that cancer is more
likely to develop if NK cell activity is low (Imai et al. 2000); and (3) NK cell activity
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in cancer patients is significantly decreased compared with that in healthy
individuals (Whiteside and Herberman 1994).

The capability of BRMs to be adoptively transferred and augment NK cell
activity in vivo has made them the object of great interest, given their potential
therapeutic value in treating tumors and in curing different types of malignancies and
viral infections. However, the high toxicity of these agents and their common quality
of hyporesponsiveness have limited their usage. In the current review, we present
data on the augmentation of NK cell activity by the natural supplement Biobran/
MGN-3, a prominent immunomodulator with no side effects nor susceptibility to
hyporesponsiveness (Ghoneum 1998a, b). Treatment with Biobran/MGN-3 may
provide more effective use of signal transduction to mediate tumor cell destruction.
We will discuss two important topics: (1) the superiority of Biobran/MGN-3 in
comparison with other BRMs and (2) Biobran/MGN-3’s ability to reverse aging-
and cancer-induced NK cell suppression. The clinical relevance of low NK cell
function is of great concern and suggests that balanced immune function (normal NK
cell activity) is ideal for good health.

2.2  Superiority of Biobran/MGN-3 in Comparison
with Other BRMs

We conducted a literature search of the immunomodulatory effect of 11 BRMs,
specifically with respect to NK cell activity. These 11 BRMs were active hexose
correlated compound (AHCC), vitamin C, maleic anhydride divinyl ether (MVE-2),
C. parvum, Propionibacterium acnes (P. acnes), polyinosinic:polycytidylic acid
stabilized with poly-L-lysine (PolyICLC), mouse alpha beta-interferon (IFN-alpha/
beta), recombinant IFN (rIFN), recombinant human IFN (rHu IFN), and recombi-
nant human IL-2 (rHu IL-2). These were then compared against Biobran/MGN-3
with respect to (a) extent of NK cell activation, (b) duration of NK cell activation,
and (c¢) hyporesponsiveness.

(a) Extent of NK cell activation. In subjects with hypoactive NK cell activity,
Biobran/MGN-3 can restore their NK cell activity to normal levels. The extent
of this NK enhancement was much higher as compared to other products such as
AHCC (Terakawa et al. 2008).

(b) Duration of NK cell activation. Studies investigating the immune modulation of
Biobran/MGN-3 versus vitamin C showed that one dose of Biobran/MGN-3
increased NK cell activity for 2 weeks in comparison to vitamin C which only
increased activity for 24 h (Vojdani and Ghoneum 1993).

(c) Hyporesponsiveness. Hyporesponsiveness is characterized by a diminished
degree of responsiveness to a stimulus over time. For example, a single admin-
istration of a BRM may significantly enhance NK cell activity in the short term,
while repeated administrations of the same BRM over time will only result in
depression of NK cell activity over the long term. Many BRMs show
hyporesponsiveness, including MVE-2, C. Parvum, P. acnes, PolyICLC,
mouse IFN-alpha/beta, r IFN, rHu IFN, and rHu IL-2 (Brunda and Rosenbaum
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1984; Talmadge et al. 1985; Saito et al. 1985a, b). It is of great interest to note
that Biobran/MGN-3 does not exert hyporesponsiveness. Repeated
administrations of Biobran/MGN-3 do not result in decreased NK cell activity,
but rather they help to maintain NK cell activity at a high level. This was
confirmed in a follow-up study of eight patients with breast cancer, where the
patients were treated with Biobran/MGN-3 for 5 years and maintained an
elevated NK cell activity relative to baseline over the entire time frame
(Fig. 2.1) (Ghoneum and Brown 1999; Ghoneum 1999).

23 Biobran/MGN-3 Reverses Aging- and Cancer-Induced
NK Cell Suppression

2.3.1 Aging

The geriatric population faces increased incidence of cancer and infections due to
the immune deficiencies that come with aging. This is a multifactorial problem,
where the loss of immunological vigor plays an essential role in the abovementioned
diseases. Studies have shown a clear association between aging and decreased NK
cell activity (Ghoneum et al. 1987, 1989, 1991a, b; Itoh et al. 1982; Albright and
Albright 1983; Elsaid et al. 2018).

Biobran/MGN-3 has been shown to augment NK cell activity in aged mice and
humans. When treatment with Biobran/MGN-3 was introduced to aged mice, a
distinct reversal in NK cell activity was observed in as early as 2 days, with the
activity increasing from 5.8 LUs before treatment to 35.2 LUs (Ghoneum and Abedi
2004). Biobran/MGN-3 has also been shown to counteract the decline in NK/NKT
cell activity in human geriatric subjects given Biobran/MGN-3 at 500 mg/day for
30 days. Specifically, Biobran/MGN-3 enhanced the cytotoxic activity of induced
NK cell expression of CD107a (Elsaid et al. 2018).

Further studies aimed to elucidate the mechanisms by which Biobran/MGN-3
functions on NK cell activation. It has been reported that aging is associated with a
decline in the perforin expression in aged human NK cells (Rukavina et al. 1998) and
with an impairment in perforin secretion, which has been associated with defective
polarization of lytic granules towards the immunological synapse (Hazeldine et al.
2012). Example images of degranulated and regranulated NK cells are shown in
Fig. 2.2a, b. Studies have shown that the peritoneal NK cells of Biobran/MGN-3-
treated aged mice demonstrate an increase in NK cell granular content, as indicated
by a remarkable increase in BLT-esterase activity (Fig. 2.2b) (Ghoneum and Abedi
2004). In addition, the increase in NK cell activity may be attributed to an increase in
the expression of adhesion molecule ICAM-1 on NK cells (Ghoneum and Jewett
2000).
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Fig. 2.1 Effect of long-term Biobran/MGN-3 treatment on human NK cell activity. (a) Schematic
representation of NK cell activity in response to long-term BRM treatment and the general
difference between the long-term trends observed with Biobran/MGN-3 versus other BRMs. (b)
Eight patients with breast cancer were treated with Biobran/MGN-3 at a concentration of 45 mg/kg/
day for 5 years. NK cell activity was examined biannually and was measured by standard 51Cr-
release assay using K562 cell line as targets. Notice the maintenance of NK cell activity at high
levels post-treatment with Biobran/MGN-3 as compared with the baseline value
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Fig. 2.2 The molecular mechanisms underlying Biobran/MGN-3’s action on NK cell activity in
aging and cancer. (a) Representation of decreased NK granularity; Hepatocellular carcinoma (HCC)
significantly reduces granular release by NK cells (*p < 0.01). (b) Representation of an NK cell
regranulated by the action of Biobran/MGN-3; the increase in BLT-esterase activity for Biobran/
MGN-3-treated aged mice demonstrates its ability to increase NK cell granular content. (¢) Biobran/
MGN-3 treatment increases the expression of key cell surface receptors on NK cells. Addition of
Biobran/MGN-3 to NK cells for 16 h results in increased expression of CD25 (the interleukin-
2 receptor), CD54 (the adhesion molecule ICAM-1), and CD69 (an early activation antigen)

2.3.2 Cancer

Cancer consistently ranks among the leading causes of mortality worldwide. The
continually high number of annual deaths indicates that conventional cancer
therapies are insufficient to completely eradicate the disease. In addition, the most
common cancer treatments such as chemotherapy come with a range of toxic side
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effects. The development of new therapeutics for combating cancer, both with
greater efficacy and lower toxicity, is greatly needed.

Our work, along with that of others, has shown that Biobran/MGN-3 exerts
significant anticancer effects on animals bearing tumor. For example, Biobran/
MGN-3 treatment significantly reduced tumor volumes in mice bearing Ehrlich
mammary carcinoma (Badr EI-Din et al. 2008), decreased dysplasia and adenocar-
cinoma in rats with gastric cancer (Badr El-Din et al. 2016), and exerted antitumor
effects on animals bearing neuroblastoma in correlation with enhancement of NK
cell activity (Pérez-Martinez et al. 2015). More details can be found in the review
article (Ghoneum 2016).

Biobran/MGN-3’s effectiveness was subsequently studied in several human
clinical trials. Supplementation with Biobran/MGN-3 has been shown to enhance
NK cell activity in patients with different types of malignancies, including prostate,
breast, leukemia, and multiple myeloma (Ghoneum and Brown 1999; Ghoneum
1999; Cholujova et al. 2013). In addition, Biobran/MGN-3 treatment of patients with
hepatocellular carcinoma (HCC) showed a significant decrease in tumor volume,
decrease in patient cancer recurrence, and improvement of patient survival (Bang
et al. 2010).

HCC is currently the third leading cause of cancer mortality, and studies have
shown that the abnormal expression of NK cell receptors and dysfunction of liver
NK cells are significantly associated with poor prognosis for liver cancer and
contribute to the progression of chronic HBV infection and HCC (Ghoneum et al.
1996; Sun et al. 2015). We hypothesize that Biobran/MGN-3 interferes in the signal
transduction pathway. Studies have shown that the levels of CD3, IL-2, and IFN-y
mRNA in the spleens of chickens fed with Biobran/MGN-3 were higher than those
in the control chickens (Sato et al. 2012). Care was taken to determine that the
mechanism was not mediated by lipopolysaccharide contamination of Biobran/
MGN-3 (Pérez-Martinez et al. 2015; Sato et al. 2012).

Biobran/MGN-3 also increases the expression of different receptors on NK cells.
We have shown that Biobran/MGN-3 treatment of NK cells for 16 hours increases
their expression of key cell surface receptors, including CD69 (an early activation
antigen), CD25 (the interleukin-2 receptor), and CD54 (the adhesion molecule
ICAM-1) (Fig. 2.2c) (Ghoneum and Jewett 2000). Furthermore, NK cells stimulated
with Biobran/MGN-3 induced a higher expression of the activation-associated
receptors CD25 and CD69 than unstimulated cells. Biobran/MGN-3 promoted NK
cell expansion and decreased T cells in vitro, suggesting that Biobran/MGN-3
selectively augments the expansion of NK cells (Pérez-Martinez et al. 2015).
These results show that Biobran/MGN-3 (1) increases the granule content of NK
cells and (2) increases the expression of cell receptor ligands that can recognize
cancer cells, facilitating cancer cell destruction. They also suggest that Biobran/
MGN-3 can be used as an adjuvant to existing immunotherapeutic modalities.
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2.3.3 Effective Concentration and Biosafety

Biobran/MGN-3 has been shown to enhance NK cell activity at concentrations of
15, 30, and 45 mg/kg (or 1, 2, and 3 gm) per day (Ghoneum 1998b). However, later
studies have also shown that Biobran/MGN-3 is even effective at low concentrations
of 500 mg/day for significantly enhancing NK cell activity (Elsaid et al. 2018).

Biobran/MGN-3 has been shown to be a safe and nontoxic agent as manifested by
the following: (1) the LD50 (lethal dose, 50%) of Biobran/MGN-3 is greater than
36 g/kg; (2) the Ames test for mutagenicity was negative; and (3) the subchronic
toxicity study (28-day dietary study in beagle dogs), the guinea pig antigenicity
study, and genotoxic testing all demonstrate that Biobran/MGN-3 is nontoxic
(Daiwa Pharmaceutical Co. Ltd 2020; Tazawa 2006). Furthermore, Biobran/
MGN-3 was examined for toxicity in humans using blood chemistry analysis
utilizing Panel 20, which includes liver enzymes (SGOT and SGPT). After
1 month of treatment, no abnormalities were detected for these parameters in
comparison to baseline (Ghoneum 1998b).

Earlier studies have also shown the potential for Biobran/MGN-3 in reducing
chemo-toxic effects in murine and cancer patients, including protection against
severe weight loss induced by cisplatin and adriamycin in animals (Jacoby et al.
2001; Endo and Kanbayashi 2003). In addition, cancer patients treated with chemo-
therapy and Biobran/MGN-3 have shown marked improvement in appetite and other
quality of life parameters (Takahara and Sano 2004; Hajté et al. 2016). Biobran/
MGN-3 has not shown any adverse side effects after long periods of treatment in
animals for 8 months (Badr El-Din et al. 2016) and in humans for 5 years (Ghoneum
and Brown 1999; Ghoneum 1999).

In 1991, the National Cancer Institute and the National Institutes of Health called
for grant applications to study anticancer model development, stating that “Cancer
treatments with greater specificity for cancer cells and less toxicity for normal tissues
are critically needed” (National Cancer Institute 1991). This statement is as true
30 years later as it was in 1991. We believe that Biobran/MGN-3 in conjunction with
other modalities offers great beneficial effects for cancer immunotherapy and is a
step towards this critical need.

2.4 Conclusion

Biobran/MGN-3, a novel BRM from rice bran, reverses aging- and cancer-induced
NK cell suppression. Supplementation with Biobran/MGN-3 is therefore an effec-
tive tool to help combat the immunological effects of aging and cancer through NK
cell immunomodulation. The evidence from many studies strongly suggests that this
natural, safe, nontoxic product would be useful for future NK cell therapeutic
strategies for treating cancer and that Biobran/MGN-3 should be used as an adjuvant
to existing immunotherapeutic modalities for cancer patients.
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Abstract

Rice bran arabinoxylan compound (RBAC) is a functional food produced from
hydrolysed rice bran denatured with shiitake mushroom enzymes. RBAC
demonstrates strong immunomodulatory properties, particularly for enhancing
the natural killer cell activity. Additionally, RBAC can augment phagocytic
cellular functions by promoting the growth of macrophage and neutrophil anti-
microbial/antitumour phenotypes. Research has also shown that RBAC can
modulate the production of many cytokines, including tumour necrosis factor-
alpha (TNF-a), interferons (IFN-y and IFN-A), and interleukins (IL-2 and IL-12)
which have antitumour applications. Moreover, RBAC is an inducer for the
maturation and activation of dendritic cells (DCs), which plays a crucial role in
priming the adaptive immune response against invading pathogens and cell
mutations. As DCs are antigen-presenting cells that activate the T lymphocytes,
stimulation of DCs by RBAC can induce CD4+ T cell proliferation and inhibit the
immunosuppressing Treg cells in patients with underactive immune responses.
While not an antioxidant in its own right, RBAC has also been shown to augment
the body’s natural antioxidant defence mechanisms against free radicals. RBAC
also shows antiangiogenesis effects in blocking the vascular endothelial growth
factor pathway and thus inhibiting tumour development. Overall, RBAC is a
potent antiproliferative food supplement with strong evidence showing that it can
arrest tumour proliferation.
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3.1 Introduction

Arabinoxylan is a vital component of rice bran dietary fibres that is known to exhibit
many health benefits, including modulating immune responses, lowering choles-
terol, attenuating type 2 diabetes, and enhancing absorption of certain minerals
(Mendis and Simsek 2014). Unmodified arabinoxylan extracted from hydrolysed
defatted rice bran also possesses anti-complementary and anti-inflammatory effects
in vivo (Wang et al. 2008; Hoshino et al. 2010). However, with a molecular weight
ranging between 10 and 10,000 kDa, the cross-links of many side chains in
arabinoxylan make it resistant to extraction by water (Mendez-Encinas et al.
2018). Various techniques are used to remove arabinoxylans from the stable
networks of cross-links, such as by using enzymes, alkali solutions, or mechanical
methods. The resulting modified hemicellulose and arabinoxylans have lower
molecular weights, higher solubility, improved digestibility, and enhanced health-
promoting properties (Mendez-Encinas et al. 2018).

One approach to denature arabinoxylan from rice bran is by the use of mycelium
enzymes. In one study, rice bran was treated with enzymes cultured from nine
different fungi types and tested for macrophage stimulating activities (Yu et al.
2004). Treatment with mycelia enzymes from Lentinus edodes (shiitake mushroom)
exhibited the highest stimulating activity. Hence, this technique is used in rice bran
arabinoxylan compound (RBAC) production as a functional food and nutraceutical
commercially. The most well-known is the Biobran/MGN-3 developed by Daiwa
Pharmaceutical Co., Ltd., in Japan. Research has shown that RBAC possesses
immunomodulating, antioxidant, antiangiogenic, and antiproliferative properties,
as presented in this chapter.

3.2 Immunomodulation

RBAC has been shown to enhance innate immunity by upregulating the natural
killer (NK) cell activity. Much of the research on this aspect is summarised in the
previous chapter. Briefly, experiments from various in vitro and in vivo studies
demonstrated that NK cells stimulated with RBAC had increased granularity with
improved cytotoxic activity against pathogens and malignant cells (Ghoneum 2014).
The evidence is further supported with positive results from clinical case reports and
human trials (Ooi et al. 2018).

Additional immunomodulating effects of RBAC also include augmenting phago-
cytic cellular functions; modulating the production of cytokines, including tumour
necrosis factor-alpha (TNF-a), interferons (IFN-y and IFN-A), and interleukins (IL-2
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and IL-12); promoting T and B lymphocyte proliferation; as well as functioning as a
natural adjuvant for dendritic cells (DCs) (Ghoneum 2016).

3.2.1 Phagocytic Cellular Functions

Phagocytosis is the complex process of identifying, ingesting, and eliminating
pathogens and dead cells in the body (Gordon 2016; Rosales and Uribe-Querol
2017). Cells specialising in the phagocytosis functions of eliminating
microorganisms and presenting them to the adaptive immune system are profes-
sional phagocytes, including monocytes, macrophages, neutrophils, and DCs,
osteoclasts, and eosinophils (Rosales and Uribe-Querol 2017). They are the first
line of immune defence against pathogens and tumour cells in nearly all tissues.

Dysfunctional phagocytosis capacity can lead to the uncontrolled growth of
cancer. For instance, the tumour-infiltrating macrophages are predominantly the
M2 phenotype associated with tissue remodelling and angiogenesis, instead of the
M1 phenotype associated with microbial killing (van Dalen et al. 2018). M2
macrophages release cytokines and chemokines that can suppress antitumour immu-
nity, promote tumour progression, and enhance metastasis (Gordon 2016; Yang and
Zhang 2017). Similarly, neutrophil classification involves two polarising states: N1
is antitumour and N2, which is pro-tumour (Wu et al. 2019; Wang et al. 2018). By
responding to the stimuli such as the granulocyte colony-stimulating factor or
transforming growth factor P, neutrophils can transform into the N2 type to induce
higher expression of immunosuppression activity in the tumour microenvironment
(Wu et al. 2019).

The ability to alter macrophages’ phenotype against malignant cells is a novel
pathway to enhance the antitumour immune response (Pathria et al. 2019). RBAC
was shown to stimulate macrophage activities in three different models: human
macrophage cell line, murine macrophage cell line, and murine macrophages.
Each model demonstrated an increased percentage of phagocytosis after treatment
with RBAC (p < 0.05). The treated macrophages also had improved spreading
ability and increased cytokine (TNF-a and IL-6) and nitric oxide production
(Ghoneum and Matsuura 2004).

Further experiments confirmed that RBAC could upregulate the phagocytic
activity against Escherichia coli, by human monocytes and neutrophils, in peripheral
blood (Ghoneum et al. 2008). Increased oxidative burst and significant induction of
cytokines (TNF-a, IL-6, IL-8, and IL-10) were also detected (p < 0.01). The
treatment of bacteria by RBAC without human phagocytes did not affect the bacteria
growth. Hence, the results suggest that RBAC is a potent modulator for phagocytic
cellular functions but not an antibacterial agent itself (Ghoneum et al. 2008).
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3.2.2 Dendritic Cell Maturation

DCs are professional antigen-presenting cells (APCs). Their primary function is to
capture and present antigen materials on the cell surface to activate cytotoxic T cell
responses. DCs are messengers bridging both innate and adaptive immune systems
(Gardner and Ruffell 2016; Mellman 2013). However, proper maturation and differ-
entiation of DCs from monocytes is needed to provide the necessary stimulatory
signals for triggering T cell responses. The tumour microenvironment can impair the
stimulatory functions of maturing DCs and thus suppress the adaptive immune
response (Gardner and Ruffell 2016; Veglia and Gabrilovich 2017).

RBAC has been shown to stimulate the maturation of DCs. In an in vitro study by
Cholujova et al. (2009), immature DCs derived from peripheral monocytes were
cultured with various cytokine mixes to induce maturation. Adding RBAC induced
DC maturation by downregulating the cluster differentiation molecule CD14 and
CDla antigens on the cell surface and by decreasing the endocytic activity of
immature DCs. RBAC also increased expression of maturation marker CD83 and
the surface density of co-stimulatory molecules CD80 and CD86 (Cholujova et al.
2009).

Similarly, Ghoneum and Agrawal (2011) also reported that human monocyte-
derived DCs treated with RBAC showed a significant (p < 0.05) dose-dependent
increase in the expression of CD83 and CD86 assessed by flow cytometry. The
modulatory effects of RBAC on DC maturation were further examined in a placebo
randomised controlled trial (RCT) with 48 multiple myeloma patients (Cholujova
et al. 2011, 2013). Participants received 2 g/day of RBAC or placebo for 3 months.
The RBAC group showed a steady rise in the percentage of circulating myeloid DCs
with a significant (p < 0.05) increase in the ratio between myeloid DCs and
plasmacytoid DCs, when compared to baseline. In contrast, the placebo group
experienced no significant changes. Together, these results suggest that RBAC can
be a potent inducer of DC maturation and activation.

3.2.3 Cytokine Modulation

Cytokines are major regulators of the innate and adaptive immune systems that can
recognise and destroy cancer cells. Many cytokines, including 1L-2, IL-12, IL-15,
IL-21, granulocyte-macrophage colony-stimulating factor, and IFN-a, have
antitumour and immune signalling properties for clinical applications (Waldmann
2018). The United States Food and Drug Administration approves IFN-« and IL-2 as
immunotherapy for treating several types of cancers (Berraondo et al. 2019). Hence,
there is an increasing interest in finding novel agents which can affect cytokine
activity in the tumour microenvironment.

In vitro and in vivo studies suggest that RBAC can modulate the production of
many different cytokines. While activating DCs in vitro, RBAC was also shown to
increase the production of pro-inflammatory and immunoregulatory cytokines,
including IL-1p, IL-6, IL-10, IL-17, TNF-a, IL-12p40, and low levels of IL-12p70



3 Immunomodulatory, Antioxidant, Antiangiogenic, and. .. 31

and IL-2, as well as IFN-y and IL-29 (Ghoneum and Agrawal 2011, 2014). As an
in vitro phagocytosis up-regulator of neutrophils and monocytes against E. coli,
RBAC also significantly induced (p < 0.01) TNF-a, IL-6, IL-8, and IL-10 along
with an increased oxidative burst (Ghoneum et al. 2008).

In a study which treated human peripheral blood lymphocyte, RBAC was shown
to increase TNF-a production significantly (p < 0.001) by several folds (20- to
>100-fold) and IFN-y (52- to 66-fold), compared to control (Ghoneum and Jewett
2000). In Ehrlich carcinoma-bearing mice injected with RBAC, the levels of TNF-a
and IFN-y increased with an observed decrease in IL-10, an immune-suppressing
cytokine (p < 0.01) (Badr EI-Din et al. 2008).

In an open-label RCT with 20 healthy participants, levels of IFN-y, TNF-a,
IL-1a, IL-1B, IL-8, IL-10, and epidermal growth factor peaked at 30 days after
supplementing with RBAC, but only IFN-y was significantly higher than baseline
(p < 0.017) (Al et al. 2012). Cholujova et al. (2013) assessed the plasma concen-
tration of cytokines in multiple myeloma patients supplemented with 2 g/day of
RBAC (n = 30) or placebo (n = 10). The study reported a significant increase
(p < 0.05) in the levels of pro-inflammatory cytokines (IL-12, IL-17, IFN-y, and
TNF-a) and anti-inflammatory cytokines (IL-4, IL-6, IL-9, IL-10, and IL-13) in the
RBAC group after 3 months of treatment, compared to placebo (Cholujova et al.
2013).

3.2.4 T and B Cell Proliferation

T and B cells are lymphocytes involved in the adaptive or antigen-specific immune
response. The APCs’ presentation of the antigenic epitope triggers CD8+ T
lymphocytes to recognise, attack, and destroy invading pathogens directly. As
such, CD8+ T lymphocytes are also known as killer T cells or cytotoxic T cells.
Another group of T lymphocytes (CD4+ or helper T cells, Th) secrete cytokines to
activate B lymphocytes into plasma cells that release specific antibodies against the
invading pathogens. Regulatory T cells (CD4 + CD25+, or Treg) suppress the
immune response once the pathogens are destroyed, preventing over-activation
(Cano and Lopera 2013). Both T and B cells are highly specialised immune defence
cells with different subgroups that respond to various pathogens. They can also
retain immunological memory to mount an effective response upon re-encountering
any previously recognised pathogens. T and B cells work together to recognise,
eliminate, and remember foreign proteins or pathogens, forming the body’s acquired
defensive mechanisms (Chaplin 2010).

Several human studies have investigated the effects of RBAC on the activation of
T and B lymphocytes. Ghoneum (1998) studied five healthy volunteers taking
15 mg/kg/day of RBAC for 2 months. Supplementing with RBAC resulted in a
significant (p < 0.001) proliferation of peripheral mononuclear cells by 137% to
146%, measured through T and B cell mitogen responses. In another study, five
cancer patients ingested 3 g/day of RBAC for 1 month. The post-study T and B cell
mitogen responses increased by more than 30% significantly over baseline
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(p < 0.001) (Ghoneum and Brown 1999). As DCs are APCs that activate the T
lymphocytes, stimulation of DCs by RBAC can also induce CD4+ cell proliferation
as shown in a study by Ghoneum and Agrawal (2011). RBAC-stimulated DCs
induced significantly higher granzyme B-positive CD8+ cells than unstimulated
DCs (p < 0.005). The granzyme B-positive CD8+ cells, primed by RBAC-
stimulated DCs, also exhibited higher cytolytic activity as compared to unstimulated
DC-primed CD8+ cells (p < 0.005) (Ghoneum and Agrawal 2014).

Lissoni et al. (2008) studied the effects of RBAC on various subpopulations of T
lymphocytes in an observational study. The study included 22 cancer patients, with
16 having untreatable metastatic solid tumours. Participants consumed 2 g/day of
RBAC orally for the first month and reduced to 1 g/day in the second month. This
study found no change in the mean cell count of lymphocytes, CD3+, CD8+, and
NK cells after 2 months. However, it detected an increase in Th, accompanied by a
decrease in Treg cells. These changes were not statistically significant. However, the
ratio between Th and Treg significantly increased (p < 0.025) at the end of the study
compared to baseline. Hence, RBAC may enhance immunity by inhibiting the
immunosuppressing Treg lymphocytes in patients with underactive immune
response.

33 Antioxidation

Oxidative stress occurs when there is a physiological imbalance between oxidants
(free radicals or reactive species) and antioxidants (Ighodaro and Akinloye 2018).
The body has multiple lines of natural antioxidant defence mechanisms against free
radicals. Within cells, there are scavenger enzymes, including superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase (GPx), which break down free
radicals generated through cellular respiration into harmless molecules (Ighodaro
and Akinloye 2018). Nonenzymatic scavengers such as ascorbic acid, uric acid,
glutathione, alpha-tocopherol, and ubiquinol readily donate electrons to oxidants to
prevent harmful chain reactions (Birben et al. 2012). Deoxyribonucleic acid (DNA)
repairs enzyme systems, and proteolytic enzymes repair the damage caused by free
radicals and reconstitute the damaged cell membrane (Ighodaro and Akinloye 2018).
If the antioxidant defence is overwhelmed, free radicals will damage essential
biomolecules like DNA, protein, and lipids, leading to multiple disease conditions
(Birben et al. 2012).

RBAC can augment the antioxidant defence system. Ethanol solutions of RBAC
have previously shown high scavenging rates for hypoxanthine-xanthine oxidase-
generated superoxide anion radicals, ferrous sulphate-hydrogen peroxide, and ultra-
violet light reaction system-generated hydroxyl radicals (Tazawa et al. 2000). In an
animal study with Ehrlich carcinoma-bearing mice, Noaman et al. (2008) reported
that RBAC efficiently suppressed tumour growth with an associated normalisation
of the lipid peroxidation and glutathione contents.

RBAC has also been shown to enhance the endogenous antioxidant enzyme
activity of SOD, GPx, CAT, and glutathione S-transferase in the blood, liver, and
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tumour tissue, as demonstrated in the study by Noaman et al. (2008). Similarly,
RBAC upregulated the messenger ribonucleic acid expression of GPx, SOD, and
CAT in the liver, demonstrating the protective properties against cellular oxidative
stress (Noaman et al. 2008).

Protection against oxidative stress was also shown in another murine study
examining gamma radiation effects (Ghoneum et al. 2013). Exposure to ionising
radiation is known to induce oxidative stress that can damage cellular
macromolecules leading to the demise of haematopoietic tissues (Shao et al.
2014). Mice exposed to gamma radiation showed significant depression in their
full blood count, hypocellularity of bone marrow, and a remarkable decrease in
splenic weight. In contrast, pre-treatment with RBAC resulted in protection against
such irradiation-induced damages (Ghoneum et al. 2013). In another study, mice
were exposed to local high-dose abdominal precision radiation. The group which
received RBAC treatment showed significantly higher (p < 0.05) levels of total
antioxidant capacity, GPx, SOD, and CAT indicators, than the control group, in the
serum, as well as jejunal and colonic mucosa (Zhao et al. 2020). Hence, RBAC can
augment antioxidant defence to counteract the severe adverse effects and toxicity of
radiation therapy as confirmed in a double-blind, placebo RCT with head and neck
cancer patients (n = 65) undergoing radiotherapy by Tan and Flores (2020). Patients
receiving RBAC were shown to achieve significantly better clinical outcomes after
radiation therapy, compared to the placebo group, with lower rates of mortality
(p = 0.001), blood transfusions (p = 0.001), hospital admissions (p = 0.001), and
metastasis (p = 0.029).

3.4 Anti-angiogenesis

Angiogenesis is the formation of new capillaries from pre-existing blood vessels. It
is a crucial physiological process in wound healing, growth, and female reproductive
organs (El-Kenawi and El-Remessy 2013). However, it can also be aberrantly
activated in many pathological conditions, most notably cancer and chronic inflam-
matory conditions (Aguilar-Cazares et al. 2019). Vascular endothelial growth factors
(VEGFs) play central roles in the regulation of angiogenesis. VEGF-A, the primary
factor for angiogenesis, binds to receptors, VEGFR-1 and VEGFR-2, to regulate
endothelial cell proliferation, migration, vascular permeability, secretion, and other
endothelial functions (Shibuya 2013). Angiogenesis is vital in tumour survival and
proliferation. Hence, anti-VEGF-VEGFR molecules are now widely used clinically
to treat cancer patients. However, these antiangiogenic drugs can be double-edged
swords which may cause side effects such as hypertension, arterial clots, wound
healing complications, gastrointestinal perforation, and fistula (Gardner et al. 2017).

Many rice bran constituents, such as fy-oryzanol, tocotrienol, phenolic
compounds, cyanidin, and peonidin, possess antiangiogenic properties (Tanaka
et al. 2012; Saji et al. 2019; Miyazawa et al. 2008; Kim et al. 2012). Similarly,
RBAC can be a natural angiogenesis inhibitor acting through the VEGF pathway.
An in vitro study by Zhu et al. (2017) demonstrated that RBAC significantly
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inhibited VEGF-induced tube formation in human umbilical vein endothelial cells
co-cultured with human dermal fibroblasts. Furthermore, RBAC also suppressed the
VEGF-induced proliferation and migration of human umbilical vein endothelial
cells in a dose-dependent manner (Zhu et al. 2017). The antiangiogenic mechanism
of RBAC operates by reducing the VEGF-induced activation of VEGFR-2 and the
downstream proteins of Akt, extracellular signal-regulated protein kinase 1/2, and
p38 mitogen-activated protein kinase (Zhu et al. 2017). Therefore, RBAC can
potentially mediate angiogenesis, implicated in the pathological progression of
conditions such as cancer, cardiac and limb ischaemia, diabetic retinopathy, rheu-
matoid arthritis, and neoplasms (Pang and Poon 2006).

3.5 Antiproliferation

Sustained proliferation is an integral part of cancer development and progression.
Cancer arises from mutated cells that can survive pre-programmed cell death,
forming premalignant nodules. A benign nodule can adapt and transit to malignancy
by invading surrounding tissues through hypoxia and a favourable acidic microen-
vironment that promotes growth (Feitelson et al. 2015). As discussed previously,
most immune cells can polarise towards either inducing or inhibiting cancer growth
(Lakshmi Narendra et al. 2013; Noonan et al. 2008). Phenotypic skewing of these
cells happens within the tumour microenvironment. Dysfunction in immune cells
ultimately leads to reduced immunosurveillance action towards inhibiting cancer
growth. Instead, these immune cells promote angiogenesis and proliferation of the
tumour (Shalapour and Karin 2015).

With strong immunomodulating properties, RBAC can activate the immune cells
towards their tumour inhibitory activities. In this context, RBAC has been shown to
have preventive effects against carcinogenic agents in a murine model. Male albino
rats exposed to carcinogenic N-nitrosodiethylamine and carbon tetrachloride showed
a loss of liver architecture and cell proliferation in addition to neoplastic changes.
However, pre-treatment with RBAC (25 mg/kg body weight) before exposure to
these carcinogens revealed a significant (p < 0.001) reduction in liver tumour
volume (Badr El-Din et al. 2016a). The antiproliferative activities of RBAC have
also been demonstrated in vitro (Ghoneum and Gollapudi 2003; Ghoneum et al.
2000) and in vivo (Badr El-Din et al. 2008; Noaman et al. 2008; Pérez-Martinez et al.
2015). In one study, squamous cell carcinoma growth was arrested after incubating
in RBAC solutions for up to 72 h (Ghoneum et al. 2000). Cell proliferation stopped
with an increase in apoptosis through the CD95 death receptor pathway. In another
study, an increase of more than 200% in the apoptosis rate of RBAC pre-treated
tumour cells (human T cell leukaemic HUT 78) to the agonistic anti-CD95 antibody
was observed. The effect was dose-dependent (Ghoneum and Gollapudi 2003).

In an in vivo experiment, female Swiss albino mice bearing solid Ehrlich carci-
noma tumours were treated with intraperitoneal injections of RBAC (Badr El-Din
et al. 2008; Noaman et al. 2008). Compared with controls, RBAC-treated mice
exhibited a significant delay in tumour growth measured by volume (63.27%) and
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weight (45.2%), without any observed adverse side effects due to the treatment
(Noaman et al. 2008). NOD-scidIL-2Rgnull mice inoculated with neuroblastoma
cells were treated with intravenous NK cellular therapy using either fresh NK cells or
NK cells activated with RBAC overnight. The mice treated with RBAC activated
NK cells had upregulated NK cell activation markers, significant neuroblastoma
growth inhibition, and higher survival rates than control groups (Pérez-Martinez
et al. 2015).

RBAC has also been shown to work synergistically with other natural
antiproliferative agents, such as baker’s yeast (Ghoneum and Gollapudi 2005) and
curcumin (Ghoneum and Gollapudi 2011). Ghoneum and Gollapudi (2005)
performed experiments with several human breast cancer cell lines (MCF-7,
ZR-75, HCC70) cultured with baker’s yeast in the presence or absence of RBAC.
Treatment with added RBAC increased the number of apoptotic cells by multiple-
fold (2-fold for MCF-7, 2.5-fold for ZR-75, and 1.8-fold for HCC70) after 2 h,
compared to baker’s yeast alone (p < 0.001). Similarly, the synergistic potential of
RBAC and curcumin on human multiple myeloma cell line U266 was investigated.
Although both curcumin and RBAC induced apoptosis in U266 cells, combining
50 pg/ml of RBAC with curcumin concentrations of 2.5, 5, and 10 pM resulted in
200%, 220%, and 247% increase in cancer cell apoptosis (p < 0.05), respectively,
compared to control cells treated with either agent (Ghoneum and Gollapudi 2011).

RBAC also has synergistic antiproliferative effects with several chemotherapeu-
tic agents. Gollapudi and Ghoneum (2008) evaluated the sensitising activity of
RBAC with daunorubicin against human breast cancer cells (MCF-7 and HCC70
cell lines) in vitro. Treatment with selected concentrations of RBAC (100-1000 pg/
ml) for 3 days significantly increased the susceptibility of cancer cells to daunorubi-
cin (5.5-fold for MCF-7 and 2.5-fold for HCC70 cells) compared to those treated
with daunorubicin alone (p < 0.01). In another study, RBAC worked synergistically
with paclitaxel by causing DNA damage in cancer cells, enhancing apoptosis, and
inhibiting proliferation. Non-metastatic human breast cancer cells (MCF-7) and
metastatic murine breast cancer cells (4TT) were cultured with different paclitaxel
concentrations in the presence or absence of RBAC. The results showed that RBAC
increased the susceptibility of both types of cancer cells to paclitaxel by over
100-fold (Ghoneum et al. 2014).

Experiments in an animal model further confirm the synergy of RBAC and
paclitaxel (Badr El-Din et al. 2016b). In female Swiss albino mice inoculated with
Ehrlich ascites carcinoma cells, administering RBAC plus a low dose of paclitaxel
was shown to suppress tumour growth by 88% in volume, relative to control
(p < 0.01). In comparison, the suppression of tumour volume with paclitaxel
alone was only 59%, and RBAC alone was 77%. Inhibition of tumour growth
post-treatment with both agents, compared with either treatment alone, was
associated with a decrease in cell proliferation, an increase in DNA damage, and
apoptosis of tumour cells (Badr El-Din et al. 2016b).

RBAC has also been shown to arrest tumour proliferation in clinical observations.
In a recent case series reported by Pescatore et al. (2022), 14 patients with various
metastatic malignancies were recruited to study the effects of RBAC on circulating
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tumour cells (CTC), a prognostic biomarker for tracking cancer proliferation. The
patients took 1 g/day of RBAC for 10-19 weeks. Twelve participants completed the
trial, with two died during the study. The mean CTC level of the 12 participants was
significantly lower at the end of the study than baseline (2.33 + 3.5 vs. 8.33 + 8.89,
p = 0.0047). Hence, RBAC can be an antiproliferation therapy that slows cancer
progression.

3.6 Conclusion

RBAC is a potent immunomodulator. Available research shows that RBAC can
enhance NK cell activity, augment phagocytic cellular functions, modulate cytokine
production, promote T and B lymphocyte proliferation, and act as a natural adjuvant
for DCs. RBAC is an antiproliferative agent which activates the immune cells
towards their antitumour phenotypes. It can also complement the antioxidant
defence system to reduce oxidative stress which causes cellular damage and ageing.
As an inhibitor to angiogenesis, RBAC can mitigate the pathological development of
inflammatory conditions. As such, RBAC can be a valuable natural supplement for
the prevention and management of cancer and many chronic conditions.
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Abstract

There is accumulating evidence that rice bran extracts have profound effects on
mediating inflammation, with the therapeutic potential of rice bran widely
explored in several chronic inflammatory conditions including asthma, diabetes,
obesity, dermatitis, arthritis, liver injury, neuroinflammation, and cancer. How-
ever, rice bran extracts are often poorly characterised, making it difficult to
ascertain which constituents of the extract are contributing to the observed anti-
inflammatory properties. Despite this drawback, rice bran arabinoxylans (AXs),
or AX-derived compounds such as ferulic acid and feruloylated oligosaccharides,
have been identified as principal anti-inflammatory agents in rice bran extracts.
Moreover, AX-induced patterns of anti-inflammatory effects involving changes
in transcription factor regulation, gene transcription, enzyme activity, or inflam-
matory cytokine/mediator secretion are beginning to emerge in the research
literature. Given the body of published research primarily utilises modified rice
bran AX, commonly known as Biobran or MGN-3, there is ample scope to
explore a wider range of non-modified rice bran AXs as anti-inflammatory agents
in future work. Exploiting the emerging anti-inflammatory properties of rice bran
AXs to develop potential treatments or prophylactic therapies for inflammatory
diseases is an exciting prospect that warrants further investigation.
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Rice bran is typically considered a waste by-product of rice processing and often
discarded or used in animal feeds. However, it is becoming increasingly apparent
that rice bran contains numerous potentially useful substances including dietary
fibres (Friedman 2013; Sharif et al. 2014; North et al. 2009). Arabinoxylans (AXs)
are major dietary fibres found in many cereals such as rice, wheat, and corn that
possess multiple immune-mediating activities (Broekaert et al. 2011; Islam et al.
2008; Lee et al. 2021; Zhang et al. 2015). Several extraction processes are available
(including water, alkaline, enzymatic, fermentation, mechanical, and extrusion) to
yield arabinoxylan (AX) from rice bran (Zhang et al. 2015; Fadel et al. 2018a). It has
been reported that low molecular weight (30-50 kDa) AXs have immunostimulatory
and anti-inflammatory effects, both in vivo and in vitro (Elsaid et al. 2018; Ghoneum
and Matsuura 2004; Zheng et al. 2012a).

With regard to innate immunity, whether low molecular weight AXs act in an
immunostimulatory or an anti-inflammatory manner is likely to be dependent on the
target cell/tissue type and status. Cells of the adaptive immune system (including B
and T cells) are typically stimulated by AXs (Ghoneum 1998; Ghoneum and
Gollapudi 2003), as are cells of the innate immune system (e.g., dendritic and natural
killer cells) that bridge both innate and adaptive immunity (Cholujova et al. 2013;
Ghoneum and Agrawal 2011). In the absence of pre-existing infection or inflamma-
tion, AXs tend to stimulate innate inflammatory cell activity (Ghoneum and
Matsuura 2004; Ghoneum et al. 2008). However, during persistent infection (e.g.,
sepsis) or inflammation, evidence suggests AXs and their constituents act in an anti-
inflammatory manner, dampening excessive inflammatory cell activity such as
cytokine and protease production (Fadel et al. 2018b; Fang et al. 2012; Udani and
Hardy 2006). It has been proposed that due to their structural and molecular weight
similarity with polysaccharides of microbial origin, such as bacterial
lipopolysaccharide (LPS), AXs may bind to and somewhat activate target cell
receptors, leading to moderate immune stimulation in the absence of infection or
inflammation (Zhang et al. 2015; Fadel et al. 2018b). For example, toll-like receptor-
4 (TLR-4) has been identified as a key potential receptor for AXs, since LPS
specifically binds to and activates TLR-4 (Mendis et al. 2016). However, in the
presence of infection or inflammation, AXs are likely to dampen the overall inflam-
matory response by effectively competing with bacterial LPS at TLR-4 (Fadel et al.
2018b).

Modified rice bran AX, commonly known as Biobran or MGN-3, is a novel
biological response modifier (BRM) obtained from rice bran after enzymatic treat-
ment with an extract from shiitake mushrooms (Lentis edodes) (Ghoneum and
Agrawal 2011). Modified rice bran AX of low molecular weight (30-100 kDa)
can significantly stimulate both the innate and adaptive immune systems (Cholujova
et al. 2009; Ghoneum and Abedi 2004). Biobran/MGN-3 has been shown to
stimulate the production of interleukin-10 (IL-10), an anti-inflammatory cytokine,
by human peripheral blood phagocytes (Ghoneum et al. 2008). In a murine model of
LPS-induced sepsis, treatment with BioBran improved survival rate and was
associated with a decrease in pro-inflammatory cytokines, including IL-6 (Udani
and Hardy 2006). Similar findings have been confirmed with other cereal-derived
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AXs, including those from wheat bran that dampened LPS-induced inflammation
through decreased production of nitric oxide (NO), tumour necrosis factor-alpha
(TNF-a), IL-6, and IL-12 (Kang et al. 2016). Like MGN-3, hydrolysed rice bran
(HRB) arabinoxylan is generated from the digestion of defatted water-soluble rice
bran with carbohydrate-hydrolysing enzymes from shiitake mushrooms but over an
extended period, resulting in lower molecular weight polysaccharides. Pre-treatment
of murine bone marrow-derived mast cells with HRB arabinoxylan has been shown
to inhibit mast cell degranulation, RelA (p65) phosphorylation, and cytokine
(TNF-a and IL-4) production (Hoshino et al. 2010). Ji et al. (2020) showed that
arabinoxylans extracted from rice bran by microbial fermentation and acid hydroly-
sis increased cell viability and IL-10 levels following oral administration by mice
and in vitro exposure of murine RAW 264.7 macrophages.

Many studies report the beneficial anti-inflammatory effects of rice bran extracts
without identifying which constituent(s) of the extract mediate the observed
response (Fig. 4.1a). Similarly, the reported anti-inflammatory properties of rice
bran AX (Fig. 4.1b) may be attributable (at least in part) to its ferulic acid phenolic
component (Fig. 4.1c), which is the major phenolic compound in rice bran (Lee et al.
2021; Jun et al. 2015). Around 70% of phenolics present in rice bran are esterified to
arabinoxylan residues of cell walls, and these are released by enzymatic degradation
or microbial fermentation (Webber et al. 2014). Feruloylated oligosaccharides can
be released either by the enzymatic or mild acid hydrolysis of AXs. Ferulates
isolated from rice bran have been shown to protect against inflammatory contact
dermatitis in mice (Akihisa et al. 2000). Ferulic acid from rice bran has anti-
inflammatory properties in vitro and in vivo via transcription factor (nuclear factor
kappa-B [NF-kB]), enzyme (cyclooxygenase-2 [COX-2] and inducible nitric oxide
synthase [iNOS]), and pro-inflammatory cytokine (IL-1f, IL-6, and TNF-o)
downregulation (Islam et al. 2011). Ferulic acid also inhibits the production of
murine chemokine macrophage inflammatory protein-2 (MIP-2) in LPS-stimulated
RAW 264.7 macrophages (Sakai et al. 1997). Feruloylated oligosaccharides released
from rice bran AXs induced IL-10 whilst suppressing IL-1p, IL-6, TNF-a, prosta-
glandin E2 (PGE2), and NO production in LPS-stimulated RAW?264.7 cells (Fang
et al. 2012). Several pro-inflammatory mediators (NO, IL-6, IL-12, and interferon
gamma [IFN-y]) that are induced in RAW264.7 mouse macrophages following
stimulation with hydrogen peroxide or bacterial LPS can be dampened by rice
bran phenolic extracts containing predominantly ferulic acid (Saji et al. 2020).
Furthermore, Saji et al. (2019) showed that these rice bran phenolic extracts mediate
the transcription of key inflammatory genes in human umbilical vein endothelial
cells under induced oxidative stress, including upregulated endothelial nitric oxide
synthase (eNOS) and downregulated intercellular adhesion molecule-1 (ICAM-1),
ectonucleoside triphosphate diphosphohydrolase 1 (otherwise called cluster of dif-
ferentiation 39 [CD39]), and ecto-5"-nucleotidase (CD73) (Saji et al. 2019). ICAM-1
is responsible for promoting the adhesion of circulating leucocytes to endothelial
cells and subsequent transmigration to sites of inflammation, whilst CD39/CD73
regulates purinergic mediators such as adenosine triphosphate (ATP) and adenosine
diphosphate (ADP) that initiate a series of pro-inflammatory responses. In contrast,
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eNOS generates protective NO in the vasculature, thereby preventing increased
reactive oxygen species (ROS) production in endothelial cells. Thus, the work of
Saji et al. (2019, 2020) highlights multiple mechanisms of action through which rice
bran AX-derived phenolic compounds may dampen inflammation.

Excessive production of pro-inflammatory cytokines and tissue-destructive
proteases is associated with many chronic inflammatory conditions, and the thera-
peutic potential of rice bran to mediate inflammation has been widely explored.
Asthma, atopic dermatitis, and rheumatoid arthritis are inflammatory human
disorders that appear to be responsive to the anti-inflammatory effects of Biobran/
MGN-3 (BioBran Research Foundation 2013). Black rice bran has been shown to
significantly dampen gene and protein levels of iNOS, leading to reduced NO levels
both in an in vivo murine model of induced asthma and in LPS-activated RAW
264.7 murine macrophages in vitro (Lee et al. 2015). Black rice bran also inhibits
NF-kB expression in a murine model of induced asthma (Lee et al. 2005). In a
human study of rheumatoid arthritis, some subjects noted a reduction in disease
symptoms that were associated with reduced levels of rheumatoid factor and C-reac-
tive protein (CRP) following 6—12 months treatment with 1-3 g Biobran daily
(Ichihashi 2004). In human clinical trials, Biobran has been shown to reduce the
progression of skin lesions in atopic dermatitis, and this is associated with a
reduction in immunoglobulin E (IgE). Ogawa et al. (2005) found a similar effect
by corn-derived AXs in a murine model of atopic dermatitis, suggesting the AXs
from a variety of cereal grains (not just rice) have this anti-inflammatory property.
Rice bran is also effective at reducing inflammation in other types of dermatitis. For
example, injection or ingestion of black rice bran in experimental mice reduces the
cutaneous inflammation associated with induced allergic contact dermatitis,
resulting in reduced tissue oedema and suppression of leukotriene B4 (LTB4),
IL-1B, TNF-a, and IL-6 (Choi et al. 2010). In both an in vivo murine model and
an in vitro assay of mast cell (RBL-2H3 cell line) allergic responses, fermented rice
bran treatment inhibited mast cell degranulation and mRNA levels of IgE-induced
pro-inflammatory markers including TNF-a, IFN-y, IL-4, and IL-6 (Fan et al. 2010).

There is growing evidence that rice bran can dampen liver-associated inflamma-
tion. Oral and intraperitoneal administration of Biobran/MGN-3 and particularly the
low molecular weight AX fraction of MGN-3 provided protection of liver injury, and
this was associated with reduced hepatic IL-18 gene expression and serum IL-18
levels in male Wistar rats (Zheng et al. 2012b). The low molecular weight AX
fraction of MGN-3 inhibited CD14 messenger ribonucleic acid (mRNA) expression,
IkappaB-alpha (IxB-o) degradation, NF-xB activation, and c-Jun N-terminal kinase
(JINK)/mitogen-activated protein kinase (MAPK) expression in a Wistar rat model of
hepatitis (Zheng et al. 2012a). Similarly, ferulic acid protects against induced liver
injury in mice (Kim et al. 2011), and subsequent investigations showed dietary
supplementation with rice bran phenolic extract represses hepatic inflammation in
mice following alcohol-induced liver injury via inactivation of the hepatic endo-
toxin-TLR-4-NF-«kB pathway (Xiao et al. 2020).

There is growing evidence that Biobran/MGN-3 is an effective therapeutic to
complement conventional cancer treatment (Ooi et al. 2018). Moreover, dietary
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consumption of rice bran-derived AXs, including Biobran, has shown promising
therapeutic effects in cancer patients including ameliorating cancer-associated
inflammation. Kim et al. (2020) showed that patients undergoing cancer therapy
alongside consumption of AX-rich fermented rice bran over an 8-week intervention
had significantly (P < 0.05; n = 10) reduced levels of IL-1p and IL-6 secretion by
LPS-stimulated peripheral blood mononuclear cells. In a rat model of liver carcino-
genesis, treatment with Biobran inhibited inflammation and associated fibrosis by
blocking liver cell expression of NF-kB (Badr El-Din et al. 2020). In unstimulated
cells, NF-xB binds to its inhibitor IxkB-o in the cytoplasm. When IkB-o becomes
phosphorylated, NF-xB is released and becomes activated. The activated NF-xB
then translocates to the nucleus where it acts as a transcription factor, stimulating the
transcription of numerous pro-inflammatory genes. The hepatoprotective activity of
Biobran in hepatocarcinogenic rats was correlated with both a reduction in inflam-
matory infiltrates and reversal of the carcinogen-induced degradation of IkB-o (Badr
El-Din et al. 2020). Dokkaew et al. (2019) showed rice bran extract blocks iNOS,
TNF-a, and NF-kB expression in rats with early hepatocarcinogenesis. The ferulic
acid component of rice AX has been shown to suppress COX-2 activity, phosphor-
ylation of IxkB-a, nuclear translocation of NF-kB, NOS-2 (iNOS) gene expression,
and production of TNF-a and IL-6 in cancers (Desai et al. 2018).

Chronic neuroinflammation has been observed in a number of brain diseases,
including Parkinson’s disease, Alzheimer’s disease, schizophrenia, and depression
(Kurtys et al. 2018). Biobran/MGN-3 has been shown by Ghoneum and El Sayed
(2021) to be protective against sporadic Alzheimer’s disease in mice, with Biobran
treatment showing decreased levels of IL-6 and ICAM-1. Peripheral inflammatory
conditions, such as colitis or LPS—induced sepsis, have been shown to activate
microglia and initiate neuroinflammation (Chen et al. 2012; Riazi et al. 2008). The
anti-inflammatory effects of rice bran fibres on neuroinflammation have been widely
described (Kurtys et al. 2018). Abd El Fattah et al. (2021) showed rice bran can
protect against LPS-induced neuroinflammation in a murine model by activating
peroxisome proliferator-activated receptor-gamma (PPAR-y) nuclear receptor.
Bhatia et al. (2016) showed rice bran blocked prostaglandin release in
LPS-activated primary microglia via reduced COX-2 and microsomal prostaglandin
E synthase-1 (mPGES-1). Rice bran inhibited microglial activation by interfering
with MAPK signalling and blocking the IkB-a degradation observed in
LPS-activated microglia, leading to enhanced microglial production of the anti-
inflammatory cytokine IL-10, and reduced the expression of pro-inflammatory
markers TNF-a and IL-1p (Bhatia et al. 2016). Ferulic acid isolated from ferulated
rice bran arabinoxylans through hydrolysis by bacterial enzymes provides
neuroprotective and anti-neuroinflammatory effects in a murine model partly by
reducing the levels of pro-inflammatory mediators, including TNF-a, IL-6, NF-xB,
COX-2, and iNOS (Das et al. 2014).

Obesity and the development of type 2 diabetes due to insulin resistance is
characterised by chronic, systemic low-grade inflammation in adipose tissue.
Stabilised rice bran has been proposed as a potential treatment for diabetes due to
its anti-inflammatory activities which include inhibition of COX-1, COX-2, and
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5-lipooxygenase pro-inflammatory enzymes (Roschek et al. 2009). A rice bran-
supplemented diet reverses the elevation of IL-1 §, TNF-a, IL-6, and iNOS observed
in the adipose tissue of obese Zucker rats (Candiracci et al. 2014). Rice bran extract
also reduced vascular inflammation in obese Zucker rats by reducing aortic super-
oxide levels, iNOS expression, and TNF-a production (Justo et al. 2013). Male
Wistar rats fed a high-sugar and high-fat diet supplemented with rice bran, as shown
by Siqueira et al. (2021), have reduced levels of renal inflammatory markers,
including IL-6 and TNF-a. In obese mice on a high-fat diet, rice bran supplementa-
tion significantly (P < 0.05; n = 6) reduced myocardial COX-2 and matrix
metalloproteinase-9 (MMP-9) activity, hepatic and serum TNF-a levels, and hepatic
and heart NF-kB expression (Duansak et al. 2020). Moreover, the mRNA expression
of IL-1p and IL-6 in white adipose tissue was significantly reduced in obese mice on
high-fat diets supplemented with rice bran (Justo et al. 2016). In a human
randomised controlled trial involving overweight and obese subjects placed on an
energy-restricted diet, consumption of rice bran significantly reduced the
pro-inflammatory markers CRP and IL-6 compared to the control group lacking
rice bran treatment (Edrisi et al. 2018).

In a randomised controlled trial involving 40 patients, Biobran/MGN-3 treatment
for 4 weeks reduced the low-grade inflammation associated with irritable bowel
syndrome (IBS), and this anti-inflammatory effect was mirrored by a reduction in the
inflammatory marker CRP (Kamiya et al. 2014). In a murine model of colitis, the
anti-inflammatory activity of ferulic acid from rice bran was mediated through
inhibition of NF-xB activity (Islam et al. 2008). Fermented rice bran has also been
shown to reduce myeloperoxidase, IL-1f, IL-6, IL-17, and TNF-a in a murine model
of colitis (Islam et al. 2017). MGN-3 arabinoxylan has been shown by Zhao et al.
(2020) to reduce IL-1p, TNF-a, IL-6, and IL-8 levels in the serum and jejunal/
colonic mucosa of male mice following radiation-induced intestinal injury.

The chronic inflammation associated with atherosclerosis has been shown to be
reversed by dietary supplementation of rice bran extract, leading to reduced gene
expression of aortic (TNF-a, IL-1p, iNOS) and hepatic (TNF-o, IL-1a, IL-1f)
inflammatory markers (Tan et al. 2020). Furthermore, Tan et al. (2020) revealed
that LPS-stimulated gene expression of iNOS, TNF-a, IL-1a, IL-1p, and IL-6 in
J774A.1 macrophage-like cells was ameliorated following treatment with the rice
bran extract. The anti-inflammatory effect of rice bran extract on atherosclerotic
plaque development in obese mice on a high-fat diet may in part be due to reduced
inflammatory cell infiltration (Perez-Ternero et al. 2017). In a rabbit model of
atherosclerosis, treatment of hypercholesterolemic rabbits with rice bran from
Njavara rice switched Janus kinase 2/signal transducer and activator of transcription
3 (JAK2-STATS3) activation in macrophages, leading to an anti-inflammatory envi-
ronment with increased IL-10 expression and reduced levels of IL-1f and CRP
(Chithra et al. 2017).

In summary, there is accumulating evidence that rice bran extracts have profound
effects on mediating inflammation (Fig. 4.1a). However, many of these rice bran
extracts are poorly characterised, and it is often difficult to ascertain which constitu-
ent(s) of the extract are contributing to the observed anti-inflammatory effects in
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previously published works. Despite this drawback, research specifically
investigating rice bran AXs or AX-derived constituents is gradually developing in
the literature, highlighting some common patterns (mediators) of anti-inflammatory
activity mediated by rice bran AXs (Fig. 4.1b) or AX-derived compounds such as
ferulic acid and feruloylated oligosaccharides (Fig. 4.1c). The body of published
anti-inflammatory research on rice bran AX mostly focuses on utilising Biobran/
MGN-3, which highlights the potential scope to investigate a wider range of
non-modified rice bran AXs in the future to complement the extensive work
conducted on MGN-3. Application of the emerging anti-inflammatory properties
of rice bran AXs as a potential treatment or prophylactic therapy for a wide range of
inflammatory diseases is an exciting prospect that warrants further investigation.
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Applications in Cancer

Part III aims at detailing the therapeutic applications of RBAC in cancer. Scientific
evidence for the use of RBAC as a supporting treatment for cancer will be explored.
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Abstract

Integrative oncology is a branch of integrative medicine that combines the
treatment of cancer patients with complementary and conventional modalities.
It aims to enhance the effect of conventional treatments and optimize the quality
of life and emotional health of cancer patients. Carcinogenesis involves the
transformation of normal cells into cancer cells through random damage to
control genes, leading to uncontrolled growth, proliferation, and invasion of
cancer cells into normal tissues. While chemotherapy and bio-targeted therapy
address cancer spread from the initial tumor, surgery and radiotherapy deal with
the growing mass, and immunotherapy addresses those cancer cells that knock
out the immune system’s ability to recognize them. Conventional cancer man-
agement targets early-stage cancer with curative intent and late-stage cancer with
palliative intent. Complementary modalities in cancer management encompass
mind/body practices, natural products, and lifestyle modification. When diet
therapy and nutraceutical medicine are used in cancer management, it is referred
to as nutritional oncology. Modified rice bran arabinoxylan is a nutraceutical that
has been shown to improve the quality of life in breast cancer patients, reduce the
chemotherapy side effects, enhance the response rate to chemotherapy in liver
cancer, provide radioprotective effects in cervical cancer, augment immunity in
multiple myeloma, and prolong survival of patients in many case studies. Inte-
grative oncology has emerged as a new field of medical practice to improve
cancer patients’ survival and quality of life.
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5.1 Definition of Integrative Oncology

Integrative oncology is a branch of integrative medicine, which combines comple-
mentary medicine modalities with conventional medicine. Integrative oncology
focuses on the treatment of cancer patients with complementary and conventional
modalities. Conventional modalities for cancer treatment include surgery, radiother-
apy, chemotherapy, targeted biotherapies, and immunotherapy. The complementary
modalities include mind and body practices, natural products, and lifestyle
modifications.

Integrative oncology emerged as a response to cancer patients’ desire for holistic
care (Leis et al. 2008). Cancer patients often request care that not only focuses on
treating their disease but also takes into consideration the source of their illness,
optimizes their health, and enhances their well-being. Based on the increasing
evidence for the safety and effectiveness of many complementary modalities in
cancer care, several hospitals and medical centers apply these complementary
modalities to meet cancer patients’ needs (Cramer et al. 2013; Grant et al. 2019).

Integrative oncology is a relatively new field. A comprehensive consensus defi-
nition has been developed, which states, “Integrative Oncology is a patient-centered,
evidence-informed field of cancer care that utilizes mind and body practices, natural
products, and/or lifestyle modifications from different traditions alongside conven-
tional cancer treatments. Integrative Oncology aims to optimize health, quality of
life, and clinical outcomes across the cancer care continuum and to empower people
to prevent cancer and become active participants before, during, and beyond cancer
treatment” (Witt et al. 2017).

5.2  The Principle of Integration in Cancer Patient
Management

To understand the principle of integration, we must understand carcinogenesis in the
patient’s body. Carcinogenesis involves the process of initiation, promotion, and
progression (Yamagiwa and Ichikawa 1918). Initiation involves random damage to
genes. Promotion involves stimulation of uncontrolled growth and proliferation of
cells either directly or indirectly by causing inflammation. During inflammation,
several growth factors are released. Hence, chronic inflammation is a factor in
developing and progressing or worsening cancers (Coussens and Werb 2002).
Progression involves the development of more aggressive, destructive, and more
invasive behavior of cancer cells.
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Initiators damage genes that control the behavior of a cell. When multiple control
points within a cell have been damaged, the cell will lose control and continually
perform that behavior. When a cell loses control of growth and proliferation, the cell
becomes a tumor or a growing mass of cells. Surgery and radiotherapy are treatments
that address this growing mass of cells.

This uncontrolled cell behavior is passed on to the succeeding generation of cells
because damaged genes are copied or duplicated during cell growth prior to prolif-
eration. Thus, when an initiator damaged the genes, a normal cell is transformed into
a tumor cell. When genes controlling the behavior of mobility and invasiveness are
damaged, then the tumor cell transforms into a cancer cell (Cooper and Hausman
2013). Chemotherapy and bio-targeted therapy address cancer that has spread out
from the initial tumor mass.

Continuous exposure to initiators will lead to further disease progression because
additional behavior controlling genes may be damaged. A variety of behaviors
emerge in the different cancer cells enabling them to become intelligent for survival.
Diet and lifestyle modification can reduce the load of initiators entering the body and
moderate their survival intelligence.

Cancer cells induce branching of blood vessels that extend to the tumor mass,
providing nutrition even to the cancer cells in the inner regions of the mass. This
ability enables cancer to grow into a larger mass. Surgery and radiotherapy can
address this growing mass. There are targeted therapies and natural products that can
block cancer cells’ ability to make blood vessels grow.

There are cancer cells that knock out the immune system’s ability to recognize
them (Cornel et al. 2020). Immunotherapy will address these kinds of cancer cells.
Physical activity lifestyle modification helps improve immunity. Some cancer cells
make the immune surveillance blind. There are natural products that can bring back
immune recognition of cancer cells. Certain cancer cells camouflage themselves
from the immune system while traveling in the blood, going to distant areas of the
body. There are natural products that can dissolve the camouflage.

There are cancer cells that induce muscle protein breakdown into amino acids.
There are cancer cells that make the liver produce glucose from amino acids. There
are oral nutritional supplements that can block these abilities of cancer cells.

Initiators include ionizing radiation that damages genes, infectious agents that
disrupt control genes, and mostly human-made pollutant chemicals that damage and
kill cells. Pollution is a major factor that has influenced the development of cancer.
These initiator pollutants accumulate in some geographical regions where polluted
waters gather, such as rivers, river mouths, shallow waters of the sea, and animals
higher up in the food chain. Processing of foods adds more initiator chemicals into
the food supply, such as in processed red meats (Santarelli et al. 2008). Thus, it is
advisable to avoid processed red meats and reduce red meat consumption to reduce
cancer risk.

Promoters allow the accumulation of multiple genes to be damaged, which
shortens the time it takes for the cell to lose control of its behavior. That is why
targeting a single gene defect in the behavior control pathways is usually not
sufficient. Multiple control points must be targeted to stop uncontrolled behavior.
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Chemotherapy is usually more effective in combination with other chemotherapy
drugs and bio-targeted therapies (Bayat Mokhtari et al. 2017).

Another factor that comes into play in a patient with cancer is stress. Stress
increases cortisol levels, which increases the liver production of glucose and lowers
immunity. Glucose feeds cancer with energy and materials for its growth. Weakened
immunity allows cancer to escape. The complementary modality of mind and body
practices has been shown to reduce the stress level (Kim et al. 2013).

5.3 Role of Conventional Modalities in Cancer Management

Cancer cells continuously and uncontrollably grow and proliferate or multiply in
numbers. They increase in numbers exponentially. By the time cancer is symptom-
atic, detected, and diagnosed, their number is already in the billions. Thus, the fight
against cancer is a numbers game. To treat cancer, it may be required to drastically
reduce cancer cell numbers, which is the role of conventional therapies such as
surgery, radiotherapy, chemotherapy, bio-targeted therapy, and immunotherapy.

The conventional management of cancer utilizes treatment modalities wherein
their effectiveness is supported with clinical studies reaching the level of a double-
blind, randomized controlled clinical trial (RCT) on hundreds of subjects, even
thousands. Conventional medicine modalities have well-described adverse reactions
or side effects, which are often managed.

The conventional treatment modalities are designed to treat early-stage (stages
0, I, and II) cancer with curative intent and late-stage (stages Il and IV) and terminal
diseases with palliative intent slowing down cancer growth. In the past, cancer was
grouped into the early and late stages. Cancer is currently grouped into metastatic
and nonmetastatic disease wherein stage IV is metastatic disease and stages I, II, and
IIT are nonmetastatic disease (American Cancer Society 2020).

The roles of surgery in cancer patient management include (Canadian Cancer
Society 2020):

. Obtain tissue for diagnosis and staging.

. Remove very early stage of cancer to achieve a possible cure.
. Relieve the symptoms of a large cancer tumor.

. Remove sites of recurrence.

. Reconstruct tissue damaged by cancer.

. Prevent cancer in high-risk individuals.

NN RN~

The role of chemotherapy is to reduce the number of cancer cells that have spread
throughout the body and prolong cancer patient survival (Lee et al. 2018). The role
of bio-targeted therapy is to target specific genes and proteins involved in cancer
cells’ growth and survival, affecting the tissue environment of cancer cells or target
cells related to cancer growth like blood vessel cells (Cancer.Net Editorial Board
2020a). The role of immunotherapy is for cancer cells to be recognized and targeted
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by the body’s immune system and prolong survival (Cancer Research Institute
2020).

5.4 Role of Complementary Modalities in Cancer Management

5.4.1 Mind and Body Practices

Mind and body practices are not therapeutic, but they address a person’s well-being,
quality of life, pain, and energy. The modality of mind and body practices include
hypnosis (mind), relaxation techniques (mind), talk therapy, meditation, visualiza-
tion, music therapy, art therapy, aromatherapy, qigong (body and mind), acupunc-
ture (body), reflexology (body), and massage therapy (body).

Stress feeds cancer due to cortisol, the stress hormone, causing the liver to
produce glucose (Lecavalier et al. 1990), and lower immunity (Brzozowski et al.
2016). Thus, mind and body practices such as relaxation techniques, meditation, and
yoga help reduce stress hormone levels and improve immunity (Smith 2013).

The states of mind and body influence the immune system, which defends the
body from cancer. Regular moderate exercise enhances immunosurveillance and
may help reduce the risk of cancer (Nieman and Pence 2020). Mind and body
practices also improve salivary immunoglobulin A levels and positively affect
immune outcomes (Wahbeh et al. 2009).

5.4.2 Natural Products

Natural products include dietary supplements, herbal medicine, and nutraceuticals.
Natural products:

1. Assist conventional treatment modalities in killing cancer cells by apoptosis,
starving cancer from growing its blood supply, and supporting the functionality
of the immune system.

2. Help protect healthy normal cells from collateral damage from conventional
treatments.

3. Block the ability of cancer cells to feed on the body.

5.4.2.1 Dietary Supplements

People with cancer take dietary supplements in an attempt to be cured of cancer. A
dietary supplement is any vitamin, mineral, botanical/plant-derived material,
enzymes, amino acids, or other dietary ingredients taken by mouth and added to a
diet. In the United States, it is not required to prove safety or efficacy when a dietary
supplement is registered with the Food and Drug Administration. The only require-
ment is to place a label stating, “No Approved Therapeutic Claim” (Dwyer et al.
2018).
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5.4.2.2 Herbal Medicine

Herbal medicine can be considered traditional or modern (Wikipedia 2020). Tradi-
tional herbal medicine is also called phytotherapy, which involves crude plant
preparations, whereas modern herbal medicine is purified extracts with clinical trials
on safety and efficacy. Modern herbal medicine is part of a class of natural products
called nutraceutical medicine. Herbal medicine may have a role in the mitigation of
reactive oxygen species and autophagy in cancer therapy (Marzvanyan et al. 2018).

5.4.2.3 Nutraceutical Medicine, Natural Product Drugs,
and Botanical Drugs

The field of nutraceuticals is another emerging area with various definitions. Stephen
de Felice initially coined the word nutraceuticals from “nutrition” and
“pharmaceuticals.” He defined it as food or parts of food that provide medical or
health benefits, including preventing and treating disease (Kalra 2003). In the form
of food, the nutraceutical is aptly called a functional food. Another term could be
nutraceutical medicine, which would be defined as a natural product

1. Obtained from mostly plants and herbs.
2. Formulated into powder or liquid placed in capsule, sachet, or tablet form.
3. Evaluated for safety and efficacy in human clinical trials.

Other terms used that fall within this definition of nutraceutical medicine are
natural product drugs or botanical drugs. Nutraceuticals are a marketing term, while
botanical drugs and natural product drugs are terms used by regulatory authorities.
Nutraceuticals are registered as dietary supplements, while natural product drugs and
botanical drugs are registered as drugs.

One of the major sources of drug discovery is from plants (Katiyar et al. 2012).
Plant herbs have been the source of compounds converted into evidence-based
pharmaceutical drugs called botanical drugs. There is increasing use of botanical
drugs globally, growing annually by 8-10% (Ahn 2017). Proper double-blind
controlled clinical trials are needed to determine plants’ safety and efficacy before
they can be recommended for medical use (Vickers 2007).

These nutraceutical medicines, natural product drugs, or botanical drugs are:

1. Extracted from nature (although the purity may be low, moderate, or high. Some
products reach as high as 97% purity (Grkovic et al. 2020). However, there will
be no nature-derived compound that will reach 100% equivalence to a
synthetic drug).

2. Purified to obtain the active compound (although there are extracts where the
active compound has not been identified).

3. Standardized to contain a consistent amount of active compound (amount of
active compounds found in plants varies based on the climate conditions, avail-
able nutrients in the soil, and plant variety).

4. Studied for safety to the human body.
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5. Studied for efficacy in the therapy of diseases and healthy structure and function
of the human body.

5.5 Lifestyle Modification as a Complementary Modality
The role of lifestyle modifications is to:

1. Reduce the risk of cancer, which is increased by an unhealthy diet and lack of
physical activity.

2. Support the nutritional needs of the patient without supporting the nutrition of
cancer cells.

3. Enhance muscle strength and body fitness, which cancer weakens.

Malnutrition is a hallmark of cancer. Patients must recover from their poor
nutritional status, which comes from cancer grabbing nutrients from the body. For
example, cancer can utilize glucose more than normal cells because it makes the
body relatively resistant to insulin (Dev et al. 2018). When a patient is told to eat and
eat more of anything, glucose from the food feeds cancer more than the normal cells.
Between the three sources of energy, carbohydrates, fats, and proteins, cancer
prefers glucose, as evidenced by the use of labeled glucose to detect cancer in
positron emission tomography and computerized tomography scans (Croteau et al.
2016). We must find a way to starve cancer from its energy source without starving
the body.

5.5.1 Nutritional Oncology

Nutritional oncology is the use of diet therapy and nutraceutical medicine/botanical
drugs in cancer management. In nutritional oncology, there is a way to feed the
patient without feeding cancer and starve cancer without starving the patient. Cancer
cells exclusively derive energy from glucose and not from fats and proteins, while
normal cells of the body can derive energy from carbohydrates, fats, and even
proteins. If the patient reduces or stops eating carbohydrates and eats mostly fats
and proteins, cancer will be starved of energy, but not the patient’s body. Currently,
there are numerous clinical trials on dietary interventions for cancer therapy
(Lévesque et al. 2019).

5.5.2 Physical Activity

Studies suggest that doing any kind of physical activity that reduces sitting can help
lower cancer risk (Cancer.Net Editorial Board 2020b). Regular exercise within one’s
limit improves physical and mental health during conventional cancer treatment
(Cancer.Net Editorial Board 2020c).
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5.6 Evidence-Based Integration

There is a need for studies to support integrating complementary modalities with
conventional cancer patient management collaboratively and synergistically.

RCTs are the “gold standard” in clinical research because of the strong inherent
validity emanating from the design’s ability to control bias, confounding factors, and
error. However, for studies of complementary therapies in integrative oncology, the
validity of RCT may not be possible to achieve for many of the complementary
modalities. For natural products, like nutraceuticals that can be standardized as to the
amount of active component, RCTs can be performed. These studies’ outcome
measures may be objective such as survival data or response rates or subjective
such as patient desires (e.g., pain control, improved capacity for daily living, quality
of life). However, these studies usually have only small sample sizes because RCTs
are costly, and natural products cannot be patented. Another company can simply
use the results of the study to market the same natural product.

One of the nutraceuticals that advanced to RCT level is modified rice bran
arabinoxylan (BioBran/MGN-3/Lentin plus). In a review paper (Ooi et al. 2018),
rice bran arabinoxylan has been shown to:

1. Improve the quality of life in breast cancer patients (Masood et al. 2013).

2. Reduce the chemotherapy side effects in breast cancer (Masood et al. 2013) and a
variety of cancers (Petrovics et al. 2016).

3. Improve the response rate to chemotherapy in hepatocellular carcinoma (Bang
et al. 2010).

4. Provide radioprotective effects in cervical cancer (Itoh et al. 2015).

. Improve immunity in multiple myeloma (Cholujova et al. 2013).

6. Prolong survival in hepatocellular carcinoma and various cancers (Takahara and
Sano 2004).

9]

There is an ongoing trial on rice bran arabinoxylan’s effect on the quality of life of
cancer patients (Ooi et al. 2020).

Below are a few of the integrative oncology clinical trials integrating diet,
vitamins, and natural products with conventional therapies.

1. A phase III study of ascorbic acid infusions combined with FOLFOX =+
bevacizumab versus treatment with FOLFOX + alone as first-line therapy in
patients with recurrent or advanced colorectal cancer (Xu 2019).

2. How well the combination of ketogenic diet and chemotherapy works together to
influence the return of cancer in patients with stage IV breast cancer (Volek
2018).

3. Pilot study on ketogenic diet treatment adjunctive to radiation and chemotherapy
for newly diagnosed glioblastoma (Mid-Atlantic Epilepsy and Sleep Center LLC
2014).
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Integrative oncology has emerged as a new field of medical practice that
addresses various patient concerns with both conventional and complementary
modalities anchored in the principles of integration, each with its role to improve
patient survival and quality of life.
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Abstract

Growing evidence suggests that the adaptive cytotoxic cells have prophylactic
effects as they work more proficiently in the early phases of tumor development,
whereas the innate cellular system acts more curatively in parallel with disease
progression. However, both cellular systems depend on the balance of the innate
immune system, in which the degree of pre-activation (priming) and polarity play
an important role. Tumor-induced dysregulation of the innate immune system
leads to decreased function of type 1 effector cells and a predominance of type
2 cells, promoting the development of tumors. Consequently, we must learn to
manipulate this regulation by increasing the type 1 innate immune effector
activity and diminishing the type 2 system. This balance can also play an
important role in the sensitivity of tumor cells to innate effectors (such as natural
killer cells), which are regulated by the expressions of stress-related receptors on
tumor cells (such as MICA, MICB, or ULBP 1-3). Rice bran arabinoxylan
compound (RBAC) has been shown to activate the type 1 effector cells given
in doses of 1045 mg/kg and, in a controlled clinical trial, was able to result in an
evidence-based antitumor effect. Case reports suggest that a combination of
RBAC with therapy modalities that increase the expression of stress-related
molecules on tumor cells (using growth factor receptor inhibitors or lower
doses of gemcitabine) can result in remarkable clinical results. Therefore, if we
learn to better manipulate the immunoregulation using standardized RBAC
together with appropriate oncological treatments, it may open new strategies in
tumor therapy.
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6.1 Immunological Background
6.1.1 Tumor-Induced Immune Dysregulation

Despite the tremendous technical development of tumor diagnostics, at the time of
the first recognition of malignant tumors with a higher diameter than 5 mm, the
number of cancerous cells is in the millions. At this size, an outgrowth of clones that
can definitively escape from T cell lysis is inevitable. It is also known that these T
cell-resistant clones exhibit genetic dysregulation-related irreversible and
unrepairable quantitative and qualitative alterations in their major histocompatibility
complex (MHC)-I antigen production. Such alterations result in a growing inability
to present tumor-associated antigens for the cytotoxic T cells (Seliger et al. 2000;
Doan et al. 2008; Male et al. 2013). Therefore, growing attention is focusing on the
MHC-I unrestricted innate immune mechanisms, whose escape mechanisms appear
to be more reversible. It is well known that the MHC-I unrestricted effector cells
have an essential priming activity that can determine their functions. Similar to the
neuroendocrine system, this priming of the innate immune system also exhibits a
polarity in that it is committed in two directions.

As shown in Fig. 6.1, the type 1 macrophages (M1) and monocytes which
originated from type 1 dendritic cells (D1) generate proinflammatory cytokines for
only a short time. They facilitate the production of interleukin (IL)-12 and activate
cytotoxic effectors such as natural killer (NK), gamma/delta T, and type 1 NKT1
cells which are potent inhibitors of tumor growth in a MHC unrestricted manner
(Sanchez-Torres et al. 2001; Mantovani 2007; Hajt6 2018). However, the type
1 innate immune cells are downregulated in tumor disease (Hajté 2018). Moreover,
available evidence suggests a tumor-induced dominance of type 2 macrophages
(M2) and plasmacytoid precursors originated type 2 dendritic (D2) cells which
produce IL-4 and IL-10. Together, they facilitate the generation of T helper (Th) 2
cells and inhibit the type 1 system (Mantovani 2007; Hajt6 2018; Murray 1998;
Srivastava 2012). It was also shown that M2 and D2 cells affect chronic inflamma-
tion, promote cell proliferation by producing growth factors, and stimulate
angiogenesis.

In parallel with the downregulation of type 1 cells, it was also found that tumor
patients can have up to 40% type 2 upregulation of peripheral monocytes, which is in
contrast to healthy persons who have only 10% (Sénchez-Torres et al. 2001;
Mantovani 2007). In immunological research, there is further evidence that support
this polarity. For example, in patients with pancreatic cancer, which has mostly a
very unfavorable prognosis, the dominance of type 2 mechanisms appears to play a
considerable role. It has been repeatedly shown that the peripheral level and cyto-
toxic activity of NK cells are positively correlated with cancer survival (Adamska
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Fig. 6.1 The innate immune system is committed in two directions. M1 and D1 are type

1 macrophages and dendritic cells which take part in the regulation of the antitumor killer cells.

M2 and D2 are type 2 macrophages and dendritic cells which facilitate the generation of Th2 cells
and inhibit the type 1 system. (Adapted from Murray (Murray 1998))

et al. 2017; Davis et al. 2012). New evidence indicates that pancreatic carcinoma
cells release metabolites favoring the expansion and accumulation of monocytic
myeloid-derived suppressor cells, resulting in an increased level of both circulating
and tumor-infiltrating type 2 innate immune cells. This imbalance between type
1 and type 2 mechanisms is associated with shorter overall survival of pancreatic
carcinoma patients (Trovato et al. 2019).

Based on recent tumor immunological data, the immune surveillance theory has
not been discarded (Srivastava 2012). This theory suggests that cancer cells fre-
quently arise within the body, but they usually are eliminated before they multiply
sufficiently. Most mutated cells never become cancer, and tumors arise only if they
can escape immune surveillance. Consequently, it is assumed that adaptive T cells
are more essential in prophylaxis than in healing.

6.1.2 Modulation of Innate Inmune Mechanisms by RBAC
Over the past three decades, approximately 90% of tumor immunological research

has focused on the adaptive T cells whose impaired function is described by their
inadequate activation. However, this decades-long view is completely contradicted
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by the generally accepted opinion that tumors do not cause clinical signs of immune
downregulation (e.g., frequent infections and altered immunological laboratory
results, etc.). This opinion is further supported by clinical observations that certain
malignancies are less common in acquired immunodeficiency syndrome (AIDS)
patients (unpublished data). This is surprising since it is well known that AIDS
patients show a collapse in the cellular adaptive immune system. However, it should
be noted that during AIDS infection, the interaction between viral pathogen-
associated molecular pattern (PAMP) molecules (such as gp120) and pattern recog-
nition receptors (PRR) molecules on phagocytic cells in the host can upregulate the
type 1 innate immune system, which is supported by several investigations
(Capobianchi 1996; Kong et al. 1996). Could this AIDS-induced activation of the
type 1 innate immune system result in an enhanced tumor defense? At present, this
has not been investigated despite the fact that it would be apparent.

It is well known that the binding of PRR expressed on the phagocytic cell by
appropriate PAMP molecules on pathogens can lead to the activation of the type
1 innate system causing an elevated MHC-I unrestricted host defense against tumor
cells. In humans, PRR also includes toll-like receptors (TLR), mainly present on
phagocytic cells and on a variety of other host cells, which recognize and bind to
PAMP molecules to form interlocking structures and play a major role. As is well
known, PRR/TLR agonists have had a long journey in the field of cancer immuno-
therapy (Bancroft 2012). Various bacteria have also been investigated to activate the
type 1 natural immunity, but clinical success was inhibited mainly by the toxic side
effects and tolerance. When the bacteria were killed, the structure of their PAMP
molecules was also damaged.

Since PAMP molecules must be rigorously fitted to PRR, the biotechnology
industry is encumbered to produce them. Although PAMP molecules can never
exist in the host, they are widely found in nature. Consequently, growing attention is
focusing on the PAMP-like molecules with plant origin, which have considerably
fewer side effects in contrast to bacteria. At the moment, little research is available
about PAMP-like plant immunomodulators. Unfortunately, the market is full of
alternative but poorly investigated immunomodulators with scant evidence-based
support.

The most investigated and evidence-based plant immunomodulator is an
arabinoxylan extract from rice bran called rice bran arabinoxylan compound
(RBAC) manufactured and supplied in a standardized form as BioBran/MGN-3 by
Daiwa Pharmaceutical Co Ltd., Tokyo, Japan. It is composed of denatured hemicel-
lulose, obtained by rice bran hemicellulose reacting with multiple carbohydrate
hydrolyzing enzymes from shiitake mushrooms. RBAC preparations are
standardized for their main chemical component: arabinoxylan with a xylose
(in its main chain) and arabinose polymers (in its side chains). This plant immuno-
modulator strongly differs from other plant preparations since the enzymatic fer-
mentation breaks down each glycolytic bond except for the binding between
arabinose and xylose. This results in an arabinoxylan configuration with a similar
form that exists in the plant and retains its PAMP-like properties. Indeed, this
hydrolyzing enzyme-isolated RBAC has a similar immunomodulatory effect as
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Fig. 6.2 In a 3-year randomized prospective, double-blind clinical trial, arabinoxylan concentrate
(BioBran) was shown to enhance the effects of interventional chemotherapy against hepatocellular
carcinoma. After 1 g Biobran daily for 12 months, the 2-year survival was 35% versus 6%.
(Reproduced from Bang et al. (Bang et al. 2010))

bacterial PAMP molecules. A great number of publications report that a given dose
between 15 and 45 mg/kg RBAC can activate the type 1 natural effectors, such as
phagocytic and NK activities (Badr El-Din et al. 2008, 2016a, b; Pérez-Martinez
et al. 2015; Tan and Norhaizan 2017; Cholujova et al. 2009, 2013; Ghoneum and
Agrawal 2011, 2014; Ghoneum et al. 2013, 2014; Gollapudi and Ghoneum 2008),
and exhibit clinical benefit (Bang et al. 2010; Itoh et al. 2015; McDermott et al.
2006).

As shown in Fig. 6.2, a double-blind, randomized clinical trial with liver cancer
patients showed that RBAC given daily with a low dose for 12 months in parallel
with chemotherapy was able to induce a six-fold increase in the 2-year survival rate
(Bang et al. 2010). Despite the fact that RBAC is the most supported evidence-based
and standardized plant immunomodulator without any side effects, it remains
registered as a food supplement and not used in oncologic centers all over the
world. Consequently, its clinical research is regularly hindered.

Human research ethics committees often refuse permission for cancer clinical
trials with food supplements as interventions, and mainly case studies are allowed.
The cautious behavior of ethics committees and oncologic centers with evidence-
based food supplements is very regrettable since a possible manipulation of the
polarity in the innate immune system could open up new perspectives in tumor
research. Case reports always suggest more hypotheses that should be further
investigated in clinical trials. Since the polarity of the neuroendocrine system with
the polarity of the natural immune system exhibits a close relationship, a great
number of preliminary clinical observations always become more exciting.
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6.1.3 The Central Role of NKG2D as the Ligand for NK Cells

As discussed previously, the most important and most investigated MHC unre-
stricted killer cells are the NK cells, which have various receptors on their cell
membrane. Among them is a tumor defense pivotal killer activator receptor, namely,
the NKG2D. Their so-called stress-related ligands, such as MHC class I chain-
related A and B (MICA/B) and UL-16 binding proteins (ULBP) 1-3, are widely
expressed on various tumor cells. As was mentioned above, the loss of MHC-I
antigens can decrease the sensitivity of tumor cells to T lymphocytes, but it can
increase their sensitivity against NK and other MHC-I unrestricted killer cells (such
as type 1 NKT or gamma/delta T cells). Parallel with the decrease in MHC-I
expression, the upregulation of the stress-related ligands on tumor cells can enhance
the effect of NK lysis which can further be increased by RBAC plant
immunomodulator.

MICA and ULBP2 expression were found to be decreased with the progression of
malignant tumors. A substantial number of studies show that the expression of stress
molecules is influenced by various regulatory events (Martinez-Pomares 2012). For
example, one of the most important regulatory substances (IL-4) in the type 2 innate
system can selectively downregulate them. The dominance of M2 and D2 cells in
tumor environment can lead to enhanced production of growth factors which can
contribute not only to the downregulation of the type 1 natural effector cells but also
to diminish the expression of the NKG2D ligands, resulting in a lower sensitivity of
tumor targets to NK cells. Indeed, it was shown that epidermal growth factors can
inhibit the NK cytotoxicity against cancer cells by downregulating the expression of
ULBP 1-3 or MICA and MICB on the tumor cell membrane (Bae et al. 2012; He
et al. 2013).

As mentioned, RBAC is the first standardized plant immunomodulator proven by
a controlled and randomized clinical trial (Bang et al. 2010). If we stimulate the type
1 effector cells by RBAC and increase the sensitivity of tumor cells to them by
growth factor receptor (GFR) inhibitors or gentamycin in parallel, then we can open
new perspectives in tumor therapy with significant clinical results, which will be
demonstrated later. Clinical investigations and case reports can also support that the
regulation of both NKG2D and its stress-related ligands has crucial importance in
tumor therapy.

6.2 Case Reports Which Support the Clinical Benefits of RBAC

6.2.1 A Patient with Lung Adenocarcinoma Treated with Erlotinib
and RBAC

As mentioned, the stimulatory effect of GFR signaling pathway inhibitors on the
expression of stress-related molecules results in enhanced sensitivity of tumor cells
to NK cytotoxicity. Therefore, their combination with evidence-based
immunomodulators is very promising. This is due to the potential increase in the
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Fig. 6.3 Computerized tomography investigations of lungs in the patient with inoperable adeno-
carcinoma, which is localized on the boundary of the middle and lower right lobes which was
accompanied with extensive atelectasis: 5/A, prior to the chemotherapy; 5/B, after four cycles of
carboplatin (110 mg/m?) and paclitaxel (90 mg/m?); 5/C, 7 months after a combinative treatment
with erlotinib (75 mg daily) and standardized plant immunomodulators giving 0.75 ng/kg VAA-Iin
extract and 45 mg/kg RBAC. (Reproduced from Hajt6 (Hajté et al. 2016))

NKG2D expression and thereby the cytotoxicity of NK cells against the tumor cells
sensitized by GFR inhibitor. Indeed, the following case report may support this
synergistic effect.

A 75-year-old patient with inoperable lung adenocarcinoma showed a very rapid
progression during chemotherapy with four cycles of carboplatin and paclitaxel. The
patient was in a terminal state. Therefore, the chemotherapy was stopped, and
erlotinib (daily 75 mg Tarceva) was started in combination with RBAC treatment.
As shown in Fig. 6.3, 7 months later, a computerized tomography (CT) scan
established a nearly complete remission, and the duration of this remission was
longer than 3 years (Hajt6 et al. 2016).

Erlotinib belongs to the first agent to target tyrosine kinase of the epidermal GFR
(EGFR). In clinical trials of patients with advanced non-small cell lung cancer
(NSCLC) who had previously been treated with chemotherapy, the response rate
to EGFR tyrosine kinase inhibitor was found to be between 8 and15% (Fukuoka
et al. 2003; Shepherd et al. 2005). Interestingly, in a very large non-inferiority study,
the median survivals of 1466 patients were compared after chemotherapy (75 mg/m?
docetaxel every 3 weeks) versus EGFR inhibitor (250 mg/daily gefitinib), and no
significant differences were found (Kim et al. 2008). Therefore, the potential syner-
gistic effects of EGFR inhibitors with standardized RBAC can be promising.

6.2.2 A Patient with Carcinoma in the Biliary Duct Treated
with Another GFR Signaling Pathway (MEK/BRAF) Inhibitor
and RBAC

Similar to the combination with erlotinib, another exciting case report is shown with
MEK/BRAF inhibitors combined with RBAC. As it is well known, MEK
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(mitogen-activated  extracellular  signal-regulated kinase) inhibitors can
downregulate the MAPK (mitogen-activated protein kinase) cascade (RAS/RAF/
MEK/ERK), which plays an important role in the enhanced cell cycle progression
and migration in tumor patients. In the case of BRAF mutations, MEK and BRAF
inhibitors have a synergistic effect. Similar to erlotinib, the MEK inhibitor can also
upregulate the expression of stress-related molecules (MICA/B, ULBP1-3). In other
words, the most significant effect of MEK/ERK signaling inhibitors is the recovery
of tumor-induced decrease of NKG2D ligands (MICA/B and ULBP1-3) (Yang et al.
2017). However, despite their immune sensitivity enhancing effect, MEK inhibitors
alone (without immunomodulator) can induce only a transient clinical remission,
and complete remission is rarely observed. The outgrowth of MEK inhibitor-
resistant clones within progressed tumors appears to be inevitable (Smith and
Wellbrock 2016). Therefore, the astonishing results of the following case report,
when MEK inhibitor was combined with high doses of RBAC, are encouraging.

A 58-year-old patient showed inoperable low differentiated adenocarcinoma in
the biliary duct. After 30 GY irradiation and two cycles of chemotherapy
(gemcitabine and cisplatin), she had a very rapid progression of lung, liver, and
brain metastases as revealed by CT and magnetic resonance (MR) investigations.
The patient was nearly terminal. The chemotherapy was stopped, and treatment with
MEK and BRAF inhibitors was started in combination with daily 45 mg/kg RBAC.
After 4 weeks, a rapid improvement of her disease was observed. Eight months later,
near complete remissions of all metastases were established by CT and MR (Hajt6
2017). Figure 6.4 demonstrates the complete remission of brain metastasis in the
cerebellum and the rapid improvement of her tumor marker.

The positive results of these two case reports (Hajté et al. 2016; Hajté 2017) can
suggest the hypothesis that the enhancing effect on NKG2D expression by RBAC in
parallel with the upregulating expression of stress-related ligands by GFR signaling
pathway inhibitors may result in a synergistic clinical benefit. Further clinical
investigations are necessary to prove this hypothesis, but we need more acceptance
for evidence-based immunomodulators for this aim.

6.2.3 Effect of Cytostatic Therapy on the Stress-Related NKG2D
Ligands on Tumor Cells

Clinical observations can often suggest a clinical benefit if conventional cytostatic
treatment is combined with RBAC. For example, Bang et al. found through a
double-blind clinical trial that the 2-year survival rate for liver cancer patients treated
with RBAC together with conventional chemotherapy was six-fold higher than those
without RBAC (Bang et al. 2010). Consequently, the question arose as to whether
several cytostatic drugs can also enhance the expression of NKG2D ligands resulting
in enhanced sensitivity to MHC-I unrestricted killer mechanisms. At present, insuf-
ficient data is available. However, the interesting results of Morisaki et al. (Morisaki
et al. 2014) must be mentioned. These authors investigated the effect of gemcitabine
on MICA/B expression in the culture of T24 urothelial cancer cells. At a dose of
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Fig. 6.4 Magnetic resonance (MR) investigations of a patient with biliary duct cancer represent a
complete remission after treatment with 1 x 2 mg trametinib and 2 x 150 mg dabrafenib combined
with 45 mg rice bran arabinoxylan concentrate. In parallel to the MR investigation, the level of
carcinoembryonic antigen (CEA) also showed a rapid normalization as displayed in the bottom
graph. (Reproduced from Hajté (Hajt6 2017))

0.1 pg/ml, gemcitabine induced more than twice the increase in expression of MICA/
B on cancer cells. Interestingly, higher doses (e.g., 1 pg/ml) were less effective.
Other authors have also established similar results (Okita et al. 2015; Xie et al.
2017). It was also shown that the NK sensitivity of T24 urothelial cancer cells in the
presence of gemcitabine with and without IL-2 was also elevated (Morisaki et al.
2014). Clinical case reports can further support these in vitro results.

In January 2020, a 56-year-old patient showed in the caudal part of the pancreas
an inoperable ductal adenocarcinoma (39 x 46 mm) with multiplex liver metastases
(10-30 mm), as established by CT and biopsy. His tumor markers were elevated:
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Fig. 6.5 Monitoring the greatest tumor diameters and the tumor markers (CA 19-9) of a patient
with inoperable pancreatic ductal adenocarcinoma. Largest tumor diameters and CA 19-9 values of
the patient with metastatic pancreatic ductal adenocarcinoma after treatment for 10 months with
eight cycles of gemcitabine and nab-paclitaxel combined with standardized rice bran arabinoxylan
concentrate (MGN-3/Biobran)

carbohydrate antigen (CA) 19-9 was higher than 10,000 U/ml, and the
carcinoembryonic antigen (CEA) level was 26.76 ng/ml. He was nearly terminal
(having a 27 kg decrease in body weight and intensive pains). From February 2020
until August 2021, he was treated with 800 mg/m? gemcitabine on the first, eighth,
and fifteenth days every month. The first gemcitabine treatments were combined
with nab-paclitaxel. From February 2020, the chemotherapy was regularly combined
with 45 mg/kg RBAC given per os three times a week (Monday, Tuesday, and
Friday). In April 2020, a remission of pancreas tumor (25 X 38 mm) and an average
3—10 mm decrease in liver metastases were established by CT. Tumor markers were
also decreased: CA 19-9 was 1172 U/ml and CEA 3.0 ng/ml. In August 2020,
complete remission of the pancreatic tumor was found, and the liver metastases
showed further 3—6 mm decreases. The tumor markers were normalized (CA 19-9
was 22 U/ml and CEA was 2.0 ng/ml).

Figure 6.5 demonstrates the results of monitoring the tumor diameters and the CA
19-9 level. In November 2020, the complete remission of the pancreatic tumor was
reported with a CA 19-9 level of 14.5 U/ml. In addition, the liver metastases showed
complete remissions. The patient, after treatment for 10 months, had no complaints
and could return to work. This complete remission with normal tumor markers and
excellent quality of life in August 2021 (after the start of therapy for 18 months) was
also established.

6.3 Conclusion

RBAC belongs to the most investigated, standardized, and evidence-based plant
immunomodulators, which can improve the tumor-induced dysregulation of the
innate immune system. RBAC has been shown to increase the survival of patients
with advanced tumor disease in a controlled clinical trial and among case reports.
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The clinical research of RBAC can also support the NKG2D receptors on NK
cells and their stress-related ligands on tumor cells which are pivotal regulator
molecules in the tumor defense. Case reports also suggest the hypothesis that
activation of NKG2D by RBAC in combination with the stimulation of expression
of their ligands (MICA/B and ULBP1-3) by GFR inhibitors or with lower doses of
gemcitabine may open innovative approaches in tumor therapy.
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Abstract

Radiotherapy is an established modality in cancer treatment alone or in combina-
tion with other modalities such as surgery and chemotherapy. Although radio-
therapy is employed to improve the quality of life (QoL), its association with
several side effects remains a clinical challenge. Several studies have shown that
treatment-related symptoms and side effects increased in general during radio-
therapy due to inflammation and cytotoxic damage, eventually leading to unnec-
essary treatment interruptions or delays. Studies have shown that prolonged
radiotherapy treatment time is associated with worse overall survival and poor
quality of life among cancer patients undergoing treatment. This chapter explores
the benefits of using rice bran arabinoxylan (Biobran) as a supportive treatment
for cancer patients undergoing radiotherapy. This chapter also aims to analyze its
impact on clinical outcomes based on several factors, including, but not limited
to, hematologic parameters, nutritional status, treatment-related toxicities, and
QoL. As of writing, only a few articles have been published on rice bran
arabinoxylan’s effects on cancer patients undergoing radiotherapy.
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7.1 Introduction

Radiotherapy is an established modality in managing many malignancies either as
definitive, neoadjuvant, or adjuvant treatment (Halperin et al. 2019). Although
radiotherapy is employed to improve life quality, its association with several side
effects remains a clinical limitation (Bese et al. 2007). Several studies have shown
that treatment-related symptoms and side effects increased in general during radio-
therapy due to inflammation and cytotoxic damage, which eventually leads to
unnecessary treatment interruptions or delays (Astrup et al. 2017). The unnecessary
adverse events of treatment will also affect the oncologic outcomes of cancer
treatment. The body of literature has shown that prolonged radiotherapy treatment
time is associated with worse overall survival among cancer patients undergoing
treatment (Shaikh et al. 2016). Many clinical trials reported that the quality of life
(QoL) of cancer patients was greatly affected during radiotherapy due to its
treatment-associated side effects (Astrup et al. 2017). This chapter explores the
benefits of using rice bran arabinoxylan (Biobran) as a supportive treatment for
cancer patients undergoing radiotherapy. This chapter also aims to analyze its impact
on clinical outcomes based on several factors such as, but not limited to, hematologic
parameters, nutritional status, treatment-related toxicities, and QoL. As of writing,
only a few articles have been published on rice bran arabinoxylan’s effects among
cancer patients undergoing radiotherapy.

7.2  Biological Effects of Rice Bran Arabinoxylan and Radiation
Therapy

Radiation therapy’s main biological effect is a consequence of the deoxyribonucleic
acid (DNA) damage as the critical target. This action of radiation can be either direct
or indirect. The direct action of radiation results from the interaction with the critical
target in the cell DNA, either by excitation or ionization, which eventually leads to
biological damage. In contrast, with indirect action, radiation interacts with other
atoms or molecules such as water (comprising 80 percent of cellular composition) to
produce free radicals, eventually causing oxidative damage to the critical target
DNA. The indirect action of radiation can be modified by different factors, grouped
as either radioprotectors or radiosensitizers. Radiation can affect both the tumor cells
and the nearby normal cells resulting in clinical tumoricidal activity and side effects.
Thus, the treatment goal is to achieve good oncologic outcomes (local control,
disease-free survival, and overall survival) while minimizing treatment-related side
effects (Hall and Giaccia 2019).

Rice bran arabinoxylan, also known as Biobran, is a natural blend of hemicellu-
lose product of rice bran that is partially hydrolyzed using shiitake mushroom
enzymes (Lentinus edodes mycelia extract), wherein the principal ingredient is the
arabinoxylan compound or -1, 4 xylophyronase hemicellulose (Maeda 2003). The
immunomodulatory property and antitumor activity have been attributed to its
complex heteropolysaccharide structure (arabinogalactan, arabinoxylan, arabinan,
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B-1,3:1,4-glucan) (Miura et al. 2013). Biobran is also attributed biologically to its
radioprotective mechanism through its anti-oxidative properties that minimize
radiation-related side effects while not affecting treatment effectivity and success
(Ghoneum et al. 2013).

7.3  Animal Studies on Rice Bran Arabinoxylan and Radiation
Therapy

Several animal studies have shown the beneficial effects of using Biobran with
radiation therapy. Ghoneum et al. (2013) examined the radioprotective effects of
Biobran on hematopoietic tissue after y-irradiation in mice. Biobran pre-treatment
resulted in the protection of hematologic parameters, specifically in bone marrow
cellularity changes against irradiation-induced damage. It also showed splenic
protection with Biobran. The study demonstrated the anti-oxidative activity in
whole-body irradiated mice and attributed this to the protection from radiation-
induced loss of body and organ weight. The study concluded that Biobran has the
potential to have radioprotective effects on bone marrow progenitor cells, which
suggests the possible use of Biobran as a supportive treatment to minimize the severe
radiation-induced side effects.

Another study by Badr El-Din et al. (2019) opens the possibility of Biobran for
enhancing radiation treatment efficacy. The radiosensitizing/radioenhancing effects
were attributed to the observed enhanced induction of tumor cell apoptosis while
conserving body and organ weight and maintaining normal liver enzyme levels.
These results suggest that Biobran may be used to enhance the therapeutic effect of
ionizing radiation in the treatment of solid tumors while minimizing its side effects
on normal cells.

In a study by Zhao et al. (2020), Biobran was shown to be an excellent antioxidant
and radioprotector. The study demonstrated that it could effectively protect mice
against radiation-induced intestinal barrier dysfunction. These results suggest that
Biobran can alleviate radiation-induced intestinal injury.

These animal studies show the possibilities of exploring the mechanism of
Biobran as an adjunct to radiotherapy. However, future biological studies are needed
to further explore the exact mechanism of Biobran at the molecular level, as both a
radiosensitizer/radioenhancer to promote tumor cell killing and a potent
radioprotector to minimize unwanted treatment-related side effects to the normal
tissues.

7.4  Clinical Studies on Rice Bran Arabinoxylan and Radiation
Therapy

Currently, only a few articles have been published on Biobran’s effects among
cancer patients undergoing radiotherapy.
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In a study on patient clinical experiences by Tsunekawa (2004), among 16 pro-
gressive cancer patients who underwent conventional treatments including surgery,
chemotherapy, and radiotherapy, long-term Biobran administration as
immunomodulating nutritional support was shown to be safe and with no adverse
effects, as noted among patients. Furthermore, the count of leukocyte, neutrophil,
and lymphocyte as well as natural killer cell activity was reported to normalize if not
improved after Biobran administration. A placebo-controlled, double-blind study
published in 2015 by Itoh et al. (2015) on women with cervical cancer undergoing
chemoradiotherapy showed lower diarrheal side effect assessment scores with the
administration of Biobran. The study results suggest the possible radioprotective
effects of Biobran on acute gastroenteritis among cervical cancer patients
undergoing concurrent chemoradiotherapy (Itoh et al. 2015). In a study by Hajt6
et al. (2016), 35 cancer patients (mostly advanced at stage II to IV) were given
immunomodulating treatment, including mistletoe lectin and Biobran, for at least
6 months together with standard oncologic therapy. QoL questionnaires were
completed, and the results showed some benefits in QoL scores, with the most
important findings being the improvement of physical activity (71%) and appetite
(66%). The study gives a special focus on the possible role of immunological
processes in the impaired QoL of cancer patients. It suggests possible synergistic
effects of Biobran and mistletoe lectin on immunomodulation, specifically natural
killer cells and phagocytic activities (Hajté et al. 2016).

An evidence-based review on Biobran as a complementary therapy for conven-
tional cancer treatment was published in 2018 (Ooi et al. 2018). The study primarily
aims to comprehensively review the available evidence on the effects and efficacies
of Biobran as a complementary therapy for conventional cancer treatment.
According to the analysis, previous clinical trials have shown that Biobran has
promising effects as an adjunct therapy during conventional cancer treatment,
which includes radiotherapy. The benefits include immunomodulatory effects,
reduced treatment-related side effects (diarrhea, anorexia, nausea, vomiting, and
others), improved QoL, and better oncologic treatment outcomes. Although the
outcome improvement and reduction of treatment side effects are attributed to the
immunomodulating activity of Biobran as proposed and mentioned in the previous
animal and clinical studies, more research is needed to explore Biobran as a
complementary treatment to conventional cancer therapy (Ooi et al. 2018).

In the latest study (Tan and Flores 2020) by a team of radiation oncologists,
65 head and neck cancer patients undergoing radiochemotherapy were enrolled in a
randomized, double-blind clinical trial and were given either Biobran or placebo.
The results showed that upon completion of radiochemotherapy, patients treated
with Biobran showed significantly higher mean hematologic parameters, including
hemoglobin, hematocrit, RBC, and platelets with significantly higher neutrophil and
lymphocyte count. The Biobran arm also showed significantly better QoL and lower
treatment-related toxicities compared to the placebo group. A subgroup analysis in
the study also showed that patients given Biobran had lower rates of blood transfu-
sion and hospital admission and no incidence of tumor progression, infection, and
metastases compared to placebo. These have led to lesser treatment delays,
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avoidance of treatment mortalities and morbidities, more patients completing the
treatment, and improved QoL among head and neck cancer patients undergoing
radiochemotherapy. This study suggests that Biobran can be a potential adjunct in
preventing radiation-induced side effects among head and neck cancer patients (Tan
and Flores 2020).

7.5 Future Directions

Previous clinical studies and systematic reviews have shown that Biobran benefi-
cially affects hematologic parameters, nutritional status, treatment-related toxicities,
QoL, and oncologic outcomes. Although promising results are presented in these
articles and studies, further research is needed to explore other potential effects and
efficacy of Biobran as an adjunct treatment with conventional cancer therapy such as
radiotherapy. More randomized controlled clinical trials with longer treatment
follow-ups (5—10 years ideally) and other cancer-specific types are needed to further
explore the benefits of Biobran as a supportive and complementary treatment for
cancer patients undergoing radiotherapy with or without other conventional cancer
therapies.
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Abstract

Being diagnosed with cancer is an emotionally traumatic event that adversely
affects a patient’s sense of overall function and wellbeing. Inflammation is a
hallmark of cancer, with the inflammatory process aiding the proliferation and
survival of malignant cells, suppressing the adaptive immune response while
promoting tumour metastasis. Research has shown that rising systemic inflam-
mation inversely correlates with the patients’ reported quality of life (QoL) and is
a vital underlying mechanism leading to poor prognostic outcomes in advanced
cancer. Chronic inflammation alongside cancer treatment regimens also
contributes to microglial activation in the central nervous system, causing
neuroinflammation. This leads to behavioural comorbidities such as depression,
anxiety, fatigue, cognitive impairment, and neuropathic pain, which also
adversely affect the QoL. Cancer-related malnutrition due to the activation of
systemic inflammation is also a predictive factor for poor QoL. Hence, targeting
inflammation is a promising approach to enhancing cancer patients’ QoL and
improving treatment outcomes. Rice bran arabinoxylan compound (RBAC) is
used among cancer patients to support weakened immune function during
and after conventional cancer treatment. RBAC has been shown to be a safe
and effective plant-based biological response modifier with immunomodulating
and anti-inflammatory properties that can improve QoL. RBAC modulates the
immune and inflammatory responses via direct absorption into the bloodstream
and indirect modulation of gut microbiota. Numerous case studies and clinical
trials have demonstrated improved QoL using RBAC among cancer patients.
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However, further research is required to substantiate the effect of RBAC on the
QoL of cancer patients using validated instruments.

Keywords

Biobran - Immunomodulator - Inflammation - Behavioural comorbidities - QLQ-
C30 - FACT-G

8.1 Quality of Life of Cancer Patients

The World Health Organization defines quality of life (QoL) as “an individual’s
perception of their position in life in the context of the culture and value systems in
which they live and in relation to their goals, expectations, standards and concerns”
(World Health Organization 2021). Health-related QoL thus refers to how disease
and treatment affects an individual’s sense of overall function and wellbeing. The
diagnosis of cancer is an emotionally traumatic event that instantly affects QoL. A
patient’s QoL changes as the disease progresses over time. Patients with
nonmetastatic cancer report better symptom severity and physical function than
patients with recurrent or metastatic cancer (Siddiqi et al. 2009). Toxicity due to
chemotherapy also affects QoL, typically worsening with increasing treatment
cycles (Dehkordi et al. 2009). In terminal-stage cancer, the primary treatment goal
shifts from curing the disease to optimising QoL (Jocham et al. 2006).

Individual QoL is a subjective perception of physical and mental wellbeing
influenced by health risks and conditions, functional status, social support, and
socioeconomic status (Centers for Disease Control and Prevention 2021). The
European Organisation for the Research and Treatment of Cancer (EORTC) has
developed a core 30-item QoL questionnaire (QLQ-C30) for the assessment of
health-related QoL of cancer patients. The QLQ-C30 consists of multi-item scales:
functional scales for the physical, role, emotional, cognitive, and social functioning;
symptom scales for fatigue, pain, nausea, and vomiting; and overall health and QoL
scale (Fayers and Bottomley 2002). Another widely used cancer-specific QoL
questionnaire is the Functional Assessment of Cancer Therapy-General (FACT-G)
(Cella et al. 1993). This 27-item questionnaire evaluates various QoL domains,
including physical, functional, family, social, and emotional. Summation of the
items provides scores for each domain and an overall QoL score (Webster et al.
2003). A meta-review by Smith et al. (2014) found 55% of oncological randomised
controlled trials (RCTs) reporting QoL of cancer patients used either QLQ-C30 or
FACT-G as the instrument of measure. These instruments quantify the subjective
QoL with patients’ reported outcomes for cancer research.
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8.2 Disease Mechanisms Affecting QoL

Even though QoL is a subjective construct based on a patient’s experience, immu-
nological dysfunction leading to inflammatory processes is an underlying mecha-
nism that causes the cancer patient’s reduced physical and emotional status and
indirectly impacts social functioning. Hence, there is a call for targeting inflamma-
tion in cancer prevention and therapy research.

8.2.1 Systemic Inflammation

Inflammation is a hallmark of cancer, and it is associated with almost all tumour sites
(Mantovani et al. 2008; Colotta et al. 2009). Chronic inflammation creates a
pro-tumorigenic microenvironment via the production of pro-inflammatory
cytokines, angiogenesis, and tissue remodelling. The inflammatory process aids
the proliferation and survival of malignant cells, suppressing the adaptive immune
response while promoting metastasis (Liu et al. 2015). The release of
pro-inflammatory mediators at the surrounding tissues stimulates the recruitment
of leukocytes, macrophages, and platelets to enhance the local immune response.
Local inflammatory mediators will eventually leak into the circulatory pathways and
seed a systemic inflammatory cascade (McAllister and Weinberg 2014).

Systemic inflammation is evident with an increase of circulating white blood cells
and an elevation of acute-phase proteins, including C-reactive protein (CRP), hapto-
globin, and serum amyloid A. Prolonged systemic inflammation can negatively
impact the treatment outcome in both early and advanced cancer (Roxburgh and
Mcmillan 2014). Measurements of systemic inflammatory response based on CRP
and albumin, together with the modified Glasgow Prognostic Score and various
inflammatory-nutritional indexes, show predictive values for cancer survival inde-
pendent of tumour site and stages (Pastore et al. 2013; Proctor et al. 2011; Peng et al.
2017; Li et al. 2018; Zhang et al. 2017). Hence, systematic inflammation is a vital
underlying mechanism leading to poor prognostic outcomes in advanced cancer
(McSorley et al. 2017).

An analysis of the QLQ-C30 data collected from a large cohort of 1466 advanced
cancer patients across Europe demonstrated a clear relationship between systemic
inflammation and QoL (Laird et al. 2013). Increased CRP levels correlated signifi-
cantly (p < 0.001) with global QoL score, performance status, survival, pain,
anorexia, cognitive dysfunction, dyspnoea, and fatigue, in addition to physical,
social, and role dysfunctions (Laird et al. 2013). A more recent analysis of
QLQ-C30 data from 2520 patients with advanced cancer further corroborates a
consistent relationship between increasing systemic inflammation and worsening
of all QLQ-C30 parameters (Laird et al. 2016). Boen et al. (2018) also reported that
cancer patients (n = 1004) who had higher social support satisfaction were showing
lower levels of inflammation as measured by CRP (p = 0.09), interleukin (IL)-6
(p = 0.11), and tumour necrosis factor (TNF)-a (p = 0.025).



90 S. L. Ooi et al.

Some smaller studies have also reported correlations between different inflam-
matory biomarkers and QoL symptoms, albeit with less conclusive results.
Kwekkeboom et al. (2018) examined the role of stress and inflammation in the
symptom cluster of pain, fatigue, and sleep disturbances in advanced cancer
(n = 188). The study found no significant relationship between CRP and the
symptom clusters that affect QoL. Nonetheless, it reported a significant positive
relationship ( = 0.2, p = 0.003) between the pro-inflammatory cytokine TNF-a and
symptom cluster distress, which has been shown to interfere with daily life indirectly
(Kwekkeboom et al. 2018). Paulsen et al. (2017) examined the relationship between
pro-inflammatory cytokines and pain, appetite, and fatigue in advanced cancer
(n = 49). The study found IL-6 and CRP to have correlations with appetite
(p < 0.01). Additionally, IL-1 receptor antagonist was shown to correlate with
fatigue (p < 0.01), (Paulsen et al. 2017).

8.2.2 Behaviour Comorbidities

Cancer patients and survivors often develop behavioural and emotional problems
such as depression, anxiety, fatigue, cognitive impairment, and neuropathic pain that
adversely affect the QoL. Depression and anxiety affect about 35% and 10% of
cancer patients, respectively (Mitchell et al. 2011). Two-thirds of patients with
cancer and depression also have clinically significant anxiety symptoms (Mitchell
et al. 2011). Depression and anxiety can affect patients throughout their cancer
journey, but most prominently during the acute phase of treatment (Pitman et al.
2018). Closely associated with depression and anxiety, fatigue has been reported by
patients at diagnosis (40%), under chemotherapy (80%), and during radiation treat-
ment (90%). In advanced cancer, fatigue is one of the most common and disabling
symptoms (Brown and Kroenke 2009).

Cognitive impairment, such as deficits in memory, attention, concentration, and
executive function, is reported in 30% of patients before chemotherapy. The preva-
lence increases to 70% in cancer patients during active treatment. Such impairment
persists in about 35% of the patients many years post-treatment (Janelsins et al.
2014; Pendergrass et al. 2018). Up to 40% of patients also experienced neuropathic
pain caused by nerve damage attributable to cancer or associated treatment (Bennett
et al. 2012). Together, these behavioural comorbidities can severely limit functional
independence, reduce adherence to cancer treatment, undermine social life, and
generate psychosocial stress.

The inflammatory pathway of behavioural comorbidities that leads to lower QoL
is shown in Fig. 8.1. Chemotherapy induces necrosis of both tumour and healthy
cells. The dying cells release proteins, nucleic acids, purines, and reactive oxygen
species, collectively known as damage-associated molecular patterns (DAMPs)
(Santos and Pyter 2018). DAMPs are endogenous danger signals that prime cluster
of differentiation (CD) 4+ and CD8+ lymphocytes and trigger a robust adaptive
immune response against dead cell-associated antigens (Hernandez et al. 2016). This
immune response further increases cytokine release, prolongs inflammation, and
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Fig. 8.1 The inflammatory pathway to behavioural comorbidities — adapted from (Santos and
Pyter 2018)

contributes to side effects (Santos and Pyter 2018; Hernandez et al. 2016). Chemo-
therapy toxicity may also weaken the blood-brain barrier, allowing peripheral
immune cells to traffic into the brain (Wardill et al. 2016). Similarly, radiotherapy
may also induce cell deaths, trigger the release of DAMPs, exacerbate inflammation,
and disrupt the immune response (de Carvalho and Villar 2018).

Microglial cells are a specialised population of macrophages in the central
nervous system (CNS), and their activation is the cellular source of
neuroinflammation. The cumulative inflammatory effects of the tumour microenvi-
ronment, chemotherapy, and radiotherapy contribute to microglial activation within
the CNS (Santos and Pyter 2018; Sochocka et al. 2017). Neuroinflammation can lead
to impaired neurogenesis, synaptic abnormalities, and neuronal death. Damage to the
CNS is the cause of behavioural comorbidities and QoL degradation (Santos and
Pyter 2018; Sevenich 2018).

8.2.3 Nutritional Status

Malnutrition is a condition associated with significant weight loss and altered body
composition due to insufficient intake or uptake of nutrients. It is a cause of
diminished physical and mental functions, which also impairs disease outcomes
(Cederholm et al. 2017). Cancer-related malnutrition prevalence ranges from 20% to
more than 70%, depending on patient age, cancer type, and cancer stage (Arends



92 S. L. Ooi et al.

et al. 2017). In general, older patients are more at risk than younger ones. There is a
high prevalence of malnutrition in patients with gastrointestinal tract, head and neck,
liver, and lung cancers. Malnutrition is also more common in advanced cancer than
in early-stage malignancy (Arends et al. 2017). In severe cases, malnutrition can
progress to cachexia, a specific form of malnutrition characterised by the ongoing
loss of skeletal muscle mass with or without fat mass loss (Mattox 2017). Cachexia
cannot be reversed by conventional nutritional care, and it can dramatically impact
QoL, treatment outcome, and survival (Mattox 2017).

Cancer-related malnutrition is also due to the activation of systemic inflammation
(Zitvogel et al. 2017). The inflammatory response resulting from cancer and its
treatment causes anorexia through altered CNS appetite signals (Molfino et al.
2017). Anorexia, together with symptoms such as nausea, diarrhoea, and pain,
leads to poor appetite, reduced food intake, depleted energy stores in fat tissue,
and weight loss (Bruggeman et al. 2016). The spread of tumour-derived
pro-inflammatory cytokines further disrupts the metabolism of carbohydrates, fats,
and proteins throughout the body and reduces nutrient uptake (Schcolnik-Cabrera
et al. 2017). Muscle wasting occurs due to ongoing anabolic/catabolic imbalance.
This process reduces muscle mass and strength while increasing the level of fatigue
(Aversa et al. 2017). Inflammation also stimulates the production of acute-phase
proteins in the liver, which represses drug clearance and elevates treatment toxicity
risk (Robinson et al. 2016). Pro-inflammatory cytokines can also trigger increased
lipid breakdown that causes the defective formation of adipose tissues and lowers the
fat mass (Han et al. 2018).

Nutritional status is a significant factor in predicting QoL. Evidence from epide-
miological cancer studies shows that patients with better nutritional status generally
enjoy better QoL (Lis et al. 2012). For cancer patients requiring only chemotherapy
treatment, anorexia, functional impairment, the palliative nature of chemotherapy,
and elevated CRP levels are independent predictive factors for reduced QoL (Salas
et al. 2017). A cross-sectional study of cancer patients on chemotherapy compared
nutritional status to QoL measurement with QLQ-C30 (Vergara et al. 2013). Among
the 97 patients, 58 were well-nourished, 32 were moderately malnourished, and
7 were severe malnutrition cases. The study found statistically significant differences
(p < 0.05) across these groups, according to QLQ-C30 scales of global QoL,
physical, role, emotional, and cognitive functioning. The well-nourished group
consistently reported better QoL scores in these areas. Furthermore, the well-
nourished group also experienced significantly milder (p < 0.05) symptoms of
fatigue, nausea and vomiting, pain, insomnia, and appetite loss compared to other
groups (Vergara et al. 2013).

8.2.4 Targeting Inflammation to Improve QoL
Understanding the role of immuno-inflammatory processes in tumorigenesis has

spurred the interest in using natural or biological substances to modify the host
immune responses in cancer therapy to reduce side effects, improve outcomes, and
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enhance QoL (Schirrmacher 2019). These substances are known as biological
response modifiers (BRMs) or immunomodulators due to their ability in modulating
the antitumour immune response and cancer-related chronic inflammation (Liu et al.
2016; Liao and Oldham 2018; Kuroki et al. 2012). There are two groups of BRMs.
The first provides antigen-specific immune responses and may exhibit a direct
antitumour effect, such as vaccines and monoclonal antibodies (Kuroki et al.
2012). Anti-inflammatory approaches with monoclonal antibodies that enhance
chemotherapy specificity and reduce the severe side effects are now available.
However, limitations, including severe adverse effects and high production costs,
impede the clinical application (Coulson et al. 2014; Cruz and Kayser 2019).

The second group of immunomodulators consists of the non-specific BRMs,
which augment or stimulate the immune system without antigenic specificity
(Kuroki et al. 2012). Cytokines are the classical non-specific BRMs. IL-2 and
interferon-a are both approved immunotherapies of many cancer types (Lee and
Margolin 2011). IL-7, 1L-12, IL-15, IL-18, and IL-21 have entered clinical trials
with various degrees of success (Liu et al. 2016). However, the use of these BRMs is
not without safety issues. Most cytokine therapies carry potentially dangerous side
effects concerning neuropsychiatric, autoimmune, ischaemic, and infectious events
that may have detrimental effects on the patient’s treatment outcome and QoL
(Baldo 2014; Davis and Ballas 2017). Hence, research is continuing to seek out
novel BRMs that are safe and effective in supporting cancer treatment and
improving QoL.

8.3 RBAC for QoL of Cancer Patients

Arabinoxylan is a non-starch polysaccharide found in many cereal grains. It is
considered a dietary fibre that can positively impact gut microbial growth and the
immune system (Mendis et al. 2016). Rice bran arabinoxylan compound (RBAC) is
a specific blend of hemicelluloses extracted from rice bran with enzymes from
shiitake mushrooms (Lentinus edodes mycelia). Research has shown that RBAC
possesses strong immunomodulating properties with clinical applications in cancer
treatment (Ooi et al. 2018; Ghoneum 2016). As such, RBAC is used among cancer
patients as an immunomodulator to support weakened immune function during and
after conventional cancer treatment (Paterson 2002). RBAC has been shown to be a
safe and effective plant-based BRM with immunomodulating and anti-inflammatory
properties that can improve cancer patients’ QoL (Ooi et al. 2018).

8.3.1 Direct and Indirect Pathways

As a non-specific BRM, RBAC modulates the immune and inflammatory responses
via both direct and indirect pathways. A portion of the ingested RBAC enters the
bloodstream via gut mucosa. It exerts direct effects on innate and adaptive immune
activities, including enhanced NK cell immunosurveillance, macrophage



94 S. L. Ooi et al.

Rice Bran Arabinoxylan Ahbsorb into
compound circulation
T ¥
: Uprlcguiatc immune cells response
against cancer

T Natural killer cell activity

T Dendritic cells maturation

t Phagocytosis functions

T T & B lymphocytes proliferation

Modulate pro- and
anti-inflammatory
cytokines

i 1
Stimulate gut |
microbiota  t------- »

3
| Systemic inflammation

Legend l

> Direct Pathway

| Treatment toxicity
= = = = [ndirect Pathway l Symplom SCVCI'iTy - "
| Behaviour comorbidities | _ _ _»|T Social function
T Nutritional status
1 Physical function

'
1 Quality of Life

Fig. 8.2 Model showing RBAC influencing the cancer patient QoL via direct (absorption) and
indirect (gut microbiota) pathways

phagocytosis, dendritic cell maturation, and B and T lymphocyte proliferation
(Ghoneum 2016), with details presented in earlier chapters. The remaining portion
of ingested RBAC that is resistant to digestion serves as a prebiotic to gut
microbiota. The metabolites released by gut bacteria, such as the short-chain fatty
acids (Gu et al. 2020), induce anti-inflammatory and immunomodulating effects in
the host (Mendis et al. 2016) and affect behavioural changes via the gut-brain axis
(Martin and Mayer 2017).

The improved immune cell activity against cancer by RBAC is shown through
both direct and indirect pathways by modulating the balance of pro-inflammatory
and anti-inflammatory cytokines and reducing systemic inflammation. Such
improvement can have beneficial effects on lowering cancer treatment toxicity,
symptom severity, and behavioural comorbidities. Patients may experience
improved physical functioning, nutritional status, and, indirectly, enhanced social
functioning. The overall cancer patient QoL is thus enhanced. Figure 8.2 is an
illustration of how RBAC can influence cancer patient QoL.

8.3.2 Current Evidence

Improved QoL using RBAC among cancer patients has been documented in many
case studies (Ooi et al. 2018). The reported benefits include subjective improvement
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in sleep, appetite, digestion, physical activity, decreased anxiety, pain, and reduced
adverse effects during cancer therapy. Notwithstanding, clinical research on RBAC
and cancer QoL is at its early stage, with only a small number of clinical trials
available in the literature.

The effect of RBAC on QoL of breast cancer patients undergoing adjuvant
chemotherapy was studied by Masood et al. (2013) in an RCT with 50 participants.
This study found RBAC to improve QoL by reducing tiredness, anti-emetic needs,
alopecia, and increased appetite during chemotherapy.

Takahara and Sano (2004) observed the effect of RBAC supplementation on the
QoL of locally advanced and metastatic cancer patients after surgery (n = 205) in a
6-month RCT. RBAC plus a standardised set of complementary alternative therapies
(sCAT) improved appetite better than the sCAT alone (+24.6% vs +15.6%). After
18 months of treatment, 54.2% of the RBAC group survived compared to only
17.4% in the sCAT group. However, no significant tests were reported on these
observations.

In Hajté et al. (2016), 35 cancer patients with various malignancies were treated
with a combination of mistletoe lectin and RBAC as immunomodulators during
conventional oncotherapy over 6 months. The patients reported their QoL on a
customised questionnaire. This single-arm trial reported improved physical activity
and decreased side effects (n = 25, 71%) as the most important findings of this
combined treatment during conventional oncotherapy.

Petrovics et al. (2016) studied the effects of RBAC (3 g/day for 24 weeks) plus
oncothermia therapy on cancer patients with different malignancies who suffered
from chronic fatigue syndrome (CFS) in an RCT (n = 50). RBAC plus oncothermia
group showed improvement in CFS symptoms with a significant reduction in the
mean fatigue scale (p < 0.05).

Tan and Flores (2020) reported the effects of RBAC on the QoL for head and
neck carcinoma patients in a recent RCT. Sixty-five patients were randomly assigned
to receive either RBAC or placebo (3 g/day) as an adjuvant for radiation therapy in a
double-blind RCT. Patients receiving RBAC reported significantly higher
haematologic parameters, lower treatment-related toxicity grading, and higher QoL
scores measured with the EORTC H & N35 questionnaire than control (p = 0.019).
These outcomes resulted in less blood transfusion, treatment delays, and hospital
admissions among RBAC patients. The study also noted that 11 patients died during
treatment, with none from the RBAC group. Hence, supplementation with RBAC
resulted in higher QoL and better clinical outcomes.

8.4 Future Directions

Increasing importance in cancer treatment is now placed on achieving benefits in
cancer patients’ QoL, in addition to survival. RBAC can improve the QoL of cancer
patients through its immunomodulating and anti-inflammatory properties. The
mounting evidence on the effect of RBAC for QoL of cancer patients supports its
use as a complementary therapy in cancer management.
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However, existing research suffers from several limitations, including inadequate
study design with unclear risks of bias as well as the use of non-validated QoL
measurements (Ooi et al. 2020). Furthermore, placebo treatment is well known to
positively affect the QoL of cancer patients, especially in improved control of
symptoms such as pain, appetite, and fatigue but rarely with positive tumour
response (Hoenemeyer et al. 2018; Chvetzoff and Tannock 2003). Most published
trials did not attempt to rule out the impact of placebo effects in the QoL improve-
ment observed with RBAC supplementation. Hence, comparing the clinical effects
of RBAC on the cancer patient QoL with placebo as the control comparator is
essential to ascertain the real effects of RBAC.

Additionally, most existing RBAC studies did not measure cancer patients’
systemic inflammation, cytokine response, and nutritional status while assessing
their QoL. Also, how RBAC may affect QoL via the gut microbiota needs further
investigation. A new placebo-controlled RCT is currently underway to address these
limitations and assess the effects of RBAC on cancer patients’ QoL with the
validated QLQ-C30 questionnaires (Ooi et al. 2020).

Research has shown that circulating tumour cells (CTC) can be a useful prognos-
tic marker for cancer metastasis (Lin et al. 2021). In a recently reported case series,
RBAC has been shown to significantly lower (p = 0.0047, n = 14) the CTC levels
of a group of patients with prostate, breast, uterine, or ovarian cancer (Pescatore et al.
2022). With metastatic cancer being the critical factor influencing QoL, future
research investigating RBAC and cancer QoL may consider CTC as the objective
biomarker to correlate with the changes in subjective patient-reported outcome
measures. This topic will continue to be an active area of research.
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Part IV

Applications in Other Conditions

Part IV aims at exploring the potential use of RBAC in different medical conditions,
and each includes the scientific evidence behind it.
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9.1 Introduction

Many diseases in humans are now recognized as chronic inflammatory processes
initiated and promoted by lifestyle factors. Chronic inflammatory diseases can take
as long as 15-20 years of latency before symptoms appear. After which, they can
progress rapidly and reach the end stage without proper treatment. Major lifestyle-
related chronic diseases include cancer, diabetes mellitus, obesity-related diseases,
and atherosclerosis which can lead to ischemic diseases in the heart and the brain and
Alzheimer’s disease. This lifestyle etiology aspect is revolutionarily different from
the traditional pathological viewpoint until the late twentieth century.

Aging is physiological life with eustress, whereas senescence is pathological life
with distress. A balance of eustress and distress regulates a healthy life. In a review
paper on aging published in 2000, Franceschi et al. presented the inflamm-aging
theory, an epoch-making and groundbreaking concept in modern medical sciences
(Franceschi et al. 2000). Aging and chronic microinflammation must be considered
based on minute repeating oxidative stress produced by the host’s inflammatory
cells, such as leucocytes, against foreign pathogens and own cells (Endo et al. 1993).
The process is akin to “friendly-fire” as a simile. The causes of chronic diseases
consist of glycation by glucose over-intake, lipid over-intake, and nitrogen imbal-
ance leading to amyloid deposition, even though these are fundamental nutrients
required for cellular energy production. Deoxyribonucleic acid (DNA)-ribonucleic
acid (RNA)-protein biosynthesis, the central dogma of molecular biology, is one of
the most important targets of lifestyle-related disease.

BioBran is a type of modified arabinoxylan hemicellulose compound derived
from rice bran. It has been established as a nontoxic supplement called a biological
response modifier (BRM) that can trigger immunogenic responses (Ghoneum 2016).
With its antioxidant and immunomodulatory effects, BioBran can protect against
lifestyle-related disease holistically.

As a diagnostic pathologist and clinical immunologist in the Toranomon General
Hospital in Tokyo, I (the first author) conducted over 700 autopsy cases. I have
diagnosed clinical biopsies of the liver, kidney, and other surgical materials for
clinicians and patients. I officially reported the final diagnosis with complete
comments and published many scientific papers.

I started researching into BioBran using animal models just after I retired from the
hospital. I wanted to know the intracorporeal dynamics of BioBran. Since plant
compounds are foreign substances to the immune system, I wanted to know how
BioBran as a plant-derived arabinoxylan compound affected the animal body after
oral intake or parenteral administration. I wanted to know the immunological
mechanisms of its cellular and intracellular interaction in terms of novel plant
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substances in the animal body. Arabinoxylan hemicellulose is a unique and immune-
reactive substance in the body from an immunological perspective.

Regarding these questions, contributions by Ghoneum (2016) clarified multiple
functions of BioBran, including activation of natural killer (NK) cells and its anti-
inflammatory, antioxidant, anticancer, and immunomodulatory effects. These results
reveal that BioBran is an ideal BRM derived from foodstuff, in this case, rice bran.

Above all, a couple of papers greatly impressed me. First, a clinical case study
showed prolonged survival of the patient with malignant hemangiopericytoma who
only took BioBran after surgery (Markus et al. 2006). Second, a recent review article
by Ooi et al. documented the evidence-based complementary or alternative therapy
using BioBran for conventional cancer treatment (Ooi et al. 2018). These papers
show the multifaceted functions of BioBran, affirming its recommendation as
adjuvant anticancer therapy and an immune checkpoint therapy. Moreover, BioBran
should be recommended to people with lifestyle diseases and those interested in
preventing the senescence of aging due to its immunomodulatory effects.

9.2 Trace Experiments of BioBran In Vivo

The best dietary supplement is a substance that will reach the microenvironment in
our body and vividly perform crosstalk with cells, tissues, and organ systems, such
as the immune, autonomic nervous, and endocrine. These three systems are the basic
balancing system of the body’s natural healing power. BioBran is an ideal substance
for this purpose.

Regarding my first question about BioBran, it must be absorbed into the body to
react with the immune system. Thus, trace experiments of BioBran in animals should
be done. For tracing BioBran, we developed immunological semiquantitative
methods by using polyclonal antibodies against arabinoxylan hemicellulose. We
injected crude BioBran into rats that developed polyclonal antibodies against
BioBran, which comprises polysaccharides and proteins. In general, polysaccharides
show relatively weak antigenicity compared to proteins (Endo and Kanbayashi
2003).

In 2000, while I was a visiting professor at McMaster University, we utilized a
then newly developed non-isotopic micro-detection method based on enzyme-linked
immunosorbent assay (ELISA) to detect polysaccharide antigens (Zielen et al.
1996). First, we purified polyclonal immunoglobulin (Ig) G antibodies against
BioBran compound in experimental rats. We wanted to know if these antibodies
could react with mice’s sera through oral or intraperitoneal administration of
BioBran. In this procedure, BioBran was given to mice orally for digestion through
the gut. We expected no trace elements in mice’s blood would be detected; however,
that was not the case.

Each serum of the experimental groups was incubated with the standard titer of
polyclonal IgG antibodies against BioBran. These samples were then
ultracentrifuged, and the supernatant with remaining BioBran was tested to react
with the serum of standard IgG antibodies against BioBran. Sera without BioBran
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should show 100% of polyclonal IgG antibodies against BioBran. If some BioBran
in sera was present, then antigen-antibody complexes should be precipitated by
ultracentrifugation, and some percentage less than 100% of polyclonal IgG
antibodies against BioBran would be detected. That means the subtraction of
precipitation of antigen of BioBran compound and these antibodies against BioBran
(Endo and Kanbayashi 2003).

We detected compound molecules of immunoreactive polysaccharides and
proteins of BioBran on the CovaLink ELISA plates, which showed that BioBran
could not be fully digested in the gut. A portion was absorbed through the gut, such
as through Peyer’s patches in the experimental mice, with oral intake of BioBran.
We detected immunoreactive BioBran in sera 2 and 3 h later. These results led us to
conclude that BioBran can only be partially digested in the gut and absorbed into the
blood (Endo and Kanbayashi 2003). Such data of oral intake of drugs or supplements
should be necessary to evaluate the dynamics of them in vivo and in humans.

After this, we set up additional mice experiments of oral and intraperitoneal
administration of BioBran. We evaluated the protective effect of BioBran against
the adverse complication of cisplatin, an anticancer drug. All groups of mice
revealed almost the same weight gain pattern for a week after intraperitoneal
cisplatin administration. However, the two groups on BioBran (oral and intraperito-
neal) showed less weight loss and recovered faster than the control groups on water
against cisplatin-induced body weight loss (Endo and Kanbayashi 2003).

Then, we used other animal models to show the protective effects of BioBran
against adverse reactions of other anticancer drugs. We developed animal models of
acute interstitial pneumonia with anticancer drugs and bronchial asthma (Kanbayashi
and Endo 2002). Our work was followed by the in vitro experiment of bone-derived
mast cells with hydrolyzed rice bran fraction of BioBran done by Hoshino et al.
(2010). The results indicated that BioBran had the potential anti-allergic effect in
suppressing degranulation and histamine release from basophils and mast cells.

The large molecular size of BioBran is known to have anticancer effects by
upregulating the activities of NK cells, T cells, B cells, and macrophages and by
inducing apoptosis of cancer cells (Ghoneum and Abedi 2004). These animal
experiments showed that BioBran could protect significantly against inflammatory
infiltration and allergic reactions in terms of downregulation of histamine release
from mast cells in vivo (Hoshino et al. 2010). Mechanisms of the subcellular action
of BioBran should be further analyzed and recognized to understand its immuno-
modulatory and antioxidant effects.

9.3  Oxidants Attack as Friendly-Fire Causing Inflammation
in Lifestyle-Related Disease and Aging

Through autopsies in the hospital, I recognized that almost all adult cancer cases
progressed through a long latency period of more than 15 years to appear as solid
tumors of more than 1 cm® detectable as early-stage cancers. Cancers in adulthood
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are significantly different from those in children. In adults, this includes cancers of
the lung, colon, stomach, esophagus, pancreas, urinary bladder, and breast in
females or prostate in males. In children, this includes leukemia, brain tumor, or
some blastomas, such as Wilms’ tumor. In general, the two groups are quite different
from each other.

We already know how the differences between cancer in adulthood and child-
hood occur. Carcinogenesis in adulthood is closely related to lifestyle. Carcinogene-
sis in children is closely related to the DNA mutation during the growth of organs in
utero. Multiple steps of carcinogenesis are due to spontaneous mutations or
methylations of base pairs in the areas of exons related to genes of cellular prolifera-
tion, cellular inhibition, apoptosis, or telomeres. Although causes of large-scale
mutations remain to be clarified, the etiology of cancer in adulthood is closely
related to lifestyle, such as cigarette smoking or inhalation of polluted gasses
containing polyaromatic hydrocarbon asbestos, in terms of cancer in the respiratory
tract and the pleura. These substances must enter through the lung into the blood,
causing changes in the oxidative reactions in our body. They are then excreted
through all glands, such as the stomach, breast, pancreas, prostate, urinary tract, and
bladder. On the other hand, plant substances, such as vegetables and fruits, grow in
fields under the sun’s electromagnetic beams, which induce strong oxidative
reactions. Plants cannot grow without leaves, which have abundant antioxidants
against the sun’s radiation.

While I was a visiting professor of mucosal immunology at McMaster University,
I was interviewed by Simon Martin, the Complementary and Alternative Medicine
(CAM) magazine editor. The article was entitled “Cancer and inflammation: the
potential for prevention” and appeared in Vol 4 of August 2004 (Endo 2004). At that
time, this information in the interview was speculative. However, since then, the
information appears to be correct. I mentioned the following about BioBran.

According to Ariel’s paper, cancer growth of the lungs and bronchi was not
present until 1912 (Ariel et al. 1950). Later, coal tar or coal smoke was used in
animal experiments. In 1917, Professor Yamagiwa published a paper on carcino-
genesis by coal tar on rabbits’ ears, which was the first chemical carcinogenesis
experiment in the world (Fujiki 2014). Coal and cigarette tar are almost the same
carcinogenic, phlogistic (inflammation causing) substances with high amounts of
oxidants (Seelig and Benignus 1936).

9.4 Tobacco and Cigarettes as a Model of the Initiator
and Promoter of Carcinogenesis

Cigarette smoking is a causative factor of carcinogenesis, not tobacco alone. The
traditional use of tobacco is quite different from modern-day smoking of cigarettes.
Native Americans have sniffed, smoked, chewed, ate, drank (like tea), and smeared
tobacco over bodies for medicinal and religious purpose for millennials before the
arrival of Christopher Columbus (Musk and de Klerk 2003). Tobacco is still used in
tribal ceremonies in South America today. Tobacco smoking was customized by the
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Europeans in the fifteenth century throughout the world. The machine producing
cigarette was invented in the nineteenth century in France and then spread through-
out the world. The mass production and marketing of cigarettes has encouraged
tobacco abuse and nicotine addiction (Musk and de Klerk 2003).

When cigarette smoke is inhaled, irritable substances such as tar repeatedly attack
moving microvilli of the bronchial epithelium until reaching the alveolar space,
leading to cell damage. Then arachidonic acids from the cellular membrane com-
posed of glycerophospholipid release to cause the eicosanoid cascade to occur,
resulting in microinflammation around the erosive foci of the mucous membrane
of the respiratory tracts (Lee et al. 2012). Within this area, called the microenviron-
ment, macrophages and neutrophils infiltrate to produce and release a substantial
oxidative load. These oxidants attack not only foreign substances such as bacteria
but also host cells, as friendly-fire that attack the repairing epithelial DNA. Damage
of DNA exons can reach the point of no return in the mutations within epithelial
DNA. The process starts from the premalignant stage of squamous metaplasia and
then becomes malignant (Hecht 2012). Almost all processes of cancer formation in
adulthood are like this. However, BioBran can prevent friendly-fire and avoid
microinflammation. BioBran should be taken for the antioxidant and anti-inflamma-
tory effects to prevent and protect against fundamental processes of carcinogenesis,
not only in the lung but also in other organs mentioned below.

Chemoprevention through dietary supplements, acupuncture, homeopathy,
aroma, or other complementary techniques has broad support in the scientific
literature. That means that cancer in adulthood could be prevented and treated.
Primary prevention is dependent upon protection against oxidant attacks. Secondary
prevention is supported by modern medicine through early detection and early
treatment. Tertiary prevention for patients in advanced cancer stages must be
supported by medical treatments as much as possible, including target-oriented,
evidence-based dietary supplements.

9.5 Cancer in the Upper Digestive Tract

The friendly-fire processes mentioned above occur in the oral cavity through
chewing betel nuts in Southeast Asia (Sharan et al. 2012) and in the esophagus by
drinking hot water such as coffee and sake, leading to a heat-denatured epithelium
and then a repairing of the epithelium attacked by the host’s inflammatory cells
(Loomis et al. 2016). The esophageal epithelium can be eroded by high-percentage
alcohols (Liu et al. 2015), such as whiskey or dry gin, and cigarette smoking (Hecht
2012). BioBran should be taken to counteract these cases for its anti-inflammatory
and antioxidant effects.

Sodium chloride (NaCl) is the major cause of gastric carcinogenesis through
atrophic gastritis or intestinal metaplasia as precancer atypia of the fundic gland zone
(Wang et al. 2009). NaCl attacks powerfully to damage the mucosal barrier, which
normally protects the stomach epithelium against lowered pH by hydrochloric acid
(HCI). HCl in the gastric juice is also a strong acid that attacks the gastric epithelium.
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A stress ulcer of the stomach by vagus nerve stimulation is also a promoting factor in
becoming an erosion or ulcer. Repeated erosions of the gastric mucosa by NaCl and
HCI cause atrophic changes of the fundic glands leading to an atrophic condition in a
nonacidic environment. The stomach’s intraluminal environment shows a higher pH,
such as around neutral, where Helicobacter pylori can grow and infect erosive
mucosa with inflammation. H. pylori appears to be one of the most important
bystanders of the microinflammatory processes of gastric cancer (Gaddy et al. 2013).

The antral area in the stomach is a common site of gastric cancer because it is easy
to become erosive during a microinflammatory response. The infiltration of
macrophages and leukocytes produces reactive oxygen radicals against infection
and to repair epithelial cells. This initiates a friendly-fire attack to repair the DNA of
gastric epithelial cells.

The incidence of gastric cancer in the United States was high before the Second
World War. At that time, NaCl and nitric acids were mainly used as additives for
food storage. After electric refrigerators were invented and sold, consumption of
NaCl and nitric acids as food additives decreased. On the other hand, fresh
vegetables and fruits were easily stored in refrigerators and distributed throughout
the United States, and the incidence of gastric cancer declined dramatically. Vitamin
C in fresh vegetables and fruits acts as an antioxidant and is known to be protective
against gastric cancer incidence. Refrigeration was an unexpected triumph against
gastric cancer in the United States (Bertuccio et al. 2013).

Nonsteroidal anti-inflammatory drugs and other anti-inflammatory drugs can
prevent colon cancer or the formation of polyps (Hamoya et al. 2016). BioBran
could also potentially prevent colon cancer and polyp formation, but unfortunately,
no clinical study in patients has been conducted to date.

Intestinal flora, food content, and the large intestine’s microenvironment are
important factors related to colon carcinogenesis. Before the Second World War,
colon cancer incidence was relatively rare compared to that of gastric cancer in
Japan. Now, the incidence of both cancers is almost the same as those of Western
countries. Foods commonly eaten by Japanese people are almost the same as those of
developed countries. Foods of fatty content, such as pork, meat, cheese, butter, milk,
and eggs, create an oily environment throughout the large intestine with changes to
the flora from Lactobacillus to anaerobic bacteria such as Clostridium. Moreover,
the excretory amount of bile must be increased to emulsify and digest the fats by
lipase.

Although microinflammation along the entire colon must be almost the same,
75% of colon cancer incidence occurs in the left colon and the rectum (Baran et al.
2018). It occurs because feces of the left colon and rectum are solidified and
fractioned to the mucosa with shear stress with modified biliary chemicals such as
methylcholanthrene leading to microinflammation in the mucosal wall of the colon,
especially the left colon.



110 Y. Endo et al.

9.6 Human Papillomavirus and Cervical Cancer

Carcinogenesis of the uterine cervix is closely related to human papillomavirus
(HPV). However, viral integration of the patient genome has not been detected.
Almost one in 1000 people who are HPV+ may suffer from cervical cancer. In this
case, the local inflammatory process around the cervical area is also promoting
carcinogenesis, such as sexual intercourse or a pessary. The pap smear screening
test for cervix cancer should be promoted, so is taking anti-inflammatory dietary
supplements. Clinical studies using BioBran in this field should be planned.
According to a cost-performance analysis and an immunological point of view
(Laprise et al. 2020), a HPV vaccine with a low percentage of side effects should
be a second choice.

9.7 Hepatocellular Carcinoma

Almost all patients with hepatocellular carcinoma occur in the process of chronic
hepatitis. Non-cirrhotic patients with hepatocellular carcinoma are quite rare.
Follow-up studies of liver biopsy of patients with liver cirrhosis with hepatitis B
virus (HBV) infection and hepatitis C virus (HCV) infection show a close relation-
ship with the grade of inflammation. Viral integration in the patient DNA in the case
of HBV remains to be clarified (Nault et al. 2015). Also, viral integration in the
patient RNA in the case of HCV remains to be clarified. BioBran has been shown to
be useful for the treatment of patients with hepatocellular carcinoma (Bang et al.
2010).

Recently, patients with hepatocellular carcinoma with non-HBV or non-HCV
hepatitis increased and were suffering from nonalcoholic fatty liver disease due to
obesity with hepatocellular carcinoma. These findings support the notion that
chronic inflammatory processes themselves, that is, “friendly-fire,” must be closely
related to carcinogenesis of the liver (Tateishi et al. 2015). Thus, the theory of viral
carcinogenesis and viral integration of carcinogenesis is not correct, but
microinflammation in the liver due to any etiology is the fundamental cause of
hepatocellular carcinoma.

9.8 Atherosclerosis and Arteriosclerosis

Atherosclerosis occurs along the elastic part of the arterial system, such as the aorta
and its main branches, the coronary and carotid arteries. The last two systems are
target arteries of ischemic disease due to atheroma formation leading to stenosis or
obstruction. Arterioles are the weakest point of ischemic change in every organ,
especially in the heart, brain, and kidney, because they are the primary resistance
vessels against the pulsatile power of the arterial blood from the heart (Mayet and
Hughes 2003). Not only arterial pressure but also cigarette oxidants are initiators of
endothelial damage leading to local inflammation.
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In the arterial wall, the endothelium of the arterial system is covered along the
inner wall of the arteries and arterioles (Lewis et al. 2020). They are always attacked
by the pulsatile shear stress of circulation during the heartbeat. If blood pressure is
higher than normal, then the endothelium is always enduring higher shear stress, and
then it is damaged or degenerated. The endothelia become the center of
microinflammation and thrombotic reaction, which is the locus of “friendly-fire”
of nonspecific inflammation of eicosanoid pathways by infiltrating macrophages and
neutrophils. Therefore, chronically taking aspirin or an anti-inflammatory dietary
supplement like BioBran is reasonable to shut down the eicosanoid pathways.

Arteriosclerosis refers to sclerosis or the process of scar formation by an inflam-
matory process. In the case of hypertension, repeating shear stress must occur by
“friendly-fire” in the arterial wall leading to the inflammatory and fibrosing (scar-
ring) processes of arteriosclerosis. Since arterioles throughout the body play the
main role in resisting arterial blood pressure, they are called resistance vessels. As
the result of arteriolar resistance, the capillary area is not under the pulsatile
environment, called the microcirculatory environment. Even mild hypertension for
a long period is at risk of causing microinflammation and thrombotic changes in the
arterial system. Thus, an anti-inflammatory dietary supplement, such as BioBran, is
warranted to prevent the microinflammatory process leading to arteriosclerosis. This
inflammatory process of the arterial intima can be monitored by assessing highly
sensitive C-reactive protein (CRP) (Pepys et al. 2006).

Recently, lectin-like oxidized low-density lipoprotein receptor and CRP became
important to analyze the microinflammation of arteriosclerosis (Fujita et al. 2009).
According to all of the evidence, initiating and promoting ischemic disease factors of
the heart and brain may be closely related to microinflammation, which BioBran
could protect. CRP is a useful biomarker for health screening and checking the
immune system’s balance (Kaptoge et al. 2010).

9.9 Alzheimer’s Disease

B-amyloid and 7 proteins are ordinarily metabolized and excreted from the brain by
newly discovered lymphatics and then in urine from the body as catabolized nitrogen
substances from protein (Aspelund et al. 2015). Those nitrogen catabolites in the
brain can be sufficiently washed out through intracerebral lymphatics to the deep
cervical lymphatics at a younger age. However, catabolism of t and then -amyloid
proteins might be genetically or relatively insufficient in excretion capacity which
leads to deposits in nerve cells. Finally, the three-dimensional amyloid structure of
the B-amyloid protein in nerve cells is called senile plaques. Intraneuronal deposition
of T protein is called neurofibrillary tangles. These changes of nerve cells are
supported by astrocytes and phagocytosed by microglia. Then, nerve cells might
be necrotized, leading to local microinflammation in the release of arachidonic acid
and eicosanoid cascade. Thus, it is reasonable to assume that the anti-inflammatory
effect of BioBran could prevent the progress of neurological abnormalities or



112 Y. Endo et al.

progression of dementia. BioBran should be further researched in patients with
Alzheimer’s disease.

9.10 Summary

Three organ systems, the immune, endocrine, and autonomic nervous, are funda-
mental to our body for daily life and life expectancy. These three systems are closely
connected, especially after discovering the acetylcholine receptor on T lymphocytes
and macrophages by Mashimo et al. (2019). This former missing link now shows the
cross-contact of the three systems, revealing a new view of human life. Moreover,
the hypothalamus is the emotional center and the control tower of the endocrine and
autonomic nervous systems, and acetylcholine plays a vital role as the molecular link
between neurotransmitter and as an immune system cytokine. BioBran can play a
crucial role in supporting these three systems.

The immunomodulating and anti-inflammatory effects of BioBran, mentioned
above, provide excellent support during inflammatory disease. Moreover, our fun-
damental health is supported by the hematopoietic immune system. In this regard,
Ghoneum et al. have shown that BioBran could protect our hematopoietic immune
system (Ghoneum et al. 2013). The functional decline of the hematopoietic system is
closely associated with the aging from the anatomopathological point of view.
Optimal functioning of the three systems mentioned above and a sound
hematopoietic system, supported by BioBran, could give us a sound centenarian life.
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Acquired immune deficiency syndrome (AIDS) is the most advanced stage of
human immunodeficiency virus (HIV) infection. As a retrovirus, HIV-1 is more
virulent and prevalent compared to HIV-2. HIV infection leads to progressive
loss of CD4+ T cells. The depletion of CD4+ T cells triggers a wide range of
immunological abnormalities and hematological changes, increasing the risk of
opportunistic infections and malignancies due to immunodeficiency. The current
regimen of antiretroviral treatment (ART) is not curative, but durable viral load
suppression is continued so that the person with HIV can maintain high CD4+ T
cells for sustainable living. Although ART extends life expectancy, there comes a
point where immunomodulation aiming to reduce HIV-associated immune acti-
vation and enhance the immune response to control HIV infection is still required.
Biobran is a potent biological response modifier with immunomodulatory
properties. The potential anti-HIV activity of Biobran was demonstrated via
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10.1 Introduction

The prevalence of human immunodeficiency virus/acquired immune deficiency
syndrome (HIV/AIDS) continues to be a major challenge to public health authorities
worldwide. In 2020 an estimated 38 million people lived with HIV (including 1.7
million children), with a global prevalence of 0.7% among adults (UNAIDS 2021).
Given the severity of the current pandemic, it is not surprising that the dynamic of
COVID-19 has widened existing inequalities, which block progress to ending AIDS.
The Joint United Nations Programme on HIV/AIDS (UNAIDS) Coordinating Board
has adopted a Global AIDS Strategy 2012-2026 to recommend every country to end
AIDS as a public health threat by 2030 (UNAIDS Board adopts new global AIDS
strategy which paves the way to end AIDS by 2030 2021). The Global AIDS
Strategy puts people at the center and aims to unite all communities to take
prioritized action to transform health and life outcomes for people living with and
affected by HIV.

HIV is a retrovirus consisting of an envelope protein containing two identical
single-stranded RNA molecules (German Advisory Committee Blood (Arbeitskreis
Blut) and Subgroup ‘Assessment of Pathogens Transmissible by Blood’ 2016).
There are two main types of HIV. HIV-1 is virulent and prevalent, causing the
global pandemic. HIV-2 is less pathogenic and is found mainly in West Africa
(Esbjornsson et al. 2019). The more aggressive HIV-1 can be transmitted through
body fluids from infected persons, such as blood, breast milk, semen, or vaginal
secretions. Unprotected sexual intercourse and sharing of percutaneous inoculation
equipment are the typical transmission modes (Shaw and Hunter 2012). Without
antiretroviral treatment (ART), there is also a high risk of mother-to-child transmis-
sion during gestation, labor, and breastfeeding (Teasdale et al. 2011).

HIV infection can lead to progressive loss of cluster of differentiation (CD) 4+ T
cells, also known as the helper T cells, which play a vital role in the adaptive immune
response as they stimulate other lymphocytes to fight infection. The depletion of
CD4+ T cells can trigger a wide range of immunological abnormalities and hemato-
logical changes, increasing the risks of opportunistic infections and malignancies
due to immunodeficiency (Deeks et al. 2015). AIDS is the final stage of HIV
infection when the CD4+ T cell count (or CD4 count for short) drops below
200 cells/pl or when there is the presence of any AIDS-defining conditions. HIV
infection can be fatal if left untreated, with 8-10 years of median survival time
(Sabin 2013).

No cure or vaccine has been found in the 40 years since 1981 when the disease
was first reported, even though much progress has been made. The current standard
care for HIV infection is a daily ART regimen consisting of two or three HIV
medications from different classes. The treatment goal with ART is not curative but
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durable viral suppression so that the person with HIV can sustain a high CD4 count
(>500 cells/pl) and maintain a normal lifespan (Saag et al. 2020). Notwithstanding,
ART has not yet fully restored life expectancy to a level comparable to the HIV-free
population. Even with successful long-term treatment, people living with HIV are
still three times more likely to die than the seronegative cohorts (de Coninck et al.
2018). Hence the search for treatments that can achieve long-term HIV remission is
ongoing. Immunomodulation is a promising approach that aims to reduce
HIV-associated immune activation and boost immune responses to control HIV
infection (Pino et al. 2018).

Biobran, also known as MGN-3 or RBAC, is a modified arabinoxylan compound
derived from partially hydrolyzing rice bran using shiitake mushroom enzymes
(Ghoneum 1998a). It is a potent biological response modifier with immunomodula-
tory properties that include upregulating natural killer cell activity (Ghoneum
1998b), augmenting phagocytic cellular functions, modulating cytokine production,
promoting T and B lymphocyte proliferation (Ghoneum 1998a), and acting as a
natural adjuvant for dendritic cells (Ghoneum and Agrawal 2011). The therapeutic
properties of Biobran also include antioxidant, antiangiogenesis, antiproliferative,
and anti-inflammatory effects (Ooi et al. 2021). A small amount of research on the
effectiveness of Biobran on HIV has been conducted in the view of obtaining clues
that could ultimately lead to sustainable usage of Biobran. In this context, this
chapter describes a few causal factors for the pathogenicity of HIV infection and
how they are affected by Biobran.

10.2 From Infection to CD4+ T Cell Destruction

Once entering the body, HIV will infect the immune cells by attaching and fusing
with the host cell membrane, releasing its RNA strands in the process. Through
reverse transcription, the injected RNA is converted into proviral DNA and carried
into the cell nucleus, where it binds to and is integrated with the host DNA. The host
cell is compromised at this stage, and it can be activated to produce copies of HIV
particles to infect other cells (German Advisory Committee Blood (Arbeitskreis
Blut) and Subgroup ‘Assessment of Pathogens Transmissible by Blood’ 2016). The
infection will spread through the lymphoid system starting from the mucosal tissues.
The HIV RNA will become detectable in the blood becoming viremia after a few
days. Viral load will increase exponentially until its peak in a few weeks associated
with a transient reduction in peripheral CD4+ T cells, during which the adaptive
immune response is triggered to release antibodies against HIV (Deeks et al. 2015).
These events signify the acute phase of HIV infection, and some patients may
experience nonspecific symptoms such as fever, fatigue, muscle pain, headache,
and swollen lymph nodes, collectively known as acute retroviral syndrome (ARS)
(Crowell et al. 2018). Patients with ARS have a higher viral burden and lower CD4
count, and they experience immune activation across multiple body compartments
compared to those without ARS (Crowell et al. 2018). The host antibodies against
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the HIV viral particles can only achieve partial control in reducing the viral load
without eliminating the infectious agents (Baum 2010).

Not all CD4+ T cells are equal as HIV preferentially infects a subset called
HIV-specific CD4+ T cells. A study performed on 12 HIV-infected individuals
showed that HIV-specific memory CD4+ T cells in infected individuals contained
more HIV viral DNA than other memory CD4+ T cells at all stages of HIV disease
(Douek et al. 2002). Additionally, following viral rebound during interruption of
ART, the frequency of HIV viral DNA in the HIV-specific pool of memory CD4+ T
cells increased to a greater extent than in memory CD4+ T cells of other specificities.
Nevertheless, HIV-specific CD4+ T cells do play a protective role towards viremia
and disease progression. For the rare individuals who can control HIV replication
after infection without ART, called elite controllers, their HIV-specific CD4+ T cells
showed higher avidity than patients with progressive infection (Chevalier et al.
2016; Porichis and Kaufmann 2011). HIV-specific CD4+ T cell dysfunction results
from altered differentiation that leads to disease progression (Morou et al. 2019).

The disease becomes chronic after 4-6 months with the establishment of a steady-
state viremia level or set-point. The set-point is highly variable across individuals,
ranging from 1000 to 1 million viral copies per milliliter (Fraser et al. 2007).
Naturally, those with higher set-points are more likely to have immune dysfunction,
high levels of inflammation, and higher risk of rapid disease progression (Deeks
et al. 2015). Nonetheless, a rebound of CD4 count from the low level during the
acute phase can be observed in all patients. Patients will continue to experience
progressive loss of CD4+ T cells through destruction and decreased production.
Eventually, it will lead to AIDS if left untreated. Thus, the depletion of CD4+ T cells
is a hallmark of AIDS, and the CD4 count is a commonly used marker of HIV
disease progression.

With the success of modern ART in suppressing HIV, many patients still
succumb to non-AIDS—defining conditions, such as cardiovascular disease, liver
disease, kidney disease, malignancies, and others due to persistent immune dysfunc-
tion despite normalization of CD4 count (McBride and Striker 2017). Therefore,
CD4 count and viral load are no longer sufficient to estimate the risks facing HIV
patients. The role of CD8+ T cells in HIV disease progression has become increas-
ingly prominent. Being the cytotoxic effector cells that directly destroy virus-
infected cells, CD8+ T cells are essential in controlling HIV replication during the
acute stage of the infection. However, their cytotoxic potential decreases dramati-
cally with disease progression, leading to a diminishing capacity to exert antiviral
response (Perdomo-Celis et al. 2019). The CD8+ T cells suffer immune exhaustion,
altering their profile and becoming progressively dysfunctional. The number of
dysfunctional CD8+ T cells continues to increase in chronic HIV infection
(Perdomo-Celis et al. 2019). Hence, the balance between CD4+ T cells and CD8+
T cells (or CD4/CDS ratio) has been suggested as a more reliable prognostic marker
for the HIV-positive population (McBride and Striker 2017). A normal CD4/CDS§
ratio is greater than 1.0, and most HIV-infected individuals with long-term viral
suppression still had a persistent inversion of CD4/CDS ratio (<1) (Caby et al.
2016). Naturally, low CD4/CDS ratio and high CD8+ T cell count were associated
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with non-AIDS—defining conditions and excess AIDS mortality in an HIV popula-
tion (Perdomo-Celis et al. 2019; Gojak et al. 2019).

10.3 The Potential Benefits of Biobran Against HIV
10.3.1 In Vitro Anti-HIV Effects

Ghoneum showed that Biobran possesses anti-HIV potential in two in vitro
experiments (Ghoneum 1998a). First, mononuclear cells (MNCs) were isolated
from the human peripheral blood of three healthy volunteers and cultured with the
HIV-1 SF strain. Infected MNCs were incubated with Biobran at various
concentrations (0—100 pg/ml) for 7 days at 37 °C. The culture supernatants of
HIV-1 infected cells were collected at the end of the incubation period for viral
production analysis using the HIV-1 p24 ELISA kit. The results showed that
Biobran inhibited HIV viral replication in a dose-dependent manner. Biobran treat-
ment at concentrations of 12.5, 25, 50, and 100 pg/ml inhibited HIV-1 p24 antigen
production by 18.3, 42.8, 59, and 75%, respectively, relative to viral production
without Biobran (Ghoneum 1998a).

Syncytia, the multinucleated cell products from cell fusion, are associated with
AIDS and represent a “danger” signal capable of triggering inflammatory responses
(Compton and Schwartz 2017). Another in vitro experiment by Ghoneum studied
the effect of Biobran on HIV-induced syncytia formation (Ghoneum 1998a). Again,
peripheral blood MNCs from five AIDS patients were cultured at 37 °C in the
presence of Biobran at various concentrations (0—100 pg/ml). The cultures were
examined after 7 days with the total number of syncytia counted. Results showed
that Biobran inhibited the number of syncytia formation in a dose-dependent manner
with a 38.5, 50, 62.5, and 75% reduction for Biobran concentrations of 12.5, 25, 50,
and 100 pg/ml, respectively (Ghoneum 1998a). These two pre-clinical experiments
clearly demonstrated that Biobran possesses an inhibitory effect on HIV replication
in vitro, and they formed the basis of all subsequent human studies on the potential
use of Biobran as an adjunct therapy for HIV.

10.3.2 Lymphocyte Proliferation

Lymphocyte proliferation is a fundamental characteristic of the host immune system
in response to antigenic stimulation. In untreated HIV infection, both CD4+ and
CD8+ T cells significantly increased compared to the levels observed in healthy
individuals. Such peripheral T cell proliferation results from generalized immune
activation (Hazenberg et al. 2000). A recent study has reported that the CD4+ T cell
proliferation level during acute HIV-1 infection was inversely correlated with the
decline of CD4+ T cells 2 years later. Hence, CD4+ T cell proliferation is effective in
the acute phase and is beneficial to preserving CD4 cell count subsequently (Xia
et al. 2018).
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The in vivo effect of Biobran on lymphocyte proliferation was studied by
Ghoneum in human subjects. Five healthy volunteers were given Biobran at
15 mg/kg/day orally for 2 months. MNCs were prepared from the peripheral blood
of these individuals. Significant increases in T and B cell mitogen responses after
Biobran treatment were observed compared to the values at baseline, suggesting the
augmentory effect of Biobran on lymphocyte proliferation (Ghoneum 1998a). Thus,
the immunomodulatory effects of Biobran could potentially promote T cell prolifer-
ation during acute HIV infection and possibly sustain CD4 cell count and CD4/CD8
balance among HIV+ individuals in the longer term.

10.3.3 CD4+ T Cell Count and CD4/CD8 Ratio

The positive effect of Biobran on the CD4+ T cell recovery trend was reported in a
case study of a 22-year-old male with known anti-HIV seropositive status (Chaiyasit
and Wiwanitkit 2020). The patient had denied ART and started taking Biobran (4 g/
day) with no other concomitant treatment. After 1 month, his CD4 cell count
increased 1.4-fold from baseline (499 cells/pl to 715 cells/pl), and his CD4+ T cell
percentage increased from 27.88% to 34%.

This finding was further supported by a recent clinical trial (Lewis et al. 2020)
wherein 22 HIV-infected patients on stable ART were assigned to the Biobran group
for 6 months. When analyzed for CD4+ T cell count, Biobran (3 g/day) caused a
modest (nonsignificant) short-term (3 months) improvement compared to their
baseline value. Compared to another 25 HIV patients on ART and placebo, the
study found a statistically significant (p = 0.04) percentage change in the CD8+ T
cell count between the two groups. At the end of 6 months, the Biobran group
showed a 5.2% decrease, whereas the placebo group’s value increased by 57.8%.
Notably, the CD4/CDS8 ratio increased in the Biobran group (0.95 + 0.62 to
1.07 + 0.7) but decreased in the placebo group (0.96 + 0.8 to 0.72 + 0.59). Even
though the change was statistically marginal (p = 0.085) between groups, it was
considered clinically significant for the Biobran group to reach CD4/CD8 ratio
normalization (Lewis et al. 2020).

10.3.4 Systolic Blood Pressure and Endothelial Function

Patients with HIV on ART suffer from hypertension and endothelial dysfunction;
however, conventional treatment does not alleviate such issues. Recent evidence
indicates that the increased cardiovascular risk in HIV-infected individuals is attrib-
utable to HIV infection itself (Anand et al. 2018). HIV as a retrovirus can produce
the envelope glycoproteins such as gp120, Tat, and Nef. These viral proteins play a
major role in the pathogenesis of endothelial dysfunction, which is a precursor of
cardiovascular events, including atherosclerosis (Anand et al. 2018).

In the randomized, double-blind placebo-controlled trial, Biobran was reported to
positively affect the systolic blood pressure and endothelial function of HIV+
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patients on stable ART (Lewis et al. 2020). Systolic blood pressure as a cardiovas-
cular marker decreased in the Biobran group, while it increased in the placebo group.
However, there was no clear trend in the skin blood flow in response to nitric oxide
as an endothelial function marker between groups. Further analysis using multivari-
ate repeated measures analysis of variance model revealed that treatment effect
(Biobran vs. placebo) was significant (p < 0.001) for the systolic blood pressure
and endothelial function over time. Thus, Biobran treatment may improve the overall
health profile of HIV+ individuals through modest short-term improvements in their
cardiovascular biomarkers.

10.4 Conclusion

Research into the medical application of Biobran to treat HIV is limited despite its
growing use in cancer immunotherapy. This chapter highlights the key players of
HIV disease progression and their modification following Biobran administration.
The potential anti-HIV activity of Biobran was demonstrated via inhibition of HIV-1
replication and syncytia formation in vitro. Furthermore, augmented lymphocyte
proliferation by Biobran was shown in healthy subjects and an HIV+ patient case
study. Biobran supplementation could potentially improve CD4 count and
CD4/CD8 ratio in HIV-infected patients, suggesting T cell homeostasis through
the suppression of specific T cell responses to immunopathology. Finally, Biobran
was shown to improve systolic blood pressure and endothelial function in
HIV-infected individuals. Further research is needed to explore the potential use of
Biobran as an adjunct therapy to enhance the immune and health profile of people
living with HIV.
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Abstract

This chapter introduces the effects of arabinoxylan rice bran (Biobran) on hepati-
tis in animals and humans based on evidence-based research papers. The liver
plays an important role in a variety of physiological functions. Liver damage can
develop with diseases such as hepatitis and nonalcoholic fatty liver disease
(NAFLD). Hepatitis induced by D-galactosamine is a well-studied animal
research model that is histologically and pathologically similar to the effects of
human hepatitis B virus. Supplementation with Biobran suppressed the D-
galactosamine-induced hepatitis and IL-18 expression in rats by inhibition of
NF-kappaB and JNK/MAPK expression. Moreover, Biobran supplementation
(1 g/day, 3 months) showed suppressed viremia levels in patients infected with
chronic hepatitis C virus. In patients with NAFLD, Biobran was consumed 1 g/
day for 90 days. The level of alkaline phosphatase significantly decreased in the
Biobran feeding group compared to placebo (p < 0.05). More clinical and basic
research on Biobran is required in the future to clarify its supportive effects and
mechanisms of action in hepatitis.
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11.1 Hepatitis

The liver plays an important role in a variety of physiological functions, including
metabolism, xenobiotic detoxification, storage, and secretion. Therefore, when the
liver is damaged, it can cause a variety of metabolic disorders and diseases such as
hepatitis, fatty liver, and nonalcoholic fatty liver disease (NAFLD).

Hepatitis has become a global health problem that is associated with significant
morbidity and mortality. Therefore, it is important to prevent or treat hepatitis with
medications or other treatments. In humans, hepatitis is often caused by viruses,
drugs, or alcohol. In animal experiments, D-galactosamine (D-GalN) hepatitis,
D-GalN+lipopolysaccharide (LPS)-induced hepatitis, acetaminophen-induced hepa-
titis, and carbon tetrachloride-induced hepatitis are used as models of acute liver
injury. Hepatitis induced by D-GalN is a well-studied model that is histologically
and pathophysiologically similar to viral human hepatitis B (Keppler et al. 1968;
Decker and Keppler 1974).

11.2 D-GalN Hepatitis (Animal Model) and Arabinoxylan Rice
Bran (Biobran)

D-GalN is also found in small amounts in ordinary foods as a component of glycans
such as glycoproteins. It has been reported that ingesting a large amount of D-GalN
at one time rapidly consumes uridine triphosphate (UTP) when D-GalN is
metabolized in the liver (Keppler et al. 1968, 1970; Decker and Keppler 1974).
D-GalN hepatitis is thought to be caused by the inhibition of protein and messenger
ribonucleic acid (mRNA) biosynthesis due to the depletion of intracellular UTP and
enhanced absorption of endotoxin from the intestines to the bloodstream (Galanos
et al. 1979; Stachlewitz et al. 1999).

D-GalN administration is known to cause a large increase (i.e., an increase by
thousands of times) in the susceptibility to endotoxin. Endotoxin stimulates Kupffer
cells in the liver causing tumor necrosis factor-mediated destruction of hepatocytes
that results in infiltration of neutrophils and other cells and further hepatocyte
necrosis through generation and release of reactive oxygen species (Stachlewitz
et al. 1999). Hepatocytes are then destroyed, and activities of the serum hepatic
biomarkers alanine transaminase (ALT) and aspartate transaminase (AST) increase.
After D-GalN administration, these serum transaminase activity levels reach a
maximum at about 24 h and then gradually begin to recover. The D-GalN hepatitis
model in rats is not difficult to establish and resembles a certain type of human
hepatitis. Therefore, the D-GalN hepatitis model is often used as a model of acute
liver injury.

Arabinoxylan rice bran (Biobran, RBAC, or MGN-3) is a modified hemicellulose
that can be obtained through partial hydrolysis by enzymes from shiitake
mushrooms. Biobran has been reported to have immunomodulatory effects such as
activation of natural killer (NK) cells (Ghoneum and Abedi 2004). We investigated
the effect of Biobran on the development of D-GalN hepatitis.
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Our previous study showed that intake of certain oligosaccharides suppresses
D-GalN hepatitis in rats (Wang et al. 1995). Moreover, dietary corn bran hemicellu-
lose (CBH) has been shown to reduce the increase in plasma transaminase activity in
D-GalN-treated rats (Daizo et al. 2005, 2006). CBH mainly consists of arabinoxylan.
Arabinoxylan hemicellulose is an indigestible polysaccharide that is abundant in
cereals such as rice bran or wheat bran. Biobran also suppressed the development of
hepatic injury by D-GalN in rats (Zheng et al. 2012a). The serum transaminase (AST
and ALT) activity in rats treated with Biobran 1 h before the D-GalN injection was
significantly suppressed by both oral administration and intraperitoneal (i.p.) injec-
tion. Biobran (20 mg/kg body weight [BW]) was administered i.p., and D-GalN was
injected 1 h after the Biobran treatment of the rats. Twenty-four hours after D-GalN
treatment, serum samples were collected. AST and ALT activity in the Biobran-
treated group was significantly lower than that of the non-Biobran-treated control
group (Zheng et al. 2012a). The transaminase values were as follows (mean =+ stan-
dard error [SE]): AST: control, 1074 + 76 IU/L and Biobran, 197 + 7 IU/L;
and ALT: control, 239 + 35 IU/L and Biobran, 14.1 + 0.7 IU/L. However, at
lower Biobran treatment levels, e.g., 0.5 and 5 mg/kg BW, no significant inhibitory
effect was observed, while feeding over 30 mg/kg of BW/day of Biobran increased
the NK cell activity. A preliminary experiment showed that a large amount of
Biobran did not protect against D-GalN hepatitis. Thus, selecting the optimal amount
of Biobran is important because of its anti-inflammatory effect.

Next, we hydrolyzed Biobran at 100 °C for 1 h with 1 N HCl to study the active
fractions. Following this, the Biobran hydrolysate was neutralized with 1 N NaOH.
The solutions were passed through cation and anion resin columns, and the effluent
was used in the experiments. Even after this procedure, D-GalN hepatitis was
significantly suppressed by Biobran hydrolysate compared with the control (only
D-GalN treatment) group (Zheng et al. 2012a). This result indicates that the active
components of Biobran are stable despite heating and hydrochloric acid treatment.

We then fractionated Biobran hydrolysate into the following three molecular
weights using gel filtration: low, medium, and high. The Biobran hydrolysate and
three fractionated materials were administered i.p. Rats in the control group were
injected with the same amount of saline. All the groups of mice were injected with
D-GalN (400 mg/kg BW) 1 h after treatment with these fractionated Biobran
samples (see Reference (Zheng et al. 2012a) for detailed experimental procedures).
Hydrolyzed Biobran significantly inhibited D-GalN hepatitis compared with the
control, but high molecular weight fractions (>2,000,000 Da) of Biobran did not
inhibit D-GalN hepatitis. Medium molecular weight (400-2,000,000 Da) and low
molecular weight (<400 Da) fractions of Biobran significantly inhibited D-GalN
hepatitis in rats. The D-GalN hepatitis inhibitory effect of the low molecular weight
Biobran fraction was the strongest among all groups. The transaminase AST values
were as follows (mean + SE): control, 1878 + 626 IU/L and low molecular weight
Biobran fractions, 185 + 29 IU/L; and ALT: control, 537 + 261 IU/L and low
molecular weight Biobran fractions, 77.8 + 8.8 IU/L (p < 0.05) (Zheng et al.
2012a). The molecular weight of the low molecular weight Biobran fraction was
measured using electrospray ionization mass spectrometer (ESIMS), and there was
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an intense peak at m/z = 409. The low molecular weight Biobran fraction was
considered to contain oligosaccharide compounds on the basis of the ESIMS results.

The low molecular weight Biobran fraction is a mixture of monosaccharide and
oligosaccharides, and glucose is a main component (22.8%). We have reported that
several indigestible oligosaccharides such as galacto-oligosaccharide and raffinose
inhibit D-GalN hepatitis in rats (Wang et al. 1998). Indigestible oligosaccharides
containing galactose had an inhibitory effect on the onset of D-GalN hepatitis.
D-GalN hepatitis-suppressive effects of the indigestible oligosaccharides such as
raffinose or galacto-oligosaccharide are mediated by intestinal bacteria because
raffinose and galacto-oligosaccharide did not inhibit D-GalN hepatitis in rats that
were treated with the antibiotic neomycin (Wang et al. 1998). Low molecular weight
Biobran fractions contain only a small amount of galactose (0.5%), and thus, it is
possible that components different from these galactose-containing oligosaccharides
are involved in the suppression of D-GalN hepatitis.

Arabinoxylan hemicellulose is an indigestible polysaccharide that is abundant in
cereals that are consumed by humans. Because the chemical bonds between arabi-
nose and xylose and the ratio of arabinose to xylose vary depending on the type of
plant, arabinoxylan hemicellulose is thought to have different effects on the liver. In
our previous study, we investigated the effect of corn bran hemicellulose (CBH) on
D-GalN hepatitis in rats (Daizo et al. 2005, 2006). CBH mainly consists of water-
soluble arabinoxylan hemicellulose. CBH also suppressed D-GalN hepatitis. This
suppressive effect was observed 7 days after CBH ingestion but not after 1 or 3 days
(Daizo et al. 2005). This effect of CBH and other dietary fibers may be related to
changes in gut bacteria. However, Biobran suppresses D-GalN hepatitis even after a
single dose which suggests that the mechanism is different from that of CBH. In
addition, Biobran has been reported to have antioxidant properties (Noaman et al.
2008). Therefore, it is possible that this antioxidant capacity may be related to the
prevention of D-GalN-induced hepatitis.

Interleukin (IL)-18 is an inflammatory cytokine that belongs to the IL-1 family.
IL-18 is clinically associated with viral liver cirrhosis, primary biliary cirrhosis, or
fulminant hepatitis. Serum IL-18 level correlates with the disease severity in patients
with these diseases (Tsutsui et al. 2000, 2003). Plasma IL-18 was significantly
increased in patients with liver injury that is caused by the hepatitis C virus (HCV)
(Murata et al. 2005; Vecchiet et al. 2005). IL-18 is involved in a variety of
immunological and inflammatory events (Tsutsui et al. 2000). Finotto et al. reported
that IL-18 overexpression has caused substantial hepatitis in mice (Finotto et al.
2004). It was reported that D-GalN hepatitis induced IL-18 in rats and that
L-glutamine intake ameliorated the increase of serum IL-18 (Komano et al. 2008).
Lu et al. reported that acetaminophen-induced liver injury also caused an increase in
IL-18 in mice (Lu et al. 2010). Biobran (20 mg/kg BW, i.p.) and the low molecular
weight Biobran fraction (0.5 mg/kg BW, i.p.) administration suppressed IL-18
mRNA expression in the liver and serum IL-18 levels in D-GalN liver injury rats
(Zheng et al. 2012a). The hepatoprotective mechanisms were partly mediated by
IL-18 downregulation in rats that were administered Biobran.
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11.3 Acetaminophen-Induced Hepatitis

We also investigated the effect of Biobran on acetaminophen-induced liver injury in
rats. Biobran inhibited the development of acetaminophen hepatotoxicity in rats
(Sanada and Egashira 2009). Acetaminophen hepatotoxicity is thought to occur
when an intermediate metabolite of acetaminophen is produced by an enzyme in
the drug metabolism system, and it binds to reduced glutathione or an enzyme
protein thiol group, resulting in abnormal hepatocyte metabolism and ultimately
hepatocyte necrosis (Mitchell et al. 1973). D-GalN hepatotoxicity and acetamino-
phen hepatotoxicity cause hepatitis via different mechanisms. However, Biobran had
an inhibitory effect on both types of liver injury in rats. It may act on hepatocyte
necrosis and cytotoxicity through neutrophils and other cells, which are common in
these two liver disorders.

11.4 Mechanisms of Action

Because IL-18 is involved in the D-GalN hepatitis inhibitory effect of Biobran, we
next examined the effect of Biobran on nuclear factor-xB (NF-kB), mitogen-
activated protein kinase (MAPK), and CD14 to investigate this mechanism. IL-18
belongs to a novel family of inflammatory cytokines that are related to many kinds of
inflammatory and immunological events (Tsutsui et al. 2000). IL-18 is released from
murine macrophages or Kupffer cells through the Toll-like receptor 4 (TLR4)/
CDl14-dependent signaling pathway in animal models (Tsutsui et al. 2003).
Activated TLR4/CD14 is associated with alcoholic liver disease and hepatic ische-
mia (Schwabe et al. 2006; Akira and Hemmi 2003; Peng et al. 2004). TLR4 is a
transmembrane protein that is mainly present in macrophages. TLR4 recognizes
LPS, which is a constitutive element of the bacterial cell wall, or the LPS/CD14
complex, and it mediates macrophage activation and pro-inflammatory cytokine
production and release (Peng et al. 2004). CD14 is a key gene in the innate immune
system and functions as a LPS receptor. CD14/LPS interactions at the level of the
membrane activate TLR-4, which plays an important role in signal transduction in
the innate immune response (Peng et al. 2004). It is well known that TLR4 activates
a transcription factor, NF-kB, and members of the MAPK family including p38
kinase (p38), extracellular stress-related kinase 1/2 (ERK), and stress-activated
protein kinase/c-Jun N-terminal kinase (JNK) (Su 2002). The MAPK family plays
important roles in the regulation of cell death and proliferation in response to various
cellular stresses. It was reported that D-GalN activates MAPKs (Nishioka et al.
2006).

Therefore, we investigated the TLR4/CD14 pathway, NF-xB, and MAPKs to
clarify the mechanism of Biobran’s protective effects against D-GalN-induced
hepatitis (Zheng et al. 2012b). Wistar rats were injected intraperitoneally with either
Biobran or the low molecular weight Biobran fraction. Then, rats were administered
D-GalN at a dose of 400 mg/kg 1 h after the initial treatment.
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Serum transaminase activity (ALT and AST) was significantly higher after GalN
treatment. However, Biobran and the low molecular weight Biobran fraction
strongly suppressed these hepatitis parameters. The low molecular weight Biobran
fraction significantly attenuated the increase in serum transaminase activity in a
dose-dependent manner (p < 0.05) (Zheng et al. 2012b). Next, we focused on the
hepatoprotective mechanism of the low molecular weight Biobran fraction. At 8 h
after D-GalN treatment, liver CD14 mRNA expression levels were significantly
higher than those in the normal (non-D-GalN-treated) group. However, the low
molecular weight Biobran fraction pre-treatment group showed strong suppression
of CD14 mRNA expression in the liver compared with the control (D-GalN-treated)
group. We also measured the liver TLR4 mRNA expression levels in the normal, D-
GalN-treated (control), and low molecular weight Biobran fraction-treated groups.
There were no significant differences in liver TLR4 mRNA expression levels among
the three groups. However, TLR4 mRNA expression showed a similar trend to that
of CD14 mRNA expression among the three groups (Zheng et al. 2012b).

NF-kB translocates to the nucleus via phosphorylation and degradation of IkBa.
We examined the effect of the low molecular weight Biobran fraction on IkBa
degradation, and we found that fraction strongly inhibited D-GalN-induced IxkBo
degradation 8 h after D-GalN treatment. When we studied the effect on the MAPK
signaling pathways, we found that pre-treatment with the low molecular weight
Biobran fraction significantly inhibited D-GalN-activated phosphorylation of JINK in
the liver (Zheng et al. 2012b). These findings showed that the suppressive effect of
Biobran on D-GalN-induced liver injury is related to the inhibition of NF-kB,
MAPK, and CD14 expression (Fig. 11.1).

11.5 Effect of Biobran on Hepatitis C Virus Patients

Plasma IL-18 was significantly increased in patients with liver injury that was caused
by HCV infection (Murata et al. 2005; Vecchiet et al. 2005). Biobran suppressed
D-GalN hepeatitis and the IL-18 concentration (Zheng et al. 2012a), so it might also
suppress HCV infection.

Salama et al. reported that Biobran suppresses the viremia level in patients with
chronic HCV infection (Salama et al. 2016). In a non-inferiority clinical trial, two
groups of chronic HCV patients (n = 37) were randomized to receive either
pegylated interferon (IFN, 180 pg, subcutaneously weekly) plus ribavirin
(1200 mg for over 75 kg BW or 1000 mg for under 75 kg) as a standard treatment
(n = 21) or Biobran (1 g/day, n = 16) for 3 months (Salama et al. 2016). They
examined viremia, liver enzyme levels, serum IFN-y, and toxicity before and
3 months after treatment. Viral load was examined using a quantitative polymerase
chain reaction test. Post-treatment, the viral load in both groups was reduced to a
similar extent. Patients who received pegylated IFN plus ribavirin showed a signifi-
cantly decreased viral load compared with the baseline value (median baseline,
300,000 IU/mL; median after 3 months, 16 IU/mL). Patients who received Biobran
also had a significantly reduced viral load compared with the baseline value (median
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Fig. 11.1 The suppressive effect of Biobran on D-GalN-induced liver injury

baseline, 224,000 IU/mL; median after 3 months, 70,150 IU/mL) (Salama et al.
2016). Patients in both groups showed a significant reduction in the viral load
relative to the baseline value (P < 0.05). Patients who received pegylated IFN
plus ribavirin showed significantly decreased liver enzyme (ALT) levels compared
with the baseline value (mean + standard deviation [SD] at baseline, 59.7 + 43.3 U/
L; after 3 months, 42.8 + 24.9 U/L, P < 0.05). Patients who received Biobran
showed a 21.3% increase in ALT levels and an 11.0% increase in AST levels
compared with the baseline values, but this difference was not statistically signifi-
cant. However, treatment with Biobran caused a twofold (P < 0.001) increase of
IFN-y level after 3 months (mean + SD at baseline, 16.1 + 1.7 pg/mL; after 3 months,
344 + 19.8 pg/mL) (Salama et al. 2016). Some studies reported that IFN-y is a
potent inhibitor of viral replication (Frese et al. 2002). Moreover, Biobran also
modulates immune cells such as CD4+ and CD8+ T cells and NK cells, which
play major role in antiviral infection (Ghoneum and Abedi 2004; Ghoneum and
Agrawal 2014). The authors speculated that Biobran might act as a therapeutic
vaccine by boosting the host protective cell-mediated immune responses against
HCV (Salama et al. 2016).

Next, Salama et al. evaluated the toxicity of pegylated IFN plus ribavirin and
Biobran treatment using a questionnaire, physicians’ observations, and laboratory
test results. They reported that patients who received pegylated IFN plus ribavirin
showed adverse events including mild fatigue (47.6%), fever (95.2%), digestive
disorder (95.2%), hepatomegaly (71.4%), weight loss (47.6%), dry cough, anemia,
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and thrombocytopenia, while patients who received Biobran showed no such side
effects (0%) except for hepatomegaly (68.8%) and reported good health (Salama
et al. 2016).

11.6 Effect of Biobran on Nonalcoholic Fatty Liver Disease
Patients

NAFLD is a spectrum of diseases that are characterized by fat accumulation in the
liver. The incidence and prevalence of NAFLD are increasing worldwide. There is a
paucity of available treatment approaches besides reducing the fat content in the liver
via weight loss (Schwenger and Allard 2014). Therefore, it is important to explore
nutritional interventions.

Lewis et al. examined the effect of Biobran on biomarkers in adults (n = 23) with
NAFLD in a 90-day randomized double-blind placebo-controlled trial (Lewis et al.
2018). They measured the complete blood count and serum levels of liver enzymes,
lipids, oxidative stress markers, cytokines, and growth factors. The patients were
randomly assigned to one of two study conditions (n = 12 Biobran and n = 11
placebo), and they consumed 1 g/day of either Biobran or the control compound,
respectively, for 90 days. There were no adverse effects under these experimental
conditions. The level of the hepatic enzyme alkaline phosphatase (ALP) significantly
decreased in the Biobran group compared with placebo (p < 0.05). An increasing
ALP level suggests that there is liver damage, and it is related to steatosis and fibrosis
(Khodadoostan et al. 2016).

The percent monocytes and percent eosinophils increased in the Biobran group
compared with the placebo. The increase in the percentage of both eosinophils and
monocytes in the Biobran group suggests that there is an immunomodulatory
response. A short-term mild inflammatory response could be beneficial to protect
hepatocytes from damage and to achieve homeostasis (Lewis et al. 2018).

IFN-y levels also increased in the Biobran group compared with placebo.
Although not statistically significant, IL-18 decreased from 446 pg/mL at baseline
to 221 pg/mL at 90 days in the Biobran group, whereas IL-18 levels in the placebo
group slightly increased from baseline (256 pg/mL) to 90 days (263 pg/mL) (Lewis
et al. 2018).

Other improvements were noted for platelets, neutrophils, the neutrophil-to-
lymphocyte ratio, y-glutamyl transferase, and 4-hydroxynonenal (Lewis et al.
2018). These findings imply that Biobran improves inflammation, liver function,
and oxidative stress in patients with NAFLD. Treatment of NAFLD patients is
limited by conventionally supplied medicine. Moreover, there is no treatment
other than reducing the fat in the liver. Biobran seems to have beneficial effects on
several biomarkers in people with NAFLD.
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11.7 Conclusion

In humans, Biobran had a positive effect on hepatitis C and NAFLD under the
experimental conditions that were described in this chapter. In animal experiments,
Biobran was observed to prevent D-GalN-induced hepatitis. Inhibition of IL-18
seems to be important because serum IL-18 concentrations increase in various
diseases such as animal models of atopic dermatitis and bronchial asthma and in
patients with HCV (Murata et al. 2005; Tanaka et al. 2001; Lee et al. 2006).

More clinical and basic research on Biobran is required in the future to clarify its
positive effects and mechanisms of action.
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Abstract

This chapter highlights the research literature on using rice bran arabinoxylan
compound (RBAC) as a nutraceutical and functional food for a range of acute and
chronic conditions. RBAC has shown potential for supporting the liver, particu-
larly in fatty liver disease, which involves an accumulation of fat in the paren-
chymal cells of the liver. Chronic fatigue syndrome (CFS) is a persistent relapsing
fatigue not alleviated by rest and exacerbated by moderate exercise. Research
suggests that RBAC may support persons with CFS. Common colds and influ-
enza are the most common diseases in humans. Studies on RBAC show beneficial
effects in reducing the physical stress associated with acute respiratory tract
infections and reveals prophylactic effects. Diabetes mellitus (DM) is a group
of disorders characterised by hyperglycaemia resulting from insulin resistance,
inadequate insulin secretion, or excessive glucagon secretion. In animal-based
studies, RBAC reveals therapeutic potential for DM through multiple pathways.
Irritable bowel syndrome (IBS) involves a disordered communication between
the gut and brain, resulting in disturbances in motility, visceral hypersensitivity,
and altered central nervous system processing. Previous research indicates that
the administration of RBAC improves IBS symptoms, which may be associated
with the compound’s anti-inflammatory and immune-modulatory effects. Rheu-
matoid arthritis (RA) is a progressive inflammatory autoimmune disease
associated with articular and systemic effects. Case studies of RBAC administra-
tion in chronic rheumatism have shown improvements in pain, quality of life, and
serological assessments. Although the available evidence indicates the therapeutic
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benefits of RBAC in these disorders, further research is required to explain the
mechanisms for altering the pathophysiology of the disease pathways.

Keywords

Fatty liver disease - Chronic fatigue syndrome - Common cold - Diabetes -
Irritable bowel syndrome - Rheumatoid arthritis

12.1 Introduction

The bran layer of rice grain is a source of many nutrients, phytochemicals, and
antioxidants (Ooi et al. 2021). A primary constituent in the bran layer is
arabinoxylan, a non-starch polysaccharide. Arabinoxylan contains cross-links in
the side chains making it resistant to extraction by water (Mendez-Encinas et al.
2018). Extraction methods using enzymes and alkali solutions have enabled the
availability of low molecular weight arabinoxylans. A prime example is a modified
arabinoxylan product treated with the Lentinus edodes mycelial enzyme known as
rice bran arabinoxylan compound (RBAC). RBAC is now gaining attention for its
health-promoting properties as a nutraceutical and functional food (Ooi et al. 2021;
Schupfer et al. 2021). This chapter highlights the peer-reviewed scientific literature
on the use of RBAC for fatty liver disease, chronic fatigue syndrome, the common
cold, diabetes, irritable bowel syndrome, and rheumatoid arthritis.

12.2 Fatty Liver Disease

Fatty liver disease (FLD) involves an accumulation of fat in the parenchymal cells of
the liver, referred to as hepatosteatosis (Toshikuni et al. 2014). FLD may ensue in
individuals through chronic alcohol abuse (Schwartz and Reinus 2012). However,
nonalcoholic FLD (NAFLD) is commonly associated with metabolic syndrome,
obesity, diabetes, and hyperlipidaemia (Antunes et al. 2021; Chalasani et al.
2012). NAFLD is a serious health problem worldwide, affecting 20-30% of the
population in Western countries (Bellentani et al. 2010).

The pathological presentation of NAFLD varies from simple hepatic steatosis to
steatohepatitis, liver cirrhosis, and hepatocellular carcinoma (Rinella 2015).
Although most cases of FLD experience simple hepatic steatosis, some will develop
steatohepatitis, with a small percentage of individuals progressing to more severe
liver fibrosis and cirrhosis (Toshikuni et al. 2014). The pathophysiology is complex,
with multiple signals from visceral adipose tissue disrupting lipid and glucose
metabolism. This leads to an accumulation of fat in hepatic tissues and manifests a
proinflammatory environment which triggers injury to the liver and other tissues
(Rinella 2015). In some patients, continued oxidative stress and lipotoxicity
contributes to liver damage, fibrosis, and hepatocellular cancer.
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There is a paucity of effective treatments for the management of FLD. Conven-
tional medicine has provided limited efficacious therapy for patients (Lombardi et al.
2017). Lifestyle-mediated weight loss in combination with exercise remains the
primary mode of treatment (Parnell et al. 2012). RBAC acting as a functional food
and prebiotic has shown potential for supporting the liver.

In an experimental animal study, D-galactosamine was used to induce acute
hepatitis to investigate the protective effects of RBAC and a low molecular weight
fraction isolated from RBAC (LMW) (Zheng et al. 2012). Serum levels of alanine
and aspartate amino transferases (ALT and AST) were assessed after LMW or
RBAC administration to determine liver injury, compared to control. The results
showed attenuation of serums levels of ALT and AST in both the RBAC- and
LMW-treated animals (P < 0.05). LMW also annulled the degradation of inhibitor
kB kinase induced by D-galactosamine (P < 0.05). Moreover, LMW suppressed
CD14 mRNA expression and reduced the activation of mitogen-activated protein
kinases such as stress-activated protein kinase/c-Jun N-terminal kinase. These results
suggest the hepato-protective effects of RBAC and the LMW fraction isolated
from RBAC.

The effect of RBAC on biomarkers in adults with NAFLD was investigated by
Lewis et al. (2018). This research involved a double-blind design and included
23 adults on stable NAFLD medication. Participants were randomly assigned to
the RBAC (n = 12) and placebo (n = 11) groups and consumed 1 g/day of RBAC
and the control compound, respectively, for 90 days. Biomarkers assessed included
the complete blood count, serum levels of liver enzymes, lipids, oxidative stress
markers, and cytokines. The results showed that the level of hepatic enzyme alkaline
phosphatase (ALP) significantly decreased in the RBAC group (P = 0.02) compared
to the placebo group. A high level of ALP level suggests liver damage and is
associated with steatosis and fibrosis. Also, the percentages of monocytes and
eosinophils were shown to be significantly increased in the RBAC group compared
to the control group (17.9%, P = 0.02; 30.6%, P < 0.01, respectively). Other
improvements in biomarkers of the RBAC group compared to control included
platelets, neutrophil percentages, neutrophil-lymphocyte ratio, y-glutamyl transfer-
ase, and 4-hydroxynonenal. This study demonstrated that RBAC conferred several
beneficial effects in participants with NAFLD with no adverse effects under the
experimental conditions (Lewis et al. 2018).

12.3 Chronic Fatigue Syndrome

Chronic fatigue syndrome (CFS) is a complex debilitating disease of increasing
social and economic importance. The condition is characterised by persistent relaps-
ing fatigue of greater than 6 months that is not alleviated by rest and is exacerbated
by moderate exercise (Krupp et al. 1991; Fukuda et al. 1994). Previous phenomeno-
logical research suggests that a discrete fatigue syndrome is distinguished from
anxiety and depression (Hickie et al. 1999). Persons with CFS often experience
disturbed sleep, cognitive difficulties, and muscle weakness (Petrovics et al. 2016).
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Although women are statistically more susceptible than men, the disease has also
been diagnosed in children and adolescents, as well as across a wide range of ethnic
groups (Jordan et al. 1998). Despite the fact that abnormalities are shown across
several domains such as immunological, brain architecture and function, neuroen-
docrine, and virological, the aetiology of CFS remains elusive (Afari and Buchwald
2003).

CFS is a controversial disorder in relation to its clinical definition and
aetiopathogenesis (Cho et al. 2006). A meta-analysis (Johnston et al. 2013) showed
the pooled prevalence of self-reported CFS at 3.28% (95% CI: 2.24-4.33). More-
over, chronic fatigue often presents in cancer patients. Clinicians have applied a wide
range of pharmacological treatments for various aspects of CFS. However, a previ-
ous review on pharmacological intervention for CFS revealed inconclusive or
insufficient evidence for the effects of these treatments (Afari and Buchwald 2003).

In a combination intervention for CFS, RBAC supplement and oncothermia was
evaluated in cancer patients suffering from CFS due to chemotherapy (Petrovics
et al. 2016). Oncothermia involves increased temperature applied to malignant
tumours. The study spanned over 6 months and involved 30 cancer patients in the
RBAC+oncothermia group and 30 participants in the control group under routine
care. Oncothermia was applied once per week over 15 weeks, and 1 g of RBAC was
required to be taken three times per day over 24 weeks. The results showed that the
symptoms of fatigue as measured by the Chalder fatigue questionnaire (CFQ)
reduced significantly after the combined treatment (P < 0.01), whereas CFQ scores
of the control group did not change significantly. Moreover, the average Patient
Global Impression of Change (PGIC) after the treatment was 2.1 + 0.5 (‘much
improved’) which shows the patients perceived that the therapy could help to reduce
CFS symptoms. In the non-treatment group, the PGIC score was 4.3 + 0.9 (‘no
changes’) (Petrovics et al. 2016). Based on these findings, the combination of RBAC
and oncothermia may support the symptomatic treatment of CFS in cancer patients.

In a descriptive study by Kenyon (2001) on RBAC use in patients with CFS, ten
participants consumed RBAC three times per day for 2 months. Participants
completed the CFQ and a visual analogue scale for fatigue before and after the
2 months of RBAC administration. The results showed that four patients clearly
improved, one patient withdrew from the study, two patients became worse, and
three patients showed no change. From the patient history, some patients showing
negative outcomes had experienced exposure to pesticides and laboratory chemicals.
It was reported that this may have influenced the results in these patients. Kenyon
(2001) concluded that those patients showing improvements with RBAC had a viral
CFS aetiology. Moreover, the improvements in CFS symptomology among these
patients persisted for approximately 6 weeks after RBAC treatment.

In research by McDermott et al. (2006), the effect of RBAC was investigated in
71 participants with CFS. RBAC was taken by participants at a 2 g dose three times
per day over 8 weeks or a placebo equivalent. Sixty-four participants completed the
trial, with both the RBAC and placebo groups showing a marked improvement in
symptoms over the study duration with no significant difference between the groups.
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However, the RBAC group’s CFQ score (physical scale) was 0.3 lower (95% CI: 2.6
to 3.2) than the placebo group, although this was not statistically significant. The
study hypothesised that a potential mechanism for RBAC on CFS is the increased
natural killer (NK) cell activity. Previous research has shown that CFS is associated
with low NK cell activity and that RBAC can increase NK cell activity (Pérez-
Martinez et al. 2015). However, the research by McDermott et al. (2006) did not
measure NK cell activity.

124 Common Cold

The most common diseases in humans are acute upper respiratory tract infections,
including the common cold and influenza (flu), which are syndromes caused by
viruses. There is substantial overlap in the aetiology and symptoms of common cold
and flu (Eccles 2005). For example, cold viruses such as respiratory syncytial virus
are responsible for many flulike illnesses, while influenza viruses account for 5-15%
of colds (Zambon et al. 2001). Approximately 30-50% of all common colds are
caused by rhinoviruses, and 10—15% are caused by coronaviruses (Heikkinen and
Jarvinen 2003).

In the context of experimental colds, the common cold syndrome has been
defined as a short, mild illness with early symptoms of headache, sneezing, chilli-
ness, and sore throat and later symptoms of nasal discharge, nasal obstruction,
cough, and malaise (Eccles 2005; Jackson et al. 1958). Influenza syndrome usually
has a sudden onset and is typified by fever, headache, cough, sore throat, myalgia,
nasal congestion, weakness, and loss of appetite (Monto et al. 2000).

Understanding the pathogenic events that underly the common cold is derived
from studies involving volunteers infected with rhinoviruses (Winther et al. 1986).
Rhinovirus infection begins when the virus deposits in the nasal mucosa or the eye
and travels to the posterior nasopharynx. Most rhinoviruses gain entry into epithelial
cells via specific receptors such as intercellular adhesion molecule-1. Once inside the
cell, the virus rapidly replicates and is detectible within 8—10 h following intranasal
inoculation (Heikkinen and Jarvinen 2003). Shedding of the virus, when viral
particles exit while talking or eating, for example, peaks on the second day after
intranasal inoculation and remains detectible for up to 3 weeks after infection.

The deterioration in the function of the immune system with ageing is referred to
as immunosenescence (Gruver et al. 2007). Due to reduced immune function, the
elderly are more susceptible to infection and increased risk of complications and
hospitalisations (Laue et al. 2021). The immune response to vaccination in the
elderly has been shown to be weaker compared to younger adults. To protect the
elderly from infectious diseases, novel strategies such as nutritional interventions
that boost the immune response might improve health and reduce the risk of disease
(Elsaid et al. 2020).

Oral administration of RBAC to prevent the common cold was researched in
50 elderly persons aged 70-95 years (Maeda et al. 2004). The research design
involved a double-blind cross-over study using water-soluble rice bran (RB) as the
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control. Thirty-six participants completed the trial, with no withdrawals due to any
side effects of the experimental foods. The results showed that the average duration
of cold symptoms was 2.6 days for RB, and for the RBAC it was 1.2 days.
Additionally, the total symptom score for the RB treatment group was three times
higher than that for the RBAC treatment group. The study concluded that RBAC was
beneficial in reducing the physical stress associated with acute respiratory tract
infection.

In another study by Elsaid et al. (2021), dietary supplementation with RBAC on
the incidence of influenza-like illness was investigated in elderly participants. The
research design was a double-blind, placebo-controlled clinical trial with 80 healthy
older adults over 55 years old, 40 males and 40 females, who received either a
placebo or RBAC (500 mg/day) for 3 months. The incidence of influenza-like illness
was confirmed clinically according to the WHO case definition criteria. Results
showed that among the RBAC group, the incidence rate and incidence density of
influenza-like illness was 5.0% and 0.57 cases per 1000 person-days, compared to
22.5% and 2.95 cases per 1000 person-days in the placebo group. Additional
assessment in six participants among the RBAC group revealed significantly
enhanced NK cell activity compared to basal levels and to another six participants
in the placebo group. Also, several viral detection and antiviral responses were
significantly upregulated in the RBAC group. These results suggest that RBAC
shows prophylactic effects against a broad spectrum of respiratory viral infections
that warrants further investigation.

12.5 Diabetes

Diabetes mellitus (DM) is a group of disorders characterised by hyperglycaemia
resulting from insulin resistance, inadequate insulin secretion, or excessive glucagon
secretion (Alam et al. 2014). Diabetes can lead to a range of complications involving
microvascular, macrovascular, and neuropathic disorders. Treatment for DM is
based on aetiopathology. Most commonly, DM is subdivided into type 1 and type
2 (Blair 2016). Type 1 DM is an autoimmune disorder and ensues when ~90% of
pancreatic B cells are destroyed. The more common type 2 DM accounts for 90-95%
of cases and is characterised by progressively impaired glucose regulation due to a
combination of dysfunctional pancreatic § cells and insulin resistance (Alam et al.
2014). Furthermore, the underlying pathophysiological mechanisms of type 2 DM
involve the generation of reactive oxygen species and reactive nitrogen species via
activation of advanced glycation end-products, polyol flux, hexosamine, and protein
kinase C pathways (Folli et al. 2011; Hameed et al. 2015) that leads to cell stress. As
a result, this progresses to the development of insulin resistance, cell dysfunction,
and impaired glucose tolerance. Several signalling proteins involved in inflammation
such as TNF-a, IL-1f, and interferon-y are also upregulated, leading to insulin
resistance and hyperglycaemia (Rachana et al. 2015).

In a review article by Saji et al. (2019), the effect of rice bran-derived bioactive
compounds in type 2 DM was highlighted. These compounds, such as polyphenols,
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tocotrienol, and oryzanol, have been shown to improve precursor pathways
associated with type 2 DM, including hyperglycaemia, hypertension, and
hyperlipidaemia. In research by Alauddin et al. (2016) on stroke-prone hypertensive
rats, 4-week treatment with fermented rice bran showed several favourable outcomes
such as reduced hypertension, insulin, glucose, and total cholesterol. These results
imply that rice bran extract such as RBAC may offer therapeutic potential for
diabetes through multiple pathways.

At present, there are no published human research trials showing the potential
therapeutic effects of RBAC for diabetic patients. However, in an animal research
trial by Ohara et al. (2002), the effect of RBAC on glucose tolerance in adult rats was
investigated. Diabetes in the experimental animals was induced by streptozotocin
(STZ), an antibiotic that causes pancreatic islet f-cell destruction. The experimental
procedure included a dietary intervention consisting of 1.7% cellulose or 1.7%
cellulose plus 1% RBAC for 60 days. Glucose tolerance testing was performed
after 20 h of fasting on day 58. The results showed the diabetic rats fed with RBAC
had significantly lower glucose levels (P < 0.05) at 30 min after being fed with
glucose (2 g/kg body mass) compared to the control diet. Additional testing also
revealed a lower cholesterol level in the RBAC fed rats compared to the control
animals. These results suggest that supplementation with RBAC attenuates blood
glucose levels as well as lipid metabolism in diabetic rats.

Ohara et al. (2000) also investigated the effect of RBAC on taste preference in
STZ-induced diabetic rats. Control rats were administered 0.5% sodium alginate,
and the experimental rats were administered RBAC at 0.5 g/kg body mass. A
two-bottle choice preference test was performed with deionised water (DW) and a
flavoured solution. Rats were divided into four groups of citric acid (sour) + DW,
sodium saccharin (sweet) + DW, monosodium glutamate (savoury) + DW, or
quinine (bitter) + DW. Results showed that the intake of water was reduced in the
RBAC rats, which suggests that polyuria induced by STZ was improved. Serum
triglycerides and total cholesterol decreased with the administration of RBAC,
although serum insulin and glucose remained low and high, respectively. Diabetic
rats showed significant aversion to citric acid (sour) and quinine (bitterness) when
compared with control rats. The study concluded that RBAC can be useful as a
dietary supplement for the treatment of diabetes.

12.6 Irritable Bowel Syndrome

Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder that affects
between 5% and 10% of healthy individuals and, in most people, runs a relapsing
and remitting course (Ford et al. 2020). The pathophysiology of IBS is incompletely
understood. However, it has been shown that there is disordered communication
between the gut and brain, resulting in disturbances in motility, visceral hypersensi-
tivity, and altered central nervous system processing. Symptoms include abdominal
pain with a change in stool form or frequency. There are three major subtypes of IBS.
IBS-D is associated primarily with diarrhoea, IBS-C is affected with constipation,
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and the third subtype is related to mixed constipation and diarrhoea symptoms (Bruta
etal. 2021). There is also evidence showing low-grade mucosal inflammation and/or
immune dysfunction in the lower gastrointestinal tract (Barbara et al. 2004). Treat-
ment of IBS is often targeted towards the predominant symptom that the patient
experiences (Talley et al. 2015). Pharmacological interventions such as central
modulators or 5-HT3 receptor antagonists may be used for more severe cases.
However, treatments are often not sufficiently effective and the disorder results in
a considerable adverse impact on the quality of life (QOL).

The therapeutic effects of RBAC supplementation have been previously
investigated in diarrhoea-predominant or mixed-type IBS. In research by Kamiya
et al. (2014), 40 patients with IBS were randomly assigned to either a RBAC
treatment group or a placebo group. The RBAC group consumed 1 g x 2 per day,
and the control group consumed a placebo powder that included dietary fibre. IBS
symptoms and the therapeutic efficacy were assessed subjectively by the patients
after 4 weeks of administration. The study reported that global symptom assessment
improved 63.2% in the RBAC group compared to 30% in the placebo group, which
was statistically significant (P < 0.05). Also, the RBAC group showed a significant
reduction in the diarrhoea and constipation score and in the C-reactive protein (CRP)
value. In contrast, there were no significant changes observed in the placebo group.
These results indicate that the administration of RBAC improved IBS symptoms,
which may be associated with the anti-inflammatory and/or immune-modulatory
effects of this supplement.

12.7 Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a progressive inflammatory autoimmune disease
associated with articular and systemic effects (Choy 2012). The exact cause is
unknown, however, an interplay between genetic and environmental factors
contributes to the disease process. More than 80% of patients carry a shared epitope
of the HLA-DRB1*04 cluster (Smolen et al. 2007). The shared epitope is a five-
amino acid sequence which is the most significant genetic risk factor (Fu et al. 2018).
A greater risk of RA exists in women compared to men. Other risk factors such as
smoking and adverse life events are associated with RA onset (Mclnnes and Schett
2011). Pharmacological treatment includes drugs that act on the immunoinflammatory
pathways in RA, such as disease-modifying antitheumatic drugs and biological agents,
although the frequency and degree of responses are limited (Smolen et al. 2007).

The administration of RBAC in chronic rheumatism has been investigated in
eight patient cases by Ichihashi (2004). RBAC was administered at 1-3 g/day for
6—12 months to observe changes in subjective symptoms, QOL, and plasma CRP.
The results showed three patients responded well to the RBAC supplement. For
example, case 1 was a 78-year-old woman who was almost bedridden and presented
with severe pain, walking difficulty, and progressive bone destruction. Serological
tests showed ++ for RA index, 65 IU/ml for rheumatoid factor (RF), and 2.0 mg/dl
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for CRP. After 1 week of RBAC treatment, this patient had pain relief in the hands
and feet with better sleep. After 1 month, this patient could walk using a walker.
After 8 months of RBAC administration, the RA test was negative, RF was reduced
to 14 IU/ml, and CRP was decreased to 0.6 mg/dl. Furthermore, three of the eight
patients had improvements in subjective symptoms, especially pain and QOL. There
were also improvements in serological assessments such as the RA index and CRP.
In two of these patients, anti-inflammatory steroid drugs were no longer required,
and the dose was reduced in the third patient.

12.8 Conclusion

Previous research advocates the use of RBAC as a functional food to support human
health. In NAFLD, RBAC showed decreased hepatic ALP enzyme compared to the
control, which suggests a reduced liver damage in the RBAC group. For CFS,
several pharmacological treatments have not been effective, however, RBAC com-
bined with oncothermia has been shown to reduce the symptom of fatigue in cancer
patients with CFS. In the common cold, RBAC was shown to reduce the incidence
rate and density of influenza-like illness, potentially through enhanced NK cell
activity. In type 2 diabetes, RBAC may show therapeutic potential through several
bioactive compounds such as polyphenols, tocotrienol, and oryzanol. For IBS,
global symptom assessment improved with RBAC supplementation. In RA, case
studies on the use of RBAC reveal improvements in walking capacity, pain scores,
and serological markers such as the RA index and CRP. Potential underlying
mechanisms for RBAC influencing the disease process are through its bioactive
compounds showing anti-inflammatory and/or immune-modulatory effects.
Although there is substantial evidence indicating the use of RBAC as a complemen-
tary therapy, further research is required to explicate the mechanisms for altering the
pathophysiology of disease pathways.
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