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ABSTRACT

COVID-19 severity is not only due to the viral
infection but also due to the host immune
responses. Destructive inflammatory responses are
intensely implicated in airway damage. Besides,
the massive release of cytokines, including
interleukin 1 beta, interleukin 6, and tumor
necrosis factor-alpha by the immune system,
results in a cytokine storm with an aggressive
fulminant systemic inflammatory response, organ
failure, and septic shock. Evidence suggests that
the repressed antioxidant defense and overproduction
of reactive oxygen species also have a role in
COVID-19 pathogenesis. There is an urgent need
for control measures against the overwhelming
COVID-19 pandemic regarding antiviral and
immune-modulating agents. Wheat bran [WB] has
copious amounts of fiber, minerals, thiamine,
vitamin B6, folate, and several phytochemicals
as phenolic compounds. Wheat bran has anti-
inflammatory, immunomodulatory, and antioxidant
properties. Our experience of using wheat bran as
adjuvant therapy for acute lower respiratory tract
infections showed that it was safe, well-tolerated,
had fast and superb treatment responses, and
improved the patients’ general health. For that
reason, we strongly praise using oral wheat bran
as adjuvant therapy in COVID-19 cases.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is caused
by a novel coronavirus, severe acute respiratory
syndrome coronavirus2 (SARS-CoV-2). The
World Health Organization listed COVID-19 as a
global public health emergency [1]. The clinical
manifestations of SARS-CoV-2 vary from mild or
asymptomatic disease to respiratory failure with
acute respiratory distress syndrome (ARDS) that
imposes mechanical ventilation and ICU [2].
Respiratory failure is the direct cause of death
in COVID-19 patients. Destructive inflammatory
responses are intensely implicated in airway
damage. Besides, the massive release of
cytokines, including interleukin 1 beta (IL-1B),
interleukin 6 (IL-6), and tumor necrosis factor-
alpha (TNF-a)) by the immune system, results in
a cytokine storm with an aggressive fulminant
systemic inflammatory response, organ failure,
and septic shock [3-5]. Despite several trials,
no suitable antiviral treatments or vaccines are
recommended for COVID-19 [2]. There is an
urgent need for control measures against the
overwhelming COVID-19 pandemic regarding
antiviral and immune-modulating agents and the
further spread of SARS-CoV-2. Until these agents
become available, an individual’s immune status
becomes the most influential factor of disease
outcome [1].

1. Immune dysregulation and inflammation
in the context of COVID-19

Earlier studies described that COVID-19 patients,
especially those who are severe, showed a
significant decrease in B-lymphocytes, CD3",
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CD4" and CDS8" T-lymphocytes, and natural killer
cells [1, 6]. T-cells’ levels return to average values
after 15-day treatment [1]. In the meantime, the
inflammatory cytokines’ levels were getting higher
as the illness was getting worse [6].

Replication of cytopathic viruses, including
SARS-CoV-2 [7], induces the death of virus-
infected cells and may increase the inflammatory
form of programmed cell death vascular leakage,
called pyroptosis [8]. Pyroptosis promotes the
plasma membrane’s rupture and release of
intracellular proinflammatory components [9],
which likely elicit a subsequent inflammatory
response [10]. Interleukin 1 beta (IL-1B) is a
critical cytokine released through pyroptosis
during COVID-19 infection [11]. Upon detection
of the wvirus, the macrophages and alveolar
epithelial stressed cells release a wave of the
proinflammatory chemokines and cytokines,
including interferon-gamma (IFNy), interleukin 6
(IL-6), monocyte chemotactic protein 1 (MCP1),
and interferon gamma-induced protein 10 (IP-10)
[5, 11] that strongly point to activation of
T-helper-1 (Thl1) cell function [12]. These cytokines
and chemokines recruit immune cells to the lung,
especially monocytes and T lymphocytes [6, 13],
and, in most patients, they can resolve the
infection. Nonetheless, an inadequate immune
response in some patients triggers a cytokine
storm leading to widespread lung inflammation.
Large amounts of proinflammatory cytokines —
IL-1B, IL-6, IL-12, 1L-18, IL-33, interferon-alpha
(IFN-a), IFN-y, TNF-a, transforming growth
factor-beta (TGF-B), and chemokines—CCL3,
CCL2, CCL5, CXCL8, CXCL10, CXCL9, and
others —prompts and sustains a fulminant systemic
inflammatory response [11, 14-16]. IL-6 plays a
vital role in the cytokine storm’s pathogenesis, and
its level leaps over time and is positively related
to disease severity [5, 17, 18]. Relatively higher
IL-6 were detected in non-survivors than survivors
[19]. Besides, elevated cytokines such as TNF-a
can cause multi-organ failure and septic shock [20].

2. Role of oxidative stress in the pathogenesis
of COVID-19

Little is known about COVID-19’s relation with
oxidative stress markers and the severity of the
clinical disease. Though, some evidence suggests

that repressed antioxidant defense and
overproduction of reactive oxygen species have
a central role in COVID-19 pathogenesis and
the respiratory disease progression [21]. The
uncontrolled  inflammatory cell infiltration
accompanying SARS-CoV-2 can itself mediate
lung damage with the overproduction of proteases
and reactive oxygen species (ROS). Together with
the viral invasion itself, diffuse alveolar damage
results in alveolar cell desquamation, hyaline
membrane formation, and pulmonary edema [13,
22]. This leads to a less efficient exchange of
gases, difficult breathing, and low arterial blood
oxygen levels. It can also leave the lung more
prone to secondary infections [4].

3. COVID-19 immune-based therapy

New immunosuppressive therapies heading for
limiting the immunopathology accompanying
SARS-CoV-2 are at different stages of
development. Trials of corticosteroids [23], IL-6
antagonists [24], and others targeting granulocyte-
macrophage colony-stimulating factor (GM-CSF)
[25] are currently being explored. One more new
adjunctive therapy is cytosorb (CytoSorbents
Corporation, 2020), which absorbs and decreases
the circulating levels of a variety of cytokines,
damage-associated molecular patterns (DAMPs),
and pathogen-associated molecular patterns
(PAMPs). Thalidomide, an immunomodulatory
anti-inflammatory agent, is also currently being
tested [17, 26]. Tumor necrosis factor antagonism
was recommended but still has not been used in
SARS-CoV-2 [27].

4. The rationale for using wheat bran as
supportive therapy for COVID-19

4.1. Wheat bran composition

Wheat, which is a grass plant, is the second main
human food crop after rice. The wheat grain or
‘caryopsis’ is composed of several different
portions: the germ (or embryo) (2-3% of the
grain), the starchy endosperm (81-84%), which
provides energy for germination, and the covering
layers that constitute the wheat bran (14-16%).
The wheat bran layers include the thick cell-wall
edaleurone layer, the hyaline layer, the viztesta,
and the pericarp [28].
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Wheat bran [WB] has copious amounts of fiber,
minerals, thiamine, vitamin B6, vitamin E, folate,
and several phytochemicals such as phenolic
compounds [29]. Arabinoxylans constitutes
approximately 55% of the nutritional fiber in
wheat bran. Other fibers include cellulose (10%),
fructan (3%), lignin (3%), and B-glucan (2%). The
ash represents 5.5-6.5% of the wheat bran. The
wheat bran also comprises of around 5% di-
and trisaccharides, e.g., raffinose and sucrose.
Cellulose forms 30% of the wheat bran’s cell
wall. Cellulose, together with lignin and other
fibers, forms lignocellulose, extremely resistant
to degradation [30]. Arabinoxylans have potent
antioxidative properties that are possibly due to
the phenolic compounds attached to the arabinose
residues [31]. It has recently been proposed
that phenolic acids may prevent cardiovascular
disorders and cancer by decreasing the oxidative
cellular damage [32].

The protein is almost 15.2-16.9% of the wheat
bran (14% of the wheat kernel protein content).
Wheat bran protein is primarily made up of
aspartic and glutamic acids [33]. Furthermore,
wheat bran contains lipids (5.5-5.6%), most of
which are phospholipids with some glycolipids.
About half the lipids are unsaturated with 2
double bonds [34].

Wheat bran is an essential functional food
ingredient with numerous positive health
implications. It has a prebiotic effect on the
colonic microflora by selectively boosting a
number of beneficial colonic bacteria’s growth.
The wheat bran fermentation by intestinal
microbiota generates short-chain fatty acids, e.g.,
butyrate, acetate, and propionate, potentially
having positive health effects [35]. Arabinoxylans
are the main component in the wheat brain
responsible for refining numerous intestinal
barrier functions with changes in microbiota
composition [36].

4.2. Antioxidant properties of wheat bran

Plant extracts as natural antioxidants have gained
broad global interest due to the concerns
regarding the adverse effects of using chemical
antioxidants [37]. Natural antioxidants are cheap,
compatible with diet, and less harmful to humans.
These factors lead to a drastic decrease in

synthetic antioxidants in food products [38].
Wheat bran is a rich source of antioxidant
phytochemicals such as phenolic acids, flavonoids,
lignans, phytosterols, carotenoids, and tocopherols.
Like ferulic acid, phenolic acid contents are the
main determinants of wheat bran’s antioxidant
properties [39]. The total phenolic acid content in
wheat bran is about 4.5 pg/g [40]. When delivered
to the colon, phenolic compounds exert their
potential beneficial health effects [41].

A previous study [42] has shown that wheat
bran phenolic compounds, such as feruloylated
oligosaccharides, guard human erythrocytes
against oxidative damage induced by the free
radicals. Another study [43] investigated the
impact of supplemental wheat bran fibers on
the antioxidant capacity and the antioxidant-
associated signaling molecules of rat organs. They
analyzed the free radical-scavenging competence
against O, and OH radicals and activities of
enzymatic and non-enzymatic (glutathione (GSH))
antioxidant capacities. They also assessed gene
expression levels of antioxidant-related signaling
molecules in the liver, spleen, and jejunum.
Wheat bran fibers enhance antioxidant actions by
lessening free radicals, raising enzymatic and non-
enzymatic antioxidant activities, and significantly
increasing enzymatic antioxidant messenger
ribonucleic acid (mRNA) levels. Besides,
supplementation of wheat bran fibers remarkably
increased nuclear erythroid 2- factor 2 (Nrf2) and
Kelch-like ECH-associated protein 1 (Keap-1),
which is the core molecular target of cellular
enzymatic related antioxidant inducers.

4.3. The immune-modulatory potentials of wheat
bran

A previous study on the immune-modulatory
effects of wheat Arabinoxylans in tumor-bearing
mice showed that they potentially have an
immunomodulatory effect and promote the overall
immune functions [44]. Arabinoxylans were
found to enhance the macrophage phagocytosis
in tumor-bearing mice, possibly by acting like
lipopolysaccharides (LPS) such as pathogen-
associated molecular patterns (PAMPs) and
attaching to toll-like receptors (TLRs) such as
TLR-4 that are expressed on the surface of
phagocytes [45]. Both lipopolysaccharides and
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arabinoxylans have standard structural features,
including hexoses (like glucose and galactose)
and C-3 branched polysaccharides [46].

Arabinoxylans also  significantly enhanced
sheep red blood cell-induced delayed-type
hypersensitivity (DTH) reaction in tumor-bearing
mice, signifying a role in the macrophage’s
activation. Arabinoxylans could considerably
increase T and B cells’ responsiveness and
enhance cell-mediated and humoral immunity in
tumor-bearing mice. Moreover, oral treatment
with arabinoxylans promoted natural killer cells’
cytotoxicity from splenocytes in tumor-bearing
mice. A dose-dependent increase in IL-2 secretion
in the blood serum of tumor-bearing mice was
also observed after treatment with arabinoxylans
[44]. IL-2 is known to boost the proliferation of
T cells, B cells, natural killer cells, and monocytes
and increase the natural killer and T cells’
cytotoxicity [47]. Furthermore, treatment with
arabinoxylans increased bone-marrow cellularity
and peripheral white blood cells’ count in tumor-
bearing mice, which designate their potential
effects on the stimulation of hematopoiesis and
stem cell proliferation [44].

4.4. Anti-inflammatory effects of wheat bran

Excess proinflammatory cytokines, such as IL-1p,
IL-6, and TNF-a secreted by T-helper-1 cells, can
harm the host, altering the production of other
cytokines, chemokines, and adhesion molecules
[48]. IL-10 an anti-inflammatory cytokine
secreted by T-helper-2 cells is a central regulator
of inflammatory responses [49]. Transforming
growth factor-beta (TFG-PB) is also a cytokine
crucial in regulating the immune system [50].
Both IL-10 and TFG-B suppress the T-cell
effector responses [51]. An earlier study on pigs
indicated that supplemental dietary fibers induce a
cellular immune response by regulating cytokine
immunomodulation [52]. Previous research in
animals reported that wheat bran fibers were more
useful in controlling the inflammatory response
than other diets. Wheat bran fibers enhanced the
upregulation of mRNA gene of anti-inflammatory
cytokines IL-10 and TGF-p and downregulation
of the mRNA gene of proinflammatory cytokines
IL-6 and TNF-o in animal jejunum, liver, and
spleen [43, 49]. Other studies reported that

macrophage pre-treatment with ferulic acid
reduced the inflammation induced by
lipopolysaccharides [53, 54]. Wheat bran ferulic
acid inhibited the secretion of inflammatory
cytokines IL-6 and TNF-a detected in
lipopolysaccharide-stimulated cells [55].

4.5. Our clinical experience in using wheat bran
as adjuvant therapy in patients with acute lower
respiratory tract infection

In the last few years, there has been a surge of
increasing incidence of lower respiratory tract
infections in infants, children, and adults,
especially in the winter. Many patients had
prolonged distressing cough that, in some cases,
persisted for several days, even more than one
month. Because the hospital was under increased
pressure to maintain healthcare capacity for the
more severely ill patients, mild and, on some
occasions, moderate cases were discharged home.
Due to wheat bran’s previously mentioned health
benefits, safety, and easy administration, it was a
suitable adjuvant therapy, especially for those
who had completed their treatment at home.

A cohort of 300 cases of different ages and sex,
complaining of acute lower respiratory tract
infections refractory to the standard first-line
measures, were treated with adjuvant wheat bran
(results not published yet). Patients were given
oral wheat bran; 2 teaspoons in 200 ml water,
2 to 3 times a day until complete recovery in
conjunction with the standard treatment measures.
In infants and cases in which oral administration
was not possible, wheat bran was given via rectal
enema. We developed a simple way for wheat
bran enema administration, which is safe, feasible,
and accepted by the parents. The benefits of wheat
bran and the technique were explained to the
patients or their parents. Participation was entirely
voluntary, and they were able to withdraw at any
time. All patients treated with adjuvant wheat
bran showed a good response from the first day.
This was encouraging for the mothers to use the
wheat bran enema more frequently until full
recovery, which in most cases took nearly five to
seven days. Also, upon using adjuvant wheat bran
therapy (oral or rectal enema), we noticed a fall of
temperature in patients who presented with high-
grade fever. Furthermore, patients with acute and
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persistent gastroenteritis showed quick improvement
after receiving adjuvant wheat bran (either oral or
rectal enema). Generally, wheat bran was safe,
well-tolerated, showed fast and superb treatment
responses, and improved general health.

CONCLUSION

In conclusion, wheat bran is one of the
fibers wealthiest in vitamins, minerals, and
bioactive compounds. It has anti-inflammatory,
immunomodulatory, and antioxidant properties. It
showed promising results in treating patients with
acute respiratory tract infections, of different age
groups. For that reason, we strongly praise using
oral wheat bran as adjuvant therapy in COVID-19
cases.
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