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Abstract. Aging is associated with a decline in natural killer 
(NK) and natural killer T (NKT) cell function that may 
contribute to increased susceptibility to malignancy and infec-
tion. A preliminary investigation was conducted examining 
the hypothesis that arabinoxylan rice bran (Biobran/MGN-3), 
a denatured hemicellulose with known immunomodulatory 
activity, could counteract this decline in NK/NKT cell activity 
in geriatrics. A total of 12 healthy geriatric subjects of both sexes 
and over 56 years old, participated in a randomized, double-blind, 
placebo-controlled clinical trial. A total of six subjects served as 
control and six subjects ingested Biobran/MGN-3 (500 mg/day) 
for 30 days. The effect of Biobran/MGN-3 supplementation on 
NK/NKT cell activity was assessed using the degranulation 
assay. All study subjects were monitored for the development 
of any inadvertent side effects. In addition, the pharmacological 
effects of Biobran/MGN-3 on blood cell components and liver 
and kidney functions were also assessed. Results demonstrated 
that Biobran/MGN-3 had no effect on the total percentage of 
NK cells, however it enhanced the cytotoxic activity of induced 
NK cell expression of cluster of differentiation 107a, when 
compared with baseline values and with the placebo group 
(P<0.05). Furthermore, there were no side effects observed, 
indicating that Biobran/MGN-3 supplementation was safe at the 
utilized dosage and for the duration of administration. Various 
additional beneficial effects were observed, including improved 
mean corpuscular volume and reduced hepatic aspartate 
aminotransferase enzyme levels, which suggested improved 
liver function. It was concluded that Biobran/MGN-3 induces 

a significant increase in NK activity which may increase resis-
tance to viral infections and cancers in the geriatric population. 
However, additional clinical trials should be conducted in the 
future to verify these findings.

Introduction

The geriatric population is rapidly increasing worldwide. 
According to the World Health Organization, the number of 
people aged 65 and older is expected to increase to 1.5 billion 
by 2050 and to significantly outnumber the population of chil-
dren 5 years old and younger (1). In 2012, the per person health 
care spending of individuals 65 and older was approximately 
5 times higher than for children and 3 times higher than for 
working‑aged persons. Significant resources are devoted to 
maintaining the health of this geriatric population, which 
is prone to increased incidences of infections, cancers, and 
degenerative diseases. For example, the estimated healthcare 
costs for individuals with Alzheimer's and other dementias in 
2017 is 259 billion USD (2), and the cost for those with cancer 
is 87.8 billion USD (3).

Immunodeficiency in the geriatric population plays a major 
role in their increased susceptibility to infections, cancers, 
and neurodegeneration. Recent research has found evidence 
suggesting that the nervous system and immune system are 
intimately linked and engage in significant cross-talk to 
preserve homeostasis. Several proteins that were originally 
thought to be exclusive to the immune system have been 
detected in the healthy nervous system (4), and the term 
synaptoimmunology has been used recently to characterize 
the interplay between immune modulators and synaptic func-
tion (5). The link between decreased immunological vigor 
and increased infection and cancer has been substantiated in 
many studies which show the reduction of leukocyte qualita-
tive functions during aging (6-9). Of particular interest to the 
study of immunodeficiency in the geriatric population is the 
reported age-dependent reduction of natural killer (NK) cells 
which constitute the primary line of defense against malignant 
and virally-infected cells (10-13). Enhancing NK cell activity 
is therefore an essential therapeutic target in the geriatric 
population.
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Given the significant costs mentioned above, attempts 
need to be made to find natural, safe, and inexpensive agents 
to improve age-associated health and treatment of diseases. In 
the current preliminary study, we hypothesized that the natural 
dietary supplement arabinoxylan derived from rice bran, 
Biobran/MGN-3, could counteract the age-induced decline 
of NK cell activity in geriatric subjects over 56 years old. 
Biobran/MGN-3 is manufactured by hydrolyzing rice bran with 
the enzymatic extract of Shiitake mushrooms (14) and several 
studies have demonstrated its potent immunomodulatory 
effect (15-20). For example, Biobran/MGN-3 has been shown 
to enhance NK cell activity by 2-3 fold in young adults (human 
subjects aged 20-46 years) (21). The effect was dose and time 
dependent and was associated with an increase in the binding 
capacity of NK cells to tumor cell targets (21). In addition, the 
positive effects of Biobran/MGN-3 on human T and B cell 
mitogen response have also been examined in vivo (14).

To test our hypothesis, we conducted a one-month, 
randomized, double-blind, placebo-controlled clinical trial 
in geriatric subjects attending Zagazig University Hospital 
in Zagazig, Al Sharqia, Egypt. The aim of our study was to 
evaluate the response of these geriatric subjects to the immune 
modulatory effect of Biobran/MGN-3 and to determine whether 
the previously reported positive effects of Biobran/MGN-3 
supplementation on NK cell activity could be extended to this 
population.

Subjects and methods

Biobran/MGN-3 is a denatured hemicellulose obtained by 
reacting rice bran hemicellulose with multiple carbohydrate 
hydrolyzing enzymes from Shiitake mushrooms. It is an 
arabinoxylane with a xylose in its main chain and an arabinose 
polymer in its side chain (14). 500 mg of Biobran/MGN-3 was 
ingested once per day in the form of powder enclosed in sachets. 
The control group ingested the same amount of placebo powder, 
which was indistinguishable from Biobran/MGN-3 in terms of 
color, smell, and consistency. The sachets of Biobran/MGN-3 and 
placebo were indistinguishable except for a letter code imprinted 
on the bottom of the sachets. Both Biobran/MGN-3 and placebo 
sachets were kindly provided by Daiwa Pharmaceuticals Co., 
Ltd., Tokyo, Japan.

Ingredients of the study materials. Biobran/MGN-3 group 
sachets contained Biobran/MGN-3 (500 mg), Maltitol 
(1,000 mg), Dextrin (200 mg), Hydroxypropyl Distarch 
Phosphate (280 mg), and Tricalcium Phosphate (20 mg). Placebo 
group sachets contained Maltitol (1,000 mg), Dextrin (200 mg), 
Hydroxypropyl Distarch Phosphate (780 mg), and Tricalcium 
Phosphate (20 mg).

Inclusion/exclusion criteria for patients
Inclusion criteria. Included in the study were subjects 56 years 
or older who were willing to provide written consent to partici-
pate voluntarily in the study.

Exclusion criteria. We excluded subjects with current or a 
history of infections or malignancies, auto-immune disor-
ders, marked portal hypertension and pancytopenia, or major 
psychological insult. We also excluded those who were using 

vitamin or antibiotic supplements, women who were lactating, 
and patients receiving other anti-viral or anticancer therapies 
(radiation, chemotherapy).

Study subjects and design. Twelve apparently healthy geriatric 
subjects (≥56 years old) of both sexes (6 males and 6 females) were 
randomly selected from visitors of outpatient clinics at Zagazig 
University Hospital, Zagazig, Egypt. Subjects were randomly 
assigned to either the Biobran/MGN-3 group (n=6, 500 mg/day 
orally) or the placebo control group (n=6, 500 mg/day orally) 
using the random sample selection function of SPSS. Only the 
Principal Investigator (PI) had the code for Biobran/MGN-3 
and placebo groups. Each participant gave 2 blood samples 
(4 ml each) at the initiation and termination of the study for 
laboratory and flow cytometry investigation. During the study, 
enrolled subjects were asked not to take any over-the-counter 
drugs, including vitamins, without consulting with the study PI. 
All participants were asked to report any eruption of abnormal 
symptoms or signs to the PI. The study protocol conformed to 
the ethical guidelines of the 1975 Declaration of Helsinki and 
was approved by Institutional Review Board (IRB approval 
no. 1507, June 2015), Zagazig University Hospital, Faculty of 
Medicine.

Laboratory investigations. This included red blood cells (RBC), 
hematocrit (HCT), hemoglobin (Hb), mean corpuscular hemo-
globin (MCH), mean corpuscular volume (MCV), platelet count, 
white blood cells (WBC), neutrophils, and basophils + eosino-
phils. Laboratoy investigations of liver and kidney function 
included alanine aminotransferase (serum glutamic pyruvic 
transaminase) (ALT/SGPT), aspartate aminotransferase (serum 
glutamic oxaloacetic transaminase) (AST/SGOT), and uric 
acid (UA). ALT, AST, ALP, and UA levels were measured by 
photometric methods using COBAS Integra 400 plus Analyzer 
(Roche, Basel, Switzerland).

Degranulation assay. Blood was dispensed at a volume of 
100 µl into each of 4 tubes to serve as stimulated, unstimulated 
control, positive control, or IgG isotypic negative control. 
Stimulation of NK/NKT cells was conducted chemically by 
incubation (5 h, 37˚C, under 5% (v/v) CO2) with a combina-
tion of Phorbol-12-myristate-13-acetate (PMA, 50 ng/ml; 
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and Ca2+ 
Ionophore (Ionomycin, 250 ng/ml, Sigma) in a final volume 
of 500 µl (adjusted with RPMI-1640 medium). Unstimulated 
samples were incubated with RPMI-1640 medium without 
PMA/Ionomycin stimulation, whereas in positive control 
samples, cytochalasin (Sigma-Aldrich; Merck KGaA) was added 
in conjunction with PMA/Ionomycin. FITC-labeled mouse 
anti-human CD-107a clone H4A3 (BD Bioscience, San Jose, 
CA, USA) was added during PMA/Ionomycin stimulation. 
Monensin (GolgiStop; BD Bioscience, San Jose, CA, USA) was 
added to a final concentration of 6 µg/ml 1 h after incubation 
to block internalization and degradation of CD107a. In the IgG 
isotypic negative control tube, mouse anti-human FITC-labeled 
IgG AB (clone G18-145; BD Bioscience) was added instead of 
CD107a (22).

After incubation, RBCs were lysed with BD PharmLyse 
(BD Bioscience) before cells were collected by spinning, washed 
once with staining buffer, and re-suspended in 100 µl staining 
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buffer. Cells were stained by incubation with 5 µl of PE-labeled 
mouse anti-human CD56 AB clone R19-760 (NCAM-1, BD 
Bioscience) and 5 µl of PerCP-labeled mouse anti-human CD3 
clone SK7 (BD Bioscience) for 15 min at 37˚C. Cells were then 
collected by spinning, washed once with FACS buffer, and then 
re-suspended in FACS buffer. Analysis was carried out using 
BD FACSCalibur with CellQuest software (BD Bioscience).

Sample size. A power analysis using a large effect size of 0.80 for 
a repeated measure analysis of variance with two measurements 
in 2 groups was performed using G*Power software package 
(Version 3.1.9.2; Franz Faul, Germany). With the criterion of 
significance (α) set at 0.05, a sample size of 6 subjects per group 
(total of 12 subjects) results in a power of 0.82 to yield a statisti-
cally significant result.

Statistical analysis. Continuous variables were expressed as 
means ± standard deviation. Two-tailed Student's t-test or Fisher 
exact test were used to compare between groups, whereas 
two-tailed paired t-test was used to examine the effect of treat-
ment within a group (i.e., compare post-treatment level with the 
pre-treatment level). We used Shapiro-Wilks test to determine 
whether the data were normally distributed. For non-normally 
distributed data, we used non-parametric test, Wilcoxon Singed 
Rank test, and Mann-Whitney test to examine the effect of 
treatment within and between groups, respectively. P<0.05 
was considered to indicate a statistically significant difference. 
To produce graphs, the mean ± 95% confidence interval was 
used. SPSS version 22 (IBM Corp., Armonk, NY, USA) and 
GraphPad Prism 6 (GraphPad Software, Inc., La Jolla, CA, 
USA) were used for analysis.

Results

Hematological and biochemical profile. Different base-line 
blood parameters, liver enzymes, and kidney function were 
examined in 12 geriatric subjects of both Biobran/MGN-3 and 
placebo groups. Data in Tables I and II show that there was 
no statistically significant difference between the two groups 
(P>0.05) in all baseline variables except for AST level (P=0.041). 
Table I further shows that there was no significant difference 
between baseline values and values after 1 month of supplemen-
tation for the measured characteristics in the Biobran/MGN-3 
group, except for levels of Hb, MCV, MCH and AST (P<0.05). 
Table II shows that there was no significant difference between 
baseline values and values after 1 month of supplementation for 
the measured characteristics in the Placebo group, except for 
levels of Hb and MCH (P<0.05). This is further supported by 
lack of observation of any side effects in the Biobran/MGN-3 
group, indicating that its treatment was safe at the used dosage 
and duration. Instead, some beneficial effects were observed 
after one month treatment in the Biobran/MGN-3 group, and the 
placebo group to a lesser extent. These included improved levels 
of Hb, MCV, and MCH from pre-treatment values. In addition, 
Biobran/MGN‑3 supplementation significantly down‑regulated 
AST (SGOT) levels, suggesting improved liver functions.

Percentage of lymphocyte, NK, and NKT cells. Data in Table III 
show that basal values (before treatment) of percentage of 
lymphocyte, NK, and NKT cells were not significantly different 

between the Biobran/MGN-3 and placebo groups (P>0.05). 
Furthermore, Table III shows that Biobran/MGN-3 and placebo 
supplementation for 1 month did not induce significant changes 
in the percentage of lymphocyte, NK, and NKT cells when 
compared with their baseline values (P>0.05). The observed 
increase in the % lymphocytes is within the normal range in 
adults and aged humans (18‑44%).

NK cells expressing CD107a. Flow cytometric analysis was 
carried out to examine the effect of Biobran/MGN-3 on 
CD107a degranulation in PMA/Ionomycin activated NK cells. 
Supplementation with Biobran/MGN‑3 significantly upregulated 
stimulated PMA/Ionomycin-induced CD107a-expressing NK 
cells (Fig. 1 and Table IV). Both groups showed similar changes in 
the levels of CD107a expression in PMA/Ionomycin-stimulated 
NK cells before initiation of treatment. It is important to note 
that the comparison of the percentages of pre-treatment levels 
of PMA/Ionomycin-activated NK cells that express CD107a 
in Biobran/MGN‑3 group (60.5%) and placebo group (40.9%) 
(Table IV) was not significant using Mann-Whitney U test 
(results of test not shown).

Furthermore, Fig. 2 shows the effect of Biobran/MGN-3 supple-
mentation on upregulating the percentage of stimulated CD107a 
expressing NK cells. The number of PMA/Ionomycin-stimulated 
NK cells that express CD107a was significantly higher than 
baseline values. On the other hand, supplementation for the 
placebo group did not upregulate PMA/Ionomycin-stimulated 
NK expressing CD107a. CD107a was positive only in very few 
NK cells in the placebo subjects (Fig. 2). The data suggest that 
Biobran/MGN-3 supplementation induces NK cell expression 
of CD107a, which has been reported to parallel an increase in 
the cytotoxic effect of NK cells.

NKT cells expressing CD107a. Biobran/MGN-3 and placebo 
supplementation did not significantly upregulate the percent-
ages of PMA/Ionomycin-stimulated NKT (CD3+ve, CD56+ve) 
cells expressing CD107a as compared to their baseline values 
(Fig. 3 and Table IV).

Discussion

Biobran/MGN-3 is an arabinoxylan derived from rice bran. It 
has a xylose in its main chain and an arabinose polymer in its 
side chain (14). Biobran/MGN-3 is a potent biological response 
modifier (BRM) as manifested by its ability to increase NK 
cell activity and IFN-γ production by peripheral blood lympho-
cytes in vitro (15) and to enhance NK activity in young adult 
humans (21) and cancer patients (19,23,24). Biobran/MGN-3 
also enhances NK activity in animals, including aged mice (25) 
and animal bearing tumor (17,26). This increase in activity was 
associated with an increase in both the granular content of NK 
cells and their binding capacity to tumor cell targets (21,25,27). 
Further studies on NK function in geriatric subjects are needed 
to ascertain the benefits of this BRM on aged humans.

NK cells represent the first line of defense against cancer 
and virally infected cells, due to the fact that their cytotoxic 
activity directly kills target cells. However, the impairment of 
NK activity due to aging has been reported in both experimental 
animals and humans, and renders the geriatric population 
more susceptible to viral infection and malignancies (9,28-32). 
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Age-related decline in NK activity is associated with decreased 
lytic activity per cell (31,32) and drops in the expression of gran-
ular perforins, which are primarily responsible for destroying 
cancer and virally infected cells, a characteristic of both NK 
cells and cytotoxic T lymphocytes (32). The preliminary 
data in this study shows that daily intake of Biobran/MGN-3 

supplement at a dose of 500 mg/day for 1 month increases 
NK cell activity in the geriatric population. The underlying 
mechanism is not known but may be attributed to an increase 
in NK granular perforins and Granzyme-B (25,27), or due to 
the ability of Biobran/MGN‑3 to influence the early signaling 
events leading to the triggering of protein kinase C (30).

Table I. Hematological and biochemical characteristics (blood parameters, liver enzymes, and kidney function) of geriatric 
subjects in the Biobran/MGN-3 group.

 Biobran/MGN-3 Group
 --------------------------------------------------------------------------------------------------------
Parameters Baseline 1 Month P-value

RBC (x103/µl) 4.10±0.50 4.08±0.51 0.462
Hb (g/dl)c 10.28±1.73 12.02±1.87 0.027a

HCT (%)c 32.30±4.62 32.47±4.86 0.892
MCV (fl)c 78.63±4.14 79.65±4.57 0.027a

MCH (pg/cell)c 24.95±1.79 29.37±1.71 0.028a

Platelet (x103/µl)c 240.00±40.41 250.67±36.06 0.345
WBC (x103/µl)b 5.50±2.51 5.65±2.32 0.651
Neutrophils (%)c 58.78±9.63 61.47±8.90 0.173
Eosinophils+Basophils (%)b 6.27±1.51 7.48±1.80 0.156
ALT (U/l)c 19.17±9.87 18.50±8.14 0.461
AST (U/l)c 30.00±8.10 27.83±6.47 0.027a

UA (mg/dl)c 5.71±2.70 5.88±2.65 0.046

aPost‑treatment values were considered statistically significant as compared to the baseline values (P<0.05). bPaired t-test was used for 
normally distributed data. cWilcoxon Signed Rank test for related samples was used for non-normally distributed data. RBC, red blood cell; Hb, 
hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; WBC, white blood cell; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; UA, uric acid.

Table II. Hematological and biochemical characteristics (blood parameters, liver enzymes, and kidney function) of geriatric 
subjects in the Placebo group.

 Placebo Group
 ----------------------------------------------------------------------------------------------------------------
Parameters Baseline 1 Month P-value

RBC (x103/µl)d   4.50±0.47   4.59±0.45 0.575
Hb (g/dl)d 11.93±1.67 13.82±1.44 <0.001a

HCT (%)e 36.20±4.53 36.68±3.52 0.463
MCV (fl) 80.65±5.76 80.20±4.62 0.885
MCH (pg/cell)e 26.47±2.15 30.12±1.84 0.028a

Platelet (x103/µl)d   217.17±50.92 231.50±48.03 0.185
WBC (x103/µl)e   5.37±1.47   6.05±1.24 0.043b

Neutrophils (%)d   53.43±17.26   57.57±11.62 0.321
Eosinophils+Basophils (%)e 6.25 (5.85-8.2)c 7.65 (6.68-22.95)c 0.345
ALT (U/l)d   23.67±12.80 20.33±8.36 0.147
AST (U/l)d 20.17±6.55 18.33±5.82 0.069
UA (mg/dl)d   8.24±3.74   8.17±3.81 0.508

aPost‑treatment values were considered statistically significant as compared to the baseline values (P<0.05). bThe observed increase in the % 
WBC in the placebo group is within the normal range in adults and aged humans and therefore was considered insignificant (18‑44%). cMedian 
and IQR are presented. dPaired t-test was used for normally distributed data. eWilcoxon's Signed Rank test was used for non-normally distrib-
uted data. RBC, red blood cell; Hb, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; 
WBC, white blood cell; ALT, alanine aminotransferase; AST, aspartate aminotransferase; UA, uric acid.
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Aged subjects in both groups (Biobran/MGN-3 and placebo) 
showed similar insignificant changes in the levels of CD107a 
expression on non-PMA/Ionomycin-stimulated NK cells at 
one-month post-treatment relative to baseline values. However, 
Biobran/MGN‑3 supplementation significantly upregulated the 
percent of PMA/Ionomycin-stimulated NK cells expressing 
CD107a compared to the baseline value and the placebo group 
(Fig. 1). Biobran/MGN-3 supplementation upregulation of NK 
expressing CD107a is also well illustrated in flow cytometry 
depicted in Fig. 2B. Subjects in the placebo group did not show 
upregulated PMA/Ionomycin-induced NK expressing CD107a; 
CD107a was positive only in very few NK cells (Fig. 2A). The 
increase in activity post-treatment with Biobran/MGN-3 was 
not associated with the percent of NK cells. Data in Table III 
showed that there was no significant change in % lymphocytes 
and % NK cells in the Biobran/MGN‑3 or placebo group. These 
data are in accordance with the work of others, who show the 
normal range for lymphocytes from healthy subjects is between 
18‑44% (33) and the normal range for NK cells is between 
7‑28% (34,35). The NK cell expression of CD107a has been 
reported to be parallel to the increase in the cytotoxic effect of 
NK cells (22).

Recent research showed CD107a is not merely a marker of 
degranulation but it plays a critical role in lysosome formation 
and the degranulation process. RNAi-mediated silencing of 
CD107a expression in NK cells resulted in failure to deliver 

Granzyme B to target cells, impaired perforin trafficking, 
decreased perforin content in lytic granules, and impaired 
NK cell cytotoxic activity (36). On the other hand, increased 
expression of CD107a has been shown to correlate with cyto-
kine secretion and cytotoxic activity of NK cells (37). Thus, our 

Table IV. Comparison of CD107a expression on activated NK and NKT cells within each group before and after treatment. 

  Pre- Post- Wilcoxon Asym. Sig.
  treatment treatment Singed Rank (2-tailed)
Variable Group median median test Z-value  P-value

PMA/Ionomycin stimulated NK 107a Biobran/MGN-3 60.5 83.0 -1.992 0.046a

 Placebo 40.9 54.35 -0.734 0.463
PMA/Ionomycin non-stimulated NKT 107a Biobran/MGN-3 78.0 88.55 -0.734 0.463
 Placebo 69.0 84.0 -0.943 0.345

aPost‑treatment values were considered statistically significant as compared to the pre‑treatment values (P<0.05). NK, natural killer; NKT, 
natural killer T ; Asym. Sig., asymptotic significance.

Table III. Effect of Biobran/MGN-3 and placebo supplementation on percentages of lymphocyte, NK, and NKT cells within each 
group before and after treatment.

Treatment Parameters Baseline 1 Month P-value

Biobran/MGN‑3 Lymph (%) 32.25±6.05 36.58±7.77 0.157
 NK (%) 4.73±1.69 7.02±3.94 0.102
 NKT (%) 2.72±0.98 3.6±2.03 0.256
Placebo Lymph (%) 33.33±10.19 39.52±9.82 0.014a

 NK (%) 4.83±2.18 10.97±5.5 0.013a

 NKT (%) 4.18±1.66 5.55±2.44 0.271

aThe observed increase in the % lymphocytes and the % NK cells in the placebo group are within the normal ranges in adults and the elderly 
and therefore considered clinically not significant (18‑44 and 7‑28%, respectively). The 2‑sided paired t‑test was used to calculate P‑values. 
NK, natural killer; NKT, natural killer T.

Figure 1. Effect of Biobran/MGN-3 on the percentage of chemically-activated 
NK cells that express CD107a. Biobran/MGN-3 supplementation for 1 month 
significantly increased the percentage of CD107a‑expressing NK cells that 
had been chemically activated with PMA/Ionomycin treatment. Bar graph 
represents medians ± IQR. Wilcoxon's signed rank and Mann-Whitney tests 
were used to compare within (before and after) and between (Biobran/MGN-3 
vs. placebo) groups, respectively. No significant difference between the 
pre-treatment levels in the two groups was observed. *Significantly higher 
than PMA/Ionomycin-stimulated NK cells before treatment supplementation 
(P<0.05). **Significantly higher than PMA/Ionomycin‑stimulated NK cells in 
the treatment of placebo group (P<0.05). NK, natural killer.
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results suggest that Biobran/MGN-3 supplement increases lytic 
granules trafficking, degranulation capacity, and cytotoxicity of 
NK cells. NK cells have been considered to be a bridge between 
the innate response and the adaptive system (38), and their acti-
vation will lead to modulating other immune cell subsets. This 
conclusion has been demonstrated in our earlier studies, which 
showed the ability of Biobran/MGN-3 to modulate human CD8+ 
T cells, CD4+ T cells, and B cells post-ingestion (14).

Natural killer T (NKT) cells are a subset of regulatory 
lymphocytes that co-express cell surface receptors charac-
teristic of both T lymphocytes (e.g., CD3, α/β T-cell receptor 
[TCR]) and NK cells (e.g., CD56, NK1.1) (39). The reason that 
Biobran/MGN-3 induces PMA/Ionomycin-stimulated NK cells 
expressing CD107a and does not induce NKT cells in geriatric 
subjects is not fully understood, but could be attributed to differ-
ences in the cell receptors of NK cells and NKT cells. Our earlier 
study showed that Biobran/MGN-3 supplementation in vitro for 
16 h upregulates three key cell surface receptors on NK cells: 
CD69, an early activation antigen; CD25, an interleukin-2 
receptor; and CD54 (ICAM-I), an adhesion molecule (15). NKT 
cells are a population of T cells that are activated by lipid anti-
gens bound to CD1d (cluster of differentiation 1d) molecules at 
the surface of antigen‑presenting cells. There are five different 
CD1 genes (CD1a‑e) that have been identified. CD1a‑c proteins 
are recognized by diverse conventional αβ T cells, while CD1d 
proteins are recognized by a specialized subset of αβ T cells. 
The intracellular metabolic pathways of lipid antigens are key in 
forming the functional NKT cell repertoire (40,41). We believe 
that more analysis of the lipid nature of these cells is needed in 

order to assess their response to the immunomodulatory effect 
of Biobran/MGN-3.

Results of this study showed that dietary supplement 
Biobran/MGN-3 activates NK cell activity in geriatric subjects. 
A direct relation between diet and changes in the brain struc-
ture and activity has been reported in the guidelines of the 
National Institute on Aging-Alzheimer's Association. Growing 
experimental evidence suggests that synapses may be the locus 
for abnormalities underlying diseases such as Alzheimer's, 
Parkinson's, and multiple sclerosis. Indeed, perturbations in the 
induction, maintenance, or reversal of long term potentiation 
(LTP) and long term depression (LTD) are a common thread in 

Figure 2. Flow cytometry analysis comparing the effects of (A) placebo vs. (B) Biobran/MGN-3 supplementations on CD107a expression in 
PMA/Ionomycin‑stimulated NK cells and non‑PMA/Ionomycin‑stimulated NK cells. Biobran/MGN‑3 supplementation for 1 month significantly increased 
the number of CD107a-expressing NK cells upon PMA/Ionomycin stimulation (lower right), compared to both PMA/Ionomycin-stimulated NK cells before 
Biobran/MGN-3 supplementation (lower middle) and PMA/Ionomycin-stimulated NK cells after 1 month of placebo treatment (upper right). CD107a expression 
levels in PMA/Ionomycin‑stimulated and non‑PMA/Ionomycin‑stimulated NK cells were not significantly different in either the placebo or Biobran/MGN‑3 
groups prior to treatment (middle and left, respectively). NK, natural killer.

Figure 3. Effect of Biobran/MGN-3 on the percentage of CD107a-expressing 
NKT (NKT-cells), which were chemically stimulated with PMA/Ionomycin. 
Biobran/MGN-3 supplementation did not induce significant statistical 
change in the percentage of CD107a-expressing NKT cells that were chemi-
cally activated with PMA/Ionomycin compared to the basal level or to the 
placebo group. Bar graph represents medians ± IQR. Wilcoxon's signed rank 
and Mann-Whitney tests were used to compare within (before and after) and 
between (Biobran/MGN-3 vs. placebo) groups, respectively. NKT, natural 
killer T.
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the different brain disease models (42,43), as well as in human 
pathologies associated with inflammation (44). Thus, it has been 
suggested that the etiopathogenesis of different conditions is a 
result of the combination of abnormal expression of immune 
mediators with other disease‑specific features (5). It is of interest 
to note that the dietary supplement L-Tryptophan prevents the 
age-induced decline of hippocampal serotonin (5-HT) produc-
tion and thus avoids cognitive decline (45), and that treatment 
with sildenafil, a phosphodiesterase‑5 inhibitor, resulted in an 
improvement in hippocampal synaptic dysfunction and memory 
deficits in Alzheimer's disease mouse model (46). Results of our 
study and those of others may lead to the design of immunoneu-
rological-targeted therapies.

It is of special interest to note that the NK immunomodula-
tory effect of Biobran/MGN-3 in geriatric subjects was achieved 
at a low dose of 500 mg/day. Aged subjects who participated in 
this randomized, double-blind, clinical trial were healthy, did not 
complain of any disease, and did not ingest other immune modu-
lators, suggesting the great response of healthy aged subjects to 
the NK immunomodulatory effect of Biobran/MGN-3. Data in 
the present study showed Biobran/MGN-3 to be safe and that 
treatment did not induce any significant toxic changes in any 
of the studied parameters. Instead, some beneficial effects were 
observed after 1 month of treatment in the Biobran/MGN-3 
group, and the placebo group to a lesser extent. These effects 
included improved levels of Hb, MCH, and ALP. In addition, 
Biobran/MGN‑3 supplementation significantly down‑regulated 
AST (SGOT) levels, suggesting improved liver functions. 
This finding is consistent with our recent study that shows 
the ability of Biobran/MGN-3 to improve liver functions 
as indicated by a significant decrease of viremia levels in 
Hepatitis C patients post-treatment with Biobran/MGN-3 (47). 
Biobran/MGN-3 has been shown to be a safe and nontoxic 
agent in several toxicity studies including: i) the subchronic 
toxicity study in beagle dogs, the guinea pig antigenicity study, 
and mutagenicity testing (48,49); ii) the LD50 (lethal dose, 
50%) of Biobran/MGN‑3 is greater than 36 g/kg; and iii) the 
Ames test for mutagenicity was negative. Furthermore, studies 
among cancer patients treated with chemotherapy have shown a 
marked improvement in appetite and other quality of life (QOL) 
parameters (50,51).

The placebo group in this study ingested dietary fiber, 
hydroxy propyl distarch phosphate (HDP), which is currently 
used as a food additive. Data depicted in Tables II and III 
demonstrate that subjects who ingested HDP showed signifi-
cantly improved levels of Hb and MCH relative to their baseline 
values. Earlier studies have showed the beneficial role of dietary 
fiber in overall health. For example, subjects who ingested an 
HDP meal showed significantly lower postprandial glucose, 
insulin, and GIP responses than subjects who ingested a waxy 
maize starch meal (52). Additionally, different types of starch 
have been shown to influence the retention of 59Fe (53) and 
absorption of zinc and iron (54). One limitation of our study 
was the small number of our sample. Studies with larger sample 
sizes are needed to validate our results. Another limitation was 
our limited ability to study the full range of molecular markers 
that are needed to identify potential mechanisms involved in 
Biobran/MGN-3-induced activation of NK but not NKT cells.

In conclusion, the preliminary results of this study strongly 
suggest that Biobran/MGN-3, a nutritional supplement from rice 

bran, can counteract NK cell immunosenescence in geriatric 
subjects, suggesting the potential of Biobran/MGN-3 for lowering 
the incidence of cancer and viral infection that is reported by 
older humans. To our knowledge, the current study represents 
the first clinical trial that extends the biological response modi-
fier (BRM) effect of Biobran/MGN‑3 to include enhancing NK 
cell degranulation and cytotoxic activity in geriatric population. 
Biobran/MGN-3 is a non-toxic, inexpensive supplement, and 
thus may provide a means to reduce the significant healthcare 
costs incurred by both healthy and unhealthy geriatric subjects. 
Our future research directions include conducting multicenter 
prospective clinical trials to assess the preventive capacity of 
Biobran/MGN-3 supplementation in the geriatric population to 
reduce the incidence of infections and tumorigenesis.
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