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Abstract: Background: Viral influenza infection causes serious health issues especially when an
outbreak occurs. Although influenza virus vaccines are available and each year manufactures
modify the vaccine depending on the expected mutated strain, it is still far from satisfactory,
mainly in young children and older adults. Therefore, a product that can support and shape the
immune system to protect against viral flu infections is highly essential. Methods: A functional
food water-soluble mixture of pomegranate, red grape, dates, olive fruit, figs, and ginger extracts,
termed herein “Protector”, was prepared and tested in stimulating/modulating the production of
specific cytokines, and hemagglutinin inhibition (HAI) antibodies following viral flu vaccination in
mice. Results: A single intraperitoneal or multiple oral administration for 1-7 days of “Protector”
significantly increased the production of interferon (IFN)-y and interleukin (IL)-12 in blood, spleen,
and lungs of mice. When “Protector” was orally administered for one week following a single vaccine
injection (primary immunization) or for two weeks (one week apart) following double vaccine
injections (secondary immunization), mice significantly produced higher titers of HAI antibodies.
This increase in HAI antibodies was associated with Pillow-inducing significant and different changes
in vaccine-induced IFN-vy, IL-12, IL-6 and IL-22 following primary and secondary immunizations.
Conclusions: “Protector” administration reinforces the protective immune parameters against viral
flu infection. Therefore, after performing preclinical toxicology studies and ensuring its safety,
“Protector” should be considered a potential product to be tested in clinical trials to conclude its
efficacy in reducing the devastating effects of flu infection in humans and its outbreaks.

Keywords: pomegranate; red grape; dates; olive fruit; figs; ginger; IFN-y; IL-12; IL-6; IL-22;
flu infection; flu vaccine; hemagglutination inhibition antibodies

1. Introduction

The immune system components including cells, antibodies, cytokines and many other chemical
mediators act in orchestric and systemic ways to overcome intruders. Therefore, keeping the
immune system vigilant and robust is the factor to eliminate diseases as well as fight infections.
Following an inflammatory condition or a viral infection, immune and other tissues produce
cytokines to activate and regulate the immune response. During viral infection, cytokines such as
type I interferon (IFN), interleukin (IL)-1p, IL-6, and tumor necrosis factor (TNF)-«, are induced
following the innate immune response, initiate inflammation via stimulating the production of
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more cytokines, limit virus replication, and provide signals to activate adaptive immunity [1,2].
Activating the adaptive immunity by producing specific anti-virus antibodies, CD4+ and CD8+ T
cells is the ultimate control of virus protection, replication, and clearance [2,3]. For instance, IL-12,
a macrophage-derived cytokine, induces T helper (Th)-1 cell activation mainly by producing cytokines
that broadly activate immune cells. Of these cytokines, is IEN-y production. IFN-y, derived from
Th-1 cells, as well as natural killer (NK) cells and dendritic cells (DCs), activate cell-mediated
immunity including cytotoxic T cells, promote further DCs, and helps B cells to promote antibody
isotype switching [3-5]. Furthermore, IFN-y is a regulator of immune responses, including antiviral
defenses [6]. However, the role of IFN-y as an anti-flu viral cytokine is highlighted by (a) pretreatment
with IFN-y inhibited virus replication, (b) sequential administration of IFN-y at early stage of the
infection protected infected mice from death, and (c) IFN-y protective effect is distinctive in studies with
protocols involving vaccination/transfection followed by viral challenge [7-14]. Therefore, shaping the
immune system towards IFN-y-mediated mechanisms would facilitate clearing the virus and reducing
inflammation in the lungs following influenza pathogenesis [9-14].

Although IL-6 is an important inflammatory cytokine in the initial phase of influenza viral
eradication [1], it has been found to be highly elevated in plasma and hyperactivated from peripheral
blood mononuclear cells of patients with complicated viral influenza infection. In addition, IL-6 levels
were correlated to intensive care admission [15]. On the other hand, IL-22-derived from NK cells has
been shown to have a crucial role in the regeneration of tracheal and bronchial epithelial cells following
influenza viral infection in mice [16]. Therefore, regulating/modulating the levels of IL-6 and IL-22
during influenza viral infection may help in reducing the inflammatory-induced pathogenesis and
facilitate the construction of the lung epithelial layers.

One of the epidemic viral infections that occur each year; killing hundreds of thousands and
hospitalizing millions of people is the flu virus [17]. Influenza virus infections cause a high degree of
morbidity and mortality which are related to necrotizing bronchiolitis, diffuse alveolar damage,
alveolar hemorrhage, airway obliteration by severe epithelial cell destruction in the lungs and
may lead to a cytokine storm that ends up with organs dysfunction. The anti-influenza available
drugs are mainly targeting the enzyme neuraminidase that is expressed on the virus surface help to
prevent infection as well as exert anti-viral activities [18]. However, drug-resistant strains emerge.
Furthermore, although influenza virus vaccines are available and each year manufactures modify the
vaccine depending on the expected mutated strain, it is still far from satisfactory mainly in young
children and older adults. For instance, the outbreak of flu infection in the winter of 2017 /2018 that has
occurred in the United States showed that effectiveness of the flu vaccines dropped to 25% whereas it
is usually between 40-60% [19]. Therefore, it is highly essential to have a product that stimulates the
immune system to protect from viral flu infections as well as reduces or eliminates the devastating
counter-response of flu virus that leads to a dysregulated immune response.

One of the essential ways to keep the body’s immune system alert is by eating the appropriate
type of food that contains the necessary nutrients and eliminating/reducing the “food” that culminates
the immune system. To assist in this, we have developed a water-soluble mixture of edible extracts
composed of pomegranate, red grapes, dates, olive fruit, figs, and ginger, termed herein “Protector”.
Each extract of this mixture has been shown to modulate the immune system in favor of either
stimulating an event or cascade of events in the immune system [20-29] or reducing inflammatory
processes [30-37] that could result during flu infection. The latter anti-inflammatory effect, however,
depends on the type of extract (or part of the extract), isolated fraction, and the model used [38—40].
Therefore, in order to evaluate the potential of “Protector” in stimulating/modulating the immune
system and supporting the protective immune parameters against viral flu infection, we performed
several experiments in mice showing its potential to enhance/modulate the production of (a) IFN-y and
IL-12 without and with immunization of the flu vaccine; (b) protective hemagglutinin inhibition (HAI)
antibodies following flu vaccination; and (c) the pro-constructive IL-22, and inflammatory-induced
IL-6, following flu vaccination.
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2. Materials and Methods

2.1. Fruit Extracts and “Protector” Mixture

All “Protector” fruit extracts were purchased from Naturex, France. Each extract is standardized
and quantified based on a specific group of compounds in each extract with complete certificate of
analysis. “Protector” consists of pomegranate extract whole dried fruit including peel (400 mg) with
drug extract ratio (DER) 5-6:1, dried red grape extract including peel and seeds (200 mg) with DER
10:1, dried dates fruit extract (100 mg) with DER is 2:1, olive fruit dried extract (100 mg) with DER
3—4:1, figs dried extract (150 mg) with DER 2:1, and ginger dried extract (50 mg) with DER 50:1. So in
1 g of “Protector”, the mixture is 4:2:1:1:1.5:0.5.

2.2. Animals

The protocols applied were according to the World Health Organization (WHO) for “Evaluating
Efficacy and Toxicity of Herbal medicines” and the Federation of Laboratory Animal Sciences
Association (FELASA), for Biological and Toxicological studies and were approved by the Ethics
Committee at University of Petra. The present animal studies were performed on female Balb/c
mice weighing 25 + 3 g. Animals were housed in a pathogen-free environment at 22 °C with 12 h
light/dark cycle at the University of Petra animal care unit. Before each experiment, animals were
divided, placed in appropriate cages and were acclimatized for five days to laboratory conditions.

2.3. Systemic Administration of “Protector” and Cytokines Levels

For this experiment, mice were divided into five groups (n = 4). One negative, one positive
control and three treated groups. Animals received a single intraperitoneal (i.p.) injection of 1 mL
sterile PBS containing 0.2 um-filtered amounts (0, 1, 10, 100 pg) of “Protector” or Eriobotrya japonica
water extract (EJ), as a positive control and a stimulator of IL-12 and IFN-y [38—40]. Twenty-four
hours later, mice were sacrificed by cervical dislocation, and each mouse blood sample was directly
collected from the cardiac chamber, placed into a pre-chilled tube, weighed and incubated with
2mL of ice-cold endotoxin-free PBS containing 0.1% Igepal CA-630 under ice for 10 min [41].
After blood collection, spleen and lung tissues were removed from mice, weighed, and processed as
the blood. Then tissues were homogenized with a tissue disrupter (Janke and Kundle GmbH, Staufen,
Baden-Wiirttemberg, Germany), centrifuged (6000 rpm for 6 min), and the supernatant was transferred
to labeled microcentrifuge tubes and stored —30 °C till cytokine assays.

2.4. Time Profile of Cytokines Following Systemic Administration of “Protector”

The time profile of cytokines production following systemic administration of “Protector” was
evaluated in mice. Thirty-six mice were divided into three groups (16 mice for “Protector” group;
16 mice for PBS group, and 4 mice for zero-time point). Each treated group (groups 2 and 3) received a
single i.p. injection of 1 mL sterile PBS (group 2) or a sterile-filtered PBS containing 10 pg of “Protector”
(group 3). Following injection, 4 mice/time point (0, 6, 12, 24, and 48 h) were sacrificed and tissues
were collected, weighed, and processed as described above.

2.5. Oral Dosing of “Protector” and Cytokines Production

Twenty-eight mice were divided into seven groups (12 mice for “Protector” group, 12 mice
for PBS group, and 4 mice for zero point). Mice received orally, via a stainless steel oral gavage
needle (Harvard Apparatus, Kent, UK), a constant volume of sterile distilled water containing
“Protector” (375 ug) or nothing (control groups). Protector was administered three times a day for 1, 3,
or 7 days. Group 7 served as a zero-time point. The selection of the dose 375 ug/dose x 3 (3 h apart)
(1125 pg/mouse/day), considering mouse average weight is 25 g (i.e., ~45 mg/kg/day), is based
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on a human dose of ~3000 mg/day (1000 mg/dose). Forty-eight hours post of last administration,
mice were sacrificed, and tissues were collected, weighed, and processed as described above.

2.6. Influenza Virus Vaccine

In the following experiment, Vaxigrip human vaccine was used. Vaxigrip is a sterile suspension
of influenza virus for intramuscular or deep subcutaneous injection. It is a purified, inactivated,
split-virion vaccine. It contains the following strains of influenza virus: (1) A/California/7/2009
NYMC X-179A (A/California/7/2009 [HIN1]pdm09-like); (2) A/Victoria/361/2011 IVR-165
(A/Victoria/361/2011 [H3N2]-like); and (3) B/Hubei-Wujiagang/158/2009 NYMC BX-39
(B/Wisconsin/1/2010-like). Each 0.5 mL pre-filled syringe contains 15 nug haemagglutinin of each of
the three strains (45 pg in total) in a buffered saline solution. A buffered saline solution consists of
the following excipients—sodium chloride, potassium chloride, sodium phosphate-dibasic dihydrate,
potassium phosphate—-monobasic and water for injection.

The vaccine is prepared from virus grown in the allantoic cavity of embryonated eggs,
concentrated, purified by zonal centrifugation in a sucrose gradient, split by octoxinol 9 (Triton
X-100), inactivated by formaldehyde and then diluted in phosphate buffered saline solution to the
required concentration. No adjuvant or preservative is added. The vaccine may contain traces of
formaldehyde (<30 ng), octoxinol 9 (<200 pg) and neomycin (<20 pg). Vaxigrip does not contain more
than 0.05 ug ovalbumin per dose.

For preparation of the vaccine, 0.4 mL of sterile PBS was added to each Vaxigrip (45 ug/0.5 mL)
vial. This yielded (50 pg/mL) and then a volume of 100 uL/mouse (5 pg of trivalent split-virion
vaccine; ~1.7 ug of HA for each strain) was injected subcutaneously (s.c.) in the right thigh of each
mouse [42,43].

2.7. Immunization Protocol

Primary and secondary immunization protocols were performed using six groups of mice
(5 mice/group). The primary immunization protocol was as follows: on day 1, groups 2 and 3
were immunized s.c. with a single injection (5 pg/mouse) whereas group 1 was injected with sterile
PBS [43]. Also starting on day 1, mice were orally administered three times a day with 400 uL of sterile
distilled water containing 375 pg of “Protector” (group 3) or just water (groups 1 and 2) for 7 days.
Mice were kept under observation for another week (i.e., till day 14 post immunization) and then were
sacrificed and blood, spleen, and lungs were collected, weighed, and processed as described above.
The supernatant was collected into several aliquots and kept frozen until analysis.

As for the secondary immunization protocol, mice (groups 5 and 6) were immunized s.c. with
two injections (5 pg each injection/mouse), whereas group 4 with sterile PBS, on days 1 and 14.
Also starting on day 1, mice were orally administered three times a day with 400 uL of sterile distilled
water containing 375 pg of “Protector” (group 6) or just water (groups 4 and 5) until day 7 and then
from day 14 to day 21. Mice were kept under observation for another week (i.e., till day 28 post
immunization) and then were sacrificed and tissues were collected as described above.

2.8. Hemagglutination Inhibition (HAI) Antibodies Titer Determination

The influenza virus binds to red blood cells (RBCs) and forms agglutination. Thus, having
antibodies against the influenza viruses prevents the virus from binding to RBCs and thus no
agglutination occurs [42]. Firstly, titration of chicken RBCs with titration of the virus vaccine
was performed to establish the percentage of RBCs and amount of virus vaccine to be used.
Secondly, serial dilution of mice blood lysates (collected as above) was performed followed by the
addition of the diluted virus and incubated for 30 min. After incubation, diluted RBCs solution was
added for 1 h. Hemagglutination and precipitation were recorded and visualized under an inverted
microscope to determine the titer of each sample.
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2.9. Cytokine Determinations

Measurements of mouse tissue-extracted cytokines were accomplished by sandwich ELISA
developed following the manufacturer’s recommendations (Duoset R & D Systems, Minneapolis, MN,
USA). Absorbance values of each well of 96-well plate (Nalge Nunc International, Rochester, NY, USA)
were read at 450 nm by GloMax-Multi Detection system (Promega, Madison, WI, USA), transformed
to cytokines concentrations (pg/mL) and then normalized to (pg/g of protein/sample).

2.10. Statistical Analysis

All data in the figures are presented as the mean =+ standard error and assessed by using one-way
ANOVA analysis followed by a Tukey’s test for multiple comparisons (SPSS version 17). p value of
<0.05 was considered significant.

3. Results

3.1. Systemic Administration of “Protector” Enhanced IFN-y Production Levels in Blood and Spleen

After 24 h of intraperitoneal administration, “Protector” significantly increased the production
of IFN-y in peripheral blood and spleen (Figure 1) in a dose-dependent manner. In comparison to a
known inducer of both cytokines (EJ) [38—40], 10 pg of “Protector” produced a similar to higher levels
of IFN-y in blood and spleen. A similar pattern of enhancement was observed with IL-12 (data not

shown).
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Figure 1. Intraperitoneal administration of “Protector” significantly increased IFN-y levels in peripheral
blood and spleen in dose dependent manner. EJ (10 pug) was used as a positive control. Mice were
injected i.p. with “Protector” or EJ and 24 h later, tissues were obtained, processed for cytokines
extraction, and then kept frozen until analysis (* indicates p < 0.05 in comparison to control mice).

To evaluate the time profile of this increase in IFN-y and IL-12 production, “Protector” at 10
ug dose was administered i.p. in mice. “Protector” significantly increased the production of IL-12
and IFN-y in blood, spleen, and lungs over time (Figure 2). In comparison to PBS administration
(control), “Protector” increased the production of IFN-y in blood, spleen and lungs after 24 to 48-h post
administration. Also, at 12-h post “Protector” administration, blood IFN-y levels were significantly
higher than in PBS group. Similarly, “Protector” administration significantly increased the production
of IL-12 in the peripheral blood, spleen, and lungs of mice. This increase was significant at 24- and
48-h post administration for blood and lungs whereas for spleen the increase in IL-12 was significant
at 12, 24 and 48-h post administration.
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Figure 2. Intraperitoneal administration of “Protector” (10 ug) demonstrated a kinetic production
profile of IFN-y and IL-12 in blood, spleen and lungs. Mice were injected i.p. with “Protector” or sterile
PBS, and at different time tissues were obtained, processed for cytokine extraction, and then kept frozen
until analysis (* and ** indicate p < 0.05 and p < 0.01 to their time-point control (PBS), respectively).

3.2. Oral Administration of “Protector” Enhanced IFN-vy and IL-12 Production in Tissues

Before performing the following studies, safety oral dose experiments on “Protector” were
completed and found that mice did not show any sign of toxicity for 14 days at the maximum dose
tested of 2000 mg/kg (data not shown). Since “Protector” was found to induce cytokines following
24-48 h of intraperitoneal administration and we still need to find if “Protector” gets absorbed in vivo
and induces a similar response to intraperitoneal administration, we evaluated “Protector” following
multiple oral dosing in inducing cytokines. The target organs tested were peripheral blood, spleen as
a secondary lymphoid organ and lungs, as a target of respiratory infections. Oral administration
of “Protector” (375 pug x 3/day) significantly increased the production of IL-12 and IFN-y in blood,
spleen, and lungs in comparison to 0-time negative control (group 7) (Figure 3). In comparison to
water administration (groups 4, 5 and 6), “Protector” increased the production of 11-12 and IFN-y
in blood, spleen, and lungs after multiple oral dosing for 1, 3 and 7 days. Furthermore, following
prolonged multiple dosing i.e., for 7 days, “Protector” significantly produced a higher response than
after 1 or 3 days. The sequence of cytokines production response is 7-day dosing >3-day dosing >1-day
dosing indicating that not only “Protector” is absorbed and induce immune cells stimulation, but also
it has an additive influence on immune cells activation. The latter might indicate that the half-life
elimination and or clearance of the active ingredient(s) of “Protector” is/are not short.
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Figure 3. Oral administration of “Protector” for 1, 3 or 7 days significantly increased the production
of IFN-y and IL-12 in blood, spleen and lungs. Mice were orally administered a constant volume
of sterile distilled water containing “Protector” (375 ug x 3/day) or nothing (control groups) for
either 1, 3, or 7 days. Forty-eight hours later, tissues were obtained, processed for cytokine extraction,
and then kept frozen until analysis. (* and ** indicate p < 0.05 and p < 0.01 to their time-point control

(water), respectively).

3.3. Oral Administration of “Protector” Enhanced HAI Antibodies against Influenza Virus

Since “Protector” was found to enhance cytokines production in tissues following systemic as
well as multiple oral administration, we further evaluated if “Protector” can enhance HAI antibodies
production following immunization with an influenza vaccine. These antibodies are measured as
best protective degree against influenza infection in humans [42,43]. Vaxigrip (5 pg/mouse) vaccine
significantly induced HAI antibodies against the virus mixture following primary and secondary
immunization. However, following secondary immunization, the titer was not significantly different
than the primary immunization (Figure 4). When “Protector” was orally administered following
primary and secondary immunization periods, HAI antibodies were significantly higher than the
Vaxigrip following the secondary immunization period (Figure 4).

1400 - *
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& 800 4
"l_"‘ *
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400 -
200 -
0 T

14 days 28 days
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Figure 4. Oral administration of “Protector” increased HALI titer following Vaxigrip primary and
secondary immunizations period. Mice received either single s.c. injection of Vaxigrip (5 ug/mouse) at
day 1, or two at days 1 and 14. Control mice injected with sterile PBS. Protector was orally administered
for 1 week (375 pug x 3/day) for the single immunization group or for 2 weeks (one week apart) for
the secondary immunization group (* p < 0.05 in comparison to the control and the bar represents the

difference between the adjacent groups).
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We also investigated if this increase in anti-influenza hemagglutination antibody is associated with
cytokines modulation. The cytokine modulation pattern in blood, spleen, and lungs following primary
(14-day period) and secondary (28-day period) immunizations with the Vaxigrip vaccine were similar.
The vaccine: (a) significantly increased IFN-y, IL-12, IL-6 levels in blood; (b) significantly increased
IFN-y and IL-12 in spleen and lungs; but (c) did not modulate IL-6 in spleen or lungs (Figures 5 and 6).
However, with “Protector” administration for one week or two weeks (one week apart) during
primary and secondary immunizations periods, respectively, the pattern of Protector-induced cytokine
modulation were different. “Protector” (a) increased the production of IFN-y in blood, spleen,
and lungs, IL-22 levels in blood and spleen, and IL-12 in spleen more than the vaccine following
primary immunization; (b) reversed vaccine-suppressed IL-22 levels in the lungs following primary
immunization. Whereas “Protector” administration in the two-time vaccination protocol (a) reversed
the vaccine-induced increase in IL-12 in blood, spleen, and lungs; and (b) decreased IL-6 levels in
blood, spleen, and lungs more than the control and Vaxigrip groups.
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Figure 5. A single/primary immunization with Vaxigrip (5 pg) enhanced the production of IFN-vy,
IL-12 and IL-6 in blood as well as IL-12 in spleen and lungs in comparison to PBS injections (Control).
When “Protector” (375 ug x 3/day) was orally administered for 1 week, it enhanced Vaxgrip effect
on the production of IFN-y in blood, spleen and lungs; IL-22 in blood and spleen; and IL-12 in spleen.
On the other hand, Vazxigrip reduced (1) IL-22 production level in the lungs in comparison to control
mice and “Protector” administration restored it. (* p < 0.05, ** p < 0.01 in comparison to the control
group and the bar represents the significance between the adjacent treatments.).
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Figure 6. A secondary immunization with Vaxigrip (5 ug/injection at day 1 and 14) enhanced
the production of IFN-y in blood as well as IL-12 in blood, spleen and lungs. When “Protector”
(375 pug x 3/day) was orally administered for 2 weeks (one week apart), it modulated Vaxgrip effect
on the production of IFN-y in blood; IL-12 in blood, spleen and lungs; and reduced (1) IL-6 in blood,
spleen and lungs. * p < 0.05, ** p < 0.01 in comparison to the control group and the bar represents the

’

significance between the adjacent treatments.

4. Discussion

The present study has shown that “Protector” administration in mice enhanced the production of
IL-12 and IFN-y in peripheral blood, secondary lymphoid organ and lungs following intraperitoneal
as well as oral dosing. The latter implies that the constituents of “Protector” gets absorbed following
oral administration and stimulates immune cells. Such immune cells, for instance, dendritic cells,
macrophages, and NK cells are known to produce IL-12 and IFN-v, respectively [1-5]. Also, NK cells
have been found to produce IL-22 [16]. Thus, we can suggest that “Protector” constituents mainly
stimulate innate immune cells such as dendritic, macrophages, and NK cells [21,27,29]. It has been
known that polysaccharides bind to a variety of toll-like receptors (TLR) on macrophage cell surface
receptors, mainly TLR-4, and induce activation [38,39]. However, it has been shown that one of the
“Protector” constituents, figs, contains a polysaccharide that enhanced the production of IL-12 and
IFN-y from dendritic cells through a pattern recognition receptors (PRP), dectin-1, not related to
TLR, [27]. Furthermore, gingerol, a constituent of ginger, has been found to increase IFN-y production
from activated T cells [29]. Thus, we can suggest the “Protector” constituents indirectly enhance T and
B cell functions. In the present study, “Protector” administration enhanced the production of HAI
following primary and secondary vaccination with Vaxigrip. Such enhancement could be associated
with an increase in cytokines response from DC, macrophages that stimulated T cells and B cells
function [21,25].

The kinetic patterns of the IFN-y and IL-12 productions in blood, spleen, and lungs following a
single i.p. injection revealed that these tested cytokines persist in the peripheral blood and the organs
for at least 48 h (Figure 2). In comparison, however, such induction of cytokines returns to normal
levels within 24-h post lipopolysaccharide injection [39]. This suggests that “Protector” stimulatory
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pathway/s persist/s for longer time and/or the “Protector” active constituents may have a long
half-life in the body.

It has been shown that some of the “Protector” constituents, non-water extracts, or isolated
compounds exert anti-inflammatory activity in inflammatory models [30-37], reduce NF-«kB
or its nuclear translocation in activated T cells [30,35,36], reduce IL-6 or TNF-o following
inflammatory stimulus [32,35,37]. However, in “Protector,” all the extracts were water-soluble
constituents. Such water extracts should be rich in polysaccharides and polar phenolic compounds
that may induce or modulate cytokines production providing distinguishable immunomodulatory
activities [21,23,38—40]. For instance, dietary pomegranate seed oil in mice increased IgG and IgM
levels [20]; calves fed pomegranate extract increased IFN-y, IL-4 from peripheral blood mononuclear
cells as well as IgG against ovalbumin vaccination [21]; polysaccharides from pomegranate
extracts increased lymphocytes proliferation index [22]; grape juice diet increased circulatory v
T cells [23], dates dietary supplements increased IgM [25]; Figs polysaccharide increased IL-12,
IFN-vy, IL-6 levels [27]; and gingerols isolated from ginger increased IFN-y from activated T cells [29].
Therefore, it may be concluded that the increase in IFN-y and IL-12 production observed in this study
could be at least due to pomegranate, figs, and ginger extracts [21,27,29]. In addition, since “Protector”
oral administration increased IFN-y and IL-12 levels in blood, spleen, and lungs following continuous
daily dosing (1 vs. 3 vs. 7 days), it indicates that the oral dosing induces an additive effect on
cytokines production.

In this study, we used Vaxigrip, a known commercial human viral flu vaccine, to induce the
production of HAI in mice. However, it was used to test if “Protector” has an enhancing effect on
the Vaxigrip-induced HAI response [43]. The present results showed that “Protector” administration
increased the production of HAI following single and even more following secondary immunization.
This effect shows the advantage of “Protector” when it is given with the viral flu immunization.
Furthermore, Vaxigrip vaccine induced similar cytokine patterns following primary or secondary
immunizations by stimulating the production of IFN-y, IL-12, IL-6 levels in the blood, IFN-y and IL-12
in spleen and lungs but did not modulate IL-6 in spleen or lungs. When “Protector” was administered
with the vaccination, it strengthened Vaxigrip-induced cytokine responses in the primary vaccination
and reversed the pro-constructive IL-22 level in the lungs. In the secondary immunization, however,
“Protector” reduced IL-6 production levels and did not increase IL-12 levels in the organs tested which
may suggest its regulatory pathways during successive inflammatory insults.

Viral flu infects the epithelial cells of the lungs, and within hours it induces proteins that block the
innate immune system. Such blocking pathway prevents viral RNA from being recognized by PRPs,
and this lowers IFN-related genes activation [18]. Recently, however, a study has demonstrated that the
pre-immune state of chicken embryo fibroblast expressing IFN-y gene inhibited the replication of viral
RNA of HIN1 or HIN2 and IFN-stimulated genes were up-regulated. This effect was suppressed with
siRNA for IFN-y gene [10]. Furthermore, cytokine profile was assessed in human adults who were
hospitalized due to seasonal and pandemic HIN1 influenza adults [15]. It has been shown that plasma
IFN-y level is suppressed and less frequently detected in the severe pH1NI1pneumonia group whereas
the patients demonstrated hyperactivation of proinflammatory cytokines mainly IL-6, and such high
levels of IL-6 correlated with ICU admission [15]. Therefore, enhancing IFN-y levels either before
or at an early stage of flu infection is essential to eradicate flu virus and also reduce or control the
hyperactivation of IL-6 which helps in the management of severe cases of infections.

In conclusion, “Protector” administration reinforces the protective immune parameters against
viral flu infection. Therefore, after performing preclinical toxicology studies and ensuring its safety,
“Protector” should be considered a potential product to be tested in clinical trials to conclude its efficacy
in reducing the devastating effects of flu infection in humans and its outbreaks.



Nutrients 2018, 10, 743 11 of 13

Author Contributions: K.A.M. assisted in the functional food mixture, supervised the experimental work,
and drafted the manuscript. F.Q. is the originator of the functional food mixture. M.S. was responsible for the
outsourcing of the functional food mixture and the analysis of each extract. N.A.Q. assisted in the experimental
studies. M.B. performed the ELISA and HAI studies. K.Z.M. designed the pharmacology studies, analyzed and
interpreted the data, and wrote the manuscript.

Conflicts of Interest: Bavarian Naturweg GmbH Thersienhoehe/Munich-Germany is the study sponsor and had
no role in the experimental design of the study; in the collection, analyses, or interpretation of data. Fadi Qadan is
the managing director of the company and the originator of the mixture “Protector”. Kenza Mansoor, Nidal Qinna,
Mujtaba Badr, Mathias Schmidt and Khalid Matalka declare no conflict of interest.

References

1. Tripathi, S.; White, M.R.; Hartshorn, K.L. The amazing innate immune response to influenza A virus infection.
Innate Immun. 2015, 21, 73-98. [CrossRef] [PubMed]

2. Chiu, C.; Openshaw, PJ. Antiviral B cell and T cell immunity in the lungs. Nat. Immunol. 2015, 16, 18-26.
[CrossRef] [PubMed]

3. Duan, S.; Thomas, P.G. Balancing Immune Protection and Immune Pathology by CD8* T-Cell Responses to
Influenza Infection. Front. Immunol. 2016, 7, 25. [CrossRef] [PubMed]

4.  Alshaker, H.A.; Matalka, K.Z. IFN-vy, IL-17 and TGF-f involvement in shaping the tumor microenvironment:
The significance of modulating such cytokines in treating malignant solid tumors. Cancer Cell Int. 2011, 11,
33. [CrossRef] [PubMed]

5. Martin-Fontecha, A.; Thomsen, L.L.; Brett, S.; Gerard, C.; Lipp, M.; Lanzavecchia, A.; Sallusto, F.
Induced recruitment of NK cells to lymph nodes provides IFN gamma for T(H)1 priming. Nat. Immunol.
2004, 5, 1260-1265. [CrossRef] [PubMed]

6. Digby, M.R,; Lowenthal, ].W. Cloning and expression of the chicken interferon gamma gene. J. Interferon
Cytokine Res. 1995, 15, 939-945. [CrossRef] [PubMed]

7. Lowenthal, JW.,; York, J.].; O'Neil, T.E.; Rhodes, S.; Prowse, S.J.; Strom, D.G.; Digby, M.R. In vivo effects
of chicken interferon-gamma during infection with Eimeria. J. Interferon Cytokine Res. 1997, 17, 551-558.
[CrossRef] [PubMed]

8.  Gorres, J.P; Lager, KM.; Kong, W.P; Royals, M.; Todd, ].P; Vincent, A.L.; Wei, C.].; Loving, C.L.; Zanella, E.L.;
Janke, B.; et al. DNA vaccination elicits protective immune responses against pandemic and classic swine
influenza viruses in pigs. Clin. Vaccine Immunol. 2011, 18, 1987-1995. [CrossRef] [PubMed]

9. Jiang, H,; Yang, H.; Kapczynski, D.R. Chicken interferon alpha pretreatment reduces virus replication of
pandemic HIN1 and H5N9 avian influenza viruses in lung cell cultures from different avian species. Virol. ].
2011, 8, 447. [CrossRef] [PubMed]

10. Yuk, S.S.; Lee, D.H.; Park, ]J.K.; Tseren-Ochir, E.O.; Kwon, J.H.; Noh, J.Y.; Lee, J.B.; Park, S.Y.; Choi, LS.;
Song, C.S. Pre-immune state induced by chicken interferon gamma inhibits the replication of HIN1 human
and HIN2 avian influenza viruses in chicken embryo fibroblasts. Virol. J. 2016, 13, 71. [CrossRef] [PubMed]

11. Kwon,].S.; Lee, HJ.; Lee, D.H.; Lee, Y.J.; Mo, L.P; Nahm, S.S.; Kim, M.].; Lee, ].B.; Park, S.Y.; Choi, I.S,; et al.
Immune responses and pathogenesis in immunocompromised chickens in response to infection with the
HON2 low pathogenic avian influenza virus. Virus Res. 2008, 133, 187-194. [CrossRef] [PubMed]

12. Bot, A.; Bot, S.; Bona, C.A. Protective role of gamma interferon during the recall response to influenza virus.
J. Virol. 1998, 72, 6637—-6645. [PubMed ]

13. Karupiah, G.; Chen, J.H.; Mahalingam, S.; Nathan, C.F; MacMicking, J.D. Rapid interferon
gamma-dependent clearance of influenza A virus and protection from consolidating pneumonitis in nitric
oxide synthase 2-deficient mice. J. Exp. Med. 1998, 188, 1541-1546. [CrossRef] [PubMed]

14. Weiss, I.D.; Wald, O.; Wald, H.; Beider, K.; Abraham, M.; Galun, E.; Nagler, A.; Peled, A. IFN-gamma
treatment at early stages of influenza virus infection protects mice from death in a NK cell-dependent
manner. J. Interferon Cytokine Res. 2010, 30, 439—-449. [CrossRef] [PubMed]

15. Lee, N.; Wong, C.K.; Chan, PK.; Chan, M.C.; Wong, R.Y.; Lun, SW.; Ngai, K.L.; Lui, G.C.; Wong, B.C.;
Lee, S.K,; et al. Cytokine response patterns in severe pandemic 2009 HIN1 and seasonal influenza among
hospitalized adults. PLoS ONE 2011, 6, e26050. [CrossRef] [PubMed]


http://dx.doi.org/10.1177/1753425913508992
http://www.ncbi.nlm.nih.gov/pubmed/24217220
http://dx.doi.org/10.1038/ni.3056
http://www.ncbi.nlm.nih.gov/pubmed/25521681
http://dx.doi.org/10.3389/fimmu.2016.00025
http://www.ncbi.nlm.nih.gov/pubmed/26904022
http://dx.doi.org/10.1186/1475-2867-11-33
http://www.ncbi.nlm.nih.gov/pubmed/21943203
http://dx.doi.org/10.1038/ni1138
http://www.ncbi.nlm.nih.gov/pubmed/15531883
http://dx.doi.org/10.1089/jir.1995.15.939
http://www.ncbi.nlm.nih.gov/pubmed/8590305
http://dx.doi.org/10.1089/jir.1997.17.551
http://www.ncbi.nlm.nih.gov/pubmed/9335433
http://dx.doi.org/10.1128/CVI.05171-11
http://www.ncbi.nlm.nih.gov/pubmed/21918118
http://dx.doi.org/10.1186/1743-422X-8-447
http://www.ncbi.nlm.nih.gov/pubmed/21939525
http://dx.doi.org/10.1186/s12985-016-0527-1
http://www.ncbi.nlm.nih.gov/pubmed/27121613
http://dx.doi.org/10.1016/j.virusres.2007.12.019
http://www.ncbi.nlm.nih.gov/pubmed/18276028
http://www.ncbi.nlm.nih.gov/pubmed/9658110
http://dx.doi.org/10.1084/jem.188.8.1541
http://www.ncbi.nlm.nih.gov/pubmed/9782132
http://dx.doi.org/10.1089/jir.2009.0084
http://www.ncbi.nlm.nih.gov/pubmed/20235626
http://dx.doi.org/10.1371/journal.pone.0026050
http://www.ncbi.nlm.nih.gov/pubmed/22022504

Nutrients 2018, 10, 743 12 of 13

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kumar, P; Thakar, M.S.; Ouyang, W.; Malarkannan, S. IL-22 from conventional NK cells is epithelial
regenerative and inflammation protective during influenza infection. Mucosal Immunol. 2013, 6, 69-82.
[CrossRef] [PubMed]

Liu, Q.; Zhou, Y.H. Yang, Z.Q. The cytokine storm of severe influenza and development of
immunomodulatory therapy. Cell Mol. Immunol. 2016, 13, 3-10. [CrossRef] [PubMed]

Shim, J.M.; Kim, J.; Tenson, T.; Min, J.Y;; Kainov, D.E. Influenza virus infection, interferon response,
viral counter-response, and apoptosis. Viruses 2017, 9, E223. [CrossRef] [PubMed]

Paules, C.I; Sullivan, S.G.; Subbarao, K.; Fauci, A.S. Chasing seasonal influenza—The need for a universal
influenza vaccine. N. Engl. . Med. 2018, 378, 7-9. [CrossRef] [PubMed]

Yamasaki, M.; Kitagawa, T.; Koyanagi, N.; Chujo, H.; Maeda, H.; Kohno-Murase, ]J.; Imamura, J.;
Tachibana, H.; Yamada, K. Dietary effect of pomegranate seed oil on immune function and lipid metabolism
in mice. Nutrition 2006, 22, 54-59. [CrossRef] [PubMed]

Oliveira, R.A.; Narciso, C.D.; Bisinotto, R.S.; Perdomo, M.C.; Ballou, M.A.; Dreher, M.; Santos, J.E.
Effects of feeding polyphenols from pomegranate extract on health, growth, nutrient digestion, and
immunocompetence of calves. J. Dairy Sci. 2010, 93, 4280-4291. [CrossRef] [PubMed]

Joseph, M.M.; Aravind, S.R.; Varghese, S.; Mini, S.; Sreelekha, T.T. Evaluation of antioxidant, antitumor and
immunomodulatory properties of polysaccharide isolated from fruit rind of Punica granatum. Mol. Med. Rep.
2012, 5, 489-496. [PubMed]

Rowe, C.A.; Nantz, M.P.;; Nieves, C., Jr.; West, R.L.; Percival, S.S. Regular consumption of concord grape
juice benefits human immunity. |. Med. Food 2011, 14, 69-78. [CrossRef] [PubMed]

Guardiola, FA_; Porcino, C.; Cerezuela, R.; Cuesta, A.; Faggio, C.; Esteban, M.A. Impact of date palm fruits
extracts and probiotic enriched diet on antioxidant status, innate immune response and immune-related gene
expression of European seabass (Dicentrarchus labrax). Fish Shellfish Immunol. 2016, 52, 298-308. [CrossRef]
[PubMed]

Cerezuela, R.; Guardiola, FA.; Cuesta, A.; Esteban, M.A. Enrichment of gilthead seabream (Sparus aurata L.)
diet with palm fruit extracts and probiotics: Effects on skin mucosal immunity. Fish Shellfish Immunol. 2016,
49, 100-109. [CrossRef] [PubMed]

Hoseinifar, S.H.; Khalili, M.; Rufchaei, R.; Raeisi, M.; Attar, M.; Cordero, H.; Esteban, M.A. Effects of date
palm fruit extracts on skin mucosal immunity, immune related genes expression and growth performance of
common carp (Cyprinus carpio) fry. Fish Shellfish Immunol. 2015, 47, 706-711. [CrossRef] [PubMed]

Tian, J.; Zhang, Y,; Yang, X.; Rui, K.; Tang, X,; Ma, J.; Chen, J.; Xu, H.; Lu, L.; Wang, S. Ficus carica
polysaccharides promote the maturation and function of dendritic cells. Int. J. Mol. Sci. 2014, 15, 12469-12479.
[CrossRef] [PubMed]

Yang, X.M.; Yu, W.; Ou, Z.P,; Ma, H.L,; Liu, WM,; Ji, X.L. Antioxidant and immunity activity of water extract
and crude polysaccharide from Ficus carica L. fruit. Plant Foods Hum. Nutr. 2009, 64, 167-173. [CrossRef]
[PubMed]

Schoenknecht, C.; Andersen, G.; Schmidts, I.; Schieberle, P. Quantitation of gingerols in human plasma
by newly developed stable isotope dilution assays and assessment of their immunomodulatory potential.
J. Agric. Food Chem. 2016, 64, 2269-2279. [CrossRef] [PubMed]

Lee, S.I; Kim, B.S.; Kim, K.S.; Lee, S.; Shin, K.S.; Lim, J.S. Immune-suppressive activity of punicalagin via
inhibition of NFAT activation. Biochem. Biophys. Res. Commun. 2008, 371, 799-803. [CrossRef] [PubMed]
Bachoual, R.; Talmoudi, W.; Boussetta, T.; Braut, F.; El-Benna, J. An aqueous pomegranate peel extract inhibits
neutrophil myeloperoxidase in vitro and attenuates lung inflammation in mice. Food Chem. Toxicol. 2011, 49,
1224-1228. [CrossRef] [PubMed]

BenSaad, L.A.; Kim, K.H.; Quah, C.C.; Kim, WR.; Shahimi, M. Anti-inflammatory potential of ellagic acid,
gallic acid and punicalagin A&B isolated from Punica granatum. BMC Complement. Altern. Med. 2017, 17, 47.
Chacén, M.R.; Ceperuelo-Mallafré, V.; Maymé-Masip, E.; Mateo-Sanz, J.M.; Arola, L.; Guitiérrez, C.;
Fernandez-Real, ].M.; Ardevol, A.; Simon, I.; Vendrell, J. Grape-seed procyanidins modulate inflammation
on human differentiated adipocytes in vitro. Cytokine 2009, 47, 137-142. [CrossRef] [PubMed]

Mossalayi, M.D.; Rambert, J.; Renouf, E.; Micouleau, M.; Mérillon, ]. M. Grape polyphenols and propolis
mixture inhibits inflammatory mediator release from human leukocytes and reduces clinical scores in
experimental arthritis. Phytomedicine 2014, 21, 290-297. [CrossRef] [PubMed]


http://dx.doi.org/10.1038/mi.2012.49
http://www.ncbi.nlm.nih.gov/pubmed/22739232
http://dx.doi.org/10.1038/cmi.2015.74
http://www.ncbi.nlm.nih.gov/pubmed/26189369
http://dx.doi.org/10.3390/v9080223
http://www.ncbi.nlm.nih.gov/pubmed/28805681
http://dx.doi.org/10.1056/NEJMp1714916
http://www.ncbi.nlm.nih.gov/pubmed/29185857
http://dx.doi.org/10.1016/j.nut.2005.03.009
http://www.ncbi.nlm.nih.gov/pubmed/16226015
http://dx.doi.org/10.3168/jds.2010-3314
http://www.ncbi.nlm.nih.gov/pubmed/20723701
http://www.ncbi.nlm.nih.gov/pubmed/22012001
http://dx.doi.org/10.1089/jmf.2010.0055
http://www.ncbi.nlm.nih.gov/pubmed/21138361
http://dx.doi.org/10.1016/j.fsi.2016.03.152
http://www.ncbi.nlm.nih.gov/pubmed/27033470
http://dx.doi.org/10.1016/j.fsi.2015.12.028
http://www.ncbi.nlm.nih.gov/pubmed/26712151
http://dx.doi.org/10.1016/j.fsi.2015.09.046
http://www.ncbi.nlm.nih.gov/pubmed/26439417
http://dx.doi.org/10.3390/ijms150712469
http://www.ncbi.nlm.nih.gov/pubmed/25026176
http://dx.doi.org/10.1007/s11130-009-0120-5
http://www.ncbi.nlm.nih.gov/pubmed/19466553
http://dx.doi.org/10.1021/acs.jafc.6b00030
http://www.ncbi.nlm.nih.gov/pubmed/26939769
http://dx.doi.org/10.1016/j.bbrc.2008.04.150
http://www.ncbi.nlm.nih.gov/pubmed/18466764
http://dx.doi.org/10.1016/j.fct.2011.02.024
http://www.ncbi.nlm.nih.gov/pubmed/21376769
http://dx.doi.org/10.1016/j.cyto.2009.06.001
http://www.ncbi.nlm.nih.gov/pubmed/19560935
http://dx.doi.org/10.1016/j.phymed.2013.08.015
http://www.ncbi.nlm.nih.gov/pubmed/24055518

Nutrients 2018, 10, 743 13 of 13

35.

36.

37.

38.

39.

40.

41.

42.

43.

Fukumitsu, S.; Villareal, M.O.; Fujitsuka, T.; Aida, K,; Isoda, H. Anti-inflammatory and anti-arthritic effects
of pentacyclic triterpenoids maslinic acid through NF-«B inactivation. Mol. Nutr. Food Res. 2016, 60, 399-409.
[CrossRef] [PubMed]

Cérdeno, A.; Sanchez-Hidalgo, M.; Aparicio-Soto, M.; Sanchez-Fidalgo, S.; Alarcén-de-la-Lastra, C.
Extra virgin olive oil polyphenolic extracts downregulate inflammatory responses in LPS-activated murine
peritoneal macrophages suppressing NF«B and MAPK signalling pathways. Food Funct. 2014, 5, 1270-1277.
[CrossRef] [PubMed]

Luettig, J.; Rosenthal, R.; Lee, LM.; Krug, S.M.; Schulzke, J.D. The ginger component 6-shogaol prevents
TNF-a-induced barrier loss via inhibition of PI3K/Akt and NF-«B signaling. Mol. Nutr. Food Res. 2016, 60,
2576-2586. [CrossRef] [PubMed]

Matalka, K.Z; Ali, D.; Khawad, A.E.; Qadan, F. The differential effect of Eriobotrya japonica hydrophilic leaf
extract on cytokines production and modulation. Cytokine 2007, 40, 235-240. [CrossRef] [PubMed]
Alshaker, H.A; Qinna, N.A.; Qadan, F.; Bustami, M.; Matalka, K.Z. Eriobotrya japonica hydrophilic extract
modulates cytokines in normal tissues and within the tumor of Meth-A-fibrosarcoma bearing mice with
enhancing their survival time. BMC Complement. Altern. Med. 2011, 11, 1-11. [CrossRef] [PubMed]
Matalka, K.Z.; Abdulridha, N.A.; Badr, M.M.; Mansoor, K.; Qinna, N.A_; Qadan, F. Eriobotrya japonica water
extract characterization: An inducer of interferon-gamma production mainly by the JAK-STAT pathway:.
Molecules 2016, 21, 722. [CrossRef] [PubMed]

Matalka, K.Z.; Tutunji, M.E,; Abu-Baker, M.; Abu Baker, Y. Measurement of protein cytokines in tissue
extracts by enzyme-linked immunosorbent assays: Application to lipopolysaccharide-induced differential
milieu of cytokines. Neuroendocrinol. Lett. 2005, 26, 231-236. [PubMed]

Halperin, S.A.; Smith, B.; Mabrouk, T.; Germain, M.; Trepanier, P.; Hassell, T.; Treanor, J.; Gauthier, R.;
Mills, E.L. Safety and immunogenicity of a trivalent, inactivated, mammalian cell culture-derived influenza
vaccine in healthy adults, seniors, and children. Vaccine 2002, 20, 1240-1247. [CrossRef]

Guebre-Xabier, M.; Hammond, S.A.; Ellingsworth, L.R.; Glenn, G.M. Immunostimulant patch enhances
immune responses to influenza virus vaccine in aged mice. J. Virol. 2004, 78, 7610-7618. [CrossRef] [PubMed]

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1002/mnfr.201500465
http://www.ncbi.nlm.nih.gov/pubmed/26499467
http://dx.doi.org/10.1039/C4FO00014E
http://www.ncbi.nlm.nih.gov/pubmed/24740524
http://dx.doi.org/10.1002/mnfr.201600274
http://www.ncbi.nlm.nih.gov/pubmed/27487982
http://dx.doi.org/10.1016/j.cyto.2007.10.003
http://www.ncbi.nlm.nih.gov/pubmed/18036829
http://dx.doi.org/10.1186/1472-6882-11-9
http://www.ncbi.nlm.nih.gov/pubmed/21294856
http://dx.doi.org/10.3390/molecules21060722
http://www.ncbi.nlm.nih.gov/pubmed/27271577
http://www.ncbi.nlm.nih.gov/pubmed/15990727
http://dx.doi.org/10.1016/S0264-410X(01)00428-5
http://dx.doi.org/10.1128/JVI.78.14.7610-7618.2004
http://www.ncbi.nlm.nih.gov/pubmed/15220436
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Fruit Extracts and “Protector” Mixture 
	Animals 
	Systemic Administration of “Protector” and Cytokines Levels 
	Time Profile of Cytokines Following Systemic Administration of “Protector” 
	Oral Dosing of “Protector” and Cytokines Production 
	Influenza Virus Vaccine 
	Immunization Protocol 
	Hemagglutination Inhibition (HAI) Antibodies Titer Determination 
	Cytokine Determinations 
	Statistical Analysis 

	Results 
	Systemic Administration of “Protector” Enhanced IFN- Production Levels in Blood and Spleen 
	Oral Administration of “Protector” Enhanced IFN- and IL-12 Production in Tissues 
	Oral Administration of “Protector” Enhanced HAI Antibodies against Influenza Virus 

	Discussion 
	References

