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Abstract

Nine healthy individuals with a mean £ SD BMI of 22.0 £ 0.7 kg/m2 and age of 20 * 0.2 years,
participated in this single-blind randomised, crossover trial investigating the impact of ingesting two different
honeys (1) Tropical Forest Honey (TFH) and (2) Manuka Honey; strength '** (MAN) on circulating levels of
plasma interferon gamma following ex-vivo lipopolysaccharide (LPS) stimulation. Blood samples were prepared
into duplicate aliquots of whole blood (800 pl) and 100 pg/I of LPS was added to samples to give a final volume
of 1 ml. Levels of IFN-y in plasma fractions were measured via commercially available sandwich ELISA and all
comparisons were made with paired data using the Wilcoxon Signed Rank test taking a significance level of 5%.

Whilst significant intra-and-interpersonal variation was observed, IFN-y concentrations remained
statistically unchanged 48 hours after the ingestion of either honey (p=0.15). Thus, in this instance the type of
honey did not influence the IFN-y response to plasma samples spiked with LPS.
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Introduction

As the body’s largest organ of host defence the
vitality of the microflora that reside within the
gastrointestinal  tract is critical in  minimising
pathophysiological complications!. The functionality of
the microfloria is largely influenced by variations in
microbial communities. These communtities are shaped
by a series of complex and dynamic epignetic factors
including diet, lifestyle and disease®. Interactions
between the gut microbiota and the host immune
system can modulate metabolic reactions as exemplified
by the production of bile acids, choline and short chain
fatty acids that are essential for host health’. This
reinforces the nexus between host nutritional status, the
microbiota/microbiome  and  reactionary  immune
responses. Appreciating these axes is a prerequisite for
optimising therapeutic strategies that have the potential
to elicit a protective immune response. With continuing
financial strain on our national health services and the
heavy reliance on pharmaceutical drugs as counter
measures to fight disease, the discovery of dietary
stratergies that target the prevention rather than cure
manifesto are worthy of further exploration.

Honey, is a viscous and hygroscopic substance
produced by bees from floral nectar. This sugar-rich
liquid is pivotal for plant ecology, insect evolution and
biodiversity. Historically, honey has been used as a
natural healing agent, with illustrative evidence of its
use dating back some 8000 years. Conventionally, honey
is recognised as a natural therapeutic agent due to it's
incredibly nutrient dense profile®. Aimost all ‘raw’ (i.e.
unpasterised) honey contains several micronutrients
(calcium, iron, magnesium, phospohorous, potassium,
sodium and zinc), vitamins (B2, B3, B5, B6, B9 and C)
and enzymes (glucose oxidase), which proposedly
contribute to the potent inhibitory effect it evokes on up
to 60 species of bacteria, fungi and viruses®. Whilst
composed primarily of fructose and glucose, honey also
contains the prebiotic fructo-oligosaccharide (FOS).
Once fermented in the colon, FOS stimulates the
production of bifidobacteria, one of the major genera of
bacteria that characterise a ‘healthy’ microflora.

Unsurprisingly, the multifunctional
immunomodulatory properties of honey have attracted
scientific attention, with research referencing it's
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antimicrobial®’, anti-inflammatory®, antioxidant’, and
anti-mutagenic properties®®. Of particular interest are
the immunological properties of honey, which depending
on it's biogeographical source can contain elevated
levels of naturally-occurring casuarine glucoside; a
compound associated with actively priming a stronger
pro-inflammatory response to pathogens. Importantly,
casuarine glucoside is an upstream regulator of various
pleiotropic  cytokines including interferon gamma
(IFN-y), a dimerised, soluble cytokine which enhances
cell-mediated immunity and activates natural killer (NK)
cells to provide antiviral activity®.

Clinically speaking, IFN-y represents a crucial
mediator of several cellular processes that help alleviate
various pathologies e.g. multiple sclerosis!®, organ
transplantation!! and rheumatoid arthritis'2. IFN-y is also
an important indicator of the activation of delayed type
hypersensitivity T-cells (TDTH), which release IFN-y as a
“recall” response to antigens. Although mostly regarded
as a T-cell associated cytokine, IFN-y is also produced
by other immune cells®. Indeed, combined stimulation
with both IFN-y and lipopolysaccharides (LPS) or LPS
alone can significantly increase the percentage of IFN-y
producing monocytes in healthy individuals'®. LPS/
endotoxin is a cell wall constituent of gram-negative
bacteria that activates macrophage microbicidal effector
functions as well as the production of various
pro-inflammatory cytokines. Upon entry into the
circulation, LPS stimulates an acute phase
anti-inflammatory response via the upregulation of
macrophages which attempt to fight pathogenic
invasions.

Interestingly, recet pilot work by Davidson and
Rotondo (2005) observed the potent anti-inflammatory
effects of orally consuming 20.4g (1.3 mg casuarine
glucoside concentration) of Tropical forest honey (TFH)
at 0, 2, 7, 14 and 21 days after administration. Peak
increases in IFN-y were found on day 2 i.e. 48 hours
post consumption, with values reaching 4.6, 5.0, 9.7 and
13.0-fold higher than baseline levels (day 0) in response
to 0 pg/ml, 0.01 pg/ml, 1 pg/ml and 100 pg/ml
lipolysacharide (LPS) respectively.

Considering that even small amounts of IFN-y
could enhance the ability of macrophages to fight
pathogens'®, the elevated concentrations observed
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during this pilot study are noteworthy. However,
although generally considered a nutrient dense food,
substantial inter-and-intra-variations in both the
macro-and-micronutrient profile of any given honey can
exist’®. Such differentiations are largely dependent on
variations in its complex chemical composition which
can vary considerably depending on nectar origin, bee

species, geographical location and production
procedure.  Therefore, comparative work that
investigates potential differences in immunological

biomarkers between honey varieties may assist the
identification of those most suited to pathophysiological
complications.

The aim of this study was to observe the impact
of orally ingesting two different honeys (1) Tropical
Forest Honey (TFH) vs (2) Manuka Honey; strength 12+
(MAN) on circulating levels of plasma IFN-y following
ex-vivo lipopolysaccharide (LPS) stimulation in healthy
humans.

Materials and Methods
Participants and Background Methods

Following approval by a local university ethics
committee, nine healthy individuals were included in this
trial with a [mean % standard deviation (SD)] BMI of
22.0 £ 0.7 kg/m2 and age of 20 + 0.2 years. Due to the
exploratory pilot nature of this work, a small participant
number was deemed  acceptable.  Following
familiarisation sessions, participants were selected after
the completion of a health questionnaire confirming they
were free from any underlying health issues and
consented prior to commencing experimental trials.

The study used a single blind- crossover design
including a 4-week wash out phase having participants
randomised to orally consume 20.0 £ 0.02g of either
Tropical Forest Products Zambian honey (TFH) or
Manuka honey+12 (MAN). Each participant undertook 4
visits in total. The primary outcome of the study was to
observe any differences in INF-y concentrations
following ex-vivo LPS stimulation after orally consuming
the two honeys.

Experimental Day Procedures

Following a 2-day dietary recall, fasted-baseline
venous blood samples (6 ml) were taken immediately
before and 48 hours after the oral consumption of
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20.0 = 0.02g of randomly allocated honey. This
procedure was repeated after a 28-day wash-out period
when participants returned to consume the alternative
honey. The wash out period reflected previous pilot
research which demonstrated a peak increase in plasma
IFN-y concentration in response to 100 pg/ml PPD 48
hours post consumption, which decreased in a time
dependant manner up to 21 days’ post ingestion'®. On
each visit, participants were taken through
anthropometric measurements and completed a 48-hour
dietary recall having only consumed water ad libitum in
the 12 hours prior to each visit.

Blood Preparation Procedure

Duplicate aliquots of whole blood (800 pl) were
prepared under aseptic conditions into sterile lithium
heparinised 1.5ml vials. LPS (Sigma Chemicals), at a
concentration of 100 pg per ml were added to the
samples to give a final volume of 1ml. The samples
were incubated for 20 hours at 37°C, 5% CO2, 100%
humidity. At the end of the incubation period the tubes
were centrifuged at 14.000 xg: 30 seconds, the plasma
was decanted and stored at —20°C until assayed for
human IFN-y according to manufactures instructions
(DIF50 Human IFN-y Quantikine ELISA Kit; R & D
systems). Intra-assay and inter-assay variation were
<4.7% and <7.8% respectively. Intra-assay variation
was calculated by running 20 replicates from 3
individual samples in a single assay while the inter-assay
variation was from 3 individual samples run in 40
separate assays.

Statistical Analysis

Plasma IFN-y (pmol/I'!) concentrations were
calculated using a curve fit software (MikroWin). The
average of the duplicate readings for each standard,
control, and sample, was taken and the average zero
standard optical density was subtracted. Data are
reported as mean * SD. The data consisted of before
and after values for each participant at both phases of
the study. All variables showed moderate to severe
positive skew and, given the extremely small sample
size, could not easily be transformed into a distribution
compatible with the use of parametric methods. It was
therefore appropriate to apply non-parametric methods.
Since the study was constructed as a crossover study all
comparisons can be made with paired data using the
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Wilcoxon Signed Rank test (WSR) taking a significance
level of 5%.

Results
Grouped Mean Responses

Although in neither case was the result
significant, absolute IFN- y concentrations fell from
baseline for both treatments (Table 1). Observationally,
the degree of reduction was more pronounced following
the consumption of TFH honey, whilst levels scarcely fell
following Manuka (TFH; -284.69 %= 478.04 [-41%]
versus 75.42 £ 246.95 [-21%]). However, in neither
case was the result significant (p=0.139 and p=0.859
respectively; WSR).

Individual Responses

Although grouped data exemplified a drop-in
plasma IFN-y concentrations regardless of the type of
honey consumed, findings of a count response using
individualised data revealed that 5/9 participants (56%)
reported an increase in absolute plasma IFN-y
concentrations following MAN consumption, whilst only
3/9 (33%) reported increases following TFH
consumption (Figure 1. a). Moreover, when the data
was relativised as a percentage change from baseline,
the magnitude of the decrease following TFH appeared
to be greater than the drops experienced following MAN
(-21.80% versus -15% respectively). However, whilst
further analysis comparing Manuka directly with TFH
found some evidence of a difference (p=0.110; WSR)
this fell below the threshold for significance.
(Figure 1. b)
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Finally, it should be noted that comparative
analysis found considerable difference in baseline
plasma IFN-y (pmol/lI'') concentrations under both
experimental treatments (p=0.051; WSR). There was
weak evidence (p=0.086; WSR) that IFN-y levels were
elevated before the second treatment, relative to those
taken before the first treatment (although the ordering
of treatments varied between participants) (Figure 2).

Discussion

The aim of this study was to observe the impact
of orally ingesting two different honeys (1) Tropical
Forest Honey (TFH) vs (2) Manuka Honey; strength 12+
(MAN) on circulating levels of plasma IFN-y following
ex-vivo lipopolysaccharide (LPS) stimulation in healthy
humans.

The results of this study demonstrate that
although there was a natural pro-inflammatory response
when plasma samples were spiked with 100 pg/ml LPS,
this response remained unchanged 48 hours following
the oral consumption of either TFH or MAN honey. Thus,
in this instance, there was no discernible difference
between the honeys on IFN-y concentrations following
ex vivo LPS stimulation.

However, it should be noted that whilst outside
of statistical significance, a greater reduction in IFN-y
concentrations was observed 48 hours following the
consumption of TFH versus Manuka honey (p=0.139 and
p=0.859 respectively; WSR). Furthermore, when MAN
and TFH were compared directly, there was some (albeit
outside of the threshold statistical significance) evidence
of a difference in the IFN-y response (p=0.110; WSR).
Moreover, findings of a count response revealed 5/9

Table 1. Summary table of IFN-y concentrations (pmol/I™!) in each condition and time point

Baseline TFH | 48 hr post TFH | A TFH Baseline Manuka | 48 hr post Manuka | A Manuka
Mean 694 409 -285 359 284 -75
Minimum | 189 136 -256 0 2 -93
Maximum | 1887 1065 1279 1572 869 703
Median 465 264 101 169 168 -2
IQR 217, 1258 190, 665 -33, 588 | 87, 509 127, 446 -71, 95
p-value - - 0.139 - - 0.859
Abbreviations: TFH; Tropical forest honey. MAN; Manuka honey. IQR; Interquartile range
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Figure 1 illustrates the individualised (a) absolute (pmmol/L™) and (b) relativised
percentage (%) change in plasma IFN-y concentrations following LPS stimulation
at baseline and 48 hours following the consumption of each honey; Tropical For-
est Honey (TFH) versus Manuka Honey (MAN).

www.openaccesspub.org | UN CC-license DOI: 10.14302/issn.2379-7835.ijn-19-2639 Vol-3 Issue 4 Pg. no.- 28



http://www.openaccesspub.org/
http://openaccesspub.org/
https://openaccesspub.org/journal/ijn
https://openaccesspub.org/journal/ijn/copyright-license
https://doi.org/10.14302/issn.2379-7835.ijn-19-2639

Freely Available Online

<))
(]pen

500

500 l
*
1000
o
-1500
Manuka Tropical Forest
Type of Honey

Figure 2. Change of plasma IFN-y concentrations following LPS stimulation before and after oral
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honey consumption; Tropical Forest Honey (TFH) versus Manuka Honey (MAN).

(56%) participants reported an increase in absolute
plasma  INF-y  concentrations  following MAN
consumption, whilst only 3/9 (33%) reported increases
following TFH consumption (Figure 1. a). Moreover,
when the data was relativised as a percentage change
from baseline, the magnitude of the drops following the
consumption TFH appeared to be greater than the drops
experienced following MAN (-21.80% versus -15%
respectively). Collectively, these data may suggest
potential differences in the anti-inflammatory properties
of TFH and MAN honey, thereby agrees with the findings
of previous literature which identifies variations in the
biochemical constituents of different honeys. The clinical
utility of identifying potential variations in the biological
response to different honeys is of particular importance
for selecting the appropriate choice for treatment
purposes.

Conclusion

Whilst it transpires that there is a natural
upregulation in the production of IFN-y when following
ex-vivo LPS stimulation, the magnitude of this response
following the consumption of two different types of
honey remained unchanged.

Despite statistical insignificance, the results from
this study suggest the potential for differences in the
biological response to different honey types, thus
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encourages the need for further research to explore
dietary strategies that may elicit immunological
properties.

The results from this pilot study also highlight
the significant variation between individual responses
(figure 1 a and b) regardless of any attempts made to
control for extraneous variables in the 24 hours prior to
each experimental visit i.e. refrainment from exercise,
alcohol and alterations in dietary intakes. Future
research would benefit from exploring the effect of
manipulations to the dosing frequency and quantity as
well as employing an aged and/or patient population
cohort who possess an inferior T-helper-1 response.
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