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Abstract

Honey has antimicrobial, antitumor, antioxidant, and anti-inflammatory effects.
However, there have been few studies regarding the effects of manuka honey on
bone metabolism and gut microflora. This study investigated the effects of manuka
honey combined with a-cyclodextrin, Manuka Honey with Cyclopower™ (MHCP)
on bone metabolism and caecal bacterial contents in ovariectomized (OVX) mice.
Seven-week-old female Balb/c-strain mice were divided into four groups: sham-op-
erated (sham) group, OVX group, and OVX mice that were fed a diet containing 5%
or 10% (w/w) MHCP. After 9 weeks, the mice were sacrificed, and serum, uterus,
caecum, and femur samples were obtained. Successful removal of the ovaries and in-
duction of the osteoporotic process in OVX mice were demonstrated by a significant
decrease in uterine weight and a significant increase in receptor activator of NF-kB
ligand (RANKL) mRNA expression of the femur, compared to sham, respectively.
Compared to the OVX group, MHCP reduced serum C-terminal telopeptide of type
I collagen concentration as well as RANKL and nuclear factor of activated T-cells
cl (NFATcl) mRNA expression of the femur. Furthermore, MHCP increased cae-
cal bifidobacteria and bacteroides contents. These results suggest that the MHCP
expressed prebiotic effects, which might reduce bone resorption in OVX mice.

Keywords: Manuka Honey with Cyclopower™; Bone resorption; Receptor activa-
tor of NF-«B ligand; Caecal bacterial contents; Ovariectomized mice

Introduction

Honey is a natural food product and mainly consists of several sugars.
Moreover, it also contains food factors such as proteins, vitamins, minerals, and
polyphenols!!!. Previous studies have shown that honey has antimicrobial, antitumor,
antioxidant, and anti-inflammatory effects®?.. In addition, a previous study demon-
strated that honey intake caused significant reduction of body mass index (BMI)
and fasting blood glucose in overweight and obese subjects, and significantly re-
duced serum triglyceride and C-reactive protein (CRP) in the subjects with elevated
variablestl. Therefore, honey is expected to have several benefits for human health
possibly including an effect on bone health.

A previous study has shown that administration of honey for 2 weeks to
ovariectomized (OVX) rats restored the morphology of the tibia bones!. In addition,
honey improved the trabecular structure of bone as assessed using histomorphometry
in OVX rats that were orally gavaged daily for 6 weeksP!. Thus, honey may prevent
bone loss due to menopause. Furthermore, honey enhanced the endogenous colonic
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probiotic bacteria in mice!®, which indi-
cates that honey may act as a prebiotic in
the large intestine.

Cyclodextrin has been used as
excipient for the delivery of hydrophobic
drugs and improving water solubility and
stability”. Recently, manuka honey com-
bined with a-cyclodextrin (Manuka Hon-
ey with Cyclopower™ (MHCP)) has been
produced and tested. The results showed
that MHCP retained antibacterial activity,
and enhanced bacteriostatic and possibly
bactericidal activity against Gram-nega-
tive and Gram-positive pathogens®.. Ma-
nuka honey is a wellknown product of
New Zealand, and contains high amounts
of methylglyoxal (MGO). MGO acts as
a bioactive compound which is responsi-
ble for the antibacterial activity!®. It was
reported that manuka honey had a potent
inhibitory activity against the influenza vi-
rust'”. However, there had been few stud-
ies regarding the effects of manuka honey
on bone metabolism and gut microflora,
whereas some studies were conducted by
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using other species of honey as stated abovel*¢. Therefore, this
study investigated the effects of MHCP on bone metabolism and
caecal bacterial contents in OVX mice.

Methods

This study was approved by the Massey University An-
imal Ethics Committee (approval number 13/38).

Experimental Design

Five-week old female Balb/c mice were purchased
from the Vernon Jenson Unit (VJU, University of Auckland,
Auckland, New Zealand) and housed 2-3 mice per plastic
cage at 22°C with a 12-h light/dark cycle in a dedicated room.
Throughout the study period, the mice were fed their allocated
control diet, 5% honey diet, or 10% honey diet, as shown in
Table 1. Manuka Honey with CycloPower™ (MHCP, Manuka
Health New Zealand Ltd, Auckland, New Zealand) was used in
this study. It is manufactured by combining MGO400+ manuka
honey and a-cyclodextrin, which is 45% honey solids plus 55%
a-cyclodextrin®l. MGO400+ manuka honey has MGO level of
400 mg/kg or greater. All mice were fed the control diet for 2
weeks of acclimatization period. After 2 weeks, 7-week-old
mice were sham-operated (sham) or OVX. Sham mice were fed
the control diet. OVX mice were divided into three groups: one
OVX group was fed the control diet and the two remaining OVX
groups received the 5% or 10% honey diet. All mice were given
free access to their respective diets and deionized water for 9
weeks. At the end of the study period, all mice were sacrificed,
and the blood, uterus, caccum, and femur samples were obtained
for further analyses. The uterus, caecum, and caecal contents
were weighed.

Table 1: Composition of the experimental diets

‘ Control ‘ 5% honey | 10% honey
g/1kg diet
Sodium caseinate 150.0 150.0 150.0
Cystine 2.7 2.7 2.7
Glycine 33 33 33
Methionine 1.5 1.5 1.5
Glutamine 7.0 7.0 7.0
Cornstarch 463.0 463.0 463.0
Sucrose 200.0 150.0 100.0
Corn oil 50.0 50.0 50.0
Cellulose powder 50.0 50.0 50.0
Mineral mixture® 50.0 50.0 50.0
Calcium carbonate 12.5 12.5 12.5
Vitamin mixture® 10.0 10.0 10.0
Il;/([)i:;];?d Honey with Cyclo- 3 50.0 100.0

*AIN-93M mineral mixture [11] without calcium carbonate
®AIN-93 vitamin mixture [11]

Dual-Energy X-ray Absorptiometry (DXA) Scans

At weeks 4 and 8, all mice underwent in vivo DXA
scanning under anesthesia. Bone mineral content (BMC), bone
mineral density (BMD), and body fat were measured with a Ho-
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logic Discovery A bone densitometer (Hologic Inc., MA, USA).
Each mouse underwent a high-resolution scan of the whole
body.

Measurement of Markers of Bone Turnover

The blood samples were centrifuged at 3000xg for 15
minutes and the serum supernatants were stored at -80°C until
further analyses. Serum osteocalcin concentration was measured
using the Mouse Gla-Osteocalcin High Sensitive EIA Kit (Taka-
ra Bio Inc., Shiga, Japan). Serum C-terminal telopeptide of type
I collagen (CTx) concentration was measured using RatLaps
EIA (Immunodiagnostics systems, Boldon, UK).

Total RNA Extraction and Real-Time Reverse Transcrip-
tion-Polymerase Chain Reaction (RT-PCR) Analysis of
mRNA Expression

The right femur was removed and cleansed of all soft
tissues and was frozen at —80°C until further analysis. Frozen
right femur was homogenized in 1.6 ml TRIzol reagent (Life
Technologies, CA, USA) using the Precellys homogenizer in
tubes containing ceramic 2.8 mm beads and one 5 mm zinc
oxide bead (Precellys) at 6500 rpm for 20 seconds. Total RNA
was isolated from the lysate by using Direct-zol RNA Mini-
Prep kit (Zymo Research, CA, USA) according to the manu-
facturer’s instructions. The cDNA was synthesized using the
SuperScript III First-Strand Synthesis SuperMix for qRT-PCR
(Life Technologies) and was subjected to quantitative real-time
RT-PCR using SYBR Select Master Mix (Life Technologies).
Specific primers!'>!*! were used for the analysis of receptor ac-
tivator of NF-«xB ligand (RANKL) (forward, 5’-TGAAGACA-
CACTACCTGACTCCTG-3’; reverse, '-CCACAATGTGTTG-
CAGTTCC-3’), nuclear factor of activated T-cells c1 (NFATc1)
(forward, 5’-CCGTGCTTCCAGAAAATAACA-3’; reverse,
5’-TGTGGGATGTGAACTCGGAA-3’), and B-actin (forward,
5’-TGACAGGATGCAGAAGGAGA-3’; reverse, 5°-CGCT-
CAGGAGGAGCAATG-3"). Real-time RT-PCR was performed
on a Light Cycler 480 System (Roche, Mannheim, Germany).
The mRNA expression was normalized to B-actin mRNA as a
housekeeping gene.

DNA Extraction and Bacteria Quantification by Real-Time
PCR

Caecal contents were removed and frozen at -80°C
until further analysis. The DNA was extracted from the caecal
contents by using ISOLATE Fecal DNA kit (Bioline, London,
UK) according to the manufacturer’s instructions. To quantify
lactobacillus, bifidobacteria, and bacteroides, the specific prim-
erst'*'® were used for the analysis of lactobacillus (forward,
5’-GGAAACAGRTGCTAATACCG-3’; reverse, 5’-ATCG-
TATTACCGCGGCTGCTGGCA-3’), bifidobacteria (forward,
5’-TCGCGTCYGGTGTGAAAG-3’; reverse, 5’-CCACATC-
CAGCRTCCAC-3’), and bacteroides (forward, 5’-GAGAG-
GAAGGTCCCCCAC-3’; reverse, 5’-CGCTACTTGGCTG-
GTTCAG-3"). Real-time PCR was performed on a Light Cycler
480 System (Roche). The PCR reaction was performed using the
Light Cycler 480 SYBR Green I Master (Roche).
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Statistical Analysis

Results were expressed as mean + standard error of the
mean (SEM). Data were analyzed by one-way analysis of vari-
ance (ANOVA), followed by Turkey’s post hoc testing. Differ-
ences were considered to be significant when the p value was
less than 0.05. Statistical analysis was performed using SPSS
statistics ver. 21 (IBM, IL, USA).

Results

Body Weight and Uterine Weight

Initial and final body weights did not differ significantly
among the four groups (Table 2). Body weight gain was signifi-
cantly higher in the OVX group than in the sham group, whereas
there was no significant difference in body weight gain between
the OVX and 5% or 10% honey groups. Uterine weight was sig-
nificantly lower in the OVX group than in the sham group. The
5% and 10% honey diet did not affect uterine weight in the OVX

mice.
Table 2: Body weight, organ weight, and fat of the whole body

Sham ovX 5% honey | 10% honey
Initial body 197404 | 19606 | 19304 | 19.1+04
weight(g)
Final b"(‘g welght | 50 e 107 | 322418 | 302411 | 204+1.1
Body W(Z)ght BN 914070 | 12613 | 10.9+0.9% | 10.3+0.7%
Uterus (mg) | 141.3£12.2* | 42.6£5.2° | 36.9+33" | 38.9%6.2b
Caccum (mg) | 8644104 | 91.2422.0 | 859+8.8 | 104.0+5.7
Caccal contents | o3 ¢\ ¢ 40 | 12581113 | 179.9414.9 | 18774137
(mg)
Week 4
Fat (g) 6006 | 81+1.0° | 6.1+0.6® | 54+04°
Fat (%) 266+2.0 | 304+25 | 250+2.1 | 22.6+14
Week 8
Fat (g) 10309 | 13.1+1.6 | 10613 | 9.0+1.0
Fat (%) 377426 | 40.0+£3.1 | 349431 | 30.8+23

Data are presented as the means = SEM of 9 or 10 mice.
**Different superscript letters denote significantly different among the
groups, p < 0.05.

BMC, BMD, and Fat of Whole Body

At weeks 4 and 8, BMC and BMD of the whole body
did not differ significantly between the sham and OVX groups
and between the OVX and 5% or 10% honey groups (data not
shown). At week 4, there was no significant difference in body
fat percentage among the four groups (Table 2). Whole body fat
content did not differ significantly between the sham and OVX
groups and was significantly lower in the 10% honey group than
in the OVX group at week 4. At week 8, there were no signifi-
cant differences in whole body fat content and body fat percent-
age among the four groups.

Markers of Bone Turnover

Serum osteocalcin concentration did not differ signifi-
cantly among the four groups (Figure 1). Serum CTx concen-
tration did not differ significantly between the sham and OVX
groups. Compared to the OVX group, the 5% honey diet tended
to decrease (p=0.06) and the 10% honey diet significantly de-
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creased (p<0.05) serum CTx concentration.

Osteocalcin CTx
100 10

80 gl ab

6

g only
gl

Sham OVX 5% honey 10% honey Sham ovX

5% honey 10% honey

Figure 1: Effect of Manuka Honey with Cyclopower™ on markers of
bone turnover. Sham, sham-operated mice fed a control diet; OVX,
ovariectomized mice fed a control diet; 5% honey, ovariectomized mice
fed a 5% honey diet; 10% honey, ovariectomized mice fed a 10% honey
diet. Data are presented as mean = SEM. “*Different letters denote sig-
nificantly different, p<0.05.

RANKL and NFATc1 mRNA Expression of the Femur

RANKL mRNA expression of the femur was signifi-
cantly higher in the OVX group than in the sham group (Figure
2). Compared to the OVX group, the 5% and 10% honey diets
significantly decreased RANKL mRNA expression of the femur.
NFATcl mRNA expression of the femur was significantly low-
er in the 5% and 10% honey groups than in the OVX group,
whereas there was no significant difference in NFATc1 mRNA
expression of the femur between the sham and OVX groups.

RANKL NFAT¢1

25 ¢ 15

ab

0.5 1

Relative mRNA expression
Relative mRNA expression

Sham OvX

5% honey 10% honey Sham OoVX

5% honey 10% honey

Figure 2: Effect of Manuka Honey with Cyclopower™ on RANKL and
NFATcl mRNA expression of the femur. Sham, sham-operated mice
fed a control diet; OVX, ovariectomized mice fed a control diet; 5%
honey, ovariectomized mice fed a 5% honey diet; 10% honey, ova-
riectomized mice fed a 10% honey diet. Data are expressed as mean +
SEM. **Different letters denote significantly different, p<0.05.

Caecum Weight and Caecal Bacterial Contents

There were no significant differences in the caecal or-
gan weight among the four groups (Table 1). The weight of cae-
cal contents did not differ significantly between the sham and
OVX groups but was significantly higher in the 5% and 10%
honey groups compared to the OVX group.

There was no significant difference in lactobacillus
content among the four groups (Figure 3). Bifidobacteria content
did not differ significantly between the sham and OVX groups
but was significantly higher in the 10% honey group than in the
OVX group. Bacteroides content did not differ significantly be-
tween the sham and OVX groups but was significantly higher in
the 5% and 10% honey groups than in the OVX group.
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Figure 3: Effect of Manuka Honey with Cyclopower™ on caecal bacte-
rial contents. Sham, sham-operated mice fed a control diet; OVX, ova-
riectomized mice fed a control diet; 5% honey, ovariectomized mice
fed a 5% honey diet; 10% honey, ovariectomized mice fed a 10% honey
diet. Data are expressed as mean + SEM. “*Different letters denote sig-
nificantly different, p<0.05.

Discussion

In this study, serum CTx concentration was increased
by about 13% in the OVX group compared to the sham group,
although this was not statistically significant. However, RANKL
mRNA expression of the femur was significantly higher in the
OVX group than in the sham group. RANKL is an osteoclast
differentiation factor and plays a key role in osteoclastic bone
resorption!'”. Therefore, the results suggest that ovariectomy
caused an increase in osteoclast differentiation in this study.
Uterine weight decreases following total ovariectomy, and body
weight gain increases in OVX animals. Weight gain, as well as
development of osteoporosis, is a concern for women follow-
ing menopause. In this study, the uterine weights of OVX group
were reduced and the rate of gain of body weight increased com-
pared to the sham group. Taken together, these findings show
that this model successfully induced early osteoporotic patho-
genesis.

Previous studies showed that tualang honey improved
the trabecular structure of bone in OVX ratst**l. We used MHCP
in this study, and the 5% honey diet tended to decrease (p=0.06)
and the 10% honey diet significantly decreased serum CTx con-
centration in OVX mice without a change in uterine weight. Fur-
thermore, RANKL and NFATc1 mRNA expression of the femur
were significantly lower in the 5% and 10% honey groups than
in the OVX group. It is known that NFATc1 mediates osteo-
clast differentiation as a key regulator responsive to RANKLI!S],
RANKL induces TNF receptor-associated factor 6 (TRAF6) and
c-Fos expression during osteoclastogenesis and the pathways
related these molecules play important roles in NFATc1 expres-
sion. Therefore, MHCP may inhibit RANKL mRNA expression,
which leads to a decrease in NFATcl mRNA expression. Further
studies may be needed to investigate the changes in molecules
that are related with RANKL-NFATc1 signal pathway, such as
TRAF6 and c-Fos. Osteoprotegerin (OPG) is known as a decoy
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receptor for RANKL and is also an important factor for osteo-
clastogenesis!'). We did not measure OPG mRNA expression
of the femur in this study, but a recent study showed that ova-
riectomy increased serum RANKL concentration but did not
change serum OPG concentration in rats?’. However, the effect
of MHCP on OPG mRNA expression remains unknown, and
further studies are necessary for clarification. These results sug-
gest that MHCP inhibited RANKL-induced osteoclast differen-
tiation, which led to a decrease in bone resorption in OVX mice.
In this study, there were no significant differences in BMC and
BMD of the whole body between the sham and OVX groups and
between the OVX and 5% or 10% honey groups as measured by
DXA scanning, whereas uterine weight was significantly lower
in the OVX group than in the sham group. The measurement
using the DXA machine was possibly not sensitive enough to
detect any differences in BMC and BMD. For mice, other instru-
ments are usually used. Also in general, trabecular bone is more
affected than cortical bone by ovariectomy. A previous study
showed that ovariectomy caused a decrease in trabecular bone
volume of the distal femur and an increase in RANKL mRNA
expression of bone marrow cells from the tibia, whereas there
was no significant difference in whole femur BMDEY. It may
be of benefit to rather measure the trabecular bone volume by
bone histomorphometry or uCT in the further studies with mice.
Furthermore, body weight gain was significantly higher in the
OVX group than in the sham group in this study. Therefore, an
increase in body weight gain might have influenced BMD in the
OVX group.

Honey is rich in polyphenols, and quercetin and kaem-
pherol are found in honey!l. However, the type and concentra-
tion of these compounds are known to vary depending on geo-
graphical location and floral source. Manuka honey produced in
New Zealand contains large amount of quercetin and kaempher-
ol compared with other species of honey??. Previous studies re-
ported that quercetin inhibited a decrease in BMD in OVX mice,
and quercetin suppressed the RANKL-induced NFATc1 expres-
sion and osteoclast formation in RAW264.7 cells™®. Likewise,
kaempherol inhibited interleukin-1p-stimulated, RANKL-medi-
ated osteoclastogenesis via downregulation of NFATc1 in mouse
bone marrow cells®?4. In addition, manuka honey is also rich in
luteolin®?, which has a preventive effect of OVX-induced bone
loss and inhibition of osteoclast formation in RAW264.7 cells™.
Thus, polyphenols such as quercetin, kaempherol, and luteolin
in the manuka honey could also have contributed to suppression
of bone resorption in OVX mice. High concentration of MGO is
characteristic in the manuka honey, and MGO contributes to the
antibacterial activity?”. However, there are no studies about the
effects of MGO on bone metabolism, and detailed examinations
are necessary for clarification.

Prebiotics such as fructooligosaccharides have been
found to increase the numbers of bifidobacterium and lactobacil-
lus in rats?®!. Fermentation in the large intestine produces short
chain fatty acids (SCFAs) and other organic acids that contrib-
ute to lower luminal pH in the large intestine which, in turn,
elicits a modification of calcium solubility in the luminal phase
so that its passive diffusion is improved®”.. In addition, SCFAs
are also likely to contribute directly to the enhancement of cal-
cium absorption®. Thus, prebiotics such as oligosaccharides
have been found to stimulate calcium absorption, which have
a beneficial effect on bone health. A previous study has shown
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that cotton honey enhanced the endogenous colonic probiotic
bacteria in mice!®. In this study, the weight of caecal contents
was significantly higher in the 5% and 10% honey groups than in
the OVX group, whereas caecal organ weight did not differ. Fur-
thermore, caecal bifidobacteria content was significantly high-
er in the 10% honey group than in the OVX group, and caecal
bacteroides content was significantly higher in the 5% and 10%
honey groups than in the OVX group. These results suggest that
MHCP enhanced caecal probiotic bacteria. It is well known that
honey contains oligosaccharides such as fructooligosaccharide,
and manuka honey also contains oligosaccharides®. Therefore,
we speculate that oligosaccharides in the MHCP expressed a
prebiotic effect, which may have a beneficial effect on bone re-
sorption in OVX mice. Furthermore, acute feeding of honey and
its carbohydrate constituents (glucose, fructose, and raffinose)
enhanced calcium absorption in rats®?. Thus, carbohydrate con-
stituents of the MHCP might have also increased calcium ab-
sorption in this study.

Cyclodextrin have been used as excipients for the de-
livery of hydrophobic drugs and improving water solubility and
stability!”. Since cyclodextrin is a non-digestible sugar, fermen-
tation in the large intestine may have occurred in this study. In
fact, 5% a-cyclodextrin in the diet increased weights of caecal
tissue and caecal contents and amount of caecal organic acids
contents in rats®!!. a-Cyclodextrin may therefore stimulate cae-
cal fermentation, leading to an increase in caecal organic acids
contents. MHCP used in this study contains 55% a-cyclodex-
trin®, and the percentage of a-cyclodextrin in the 10% honey
diet was 5.5% in this study. Therefore, oligosaccharides as well
as a-cyclodextrin may have influenced cecal bacterial contents.
In this study, 10% honey diet significantly decreased whole body
fat content at week 4 in OVX mice, although there is no sig-
nificant difference in body weight at week 4 between the OVX
(26.9 £ 1.6 g) and 10% honey (24.9 + 0.9 g) groups. A previous
study demonstrated that mean total percent body fat was lower
in honey-fed rats than in sucrose-fed rats without change in food
intake?. The mechanism by which honey reduced body fat is
still not clear, but polyphenols and oligosaccharide in the honey
might influence whole body fat content. Quercetin reduced fat
accumulation in mice with high fat diet-induced obesity"*. Fur-
thermore, fructo-oligosaccharide increased the bioavailability of
quercetin, which augmented benefits of quercetin in sucrose-fed
rats®¥. Thus, polyphenols and oligosaccharides in the MHCP
may have decreased whole body fat content of the OVX mice
in this study.

The present study has some limitations: The actu-
al chemical composition of the MHCP used in this study was
not analysed and the specific effects of manuka honey without
a-cyclodextrin was not tested. A previous study showed that the
MHCP maintained anti-oxidant capacity and increased anti-in-
flammatory effect compared to manuka honey that has a MGO
level of 400 mg/kg or greater®. Also, another study demonstrat-
ed that manuka honey was an effective antibacterial agent that
can be enhanced by complexing with a-cyclodextrin®®. Thus,
it is possible that inclusion of manuka honey in a-cyclodextrin
maintains or promotes the effects of manuka honey. We can
therefore not explain which component in the honey could have
had the significant effect and further research is required to in-
vestigate the selective effects of manuka honey in the presence
and absence of a-cyclodextrin.
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Conclusion

We demonstrated the effects of MHCP on bone me-
tabolism and caecal bacterial contents in OVX mice. MHCP
decreased serum CTx concentration and femoral RANKL and
NFATcl mRNA expression without any effect on uterine weight
in OVX mice. In addition, MHCP increased caecal bifidobac-
teria and bacteroides contents. These results suggested that the
MHCP expressed prebiotic effects, which may have caused a
decrease in bone resorption in OVX mice.
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