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Abstract
Purpose: To investigate the effects of combined jumping exercise
and honey supplementation on bone metabolism and antioxidant
status in female rats.
Methods: Forty eight 12-week old Sprague Dawley female rats
were divided into four groups: control group (C), honey group (H),
jumping group (J), and combined jumping and honey group (JH).
Jumping exercise consisted of 40 jumps/day for 5 days/week at a
height of 40 cm. Honey was given to the rats at a dosage of 1 g/kg body
weight/rat/day via force feeding for 7 days/week. At the end of the
study, tibial proximal volumetric total Bone Mineral Density (BMD)
and volumetric trabecular BMD, serum total calcium, serum Alkaline
Phosphatase (ALP) (bone formation marker), serum C-terminal
telopeptide of type 1 procollagen (1CTP) (bone resorption marker),
serum F2-isoprostanes (oxidative stress marker) and serum Total
Antioxidant Status (TAS) were measured.

Results: There were no significant differences in tibial proximal
volumetric total BMD and volumetric trabecular BMD among all the
groups. Eight weeks of jumping exercise and honey supplementation
resulted in statistically significant higher serum total calcium
concentration in JH group as compared to C, H and J groups (p <
0.05). Serum ALP was significantly higher in J group as compared to
C group (p < 0.05). On the other hand, serum 1CTP was significantly
lower in JH as compared to the other three experimental groups. The
concentration of F2-isoprostanes was not statistically different among
all the groups. Serum TAS was significantly higher in JH and H groups
as compared to C group (p < 0.05) respectively.
Conclusion: The results of the present study showed that 8 weeks
of jumping exercise and honey supplementation significantly reduced
bone resorption and enhanced antioxidant status, but did not seem to
elevate oxidative stress marker.

Keywords: Bone metabolism markers; Antioxidant status;
Jumping exercise; Honey supplementation; Rats

Introduction

Physical activity is reported as one of the strategies for
maximizing bone mass during early age and subsequently
minimizing bone loss later in life [1,2]. The effect of physical
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activity is through modification in bone turnover which occurs
through two fundamentally different processes, i.e. modeling and
remodeling with the activities of osteoblast and osteoclast cells
in the mechanisms of bone formation and bone resorption [3]. A
number of biochemical assays have been described for measuring
serum and urinary concentration of markers of bone metabolism
[4] that allow a good estimation of bone metabolic processes and
have been established as useful parameters in assessing changes
in bone turnover. To date, the mechanisms by which combined
exercise and dietary intake lead to changes in bone metabolism
are not fully understood.

Nutritional supplementation is another main factor
associated with bone health and development. Aoe et al. [5]
reported that as compared to drugs that have a rapid effect,
administration of nutrients related to bone metabolism is
relatively safe and inexpensive. To date, the effects of different
types of supplementation such as calcium, vitamin D, milk, soy
and soy protein on bone mass, turnover and mineral density have
been reported [6-9]. One of the nutrients that has long tradition of
use within various medical systems and prescribed for variety of
uses from ancient time is honey. Ariefdjohan et al. [10] reported
that honey has the potential to increase calcium absorption
after 2 days of acute feeding in rats. In addition, Hussain et al.
[11] reported that honey has similar effects with hormone
replacement therapy on bone densitometry in postmenopausal
women. Therefore, it was hypothesized that honey may play a
role in increasing bone health.

Tualang honey is a wild, multi floral honey produced by Apis
dorsata bees that form hives on the branches of giant trees named
Tualang in the Malaysian rainforest, and it has been reported
recently that ovariectomized rats that received Tualang honey
showed greater improvements in trabecular bone structure than
rats receiving calcium [12], implying the beneficial effects of
Tualang honey supplementation on bone. Nevertheless to date,
administration of Tualang honey in combination with exercise
on bone health and antioxidant status in rats has not been
investigated, thus the present study was proposed.
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Physical activity and its relationship with elevated oxygen
consumption and free radical production has been established
previously [13]. Exhausting exercise in rats may increase
Reactive Oxygen Species (ROS) production over the capacity of
antioxidant defenses [14]. Alessio et al. [15] reported the evidence
of oxidative stress after both aerobic and isometric exercise by
increasing lipid hydroperoxides and protein carbonyls. Radak
et al. [16] found that a single bout of physical exercise induced
formation of ROS and nitrogen species and the related oxidative
damage in rats. On the other hand, regular training is known to
increase the resistance against ROS induced lipid peroxidation,
and decrease accumulation of oxidative protein and DNA damage
[17]. Furthermore, it is proposed that a bout of exercise may
elevate the inherent capacity of the protective endogenous
antioxidant system [18] and may lead to a protective adaptation
in antioxidant system against the stress of physical activity.
Endogenous antioxidant system or enzymatic antioxidants
such as superoxide dismutase, catalase and glutathione
peroxidase, in conjunction with exogenous antioxidants
consumed through dietary sources, such as vitamin A, vitamin C,
vitamin E, flavonoids and several micronutrients including iron,
copper, zinc, selenium and manganese can play important roles
in antioxidant system. The antioxidant property of the food can
protect living organisms from oxidative damage, resulting in
prevention of various diseases [19]. Food that are expected to
have antioxidant properties are soybeans, oats, tomatoes and
green tea. Honey also contains antioxidant properties and it
has been studied recently due to its wide range of therapeutic
functions.
Honey is considered as a part of traditional medicine. Long
duration of storage without becoming spoiled and high osmotic
pressure of honey which increase the resistance to spoilage by
microorganism make honey a strong antibacterial nutrient.
Besides that, honey contains a number of components known to
act as preservatives. These include α-tocopherol, ascorbic acid,
flavonoids and other phenolics and enzymes such as glucose
oxidase, catalase and peroxidase [19] which all are known to
have antioxidant activities. A number of studies reported the
antioxidant activity of different types of honey from various
regions and floral sources [19,20]. The composition of a
particular honey sample greatly depends on the composition of
nectar, where it originates, the method used to collect the nectar,
seasonal and environmental factors, and geographic origin, as
well as storage conditions. Since the information on combined
effects of a Malaysian honey and jumping exercise on one’s bone
turnover and oxidative stress marker are lacking, the present
study was carried out to determine the changes in bone mineral
density and metabolism, oxidative stress marker, and antioxidant
status when jumping exercise is combined with Malaysian
Tualang honey as a supplementation in the young female rats.
In addition, the present study aimed to explore the antioxidant
effect of honey to prevent the oxidative stress which may be
caused by jumping exercise and at the same time to evaluate the
additive effects of combined jumping exercise and honey on bone
metabolism.
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Materials and Methods
Animals
Forty eight eleven-week old Sprague-Dawley female rats
were placed in the experimental room to acclimatize to the
environment for a period of seven days. After one week of
acclimatization, the rats were weighed for their initial body mass.
Then the rats were block-randomized into four initial bodymass-matched groups with 12 rats per group (6 rats per cage).
Throughout the study, the environment was maintained under
constant temperature of 26-29 °C and relative humidity of 7075%. The rats were exposed to a constant 12:12 light/dark cycle,
with the light period starting from 7.00 p.m. to 7.00 a.m. for the
entire experimental period. The reversed light/dark cycle, was
implemented to allow jump training during the day. At the end
of the experimental period, the rats were weighed once again
to obtain the final body mass. Then they were anaesthetized,
one at the time, by placing them for 2-3 minutes in a desiccated
jar containing a chloroform-soaked gauzed pad before being
decapitated using a small guillotine (Scientific Research
Instrument, UK). Blood was collected from the decapitated site
for further serum bone metabolism and oxidative stress markers,
and serum total antioxidant status measurements. The research
protocol was approved by the Animal Research Committee, USM,
No.: USM/Animal Ethics Approval/2008/(39)(121).

Animal’s grouping

Rats with initial body mass ranged 190-220 grams were block
randomized into four groups, i.e., 8 weeks of sedentary without
supplementation control (C), 8 weeks of honey supplementation
without exercise (H), 8 weeks of jumping exercise without honey
supplementation (J), and 8 weeks of combined jumping exercise
and honey supplementation (JH). At the end of the study, the rats
were weighed once again to obtain the final body weight. All the
rats survived during the whole experimental period.

Training programme

Rats in the jumping group and combined jumping and honey
supplementation group were trained to jump using a previously
described protocol [21]. Jumping exercises were carried out from
8:30 a.m. to 11:30 a.m. Each rat was subjected to the exercise for
5 minutes duration per day for 5 days per week. Each rat was
placed in a specially designed wooden box, measuring 30.5 x
30.5 x 40 cm in length, width and height respectively, and with
a copper strip base that formed an electrical grid. The jumping
exercise was initiated by applying electrical stimulation to the
base of the box through a stimulator (Grass S48, U.S.A.). The
stimulator was set to automatically deliver a stimulus of 50-80
V for 1 second and at 3 second intervals. To begin the exercise
session, the rats were placed on the electrical grip with the
stimulator turned off. When the stimulator was turned on, the
rats jumped from the floor of the box to catch the top edge of the
box with their forepaws. Upon reaching the top, they were then
immediately repositioned by hand to the floor of the box to repeat
the procedure. The requirement for electrical stimulus decreased
over time when the rats became accustomed to the jumping
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exercise. The jump training began with an initial jumping height
of 20 cm, after which the height was increased gradually to 40
cm by the third day. After a few days of training, the rats began to
jump without electrical stimulation. The rats that refused to jump
were stimulated by the low voltage of electrical stimulation. The
sedentary rats in the control group (free cage activity) were not
given any electrical stimulus. In order to mimic the stress induced
by handling before and after jumping exercise, the sedentary rats
were handled 5 days per week for 8 weeks.

Honey supplementation

Malaysian Tualang honey was orally supplemented to the
rats at the dosage of 1g/kg body mass/rat/day for 8 weeks via
force feeding (gavages), 30 min prior to the jumping exercise.
Body mass of the rats was measured biweekly, and the dosage
of honey was calculated based on the most recent body mass
measurement [22].

Measurement of bone mineral density using peripheral
Quantitative Computed Tomography (pQCT)

Immediately after the sacrificing procedure, the left hind leg
tibias of the rats were dissected. The effects of jumping on bone
in these animals depend on forces generated by the hind limbs,
thus the hind limb tibias were examined in this study [21]. After
removal of the flesh from the tibia bones, they were wrapped in
saline-soaked gauze pads to prevent dehydration and put into
labeled plastic bags and stored at -80 °C (Heto Ultra Freezer
3410, Denmark) for subsequent measurements at the later date
[21]. On the day of bone densitometry measurements, the tibias
were fixed with a custom-made plastic holder for rats’ tibias. The
proximal and mid shaft regions of the tibias were then scanned
at a resolution of 220 µm (pixel size) using a multilayer pQCT
(Densiscan 2000, Scanco Medical, Bassersdorf, Switzerland). The
thickness of each layer was 1 mm. The contours of the periosteum
and endosteum were both identified using the built-in software
programme for measuring densitometry parameters including
proximal volumetric total BMD of the integral region inside
periosteum (g/cm3), and volumetric BMD of trabecular region
inside endosteum (g/cm3).

Biochemical analysis

Blood was collected from the decapitated site into a 10 ml
test-tube through a funnel and left aside for one hour to ensure
complete clotting. Serum was then obtained by centrifugation
(15 minutes, 4000 RPM, 4 °C; Health-Ratina 46RS, Germany),
after which the serum was divided into five equal portions (∼0.5
ml per portion) and stored at -80 °C until subsequent analysis.
Serum total calcium was analyzed colorimetrically (Hitachi
Automatic Analyzer 912, Bohringer Mannheim, Germany) using
commercially available reagent kits (Randox, UK). Serum ALP
was analyzed using an automatic analyzer (Hitachi Automatic
Analyzer 912, Bohringer Mannheim, Germany) with commercially
available reagent kits (Randox, UK). Serum C-terminal
telopeptide of type 1 procollagen (1CTP) was analyzed by
enzyme immunoassay kit (Creative Dignostics, ELISA, USA), and
the concentration was determined by a photometric microplate
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reader (Molecular Devices; Versamax tunable microplate reader,
USA).

Serum F2-isoprostanes was analyzed using an EnzymeLinked Immunosorbent Assay (ELISA) method and commercially
available enzyme immunoassay kit (Cayman’s 8-Isoprostanes
EIA, USA), and the concentration was determined by a
photometric microplate reader (Molecular Devices; Versamax
tunable microplate reader, USA). Serum TAS was measured using
a commercially available antioxidant assay kit (Randox, UK).
Serum TAS of the serum was determined by the method based
on the absorbance of ABTS®•+ radical cation (2, 2’-Azino-di-[3ethylbenzthiazoline sulphonate]).

Statistical analysis

Statistical Package for Social Sciences (SPSS) version 20.0
was used for the statistical analysis. All the data are reported as
mean ± Standard Deviation (SD). After checking normality and
homogeneity, the data with normal distribution and homogenous
variances were analyzed using one-way Analysis Of Variance
(ANOVA) to determine the significance of the difference between
groups. When the One-way ANOVA revealed a significant
difference, post hoc (least significant differences test) was used
to determine the differences between specific means. The P value
of < 0.05 was considered as statistically significant and used for
all the comparisons.

Results

In the present study, there were no significant differences
in initial body weight between all the experimental groups. The
initial body weight of the rats in C, H, J and JH was 200.2 ± 18.0
g, 205.6 ± 12.4 g, 200.4 ± 15.2 g and 201.1 ± 11.1 g respectively.
Additionally, no significant differences were found in the final
body weight of the rats among the groups, where the final body
weight of the rats in C, H, J and JH was 227.6 ± 14.6 g, 232.9 ± 18.1
g, 226.1 ± 16.5 g and 224.7 ± 13.8 g respectively.

The present study found that there were no significant
differences in tibial proximal volumetric total bone mineral
density and volumetric trabecular bone mineral density among
all the groups. The value of tibial proximal volumetric total bone
mineral density of C, H, J and JH was 0.90 ± 0.15 g.cm-3, 0.92 ± 0.17
g.cm-3, 0.93 ± 0.06 g.cm-3, and 0.98 ± 0.12 g.cm-3 respectively. The
value of volumetric trabecular bone mineral density of C, H, J and
JH was 0.90 ± 0.19 g.cm-3, 0.91 ± 0.20 g.cm-3, 0.91 ± 0.09 g.cm-3 and
0.96 ± 0.13 g.cm-3 respectively.

Eight weeks of jumping exercise combined with honey
supplementation (JH) elicited significantly higher (p < 0.05) serum
total calcium concentration compared to three other groups as
illustrated in Figure 1. Serum ALP was significantly higher (p <
0.05) in J group as compared to the C and H groups respectively
(Table 1). On the other hand, serum C-terminal telopeptide of
type 1 procollagen (1CTP) which is a bone resorption marker
was significantly lower in JH group as compared to C, H and J
groups respectively. There was also a lower level of 1CTP (p <
0.05) in the J group when compared with the C group (Figure 2).
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Figure 1: Mean serum total calcium concentration in the rats.
C: Sedentary without honey supplementation and jumping exercise control; H: Honey supplementation with 1 g/kg body weight/day; J: Jumping
exercise consisted of 40 jumps/day; JH: Honey supplementation combined with jumping exercise; *significantly different from control group (C) (p <
0.05); +significantly different from honey supplementation group (H) (p < 0.05); #significantly different from jumping group (J) (p < 0.05).

Table 1: Mean serum alkaline phosphatase concentration in the rats.
Groups

Serum alkaline phosphatase concentration (mmol.L-1)

C

65.50 ± 19.47

J

87.58 ± 30.43*,+

H

61.67 ± 12.01

JH

73.92 ± 15.18

C: Sedentary without honey supplementation and jumping exercise control; H: Honey supplementation with 1 g/kg body weight/day; J: Jumping
exercise consisted of 40 jumps/day; JH: Honey supplementation combined with jumping exercise; *significantly different from control group (C) (p <
0.05); +significantly different from honey supplementation group (H) (p < 0.05).
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Figure 2: Mean serum C-terminal telopeptide of type 1 procollagen (1CTP) concentrations in the rats.
C: Sedentary without honey supplementation and jumping exercise control; H: Honey supplementation with 1 g/ kg body weight/day; J: Jumping
exercise consisted of 40 jumps/day; JH: Honey supplementation combined with jumping exercise; *significantly different from control group (C)
(p < 0.05); ***significantly different from control group (C) (p < 0.001); ++significantly different from honey supplementation group (H) (p < 0.01);
#
significantly different from jumping group (J) (p < 0.05).
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In the JH group, the serum F2-isoprostanes, a marker of
oxidative stress, was not significantly different from the J, H and
C groups (Table 2). As shown in Figure 3, serum total antioxidant
status of JH group was significantly higher as compared to the C
group. The H group also demonstrated significantly higher serum
total antioxidant status after 8 weeks of honey supplementation
as compared to the C group (p < 0.05).

Discussion

In the present study, BMD, levels of serum bone metabolism
and oxidative stress markers, and serum antioxidant status
were evaluated in response to 8 weeks of jumping exercise (J),
honey supplementation (H) and combined jumping exercise
with honey supplementation (JH) as compared to sedentary
non-supplemented control (C) in young female rats. The present
study found that no significant differences were observed in tibial
proximal volumetric total bone mineral density and volumetric
trabecular bone mineral density among all the groups.
In serum total calcium, there was no significant difference in
this measured parameter in H and J groups compared to C group.
It was found that the level of serum total calcium was significantly
higher in JH group than C, H and J groups. Previous studies on the
effects of exercise on serum calcium were inconsistent. Increase
in serum calcium has been observed following physical activities
Table 2: Mean serum F2-isoprostanes concentration in the rats.

[23]. The absence of significant effects with jumping exercise
alone on serum total calcium in the present study was consistent
with Maimoun et al. [24] which reported that a single session
of strenuous exercise did not result in any significant change in
serum total calcium.

Honey has been reported to increase calcium absorption to
the bone as a result of acute feeding in rats [10]. However, in the
present study, increase in serum total calcium has been observed
only when exercise was combined with honey supplementation.
Similar observation was reported by Deyhim et al. [7] that there
was no significant difference in serum total calcium of the rats
that consumed isoflavones in comparison with those of sham
and ovariectomized control groups. In an exercise combined
with calcium supplementation study, Gala et al. [25] reported
that serum calcium did not change in the ovariectomized rats
performing running exercise with supplementation of calcium.
However, it was also reported that swim training with and
without soybean protein resulted in significant increases in
plasma calcium concentrations compared to sedentary group in
ovariectomized rats [26]. Similar finding of increased serum total
calcium with combined honey supplementation and jumping
exercised was reported in a recent study carried by the present
research team [27]. The difference between the present study and
Mosavat et al. [27] is that the prescribed jumping intensity in this

Groups

Serum F2-isoprostanes concentration (pmol.L-1)

C

2047.70 ± 696.89

J

1968.69 ± 808.90

H
JH
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1900.80 ± 652.55
1419.60 ± 539.52

C: Sedentary without honey supplementation and jumping exercise control; H: Honey supplementation with 1 g/kg body weight/day; J: Jumping
exercise consisted of 40 jumps/day; JH: Honey supplementation combined with jumping exercise.

Figure 3: Mean serum total antioxidant status in the rats.
C: Sedentary without honey supplementation and jumping exercise control; H: Honey supplementation with 1 g/kg body weight/day; J: Jumping
exercise consisted of 40 jumps/day; JH: Honey supplementation combined with jumping exercise; *significantly different from control group (C) (p
< 0.05).
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previous study was 80 jumps per day, whereas the prescribed
jumping intensity in the present study was 40 jumps per day. The
observation of increase in serum total calcium concentration in
the present study could be due to the combined effects of honey
and jumping exercise which enhance the calcium absorption
from intestines, and consequently might have augmented calcium
retention in the bone.
Physical activities have been reported to increase bone
formation markers and decrease bone resorption markers in
animals as well as humans [28-31]. In the present study, there
was higher level of serum ALP concentration, a bone formation
marker, and lower level of serum C-terminal telopeptide of type
1 procollagen (1CTP), a bone resorption marker, in jumping
exercise group as compared to control group. It seems that 8
weeks of jumping exercise (J) at the intensity of 40 times per
day and height of 40 cm, elicited beneficial effects on bone by
increasing bone formation and reducing bone resorption. Honey
supplementation alone (H) did not affect serum ALP and 1CTP
in this study. Interestingly, combination of jumping exercise and
honey supplementation (JH) did not show its effects on bone
formation marker, however, significant lower level of 1CTP
has been observed in JH as compared with C, H and J groups.
Maimoun et al. [32] also demonstrated that combined antioxidant
supplementation and aerobic training did not alter urinary type
1CTP in elderly participants following 8 weeks of intervention.
However, the reduction in bone resorption marker was similar to
the study of Pasco et al. [33] who demonstrated that antioxidant
supplements were associated with reduced serum 1CTP in nonsmoking post menopausal women.

As reported by Iwamoto et al. [29], bone gain through exercise
in young rats was suggested to be attributed to increased bone
formation reflected by ALP level and decreased bone resorption
reflected by Tartrate-Resistant Acid Phosphatase (TRAP) in
response to treadmill running exercise. Honda et al. [34] reported
that eight weeks of jump training did not change serum 1CTP in
ovariectomized rats. The inconsistent findings between Honda et
al. [34] and the present study which showed that jumping alone
(J) elicited lower value of 1CTP as compared to sedentary control
may be due to the difference in exercise regimen, where the rats
performed only 10 jumps per day in the previous study compared
to 40 jumps per day in the present study. Ovariectomy may also
contribute to the discrepancy between this previous study and
the present study.
In studies which investigated the effects of supplementation
on bone turnover, Elders et al. [35] reported that bone turnover
reduced after 1 year of calcium supplementation, while no
changes in markers of bone metabolism have been observed
by Rosen et al. [36] after 1 year of calcium supplementation in
early menopausal women. Supplementation of high soy protein
is associated with lower level of bone resorption, but no changes
in serum ALP in post-menopausal Japanese women as compared
to calcium supplementation which had no influence on bone
metabolism [37]. However, it was reported that consumption of
isoflavones as a dietary supplementation did not influence serum
ALP and TRAP activities in ovariectomized rats [7]. Similarly, in
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the present study, honey supplementation alone did not elicit
any significant effect on bone turnover markers. However, one
of the notable findings in the present study is that combination
of jumping exercise and honey supplementation seem to reduce
bone resorption significantly in the rats. Reduction in bone
resorption marker of serum 1CTP was also observed in our
recent study [27] with combined honey supplementation and
jumping intensity of either 20 or 80 jumps per day. Due to its
unique components, honey has been proven to have a variety
of health benefits in humans. The main constituents of honey
are carbohydrates such as monosaccharides, disaccharides,
oligosaccharides, and polysaccharides as well as enzymes such
as glucose oxidase, diastase, invertase, catalase, and peroxidase.
Other chemical contents of honey are organic acid, ascorbic
acid, vitamins, amino acids, flavonoids and phenolic acids [38].
Malaysian Tualang honey which has been used in our study is
known for its antimicrobial, antiparasitic, antioxidant, and antiinflammatory effects. The high flavonoids and phenolic acid
contents of Tualang honey has been proposed to have significant
beneficial effects on bones [39]. Hardcastle et al. [40] reported that
there is a significant association between total flavonoid intake
and bone mineral density of hip and lumbar spine in a Scottish
population. In the current study, the value of serum C-terminal
telopeptide of type 1 procollagen (1CTP) was significantly lower
in JH group as compared to all the other groups. The precise
mechanism is unknown. However, it is speculated that the
phenolic and flavonoid compounds in Tualang honey include
kaempferol, quercetin, ellagic acid, gallic acid, hesperetin and
catechin along with vital vitamins such as vitamin D, C, E and K
and minerals when combined with exercise, could significantly
inhibit the activity of osteoclast cells and consequently reduce
bone resorption.

In terms of oxidative stress resulting from physical activity,
studies have reported that physical exercise can induce a
situation of oxidative stress [15]. In the present study, the level
of F2-isoprostanes did not significantly differ among all the
experimental groups. However, serum total antioxidant status
was significantly higher in combined jumping exercise and honey
supplementation group (JH) as compared to the control group.
These findings imply that this combination significantly enhanced
antioxidant status, and therefore did not lead to any indication of
oxidative stress. Similar finding of no change in F2-isoprostanes
in response to exercise has been reported by Campbell et al.
[41] that F2-isoprostanes did not significantly change in aerobic
exercise intervention in a 12-month randomized, controlled trial
study. In a study done by Yamamoto et al. [42], physically active
rats which performed 6 weeks of voluntary running had shown
an increase in antioxidant enzymes activities, such as Glutathione
Peroxidase (GPx), Glutathione Reductase (GR) and Superoxide
Dismutase (SOD).
Radak et al. [17] mentioned that the adaptation process in
response to regular or habitual exercise and elevation in ROS
formation can result in activation of the antioxidant system and
affecting on oxidative damage repair systems, by increasing
antioxidant enzymes activity, increasing resistance to oxidative
stress, and subsequently lowering levels of oxidative damage.
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In the present study, the prescribed jumping exercise can
be considered high-impact, short duration, consisting of 40
jumps per day for 8 weeks, did not exceed 5 minutes per day
in comparison with long duration exhaustive exercises in the
aforementioned studies. Probably this could be the reason for not
observing any disturbance between antioxidant capacity and free
radical production in the present study, while total antioxidant
status significantly increased when exercise was combined with
honey supplementation in JH group as compared to C group.

In the present study, H group demonstrated significantly
higher level of serum total antioxidant status after 8 weeks of
honey supplementation as compared to the control group. This
observation could be due to Tualang honey which contains high
antioxidant capacity. Antioxidant activity of different varieties
of honey has been reported in a number of previous studies
[19,20,43,44]. It has been shown that the antioxidant capacity
of honey is strongly correlated with the total phenolic content
relative to the amount of vitamins C and E [44]. Among several
types of Malaysian honey, Tualang honey had the highest total
phenolic and protein content compared to Gelam, Indian forest
and Pineapple honey. Tualang honey has also been reported to
have the highest ascorbic acid content which may be responsible
for the elevated scavenging of ROS [45]. Furthermore, chronic
exercise has been well documented to increase antioxidant
defense mechanism via enhancement in antioxidant enzyme
activity. Thus, honey intake which has been shown to have high
antioxidant property combined with jumping exercise appears to
have an additive effect on the total antioxidant status observed
in this study.

7.The findings of the present study suggested that 8 weeks of
jumping exercise in young female rats could elicit beneficial bone
effect by increasing bone formation and reducing bone resorption.
At the same time no sign of oxidative stress has been observed
with this exercise protocol. When Malaysian Tualang honey was
combined with jumping exercise, there were increment of serum
total calcium, reduction of bone resorption and increased level
of total antioxidant status. The increased total antioxidant status
observed in this group could have ameliorated oxidative stress.
However, further studies on the role of honey combined with
exercise on the upregulation of both osteoclastic bone resorption
and osteoblastic bone formation and antioxidant status in human
subjects are warranted.
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