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ABSTRACT

The use of repeatedly heated frying oils and intake of high cholesterol diet
have been linked to bone damage. The aim of this study is to determine the
combined effects of taking repeatedly heated frying oils (palm or soy oil) and
high cholesterol diet on the dynamic histomorphometric parameters of bone.
Ovariectomised rats were used as animal model of post-menopausal osteoporosis. After six months of treatment, Double-labeled Surface (dLS/BS),
Mineralising surface (MS/BS) and Bone Formation Rate (BFR/BS) of
ovariectomised rats (OvxC) were significantly reduced compared to the
normal control group. Additions of fresh or once-heated palm or soy oil into
high cholesterol diet seem to have improved the dynamic parameters towards
the normal control values. However, when these oils were repeatedly heated,
the protective effects were lost and the dynamic parameters except MS/BS
dropped back towards the ovariectomised-control values.
INTRODUCTION

Vegetable oil is widely used for frying foods in households or food industries.
The commonly used frying oils in the
world are palm oil and soy oil (Oil World,
2002). Normally, frying oils are used
repeatedly to fry foods to save cost until
they have changed colour, smell, taste or
consistency. During the process of frying,
lipids especially polyunsaturated fatty
acids (PUFA) undergo oxidation, hydrolysis and polymerisation which lead to
generations of volatile and non-volatile
degradation products (Cuesta, SánchezMuńiz & Varela, 1998; Dobarganes,

Marquez-Ruiz & Velasco, 2000). The nonvolatile products of degradation consisting of polymers and polar compounds
remain in the oil (Dobarganes, MarquezRuiz & Velasco, 2000). There would also be
an increase in the production of free radicals and polar compounds and compositional changes of free fatty acids content.
Heated vegetable oils were found to have
higher content of free radicals compared to
fresh vegetable oils (Corocos et al., 1990).
Approximately one-third of the dry
weight of a deep-fried food can be made
up of oil absorbed during the frying
process (Mekhta & Swinburn, 2001).
Therefore, the oil along with its degrada-
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tion products can enter the systemic circulation when the fried foods are consumed
(Grootveld et al., 1998). Ingestion of these
degradation products has been linked to
pathophysiological effects associated with
oxidative stress (Estebauer, Schaur &
Zollner, 1991). It has been linked to an
increased risk of hypertension (Soriguer et
al., 2003), disturbance of the endothelial
function (Williams et al., 1999) and increased lipoprotein oxidation (Sutherland
et al., 2002).
It is suggested that consuming foods
fried with repeatedly heated frying oil
may affect bone metabolism as the oxidative stress condition may activate osteoclastic bone resorption in vivo and in vitro
(Garret et al., 1990). Oxidative stress has
been shown to be related to osteoporosis.
Yee and Ima-Nirwana (1998) showed that
ferric nitrilotriacetate, an oxidising agent,
reduced bone calcium content in young
growing rats. Oral vitamin E given to these
animals was able to protect them against
the effects of ferric nitriloacetate. Mody et
al. (2001) and Bai et al. (2004) showed that
oxidative stress inhibits osteoblast differentiation.
The findings of this study may have
implications for post-menopausal women.
Post-menopausal women are at risk of
hypercholesterolaemia as the protective
effects of oestrogen on the lipid profile are
lost with the onset of menopause (Folsom,
McGoven & Nabulsi, 1996). Excess cholesterol has been linked not only to cardiovascular diseases, but studies have also
suggested its implications in bone metabolism. Cholesterol is required for the differentiation of osteoclast, the cell responsible
for bone resorption (Luegmayr et al., 2004).
Cholesterol may also stimulate the release
of interleukin-1, a cytokine that promotes
osteoclastic activity but inhibits osteoblastic activity (Sjogren et al., 2002).
Palm oil and palm-oil derived vitamin E were shown to protect bones against
osteoporosis in orchidectomised male rats
(Ima-Nirwana et al., 2000). The vitamin E

content of palm oil mainly consists of
tocotrienols, while the main vitamin E in
soy oil is tocopherols (Goh, Choo & Ong,
1985). Tocotrienols have better antioxidant
capacity than tocopherols (Serbinova et al.,
1991, Kamat et al., 1997) and this may contribute to the better resistance to oxidative
changes. Previous studies have also shown
that palm oil-derived tocotrienols were
comparable to α-tocopherol in protecting
rats against osteoporosis due to ovariectomy (Norazlina et al., 2000). Palm oilderived vitamin E was also able to
improve bone metabolism and survival
rate of thyrotoxic rats (Ima-Nirwana et al.,
1999).
This study was aimed at examining
the effects of feeding repeatedly heated
frying oils (soy oil and palm oil) and high
cholesterol diet to ovariectomised rats
before measuring the bone histomorphometric parameters. Ovariectomised rat is
an accepted model for postmenopausal
bone loss (Kalu, 1991; Wroski & Yen,
1991).
MATERIALS AND METHODS
Groups of animals

Sixty-four female Sprague-Dawley
rats aged 3 months old (200-250 g) were
obtained from the University Animal
House. The rats were divided randomly
into 8 groups with 8 rats in each group.
Rats in the first group were not ovariectomised and served as the normal control
group (NC). Rats in the second group were
ovariectomised and given high cholesterol
diet (OvxC), while animals in the rest of
the groups were ovariectomised and given
high cholesterol diet with fresh soy oil
(SOF), fresh palm oil (PO), oils heated once
(SO1, PO1) or oils heated five times (SO5,
PO5). The rats were treated daily for 6
months. This study was approved by the
University Research and Animal Ethics
Committee.
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Ovariectomy procedure

All the rats except the control group
were ovariectomised after being anaesthesised with intraperitoneal injection of
ketamine hydrochloride and xylazine at
doses of 50 and 10 mg/kg body weight
respectively. Bilateral ovariectomies were
performed from a dorsal approach. There
was no sham-operated group as the treatment period was long that the acute surgical stress would not affect the parameters
measured. The rat bones were fluorescence-labeled by injecting the rats twice
with calcein at nine and two days before
sacrifice. At the end of the study, the rats
were anaesthetised with ether and killed
by cervical dislocation before the femurs
were harvested. Success of ovariectomy
was confirmed at necropsy by failure to
detect ovarian tissue and by observation of
marked atrophy of the uterine horns. Food
intakes were measured daily while body
weights were measured weekly.
Method of oil heating

The soy oil (VeSoya, Yee Lee Edible
Oil Industries, Perak, Malaysia) or palm
oil (Buruh, Lam Soon Industries, Selangor,
Malaysia) were not heated (SOF, POF) or
heated according to modified methods of
Owu et al. (1998). Briefly, the oils were
heated in a stainless steel pan for 10 minutes at 180°C. The oils were left to cool for
five hours. This would be the once-heated
soy oil or palm oil (SO1, PO1). In order to
prepare oils that were heated five times,
the procedure was repeated four more
times. Fresh or heated (once or five times)
oils were mixed with high cholesterol diet
(rat chow with 2% cholesterol) at a weight
ratio of 15:100 and were fed to the rats
daily for six months. The oil-to-high cholesterol diet ratio represents the average
amount of daily oil intake in humans
(Owu, Osim & Ebong, 1998).

Bone preparation
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The distal portion of the femur samples
were embedded in methyl methacrylate
according to Difford (1974) and sectioned
at 10 mm with a microtome (Leica,
Wetzlar, Germany). Fluorescence microscope and an image analyser (Nikon
Eclipse 80i, Japan) were used to measure
the dynamic histomorphometric parameter at the metaphyseal region, which is
located 3 to 7 mm from the lowest point of
the growth plate and 1 mm from the lateral cortex. This secondary spongiosa area is
rich in trabecular bone.
The dynamic parameters measured
were double-labeled surface (dLS/BS, %),
mineralising surface (MS/BS, %) and bone
formation rate (BFR/BS, mm3/mm2/
day). All the parameters were measured
according to the American Society of Bone
Mineral Research Histomorphometry
Nomenclature Committee 1987 (Parfitt et
al., 1987).

Data analysis

The results were expressed as mean
values ± SD. Data analysis was performed
using SPSS for Windows software (SPSS
Inc., version 12.0.1). Statistical test used
was ANOVA followed by Tukey’s HSD
(Honestly Significantly Different) for normally distributed data and Kruskal-Wallis
and Mann-Whitney test for data that is not
normally distributed. Changes were considered significant for p values less than
0.05.
RESULTS

Food intake and body weights

There was no significant difference
of food intake or body weight between the
groups throughout the study (p>0.05)
(Table 1).
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Table 1. Body weight and food intake for all the study groups
Groups
NC
OVXC
POF
PO1
PO5
SOF
SO1
SO5

Keys:

NC
OvxC
SOF
SO1
SO5
POF
PO1
PO5

Initial body weight
(g)
222.50 ± 12.61
211.17 ± 7.12
209.17 ± 14.56
213.50 ± 6.86
211.17 ± 11.23
225.33 ± 16.21
214.33 ± 16.60
210.33 ± 8.04

:
:
:
:
:
:
:
:

Final body weight
(g)
301.50 ± 32.91
324.67 ± 12.06
333.50 ± 25.61
334.33 ± 19.85
339.17 ± 34.10
318.50 ± 46.80
305.00 ± 16.04
332.50 ± 31.35

Intake per rat
(g/day)
13.01 ± 1.70
13.69 ± 1.24
12.10 ± 0.35
11.80 ± 0.36
11.90 ± 0.98
11.07 ± 0.23
11.29 ± 0.62
12.29 ± 1.13

Normal control
Ovariectomy control + high cholesterol diet
Ovariectomy + high cholesterol diet + fresh soy oil
Ovariectomy + high cholesterol diet + soy oil heated once
Ovariectomy + high cholesterol diet + soy oil heated 5 times
Ovariectomy + high cholesterol diet + fresh palm oil
Ovariectomy + high cholesterol diet + palm oil heated once
Ovariectomy + high cholesterol diet + palm oil heated 5 times

Values are expressed as mean ± SD
Bone histomorphometry

After six months, as expected, double-labeled surface (dLS/BS), mineralising
surface (MS/BS) and bone formation rate
(BFR/BS) of ovariectomied rats fed with
high cholesterol diet (OvxC) were significantly reduced compared to NC group
(Figure 1, Figure 2, Figure 3). SOF, POF,
SO1 and PO1 groups have higher dLS/BS
compared to OvxC group. However, the
dLS/BS of SOF and SO1 groups were
lower than the NC group. As for the SO5
and PO5 groups, the dLS/BS was not
different from the OvxC group. Therefore,
additions of fresh or once-heated soy oil
only partially reversed but fresh or onceheated palm oil completely reversed the
effects of ovariectomy and high cholesterol
diet on dLS/BS. Additions of fivetimes-heated palm or soy oil have no effect
on dLS/BS of the ovariectomised rats.

All the groups have higher MS/BS
compared to OvxC group but lower
MS/BS compared to NC group. This
means that addition of fresh, once-heated
or five-times-heated palm or soy oil was
able to partially reverse the effects of
ovariectomy and high cholesterol diet on
MS/BS.
The SOF, POF, SO1 and PO1 groups
have higher BFR/BS compared to OvxC
group but have lower BFR/BS compared
to NC group. The BFR parameter for SO5
and PO5 groups was not different from the
OvxC group. Therefore, additions of fresh
or once-heated palm or soy oil seem to
have partially reversed the effects of
ovariectomy and high cholesterol diet on
BFR/BS. Additions of five-times-heated
palm or soy oil to high cholesterol diet
have no effect on BFR/BS of the ovariectomised rat.
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DISCUSSIONS
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In this preliminary study, dynamic
parameters of bone histomorphometry
were used to evaluate the effects of combining repeatedly heated oils with high
cholesterol diet on the bone of ovariectomised rats. As expected, ovariectomised
rats fed with high cholesterol diet have
reduced dynamic parameters compared to
normal control group. Additions of fresh
oils were able to protect the bone from
these negative effects. In fact, fresh or
once-heated palm oil was able to fully
restore dLS/BS.
The protection from the negative
effects of ovariectomy and high cholesterol
diet on bone by the fresh or once-heated
oils may be contributed to their vitamin E
content. Palm oil is rich in tocotrienol
while soy oil is rich in tocopherol (Goh,
Choo & Ong, 1985). Several studies have
shown the beneficial effects of vitamin E
on bone. Vitamin E prevented the deleterious effects of skeletal unloading on bone
mass and strength (Smith et al., 2005).
Vitamin E also improved material and
structural bone properties in aged rats
(Arjmandi et al., 2002). Our studies have
shown that palm vitamin E was able to
prevent bone loss from FeNTA toxicity
(Ahmad et al., 2005), hyperthyroidism
(Ima-Nirwana et al., 1999), ovariectomy
(Norazlina et al., 2000) and orchidectomy
(Ima-Nirwana et al., 1998).
Fresh or once-heated frying oils may
be beneficial to the dynamic parameters,
but when they were repeatedly heated, the
protective effects for dLS/BS and BFR/BS
were lost. Vitamin E, which effectively
protects fatty acids in the oil from oxidation, deteriorates after each frying episode
(Andrikopoulus et al., 2002). Rats fed on a
diet containing 15% oxidised frying oil
had significantly lower a-tocopherol concentrations in plasma and most tissues
than rats fed on a diet containing similar
levels of fresh soybean oil (Liu & Huang
1995). Therefore, repeated heating of fry-

ing oils destroys the vitamin E content and
exposes the fatty acids to oxidation.
Studies have shown that if vitamin E
can be replenished or added, the frying
oil’s ability to withstand thermal oxidative
changes is restored. Addition of vitamin E
to frying oil was found to render polyunsaturated fatty acids more resistant to oxidation (Grootveld et al., 1998). Supplementation of vitamin E to olive oil was
found to increase the stability of this oil
under pro-oxidant conditions, and its
intake was found to decrease the oxidative
damage generated by adriamycin in rats
(Quiles et al., 1999).
In conclusion, intake of repeatedly
heated frying oils and high cholesterol diet
had negative effects on the bone of
ovariectomised rats. This may be contributed partly by the destruction of vitamin E when the frying oils were heated.
The implication of the finding for humans
is that perhaps post-menopausal women
should avoid taking repeatedly heated frying oils and a high cholesterol diet at the
same time as these may place them at
increased risk of osteoporosis. However,
the role of selenium as an anti-cancer
agent requires more studies.
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