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Abstract

Background: Evidence suggests that n-3 polyunsaturated fatty acids (PUFA) are beneficial for
maintenance of bone health and possibly bone development.

Aim: To emphasize the effect of using either dietary flaxseed oil that was given as the sole source
of fat in the diet, or orally given pharmaceutical omega-3 together with corn oil in preventing the
development of osteoporosis among female surgically ovariectomized rats.

Materials and Methods: Seventy two female white albino rats were used in this study, they all fed
basal diet. They were divided into six groups: normal control (NC), sham (SH), ovariectomized (OVX),
OVX received oral ethinyl estradiol  (0.1 mg/kg bw/day), OVX fed with flaxseed oil (50 g/kg diet), OVX
supplemented  with Pharmaceutical omega-3 (30 μg/kg bw/day). All the groups were tested for bone
turnover parameters (alkaline phosphatase, osteocalcin and insulin-like growth factor-1 for bone
formation and deoxypyridinoline for bone resorption). Serum calcium and phosphorus were also
determined and their excised femur bones were subjected for DEXA analysis and histopathological
examination.

Results: In OVX rats serum calcium was reduced significantly (p<0.01), while plasma osteocalcin,
insulin-like growth factor-1, and urinary deoxypyridinoline were increased significantly (p<0.01)
above those of sham and normal control. On either feeding with flaxseed oil or oral supplementation
with pharmaceutical omega -3, the level of all these parameters were significantly changed towards
normal (p<0.01). Both bone mineral content (BMC) and bone mineral density (BMD) were reduced in
the OVX group, significant improvement was obtained after supplementation with flaxseed oil, omega-
3 or treatment with estradiol.

Conclusion: Supplementation of n-3 fatty acids improved bone health and prevent  osteoporosis in
the ovariectomized animals.

Introduction
The pathogenesis of postmenopausal

osteoporosis is manifest by increased bone turnover with
a relative increase in bone resorption resulting in a sharp
decline in bone mass with the loss of estrogen after
menopause. In sexually mature female rats ovariectomy
(OVX) precipitates a marked reduction in endogenous
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estrogen concentration inducing a negative bone
remodeling balance that augments bone loss and
osteopenia [1]. Recently, there has been increasing
evidence that in addition to lack of calcium and vitamin D

3
,

deficiency of certain fatty acids in the diet may also
contribute to bone loss [2].

Interestingly, essential fatty acids deficient
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animals were found to develop severe osteopenia coupled
with increased renal and arterial calcification.

An essential fatty acid is a type of fat that the body
cannot produce itself but must  be received via dietary
sources. There are two classes of essential fatty acids
(EFAs): omega-3 and omega-6 polyunsaturated fatty
acids (PUFA).The parent compound in the omega- 6 fatty
acids’ family is linoleic acid (LA), while the parent compound
of the omega -3 fatty acids’ family is  -linolenic acid
(ALA). These parent compounds are metabolized to
longer chain fatty acids by series of elongation and
desaturation steps [3]. Providing omega-3 PUFA
supplements altered intestinal membrane structure such
that calcium absorption was enhanced [4]. Also omega-
3 PUFA have been shown to inhibit the activity of
osteoclasts  and enhance the activity of osteoblasts [5].
An increase in the n-6/n-3 ratio for PUFA intake may have
a negative effect on bone formation, resulting in an increased
bone resorption [6,7]. On the other hand low dietary ratio
of n-6/n-3 PUFA increases the BMC, the bone formation
markers and decreases prostaglandin production [8].
Plant sources of dietary n-3 PUFA proved to have a
protective effect on bone metabolism. One such source of
these plants is flaxseed. Flaxseed is a rich source of
alpha-linolenic acid which may decrease the rate of bone
resorption through inhibition of prostaglandin E2. It also
contains lignans that are reported to have both weak
estrogenic and anti–estrogenic activities in addition to
antioxidant properties [9,10].

Possibilities may exist for the therapeutic use of
the omega-3 fatty acids as supplements or in diet in order
to slow the rapid rate of postmenopausal bone loss
[11,12].

The main purpose of this work was to study the
effect of ovariectomy on bone mineral content (BMC),
bone mineral density (BMD) and several bone markers in
rats, and to evaluate the effectiveness of n-3 fatty acids
supplementation either as pharmaceutical omega -3 or in
flaxseed oil in preventing bone loss due to ovariectomy.

Materials and Methods

Animals and diet

Seventy two female white albino rats (200 ± 20 g)
were randomly obtained from the animal house of the
National Research Center Cairo. The rats were acclimated
to basal diet that was prepared in our laboratory according
to Picherit et al., 2000 [13] (Table 1) for two days before the

experiment started. The amount of the diet given was
weekly adjusted to the mean food intake by the sham
group.  They were housed individually at 25°C with 12-
hours light/ dark in metallic cages and they had free
access to water throughout the study. Twelve animals
were used as normal control group, forty eight animals
were ovariectomized and twelve animals were sham
operated according to the method of Goseki et al., 1995
[14].

The guidelines of the ethical care and treatment
of the animals followed the regulations of the ethical
committee of the NRC.

The ovariectomized rats were divided into 4 groups,
12 rats in each.

1 - OVX group received basal diet only (see Table 1).

2 - OVX group received ethinyl estradiol (0.1 mg/ kg bw/
day) orally by stomach tube beside the basal diet (15).

3 - OVX group fed basal diet containing flaxseed oil (50
g/kg diet) instead of corn oil.

4 - OVX group received omega-3 (30 mg/kg bw/day)
orally (Sedico pharmaceutical co.) beside the basal
diet.

Table 1: Composition of the diet.

1- Expressed in g/kg of the mixture: CaHPO
4
, 2H

2
O, 308; K

2
HPO

4
, 194; CaCO

3
, 146; MgSO

4
, 7H

2
O,

12.1: MnSO
4
. H

2
O, 12.1; CuSO

4
. 5H

2
O, 2.4; NaF, 1.9; CrK(SO

4
)
2
. 12H

2
O, 1.2; Kl, 0.097;

(NH
4
)
6
Mo

7
O

24
. 4H

2
O

. 
0.0005;

 
CoCO

3, 
0.0005; Na

2
SeO

3
, 0.0005.

2- Expressed in mg/kg of the mixture: retinyl palmitate (250 lU/mg), 2000; cholecalciferol (400 lU/
mg), 312; DL-á-tocopherol acelate (0.25lU/mg), 20.000; menadiuone, 100; thiamine HCL, 1000;
riboflavin, 1000; nicotinic acid, 4500; D-calcium pantothenate, 3000; pyridoxine HCl. 1000; inositol,
5000; D-biotin, 20; folic acid, 200; cyanocobalamin, 1.35; ascorbic acid, 10.000; p-aminobenzoic
acid, 5000; choline chlorhydrate, 75.000; and sucrose, finely powdered, 871.9g.

Samples collection

· Urine collection: On day 44, the animals were moved to
individual metabolic cages for 24 hours urine collection.
Total urine volume was measured and acidified with 0.05
ml of 6 mol/l HCl. Urine was centrifuged and then the
samples were frozen at 20°C till used.

· Blood collection: On day 45, the animals were
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anesthesized by diethyl ether and the blood was withdrawn
from the optical vein [16]. Part of the blood was collected
in heparinized polypropylene tubes, centrifuged
immediately (at 3000 r.p.m) and plasma was separated.
The other part was collected in clean polypropylene tubes,
left to clot at 37°C for 10 minutes, then centrifuged and
sera were separated. All samples were frozen at-20° until
used.

DEXA analysis for bones

The rats were dissected and the excised femurs
were cleaned from the surrounding musculature. These
bones were weighed and their length measured, they were
stored in saline solution to enhance scanning resolution
using Norland XR – 46 (3.9.6/2.3.1).

Pathological examination

Dissection was done and liver and kidney biopsies
were optained and serial sections were prepared. Right
femur was dissected, fixed in 10% formaldehyde after the
removal of soft tissues for 24 hours. The bones were
decalcified in formic acid for 3 weeks, paraffin embedded,
sectioned at 5 μm, and stained with H&E, mounted and
observed for histopathological changes. Morphometric
measurements were done by the the Leica Qwin 500
Image Analyzer.

Biochemical parameters

Urinary biochemical markers: Urinary
deoxypyridinoline (DPD) ,a bone resorption marker, was
measured using ELISA techniques (a kit-derived from
Quidal USA). DPD assay is a competitive enzyme
immunoassay (ELISA) in a microtiter stripwell format
utilizing a monoclonal anti-DPD antibody coated on the
strip to capture DPD [17]. Creatinine was measured by
kinetic method [18].

Blood biochemical markers: Plasma osteocalcin
and insulin-like growth factor-1 (bone formation markers):
- Osteocalcin (OC) is measured using  a kit derived from
immunodiagnostic systems limited. UK. A monoclonal
antibody directed against the N-terminal region of
osteocalcin is bound to the polystyrene wells. Incubation
and washing and second incubation with goat polyclonal
antibody with high specificity for the C-terminus of rat
osteocalcin. Detection is achieved by a third incubation
using horseradish peroxidase (HRP) conjugate of a donkey
anti-goat IgG and subsequent enzyme assay [19].

Insulin-like growth factor-1 was measured using a
kit derived from immunodiagnostic systems limited. UK.

It’s an ELISA technique in which soild phase enzyme
amplified sensitivity immunoassay performed. A fixed
amount of IGF1- labeled with horseradish peroxidase
(HRP), compete with unlabelled IGF1 present in the
calibrators, controls and samples for a limited number of
binding sites on a specific antibody. The amount of
substrate is measured colorimetrically by measuring the
absorbance which is inversely proportional to the IGF-1
concentration [20].

Serum calcium and phosphorus were measured
colorimetrically (the kits derived from centronic Gmbh-
Germany) according to Biggs and Moorehead, 1974;
Henry, 1974 [21,18].

Serum alkaline phsophatase was measured using
spectrophotometric procedure (Biodiagnostic, that followed
the procedure of Belfield and Golderg, 1971 [22].

Flaxseed analysis

Two samples of flaxseed oil were purchased from
two different sources and were then analysed by using
Helwett Packard gas chromatography system HP6890
series to confirm the ratio of  linoleic acid (the parent
compound of omega-6) to linolenic acid  (the parent
compound of omega– 3).

Statistical analysis

Statistical analysis of the results was carried out
using the standard computer program SPSS (V.9.04,
Echosoft Corporation USA, 1998). Normally distributed
results were compared using student’s t test. Differences
among groups were evaluated using one way ANOVA.
Results were expressed as mean ± SD. P values less than
0.05 were considered to be significant.

Results
Results are represented in Tables 2-5.

Table 2 shows that the percentage of linolenic
acid (omega-3) was higher than that of linoleic acid
(omega-6) in both samples of flaxseed oil.This indicates
that the ratio of omega-6 to omega-3 was lower than 1.

Table 2: Ratio of linoleic to linolenic acids in flaxseed oil.

Table 3 shows significant decrease in the mean
serum calcium level in the OVX group compared with both
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the normal control and the sham groups.

There is also significant  improvement  in the
mean serum calcium level in the groups supplemented
with flaxseed, omega-3 and estradiol to be more or less
similar to both normal control and sham groups.

groups compared to OVX group to be near those of the
sham and normal control groups) .

Histopathological  results

The histopathologic examination of the liver and
kidney sections showed no abnormal changes. All were
the same as the control group apart from minimal fatty
changes in the liver of the group treated with flaxseed oil.

The histopathologic examination of the femur
shaft of animals in the control group showed regular inner
lining and outer surface, the mean shaft width was 64
micrometer (Fig. 1left). This width decreased to 54
micrometer in the ovariectomized group and the inner
shaft lining was irregular indicating increased osteoclastic
activity (Fig. 1right). By treatment with estradiol, omega-
3, and flaxseed oil the shaft width returned back to the

Table 3: Serum calcium, phosphorus and alkaline
phosphatase values in the different studied groups.

The mean level of serum phosphorus and alkaline
phosphatase did not show significant change between the
different studied groups.

Table 4 shows significant increase in the mean
plasma levels of osteocalcin, insulin-like growth factor-1
and urinary deoxypyridinoline (bone turnover parameters)
in the OVX group compared with both the sham and the
normal control groups. Supplementation with flaxseed oil,
omega-3 and treatment with estradiol effectively reduced
the mean values of these bone turnover parameters
(P<0.01), to be near that of the normal control and sham
groups.

Values are given as mean ± SD for 12 rats in each group. a, Significant difference at P< 0.01
compared to normal control; b, Significant difference at P< 0.01 compared to sham; c, Significant
difference at P< 0.01 compared to OVX.

Table 4: Osteocalcin (OC), insulin like growth factor-1 (IGF-
1) and urinary deoxypyridinoline (DPD) values in the different
studied groups.

Values are given as mean ± SD for 12 rat in each group. a, Significant difference at P< 0.01 compared
to normal control; b, Significant difference at P< 0.01 compared to sham; c, Significant difference at
P< 0.01 compared to OVX.

Table 5 shows that the OVX group has diminished
gain in bone mass (BMC and BMD), both being lower than
those of the sham and normal control groups, but the
difference was statistically significant only in the distal
region (P<0.01). Supplementation with flaxseed oil and
omega-3 normalized again both BMC and BMD (significant
increase in their values in both the flaxseed and omega-3

Table 5: Bone mineral content (g), mineral density (g/ cm²)
in proximal, distal and total regions in the different studied
groups.

Values are given as mean ± SD for 12 rat in each group. a, significant difference at P< 0.01 compared
to    normal control; b, significant difference at P< 0.01 compared to  sham; c,  significant difference
at P< 0.01 compared to ovx.

Figure 1: Shaft width in control and OVX groups (H&E, X50).

control value. The sham group showed femur width value
as that of the control group.

The mean number of osteocytes per square area
of 1551.2 micrometer² was 34 (Fig. 2left). Their number
decreased in the ovarectomized group to 25 per the same
area (Fig. 2right). Osteocytes number returned to normal
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by treatment with estradiol, omega-3 and flaxseed oil. The
osteocytes  number in the sham group was as that of the
control group.

The Haversian and Volkmann2 s canals,the  mean
area in the control group was 16 micrometer²  (Fig. 3left).
This value increased to 33 micrometer² in the ovariectomized

decreased  area (32 micrometer²) (Fig. 4right) than in the
control group (66 micrometer²) (Fig. 4left). Animals in the
treated groups showed nearly complete recovery with
essential features of normal bone. In the sham group this
value was as that of the control group.

Figure 2: Osteocytes count in control and OVX groups (H&E, X50).

Figure 3: The Have-rsian and Volkmann’s canals mean area in
control and OVX groups (H&E, X50).

group indicating increased osteoclastic activity (Fig. 3right).
This value returned to the control value in the treated
groups. In the sham group this value was near that of the
control group.

Animals in the ovariectomized  group showed
sparse, uniform thinning of the trabeculae resulting in
widening of intertrabecular spaces in the femur head with

Figure 4: Area of bone trabecula in the head of femur in control and
OVX groups (H&E, X50).

Figure 5: The ovariectomized group showed formation of slits in the
cement lines and irregular resorption cavities (H&E, X50).

The ovariectomized group showed formation of
slits in the cement lines that separate the adjacent bone
lamellae (Fig. 5left). Also, there were irregular resorption
cavities on the outer and inner surfaces of the shaft
indicating increased osteoclastic activity (Fig. 5right).

Table 6: Histopathological parameters in different studied
groups.

Discussion
It was thought during this study, to emphasize the

effect of using either dietary flaxseed oil that was given as
the sole source of fat in the diet or orally given pharmaceutical
omega-3 supplement  together with corn oil, in preventing
the development of osteoporosis among female surgically
ovariectomized rats. Estradiol was given orally as positive
control for both groups. Sham-operated rats were used as
well as a baseline for the whole experiment.

Before experimenting, two samples of flaxseed
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oil were purchased from different sources of the Egyptian
market and were analysed for the essential fatty acids,
linoleic (omega- 6) and linolenic (omega- 3) using gas
chromatography.

The results proved increased bone turnover rate
as indicated by the higher concentration of plasma OC and
IGF-1 (bone formation markers) and urinary DPD (bone
resorption marker)  in the OVX non-supplemented  group
compared with the sham SH group and control group,
these results are in agreement with those of  [13,23] who
demonstrated that bone remodeling in rats is accelerated
after the cessation of ovarian function.

In our work, effective supplementation with n-3
PUFA (either as flaxseed oil or pharmaceutical omega-3)
showed significant attenuation of OVX-induced increase
in bone turnover parameters, to be near those of the normal
control and sham groups.

Reports from other laboratories corroborate our
findings and give evidence for the positive effect of n-3 fatty
acids on bone modeling. Morimoto et al., 1999 [24] proved
that n-3 PUFA are not only effective in promoting bone
formation, but can also exert a positive role in minimizing
bone resorption. An inhibitory effect of n-3 fatty acids on
bone resorption was indicated by reduced urinary DPD
and hydroxyproline excretion in ovariectomized female –
Spraque Dawley rats given a diet supplemented with n-3
fatty acids  with or without estrogen compared with sham
operated group [25].

Many studies explained that dietary fat may
influence bone metabolism by altering prostaglandin
biosynthesis. The PGs locally produced from 20-carbon
essential fatty acid precursors in osteogenic cells, regulate
both bone formation and bone resorption [26]. Watkins et
al., 1996 [27], Watkins et al 1997 [28], Li et al., 1999 [29]
and Das, 2000 [30] proved that dietary lipid modulate ex
vivo bone PGE2 production and the concentration of IGF-
1 in bone tissues, and led to altered bone formation rates.
In these experiments, ex vivo PGE2 production was higher
in rats given a diet high in n-6 PUFA while serum IGF-1
concentration was suppressed compared with those fed
the higher n-3 PUFA. These results suggest that excessive
consumption of n-6 PUFA may have a negative effect on
bone metabolism by increasing bone resorptive activity
through increased endogenous production of PGE

2.
 On

the other hand, animals fed long-chain n-3 fatty acids
tended to show an increased rate of bone formation
suggesting a stimulatory effect on osteoblastic activity.

Calcium and phosphate – two minerals that are
essential for normal bone formation – may be taken back

into the body from bones, in which case the bone tissue
is made weaker [10]. Our study showed decreased serum
calcium level  as a result of ovariectomy and the deficient
estrogen hormone, and improvement of calcium level was
obtained after the supplementation with either flaxseed oil
or pharmaceutical omega-3. These results are similar to
others who reported that fatty acids are involved in calcium
metabolism. Higher n-3fatty acids intake or lower ratios of
n-6/n-3 fatty acids have been shown to increase calcium
absorption, decrease calcium loss and increase calcium
deposition in bone so improve bone strength. They also
enhance the synthesis of bone collagen [3,30].

In an experiment by Li et al., 1999 [29], conjugated
linoleic acid (CLA) was found to enhance Ca++ absorption
in rats fed a diet rich in n-3 PUFA. This stimulatory effect
of CLA on Ca++ absorption was not observed in rats fed a
diet rich in n-6 PUFA. He explained that CLA
supplementation increased serum IGF-binding protein
levels in rats fed a diet high in n-6  PUFA, but decreased
it in rats fed a diet high in n-3 PUFA. A reduction in IGF-
binding protein in n-3 PUFA + CLA supplemented rats
may have increased the biological activity of IGF-1 which
is believed to play a role in intestinal Ca++ absorption.

Our results did not prove any significant change
in the levels of serum phosphorus or alkaline phosphatase.
These results are similar to Goseki et al., 1995 [14] who
found no significant difference in serum calcium and
phosphorus contents between OVX and control groups.
Also Deyhim et al., 2003 [31] proved that serum alkaline
phosphatase activity was not affected by ovariectomy and
that its lack for specificity do limit its validity in assessing
the rate of bone turnover.

In our experiment feeding the  ovariectomized rats
with flaxseed oil or supplementation with omega-3  both
improved the decline in BMC and BMD caused by estrogen
deficiency.

Apparently n-3 fatty acids exert a stimulatory
effect on bone deposition and an inhibitory effect on bone
resorption. Current data from both animal and a limited
number of short term human studies support the idea that
a diet (rich in n-3 fatty acids) might help to maintain bone
mineral density [32], and appear to be important determinate
in maintaining BMC during estrogen deficiency-induced
accelerated bone loss [1,2].

Many studies supported the idea that fish oil (n-
3 PUFA) is quite effective in maintaining higher BMD in
OVX mice compared with corn oil (n-6 PUFA) and they
concluded that inhibition of osteoclast generation and
activation may be one of the mechanisms by which dietary
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n-3 fatty acids reduce bone loss. In addition supplements
of PUFA were reported to be incorporated in increased
amount into the intestinal membrane vesicles, which in
turn enhanced calcium transport, improved BMD and
prevented osteoporosis [2].

Our results were confirmed by histopathological
examination of the femurs of treated groups which  revealed
increase in  shaft width, number of osteocytes, area of
head trabeculea all of which indicate marked restorative
action,thus suggesting that the protective action of the
estradiol, PUFA and  flaxseed oil may be due to an
increase in bone formation with a reduction in bone
resorption.

In conclusion, ovariectomy affects the process of
matrix formation and mineralization in the bones.
Incorporating flaxseed oil into the diet or supplementation
with pharmaceutical omega-3 as a mean to improve the n-
3/n-6 ratio apparently improve bone health and prevent
osteoporosis in the ovariectomized animals.Further
investigations on both animals and humans are
recommended to confirm this effect.
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