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Abstract The objective of this study was to eluci-

date the effect of soybean oil (SbO) and sesame oil

(SO) supplemented diets on bone biomarkers changes

in OVX (ovariectomized) rats. The current data

exhibited significant decrease in BMD (bone mineral

density), accompanied with marked depletion in the

level of Ca, P and Mg in both serum and bone of OVX

rats. Also, serum estrogen, total protein, HDL-C (high

density lipoprotein cholesterol), bone NO levels were

decreased in OVX rats. However, a significant

increase in the level of serum TL (total lipids), TC

(total cholesterol), TG (triglycerides), LDL-C (low

density lipoprotein cholesterol), VLDL-C (very low

density lipoprotein cholesterol), urine minerals (Ca, P,

Mg), as well as serum, bone and urine ALP (alkaline

phosphatase) and ACP (acid phosphatase) activity

were recorded in OVX rats. Further changes were also

detected by the increased level of urine hydroxypro-

line, serum parathyroid hormone and osteocalcin, as

well as urea and creatinine level in both serum and

urine. On the other hand, when OVX rats were fed on

SbO (soy bean oil) (15 % w/w) or SO (sesame oil)

(10 % w/w) supplemented diets, the data recorded a

significant improvement in all the above mentioned

parameters. So, it can be concluded that consumption

of SbO or SO supplemented diets might be considered

as a functional food for retarding risks of osteoporosis

associated with estrogen deficiency in OVX states.
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Abbreviations

NC Normal control

SbO Soy bean oil

SO Sesame oil

OVX Ovariectomized

BMD Bone mineral density

TL Total lipids

TC Total cholesterol

TG Triglycerides

HDL-C High density lipoprotein cholesterol

LDL-C Low density lipoprotein cholesterol

VLDL-C Very low density lipoprotein cholesterol

ALP Alkaline phosphatase

ACP Acid phosphatase

NO Nitric oxide

Ca Calcium

P Phosphorus

Mg Magnesium

Introduction

Ovariectomy is one of the most common surgical

operations in women throughout the world (Li et al.

2010). Ovariectomy results in excess bone resorption
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over bone formation which in turn leads to osteopo-

rosis (He et al. 2010). Osteoporosis is a growing health

problem in the elderly populations, particularly in

postmenopausal women (Gennari et al. 2002). It is a

general metabolic bone disease, characterized by

osteopenia and degeneration of bone microstructure.

It results from a disturbance in the normal bone

remodeling, tilting the balance to bone resorption over

formation, leading to increased bone brittleness and

tendency for bone fracture (Li et al. 2010).

Deficiency of female hormones is considered as the

major factor of osteoporosis in postmenopausal and

OVX-women (An and Freidman 1998; Namkung-

Matthai et al. 2001). So, hormonal replacement

therapy (HRT) should theoretically be the best choice

for the prevention and treatment of postmenopausal

and OVX osteoporosis. Unfortunately, due to many

side effects of HRT, as well as cultural differences;

acceptance of HRT is extremely low in women (Lau

and Cooper 1996). While, non-hormonal therapy or

alternative treatments may be more acceptable in

women for the treatment and prevention of

osteoporosis.

Currently, dietary phytoestrogens are considered as

a valid alternative to estrogens in the treatment of

osteoporosis. Phytoestrogens are naturally occurring

compounds in many foods, defined as plant substances

that are structurally or functionally similar to E2. They

consist of a number of classes, mainly isoflavones,

lignans, and coumestans (Messina et al. 1994). Phy-

toestrogens including Soy bean and Sesame are plant-

derived compounds, being able to elicit estrogenic

activity and to maintain bone health (Chiechi and

Micheli 2005). They are divided into many classes, but

for human use the best known are isoflavones (Knight

and Eden 1996). Fresh SbO contains other micronu-

trients such phytoestrogens which are effective

antioxidants (Ima-Nirwana et al. 2007). The phytoes-

trogens are numerous and nearly ubiquitous in the plant

kingdom, having been found in almost all plants

(Ososki and Kennelly 2003). The estrogenic activity of

isoflavones is attributed to their structural similarity to

17b–estradiol and because they may modulate tran-

scription of estrogen-responsive genes through the

estrogen receptor (ER) (Lund et al. 2007).

Lignans, such as enterolactone and enterodiol, are

mostly found in oil seed such as sesame oil (SO) and

flaxeed oil, whole cereals, legumes, and berries and, to

a lesser extent, in some fruits and vegetables. Limited

quantitative data are available for the concentrations

of isoflavones and lignans in plant foods (Potter and

Steinmetz 1996).

Moreover, Soy bean oil is rich in PUFA and

tocopherols (Ima-Nirwana et al. 2007). Previous

studies have shown that alpha-tocopherol was effective

in protecting rats against osteoporosis due to ovariec-

tomy (Norazlina et al. 2000). Lignans are also among

the widely distributed phytoestrogens. They are nec-

essary compounds for the formation of lignin constit-

uent of the plant cell wall (Chiechi and Micheli 2005).

The main food source of lignans are flaxseed, whole

grain, vegetable, tea, strawberries, cranberries and oil

seeds such as sesame oil (Cornwell et al. 2004). Sesame

oil has been found to contain considerable amounts of

the sesame lignans (sesamin, episesamin, sesamolin),

vitamin E (40 mg/100 g oil), 43 % of PUFA, and 40

% monounsaturated fatty acids. The lignans present in

SO are thought to be responsible for many of its unique

chemical and physiological properties, including its

antioxidant and antihypertensive properties (Matsum-

ura et al. 1995; Yamashita et al. 1995).

For humans, lignans are described to elicit antiox-

idant, antitumor (Sok et al. 2009) and antihypertensive

properties and also to have protective effects against

postmenopausal osteoporosis (Chen et al. 2004).

In the light of these findings, the present study was

undertaken to evaluate weather intake of phyto-

esterogenic oils (SbO or SO) could play a positive

role in reducing development of osteoporosis and bone

loss associated with estrogen deficiency in OVX rats.

Materials and methods

Experimental animals

This study was performed on adult virgin female

Wistar rats, weighing 170 ± 5 g. Rats were obtained

from the Institute of Ophthalmic Disease Research,

Cairo, Egypt. They were housed in stainless steel

cages in automatically illuminated and thermally

controlled room (22–25 �C and 12 h light/dark cycle)

at the Animal House, Faculty of Science, Mansoura

University, Mansoura, Egypt. Rats were permitted

adequate standard diet (60 % ground corn meal, 15 %

ground beans, 10 % bran, 10 % corn oil, 3 % casein,

1 % mineral mixture and 1 % vitamins mixture)

purchased from Meladco Feed Company (Aubor City,
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Cairo, Egypt), and given water ad libitum for 1 week

of adaptation period prior to the experimental work.

Oil samples and experimental diets

Two natural vegetable oils [soy bean oil (SbO) and

sesame oils (SO)] were selected in this study. Both of

them were purchased from a local market in Mansoura,

Egypt. SbO and SO were added each alone to the standard

diet at a dose of 15 and 10 % (w/w), respectively, and

used as two experimental diets according to Shuid et al.

(2007) and Boulbaroud et al. (2008), respectively.

Experimental animals

Three-month-old Sprague Dawley (Rattus norvegicus)

adult virgin female rats (220–240 g) were maintained

on ad libitum water and standard laboratory diet

purchased from Meladco Feed Company (Aubor City,

Cairo, Egypt). Animals were housed in ventilated cages

in an artificially illuminated and thermally controlled

room (22–25 �C and 12-h light dark cycle) at the Animal

House Lab., Faculty of Science, Mansoura University,

Mansoura, Egypt. After an acclimation period of

2 weeks, adult virgin female rats were subjected to

bilateral ovariectomy, removing both the ovaries under

halothane anesthesia (Lien et al. 2009). All animals

received humane care in compliance with the guidelines

of the Animal Care and Use Committee of Mansoura

University, and the protocol conformed to the guidelines

of the National Institutes of Health. After 1 week of

recovery from the surgery, rats were divided into six

groups (6 rats/each) and received their respective

treatment for 2 months as follow: group 1: normal

control (NC) group fed on standard diet without any

supplementation; group 2, (SbO): normal rats fed on

standard diet supplemented with 15 % SbO; group 3,

(SO): normal rats fed on standard diet supplemented

with 10 % SO, group 4, ovariectomized (OVX): OVX

rats received standard diet without any supplementation,

group 5, (OVX ? SbO): OVX rats received standard

diet supplemented with 15 % SbO and group 6,

OVX ? SO: OVX rats received standard diet supple-

mented with 10 % SO.

Samples collection

At the end of experimental period (2 months), rats

were placed in separated metabolic cages for 24 h to

collect urine in tightly capped bottles, containing few

drops of HCl as preservative to avoid fermentation.

Then all animals were fasted for 12 h, sacrificed by

cervical dislocation and blood samples were collected.

Blood was collected into chilled non-heparinized

tubes, centrifuged at 860 Xg for 20 min at 4 �C and

the separated sera were frozen at -20 �C for future

biochemical analysis.

Left and right femurs were immediately removed;

washed using chilled saline solution. Left femur was

weighed, minced in ice-cold saline solution using a

Potter-Elvehjem type homogenizer. The homogenates

were centrifuged at 860 Xg for 20 min at 4 �C, and the

resultant supernatants were frozen at -20 �C for

further biochemical analysis. While the right femur

was weighed and used for bone mineral density

(BMD) according to Archimedes principle (Kalu

1991).

Biochemical analysis

Calcium, phosphorus and magnesium levels were

quantified using kits supplied by Bio-diagnostic Co.

(Cairo, Egypt). Serum estrogen was quantified using

Immulite analyzer Kit (Diagnostic Products Corp.,

Los Angeles, CA, USA). Parathyroid hormone, oste-

ocalcin and 4-hydroxyproline were quantified using

ELISA Diagnostic Kit (Cairo, Egypt). ALP and ACP

activity was quantified using ABC diagnostic kits

(Cairo, Egypt). While, nitric oxide (NO) level was

determined by Minneapolis kit (New York, NY,

USA). Total protein, urea and creatinine levels were

quantified, using Diamond Diagnostic kits (Cairo,

Egypt). Total lipids, total cholesterol, triglycerides and

HDL-C levels were quantified using kits supplied by

Spinreact S.A. (Sant Esteve de Bas, Spain). LDL-C

and VLDL-C were calculated according to the

following equations, respectively:

LDL-C � TC-HDL-C-TG = 5 (Ahmedi et al.

2008).

VLDL-C � TG = 5 (Satheesh and Pari 2008).

Statistical analysis

All data were statistically analyzed by one way

analysis of variance test and post comparison was

carried out with Waller-Duncan k-ratio (Waller and

Duncan 1969) using the Statistical Package for Social
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Sciences (SPSS, version 15.0). The results were

expressed as mean ± standard error (SE) and the

values of P B 0.05 were considered statistically

significant based on Least Significant Difference

(LSD) probability.

Results

As shown in Tables 1, 2 and 3, the recorded data did

not show any significant changes between the normal

control (NC) rats group and normal rats fed on SbO

Table 1 Serum tested parameters in normal control and the different treated rat groups

Parameters Animal groups

NC SbO SO OVX OVX ? SbO OVXSO

Ca (mg/dl) 8.84 ± 0.05a 8.97 ± 0.05a

1.47

8.84 ± 0.13a

0.00

7.06 ± 0.05b

-20.13

7.93 ± 0.02c

-10.29

7.91 ± 0.11c

-10.52

P (mg/dl) 3.77 ± 0.04a 3.79 ± 0.03a

0.53

3.82 ± 0.03a

1.32

3.10 ± 0.05b

-17.77

3.48 ± 0.03c

-7.69

3.47 ± 0.02c

-7.95

Mg (mg/dl) 2.36 ± 0.03a 2.36 ± 0.03a

0.00

2.37 ± 0.04a

0.42

1.92 ± 0.02b

-18.64

2.05 ± 0.02c

-13.13

2.05 ± 0.02c

-13.13

Estrogen

(pg/ml)

34.60 ± 0.92a 34.71 ± 0.84a

0.31

34.62 ± 0.56a

0.05

17.91 ± 0.57b

-48.23

25.83 ± 0.71c

-25.34

24.83 ± 0.71c

-28.23

PTH (pg/ml) 23.84 ± 0.11a 23.92 ± 0.14a

0.33

23.87 ± 0.16a

0.12

38.75 ± 0.35b

62.54

26.67 ± 0.34c

11.87

27.02 ± 0.31d

13.33

Osteocalcine (pg/ml) 4.52 ± 0.14a 4.50 ± 0.11a

-0.44

4.51 ± 0.09a

-0.22

6.90 ± 0.13b

52.65

5.37 ± 0.15c

18.80

5.57 ± 0.13c

23.23

ALP (K.A.U/dl) 7.08 ± 0.06a 6.83 ± 0.14a

-3.53

6.89 ± 0.04a

-2.68

9.17 ± 0.15b

29.52

8.13 ± 0.08c

14.83

8.25 ± 0.08c

16.52

ACP

(K.A.U/d)

4.21 ± 0.07a 4.21 ± 0.06a

0.00

4.20 ± 0.06a

-0.23

11.29 ± 0.06b

168.17

8.12 ± 0.07c

92.87

8.35 ± 0.09d

98.33

T. Lipid (g/dl) 395.94 ± 3.07a 395.52 ± 5.86a

-0.10

394.37 ± 2.73a

-0.39

784.54 ± 8.54b

98.14

584.37 ± 6.16c

47.59

584.25 ± 1.69c

47.56

T.Cholesterol (g/dl) 109.58 ± 0.63a 109.34 ± 1.01a

-0.21

109.58 ± 0.35a

0.00

306.86 ± 4.78b

180.03

220.21 ± 1.74c

100.95

226.77 ± 0.62d

106.94

Triglycrides (g/dl) 43.64 ± 1.08a 43.33 ± 0.49a

-0.71

43.55 ± 0.35a

-0.20

134.04 ± 1.15b

207.14

87.55 ± 1.12c

100.61

95.82 ± 1.51d

119.56

HDL-C (g/dl) 42.65 ± 0.89a 42.75 ± 0.91a

0.23

42.69 ± 0.90a

0.09

14.27 ± 1.52b

-66.54

32.92 ± 1.52c

-22.81

31.43 ± 1.32c

-26.30

LDL-C (g/dl) 58.20 ± 0.97a 57.94 ± 1.84a

-0.44

58.17 ± 0.96a

-0.05

265.78 ± 5.28b

356.66

169.78 ± 0.95c

191.7

176.18 ± 1.32c

202.71

V-LDL-C (g/dl) 8.72 ± 0.21a 8.64 ± 0.08a

-0.91

8.71 ± 0.07a

-0.11

26.80 ± 0.23b

207.33

17.50 ± 0.22c

100.68

19.15 ± 0.30d

119.61

Total Protein (g/dl) 8.72 ± 0.21a 8.76 ± 0.24a

0.45

8.74 ± 0.22a

0.22

5.40 ± 0.18b

-33.07

6.87 ± 0.03c

-21.21

6.72 ± 0.12c

-22.93

Urea (g/dl) 25.83 ± 0.70a 25.50 ± 0.95a

-1.27

25.50 ± 0.76a

-1.27

76.16 ± 1.57b

194.85

53.00 ± 1.15c

105.18

55.16 ± 1.13c

113.55

Cretinine (g/dl) 0.92 ± 0.02a 0.92 ± 0.01a

0.00

0.92 ± 0.02a

0.00

2.67 ± 0.07b

190.21

1.23 ± 0.01c

33.69

1.26 ± 0.01c

36.95

Data are mean ± SE of six determinations & % of change in comparison to NC group. Within each row, value superscripts with

different letters (a–c) are significantly different (P B 0.05)

NC Normal control, SbO Soybean oil, SO Sesame oil, OVX Ovariectomized
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or SO supplemented diets. However, obtained serum

data (Table 1) recorded a significant decrease in serum

minerals (Ca, P, Mg), estrogen and HDL-C, accom-

panied with a significant increase in serum lipid profile

(TL, TC, TG, LDL-C and VLDL-C), enzymes (ALP

and ACP), parathyroid hormone and osteocalcin, as

well as total protein, urea and creatinine in OVX rats if

compared to NC rats group. Moreover, bone results in

Table 2 showed a significant decrease in BMD, bone

minerals (Ca, P and Mg), NO, total protein, accom-

panied with a significant increase in bone ALP and

ACP activity of OVX rats group, comparing to NC

rats. Additionally, the current urinary data recorded a

significant increase in the level of urine minerals,

hydroxyproline, total protein, urea and creatinine, as

well as enzyme activities were recorded in OVX rats

compared to NC group. Meanwhile, feeding OVX rats

on SbO or SO supplemented diets for 2 months caused

a significant improvement in all the above mentioned

parameters when comparing to OVX rats group,

indicating its anti-osteoporetic effects.

Discussion

In the present study, OVX rats were found to have

marked bone loss characterized by reduced femoral

BMD and significant lowering of bone minerals (Ca, P

and Mg). The observed deficiency of estrogen in OVX

rats is more likely to explain the onset of reduced

mineral and bone formations associated with the

deficiency of estrogen associated with osteoporosis

(Namkung-Matthai et al. 2001; Deyhima et al. 2003).

The deficiency of estrogen associated with ovariec-

tomy selectively stimulates B-lymphopoiesis, result-

ing in an accumulation of pre-B cells in mouse bone

marrow (Adlercreutz et al. 1995), which stimulates

osteoclastic bone resorption (Ishimi et al. 1990). Also,

estrogen deficiency leads to a significant increase in

the number of bone-resorbing osteoclasts (Zhang et al.

2009), making bone more susceptible to osteoporosis

and it results also in an increase in life span of

osteoclasts and decrease in life span of osteoblasts,

with incomplete mineralization due to decreased time

Table 2 Bone tested parameters in normal control and the different treated rat groups

Animal groups

Parameters NC SbO SO OVX OVX ? SbO OVX ? SO

BMD (g/cm3) 3.05 ± 0.1a 3.07 ± 0.1a

0.65

3.16 ± 0.1a

3.60

2.05 ± 0.0b

-32.78

2.72 ± 0.11c

-10.82

2.55 ± 0.03c

-16.39

Ca (mg/mg) 153.33 ± 2.75a 154.00 ± 2.75a

0.43

153.83 ± 2.92a

0.32

91.08 ± 6.82b

-40.59

119.16 ± 3.18c

-22.28

113.83 ± 5.34d

-25.76

P (mg/mg) 77.24 ± 1.64a 78.39 ± 1.08a

1.48

77.98 ± 1.13a

0.95

50.90 ± 1.36b

-34.10

62.68 ± 1.06c

-18.85

63.69 ± 0.72c

-17.54

Mg (mg/mg) 62.25 ± 1.64a 63.46 ± 1.33a

1.94

63.98 ± 1.28a

2.77

35.90 ± 1.36b

-42.23

47.68 ± 1.06c

-23.40

48.69 ± 0.72c

-21.78

NO (l mol/g) 20.99 ± 0.37a 21.32 ± 0.22a

1.57

21.38 ± 0.63a

1.85

13.83 ± 0.30b

61.50

17.55 ± 0.52c

31.01

16.99 ± 0.50c

28.63

ALP (K.A.U/g) 2.75 ± 0.21a 2.83 ± 0.20a

2.90

2.80 ± 0.14a

1.81

4.84 ± 0.06b

76.00

3.12 ± 0.13c

13.45

3.14 ± 0.07c

14.18

ACP (K.A.U/g) 0.17 ± 0.004a 0.17 ± 0.006a

0.00

0.17 ± 0.006a

0.00

0.36 ± 0.006b

111.76

0.27 ± 0.007c

58.82

0.29 ± 0.006c

70.58

Total Protein (g/dl) 2.69 ± 0.83a 2.69 ± 0.44a

0.00

2.69 ± 0.75a

0.00

0.87 ± 0.58b

-67.65

1.25 ± 0.07c

-53.53

1.12 ± 0.9d

-58.36

Data are mean ± SE of six determinations & % of change in comparison to NC group. Within each row, value superscripts with

different letters (a–c) are significantly different (P B 0.05)

NC Normal control, SbO Soybean oil, SO Sesame oil, OVX Ovariectomized
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between remodeling episodes (Johnson-Lynn et al.

2008).

Further evidence of osteoporosis resulting from

ovariectomy was indicated by the present elevation of

parathyroid hormone (PTH) level. The elevated level

of PTH causes additional loss of BMD in estrogen

deficient animals beyond the rapid bone loss associ-

ated with ovariectomy. As decreased estrogen level in

females increased the sensitivity of bones to the action

of PTH, leading to bone resorption with lower BMD

(Krivosı́ková et al. 2010). Moreover, ovariectomy

causes hyperparathyroidism which may cause calcium

change associated with a compensatory rise in PTH

resulting in calcium release from the skeleton thus

causing bone loss (Guillemant et al. 1999).

Also, the rise of PTH may be related to NO

production, where the increase of PTH causes inhibi-

tion of NO production, which in turn leads to enhanced

bone resorption. NO, a signaling molecule synthesized

from L-arginine by nitric oxide synthases (NOS), is an

important factor in regulating bone metabolism (Van’t

Hof and Ralston 2007). The impact of NO on bone

metabolism is two-way directional, affecting not only

the function of osteoclasts, but also the differentiation

and proliferation of osteoblasts (Van’t Hof et al.

2004).

An occurred inhibition in NO production in OVX

rats causes bone loss following ovariectomy what may

be result from bone resorption (Mancini et al. 1998).

Other etiologic factors for osteoporosis include

kidney dysfunction, as recorded in the present study by

the increased serum level of urea and creatinine and

decreased protein, with increased urinary calcium

loss, indicating defective calcium absorption mecha-

nisms (Zung and Chalew 1997). The elevated blood

urea is correlated with an increased protein catabolism

in the mammalian body or more efficient conversion

of ammonia to urea as a result of increased synthesis of

enzymes involved in urea production (Rodwell 1979).

Furthermore, the raised bone (ALP and ACP) activity

occurring with ovariectomy could contribute to higher

bone turnover rate, being characterized by an increase

in both bone resorption and formation, but bone

resorption excesses formation, leading to bone loss

Table 3 Urine tested parameters in normal control and the different treated rat groups

Animal groups

Parameters NC SbO SO OVX OVX ? SbO OVX ? SO

Ca (mg/dl) 153.41 ± 0.78a 153.19 ± 0.82a

-0.14

153.24 ± 0.81a

-0.11

175.39 ± 0.93b

14.32

169.38 ± 0.39c

10.41

162.16 ± 0.01c

5.70

P (mg/dl) 2.12 ± 0.08a 2.09 ± 0.06a

-1.41

2.10 ± 0.05a

-0.94

2.57 ± 0.02b b

21.22

2.35 ± 0.01c

10.84

2.37 ± 0.01c

11.79

Mg (mg/dl) 2.12 ± 0.08a 2.13 ± 0.07a

0.47

2.13 ± 0.07a

0.47

2.57 ± 0.02b

21.22

2.35 ± 0.01c

10.84

2.37 ± 0.01c

11.79

ALP (K.A.U/dl) 4.98 ± 0.05a 4.92 ± 0.03a

-1.20

4.91 ± 0.03a

-1.40

7.50 ± 0.08b

50.60

6.75 ± 0.08c

35.54

6.81 ± 0.07c

36.74

ACP (K.A.U/dl) 2.30 ± 0.12a 2.38 ± 0.12a

3.47

2.41 ± 0.12a

4.78

3.83 ± 0.40b

66.52

2.47 ± 0.14c

7.39

2.45 ± 0.15c

6.52

Hydroxyproline (mg/dl) 9.07 ± 0.28a 8.94 ± 0.24a

-1.43

9.03 ± 0.23a

-0.44

14.29 ± 0.30b

57.55

10.76 ± 0.20c

18.63

10.64 ± 0.18c

17.30

T. Protein (g/dl) 0.04 ± 0.01a 0.04 ± 0.03a

0.00

0.04 ± 0.03a

0.00

2.73 ± 0.04b

62.50

2.22 ± 0.08c

32.73

2.23 ± 0.06c

32.14

Urea (g/dl) 35.11 ± 0.55a 34.94 ± 0.71a

-0.48

35.08 ± 0.45a

-0.08

57.34 ± 1.14b

63.31

47.05 ± 0.38c

34.00

48.98 ± 0.46c

39.50

Creatinine (g/dl) 8.55 ± 0.23a 8.28 ± 0.21a

-3.15

8.19 ± 0.18a

-4.21

12.37 ± 0.41b

44.67

10.52 ± 0.18c

23.04

10.74 ± 0.16c

25.61

Data are mean ± SE of six determinations & % of change in comparison to NC group. Within each row, value superscripts with

different letters (a–c) are significantly different (P B 0.05)

NC Normal control, SbO Soybean oil, SO Sesame oil, OVX Ovariectomized
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(El-Wakf et al. 2003). Thus, indicating an increase in

the osteoblastic and osteoclastic activity, respectively,

resulting in an overall net loss of bone with an increase

in excretion of urinary hydroxyproline, as an index of

bone turnover (Wu et al. 2008). In particular the

elevated osteocalcin, which is a marker for bone

formation activity by osteoblasts may indicate an

increase of the bone turnover level causing an

imbalance between bone formation and resorption

(He et al. 2010). Although serum osteocalcin is

thought to be a bone formation marker, osteocalcin

has been also a bone turnover marker, because the

polyclonal antibodies used in the radioimmunoassay

for detection of serum osteocalcin did not only

recognize intact osteocalcin but also N-fragment

osteocalcin, which is released into the blood during

bone resorption (Kasugai et al. 1998). The lack of

estrogen in OVX states increases bone resorption

followed by bone loss leading to osteoporosis status

(Lerner 2006). So, the increase in ALP and osteocalcin

in the OVX group, indicates that bone-remodeling

activity was increased (Keller et al. 2000).

Further investigations regarding lipid metabolic

disorders were also recorded in OVX rats. These

disorders are manifested by hyper-cholesterolemia,

hyperlipidemia and hypertriglycridemia. Also,

increased visceral fat accumulation, elevation of circu-

lating levels of total cholesterol and low density

lipoproteins (LDL-C), as well as decreased high density

lipoproteins cholesterol (HDL-C) were recorded after

surgical menopause ovariectomy in Golden Syrian

Hamster (Deshaies et al. 1997). The increase in energy

flux brought by OVX is accompanied by concomitant

adaptations of peripheral lipid metabolism that include

increased hepatic lipid production, elevated levels of

circulating lipoproteins, and the induction of pathways

involved in fat accumulation (Deshaies et al. 1997). A

recent study indicated lipid metabolic disorders with

hyperlipidemia and hypercholesterolemia as a distinct

risk for osteoporosis in OVX rats (Hassan and Abdel-

Wahhab 2012). A close relation between hyper-cho-

lesterolaemia and osteoporosis was reported, where,

high cholesterol diet increases the risk of osteoporosis,

through inhibiting the differentiation and proliferation

of osteoblasts (You et al. 2011).

On the other hand, the present study demonstrated

that modification of diet through administration of

selected phytoestrogens rich oils [soy bean oil (SbO) or

sesame oil (SO)] was found to attenuate all above

mentioned attributes of osteoporosis, indicating their

anti-osteoporotic effect. Phytoestrogens in the diet may

have a role in modulating hormone related diseases

based on their structural similarity to 17b-estradiol the

main female estrogen in human (Barnes, 2004).

Phytoestrogens may act on osteoblasts and osteoclasts

through similar mechanisms as estrogen (Reinwald and

Weaver 2006). Specially, soy bean isoflavones stim-

ulate differentiation and proliferation of osteoblasts,

but also stimulate the release of paracine factors that

affect the activity of osteoclasts. Receptor activation of

nuclear factor-jb ligand is an essential factor for

osteoclast formation and activation that enhances bone

resorption (Chilibeck and Cornish 2008).

The current positive effect of SbO on bone status

could be attributed to its anabolic properties that can

affect bone turnover rate and thus improve BMD, bone

mineral content and reduce urinary excretion of bone

resorption markers (Chen et al. 2008). This finding

may be related to the presence of specific isoflavones

(genistein, daidzein and glycitein) which have estro-

gen-like activity and thus have the ability to influence

mineral absorption, and to prevent or treat bone

metabolic disorders, particularly bone loss. Prevention

of bone loss occurs mainly through inhibiting osteo-

clast activity and survival, as indicated in femoral–

diaphysial tissues of elderly female rats, thus ulti-

mately prevents loss of trabecular bone after ovariec-

tomy (Brouns 2002). This effect may be attributed to

the fact that isoflavone components stimulate the

ability to bind both the traditional estrogen receptor

alpha (ERa) and the more recently described estrogen

receptor beta (ERb), with higher affinity for ERb
(Kuiper et al. 1998), which in all, are present in

adipose tissue (Anwar et al. 2001). Genistein binding

to the estrogen receptors increases the expression of

estrogen responsive genes inhibit the increase of

osteoclast-like multinucleated cells stimulated by

PTH in OVX states (Binbin and Shifeng 2003). Other

mechanisms, including lowering of oxidative stress,

stimulating estrogen receptor, modulating a number of

inflammatory markers, and preventing the prolifera-

tion of osteoclast cells have been also proposed

(Hassan and Abdel-Wahhab, 2012). In parallel, it

was also indicated that sesame oil (SO) can exert

multiple functions related to bone health, probably

through their estrogenic active components, lignans

(Wu 2007). Seasame lignans or their metabolites may

induce beneficial effects on bone by binding to bone
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estrogen receptors which promote bone strength

perhaps through production of bone matrix proteins.

(Sacco et al. 2007). Moreover, the current modulating

effects of SbO or SO supplemented diet on hormonal

changes in OVX rats may be attributed to other

mechanisms. Phyto-estrogens are potent scavengers of

ROS, which might prevent formation of the powerful

oxidant peroxynitrite (OONO–), leading to an increase

in NO level (Briante et al. 2001). In support, the

present data showed increased NO level in OVX rats

fed SbO or SO supplemented diets. This observation

may be attributed to the fact that phytoestrogens in the

diet may have a role in modulating hormone related

disease based on their ability to elicit estrogenic

activity (Sakai and Kogiso 2008). Estrogen increases

the production of NO by enhancing endothelial NO

synthase activity (Sasaki et al. 2002). Estradiol

treatment induces vasodilation by inhibiting the pro-

duction of endothelin-1, or by enhancing synthesis of

NO, and by a direct Ca2? antagonistic effect on

vascular smooth muscles (Veille et al. 1996), which

may attenuate bone arterial blood flow and thereby

bone health. NO may modulate the anabolic effects of

estrogen on bone homeostasis by restraining osteo-

clast-mediated bone resorption and stimulating osteo-

blast activity. Accordingly, NO donated by organic

nitrates, including nitroglycerin, is thought to protect

from bone loss associated with estrogen deficiency

(Wimalawansa, 2008). Other beneficial effects of SbO

and SO have been reported by Yamaguchi and

Sugimoto (2000), indicating that phytoestrogen rich

diets are able to stimulate osteoblasts to produce

protein synthesis. The administration of SbO, reduces

the role of kidney in the excretion of nitrogen causing

decreased blood urea concentration. These changes

may help to delay the progression of renal failure and

prevent the consequences of uremia (Younes et al.

1998). However, isoflavones-drived genistein can

maintain the normal kidney function through the

attenuation of many detrimental OVX-induced effects

(Choi and Song 2009).

The positive role of both SbO and SO supplemented

diets were also achieved by the observed improvement

of bone metabolic markers (ALP, ACP and hydroxy-

proline). This observation may be related to reduced

bone resorption biomarkers (ACP) and increased bone

formation biomarkers (ALP), with increased BMD,

(Chiechi et al. 2002; Boulbaroud et al. 2008). More-

over, soybean containing phytoestrogens - derived

coumestrol was almost as potent as genistein and

daidzein, in suppressing urinary excretion of hydroxy-

proline (Ya et al. 2003). Several clinical trials in

postmenopausal women showed that a supplement of

phytoestrogens, improves spine BMD and reduces

urinary excretion of hydroxylproline content and

increases bone formation (Setchell 2001; Ya et al.

2003). In addition, osteocalcin was found to be

lowered after SbO or SO administration to rats. This

suggests that they were able to suppress the increased

bone turnover due to estrogen deficiency (Wu 2007).

Further protection was also demonstrated by

improving lipid metabolism which occurs frequently

in OVX rats following SbO administration. There are,

theoretically, three mechanisms to control the expan-

sion of the cholesterol pool; (1) decreased absorption

of dietary cholesterol; (2) decreased synthesis of

cholesterol; and (3) increased excretion of either or

both cholesterol and its metabolites, the bile acids

(Chiang 2003). The major mechanisms involved in

lowering of LDL-C include interruption of enterohe-

patic circulation of bile acids and alterations in hepatic

cholesterol and lipoprotein metabolism (Fernandez

1995). The biochemical effect of both SbO and SO on

lipid metabolism indicates their protective roles

against deleterious effects on lipid metabolism in

experimental bilateral OVX rats. This observation

may be related to soy isoflavones (genistein, daidzein,

glycitein) that have a distinct effect on abdominal

body fat distribution (Cynthia et al. 2008). Another

proposed mechanism for soy hypo-cholesterolemic

effect is through binding bile acids and preventing

their reabsorption in the gastrointestinal tract (Torres

et al. 2006). Because bile acids are synthesized from

cholesterol, enhancing their excretion would enhance

hepatic bile acid synthesis, triggering an up-regulation

of LDL-C receptors, thus reducing the circulating

concentrations of cholesterol carried by LDL-C and

other atherogenic particles (Cho et al. 2008). SO-

phytoestrogens may prevent bone loss through reduc-

ing the lipid profile, thereby increasing osteoblastic

activity (Arjmandi et al. 1998). Additionally, the

positive effects of the other selected phytoestrogen

rich oil (SO) on the bone health were recorded as

achieved by the decreased lipid profile. This may be

attributed to a group of lignans in the non-fat portion of

the SO which contains sesamin, sesamolinol, sesamol

and other lignans (Boulbaroud et al. 2008). The hypo-

chlesterolemic action of SO may also be due to the
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high polyunsaturated fat content in the oil (Sowmya

et al. 2009). Another mechanism of sesamin for the

hypo-cholesterolemic effect is believed to be related to

the inhibition of intestinal absorption of cholesterol,

increased excretion of cholesterol into bile, and

decreased activity of 3-hydroxy-3-methylglutaryl

coenzyme-A reductase (Chen et al. 2005), which in

all seemed of importance for maintaining bone health

(Fernandez et al. 2002).

Conclusion

The present study indicated that estrogen deficiency in

rats subjected to bilateral ovariectomy caused bone

metabolic alterations. The study also showed the ability

of both SbO and SO supplemented diets to have nearly

the same positive and ameliorating effects on the above

mentioned bone alterations. So they could be considered

as useful natural anti-osteoporetic agents in experimen-

tally bilateral OVX-rats. Therefore it can be said that

phytoestrogens, especially as food supplements, help to

prevent osteoporosis in women around the world who

are involuntarily subjected to ovariectomy.
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Dietary fiber stimulates the extra-renal route of nitrogen

excretion in partially nephrectomized rats. J Nutr Biochem

9:613–620

Zhang Y, Dong X, Leung P, Wong M (2009) Differential

mRNA expression profiles in proximal tibia of aged rats in

response to ovariectomy and low-Ca diet. J Bone 44:46–52

Zung A, Chalew SA (1997) Effect of age on the response to

parathyroid hormone. Metabol 46:1246–1251

Cytotechnology (2013) 65:609–619 619

123


	Role of phytoestrogenic oils in alleviating osteoporosis associated with ovariectomy in rats
	Abstract
	Introduction
	Materials and methods
	Experimental animals
	Oil samples and experimental diets
	Experimental animals
	Samples collection
	Biochemical analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


