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Olive oil in the prevention and treatment 
of osteoporosis after artificial menopause

Purpose: The goal of this study was to investigate the anti-osteoporosis effect of extra virgin 

olive oil (EVOO) in vivo, and explore its antioxidant, anti-inflammatory properties in Sprague 

Dawley rats and its anticancer properties in patients.

Materials and methods: A total of 120 healthy female Sprague Dawley rats aged 6 months 

were divided into four groups: 1) sham-operated control (Sham group, n=30); 2) ovariectomized 

(OVX group, n=30); 3) ovariectomized rats supplemented with EVOO (OVX + Olive, n=30); 4) 

ovariectomized rats supplemented with estrogen (OVX + E
2
, n=30). EVOO and estrogen were 

administered by oral gavage at a dose of 1 mL/100 g weight on a daily basis for 12 consecutive 

weeks. Twelve weeks later blood samples were obtained to detect the levels of calcium, alkaline 

phosphatase, phosphorus, interleukin-6 (IL-6), malonyldialdehyde (MDA), and nitrate content. 

Dual energy X-ray absorptiometer measured bone mineral density (BMD) of ovariectomized 

Sprague Dawley rats that had been fed olive oil for 3 months. Blood samples from patients, who 

regularly consumed olive oil over a 1 year period were also used to measure carbohydrate antigen 

125, carcino-embryonic antigen, α-fetoprotein, and carbohydrate antigen 19-9 levels. BMD of 

lumbar spine and left femur was also evaluated by dual energy X-ray absorptiometry.

Results: Animal experiments showed that EVOO significantly increased BMD and decreased 

phosphatase, alkaline phosphatase, IL-6, MDA, and nitrate levels. However, it had no significant 

effect on the Ca2+ level. In clinical follow-up, EVOO also improved patient BMD levels on L3, L4, 

and left femoral neck, and reduced carbohydrate antigen 125, α-fetoprotein, and carcino-embryonic 

antigen levels. But it had no significant effect on the carbohydrate antigen 19-9 level.

Conclusion: EVOO illustrated significant anti-osteoporosis, antioxidant, anti-inflammatory, 

and anticancer properties in vivo. However, further studies are required to determine the active 

component(s) responsible for these effects.
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Introduction
Ovarian cancer, cervical cancer, and endometrial cancer are the three most common 

cancers of the female genital tract. The prevalence of these cancers is increasing and the 

age at onset has become younger in recent years – especially regarding ovarian cancer, 

with a mortality rate that ranks first out of all the abovementioned cancers.1 Surgery is 

the most important treatment for these cancers. However, an ovariectomy of both sides 

will lead to a sharp decline of estrogen, and the reduction of sex hormones at the time 

of menopause is known to increase the risk of osteoporosis.2,3 Meanwhile, the adjuvant 

chemotherapy after surgery may also induce bone loss which could cause a fracture and 

seriously affect the patient’s quality of life.4 Currently, hormone replacement therapy 

(HRT) is widely used for osteoporosis after menopause.5 Although HRT may lower 

the rate of osteoporosis and fracture, large scale clinical research has shown that HRT 

was a factor in the growth of ovarian cancer6 and increased the incidence of breast 
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cancer, cardiovascular disease, and stroke. Therefore, it is 

imperative to seek a safer and more effective therapy.

Olive oil plays a well-established, beneficial role in pro-

moting good health.7 The International Olive Oil Council has 

defined the classification of virgin olive oil as follows: extra 

virgin olive oil (EVOO), virgin olive oil, and ordinary virgin 

olive oil. Oil retains the compounds that the fruit develops 

in response to environmental stress, especially phenolic 

compounds.8 Moreover, virgin olive oil is an integral ingredi-

ent of a Mediterranean diet, and its nutritional, medical, and 

cosmetic benefits are widely known and approved.9 Literature 

reviews show that in Europe, osteoporosis rarely happened 

in the Mediterranean region,10,11 as the traditional Mediter-

ranean diet always has a high intake of olive oil.12 Indeed, 

virgin olive oil has been used as a folk remedy for com-

bating diseases due to its hypotensive, cardioprotective,  

antimicrobial, anti-hyperglycemic, anticancer, and anti-

inflammatory pharmacological properties.13–16 Nowadays, epi-

demiological studies draw an important conclusion that virgin 

olive oil could release chronic diseases such as cardiovascular 

disease,17 atherosclerosis,18 and some types of cancers – espe-

cially colorectal and breast cancer.19 Olive oil, and its major 

component oleuropein, not only aids in the reduction of bone 

loss to help prevent osteoporosis,20 but its antioxidant, anti-

inflammatory function also acts to provide anti-endometrial21 

and anti-breast cancer benefits,22 while protecting the cardio-

vascular system23 and benefiting hypoglycemic patients.

EVOO is obtained from the fruit of the olive tree solely 

by mechanical or physical means (the cold-pressed tech-

nique), which does not change the physical and chemical 

properties of the oil. Taking into account that EVOO con-

tains many more phenolic compounds than the other oils 

(virgin olive oil [VOO], origin virgin olive oil [OVOO], 

olive oil [OO]),24 in this study we decided to investigate its 

anti-inflammatory, antioxidant, anticancer, and anti-osteo-

porosis effects by feeding olive oil to artificially induced 

menopausal Sprague Dawley rats. Additionally, ten patients 

were selected to evaluate olive oil’s anti-osteoporosis and 

anti-cancer functions. EVOO illustrated significant anti-

osteoporosis, antioxidant, anti-inflammatory, and anticancer 

properties and may have broader clinical applications in 

the future.

Materials and methods
ethics statement
All experimental procedures and protocols were approved 

by the Biomedical Ethics Committee of Xiamen Univer-

sity. All operations were performed under 5.2% ketamine 

 intraperitoneal injection anesthesia, and all efforts were made 

to minimize pain and discomfort.

Chemicals
EVOO (Earth Extra Virgin Olive Oil, PDO [Protected Desig-

nation of Origin], Greece) was purchased from a supermarket; 

diethylstilbestrol 0.5 mg tablets (Chinese medical standard 

number H34021250), 5.2% ketamine (0.5 mL/100 g) (Chi-

nese medical standard number 050405); alkaline phosphatase 

(ALP) kit (Sigma-Aldrich Co., St Louis, MO, USA); serum 

interleukin (IL)-6 assay kit (Sigma-Aldrich Co.).

Animal experiments modeling approach 
and treatments
All the animals were fed individually in Fuzhou General 

Hospital of Nanjing military region, under dry, venti-

lated, quiet, and fixed illumination conditions. The room 

temperature was ∼18°C–25°C, 50%–60% humidity, and 

the animals were allowed to eat and drink freely. After a 

week’s adaptive growth, these rats were anesthetized using 

5.2% amiodarone, then the skin in the center of the lower 

abdomen was cut vertically, opening the peritoneum to 

find the “Y”-shaped uterus. After identifying ovaries in the 

abdominal cavity, both ovaries were excised and sutured. 

Sham surgery ligation and excision of a piece of adipose 

tissue of the same size was done near the ovary and was 

medicated separately.

experimental animal grouping 
and treatment
After an adaptation period of 7 days with a semi-purified 

standard diet25 thirty 6 month old female Sprague Dawley 

rats were divided into four groups: 1) Sham (sham-operated 

controls receiving the control diet); 2) OVX (ovariectomized 

controls also given the control diet); 3) OVX + Olive (ova-

riectomized rats given the control diet supplemented with 

1 mL/100 g/day EVOO); 4) OVX + E
2
 (ovariectomized rats 

given the con trol diet mixed with 25 μg/kg diethylstilbestrol 

dissolved in phosphate-buffered saline). All rats were fed on 

a daily basis by way of gavage medication for 12 consecu-

tive weeks.

Measurement
Index of serum metabolic profiles
Blood from the left ventricle was centrifuged at 2,500 rpm 

at 4°C for 10 minutes. The supernatant serum was aspirated 

into Eppendorf tubes and refrigerated at -20°C. When tested 

by automatic biochemical analyzer, the frozen serum was 
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restored to room temperature. Plasma calcium (Ca2+), phos-

phorus (P), and ALP expression levels were measured by 

routine methods. The plasma malonyldialdehyde (MDA) 

levels were determined according to the method of Draper and 

Hadley,26 based on the reaction of MDA with thiobarbituric 

acid. A double antibody sandwich method was used to detect 

serum IL levels, and measurements were conducted according 

to the steps of the kit.

Bone density
A dual energy X-ray bone density measuring instrument 

(Hologic, Bedford, MA, USA) (S/N806409); measured bone 

mineral density (BMD) of small animal’s lumbar spine (L1, 

L2, L3, L4), and the left femur BMD;27 high resolution scan 

(,0. 11%) was used to measure rats’ lumbar density adjusted 

resolution and the BMD of the left femur.

Clinical data
Ten patients aged 30–50 years who had undergone a hyster-

ectomy and had  bilateral ovarian and bilateral fallopian tube 

excised in obstetrics and gynecology were recruited and took 

olive oil beginning 1 month after surgery in Fuzhou General 

Hospital of Nanjing Military Region from January 2012 to 

January 2013. All of them were informed participants. None 

of them were menopausal before surgery. Pathology showed 

one ovarian cancer, five endometrial cancers, and four cervi-

cal cancers. Another ten patients with no menopause before 

surgery aged 30–50 years who also had undergone a hys-

terectomy and had bilateral ovarian and bilateral fallopian 

tube excised were chosen as a control group receiving no 

medication. Pathology after surgery showed two ovarian 

cancers, four endometrial cancers, and four cervical cancers. 

The experimental group took 50 mL of olive oil daily in the 

morning with no other medicine or treatment programs, but 

the control group took nothing in addition to their regular diet. 

Both the experimental and control groups had the same diet. 

A follow-up telephone call was made each week instructing 

the experimental group to take 50 mL of olive oil once every 

morning. All participants were asked about disease history and 

each participant received a thorough physical examination. 

Patients with diseases such as hyperthyroidism, rheumatoid 

arthritis, and diabetes were excluded from the study, as these 

diseases would affect bone metabolism. Moreover, patients in 

this research could not be bedridden, use any bone metabolism 

medicine, have any serious liver and kidney diseases, nor have 

a history of alcoholism or cigarette smoking.

t-score
The World Health Organization (WHO) provided criteria 

for diagnosing osteoporosis by dual energy X-ray scan. The 

BMD measurement of the patient (preferably the femoral 

neck, total hip, and lumbar spine) was compared with the 

mean BMD of a young, healthy cohort of females to pro-

duce a t-score. The t-score categories are normal (t-score: $ 

-1.0), low bone mass (formerly called osteopenia, t-score:  

-2.5∼ , -1), and osteoporosis (t-score: # -2.5). Only the 

t-score was used for the purpose of diagnosing osteoporosis 

in postmenopausal women.28

statistical analysis
All data are expressed as the mean ± standard deviation (SD). 

The statistical significance of differences between controls 

and test values was assessed with variance analysis or LSD. 

t-test was used for comparison. Differences were considered 

significant if P,0.05.

Results
serum metabolites indexes and bone 
density changes of animal subjects
Ca2+ and P
Through comparison of calcium among four different arrays, 

F=0.952, P0.05, the differences had no statistical signifi-

cance. That meant that Ca2+ levels did not obviously change 

in the four groups (Table 1). On the contrary, the P level 

markedly decreased in the OVX + Olive group, OVX group, 

and OVX + E
2
 group when compared to the Sham group, but 

there was no statistical significance in the OVX + Olive oil 

group, OVX group, and OVX + E
2
 group (Table 1).

Table 1 Concentration of serum Ca2+/P/AlP/Il-6 in different groups at 12 weeks post-operation

Group n Ca2+ (mmol/L) P (mmol/L) ALP (U/L) IL-6 (ng/mL)

1 sham group 30 2.82±0.02 6.85±0.18 184.1±10.4 70.303±5.654
2 OVX group 30 2.76±0.03 4.84±0.12* 230.9±2.6* 128.812±7.216*
3 OVX + Olive group 30 2.77±0.02 4.87±0.13* 202.9±2.6 86.414±7.137
4 OVX + e2 group 30 2.76±0.03 4.91±0.13* 211.8±4.9 90.362±5.293

Notes: Data represent the means ± standard deviation (sD). *Means P,0.05, revealed the differences among those groups that were statistically significant compared with 
the sham group.
Abbreviations: AlP, alkaline phosphatase; OVX, ovariectomized group; Il, interleukin; e2, estrogen; P, phosphorus.
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AlP and Il-6
Both ALP and IL-6 levels were higher in group OVX than 

in the other three groups. OVX + Olive group and OVX + E
2
  

group showed no statistical differences between the two 

indexes, which suggested that olive oil and estrogen probably 

had the same effect on osteogenesis (Table 1).

MDA and nitrate
MDA and nitrate levels increased significantly in the OVX 

group, but in the OVX + Olive group MDA increased 

slightly, and nitrate notably decreased as reported by 

González-Correa et al29 that olive oil containing pheno-

lic compounds might decrease inducible NO synthetase 

activity.25 These results indicated that olive oil probably 

played an important role in anti-oxidation to prevent bone 

loss (Table 2).

Bone density changes after 3 months’ treatment
The average bone density of lumbar spine and left femur 

in Sham group were both higher than in the other three 

groups (P,0.05) (Figure 1). Comparing OVX + Olive group 

with OVX + E
2
 group, P0.05 (Figure 1), no significant 

 differences were found. However, bone density of lumbar 

spine and left femur of OVX + Olive group and OVX + E
2
  

group declined more slowly than OVX group (P,0.05) 

(Figure 1). This implied that olive oil had a positive effect 

on preventing bone loss.

The tumor markers and BMD changes of 
volunteers who did, or did not take olive 
oil regularly after surgery
During the 1 month after their uterine and bilateral ovarian 

and bilateral fallopian tube were excised, those patients were 

Table 2 Concentration of serum MDA and nitrate in different groups at 12 weeks post-operation

Sham group
(n=30)

OVX group
(n=30)

OVX + Olive
group (n=30)

OVX + E2

group (n=30)
P-value

MDA (μmol/l) 1.23±0.38 2.58±0.06 1.76±0.04 1.56±0.09 0.021*

nitrate (μmol/l) 15.65±0.45 21.23±0.36 9.16±0.38 12.45±0.41 0.017*

Notes: Data represent the means ± standard deviation (sD). *Means P,0.05, revealed the differences among those groups that were statistically significant.
Abbreviations: OVX, ovariectomized group; MDA, malonyldialdehyde; e2, estrogen.
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Abbreviations: OVX, ovariectomized group; BMD, bone mineral density; e2, estrogen.
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involved in follow-up monitoring and were divided into the 

experimental group (ten cases) and the control group (ten 

cases). Before taking olive oil, the patients of the two groups 

were nearly the same age, weight, and height; and some 

serum indexes such as carbohydrate antigen 125 (CA125), 

carcino-embryonic antigen (CEA), α-fetoprotein (AFP), 

carbohydrate antigen 19-9 (CA19-9), lumbar spine (L3, L4) 

BMD, left femur BMD (Table 3), and their t-score catego-

ries were normal (Table 4). After taking olive oil for 1 year, 

CA125, CEA, and AFP levels in the experimental group 

decreased considerably (P,0.05). But CA19-9 had no obvi-

ous changes with comparison to control (P0.05) (Figure 2). 

Interestingly, after 1 year in the experimental group, CA125, 

AFP, and CEA were markedly decreased compared to the 

control group (P,0.05). However, CA19-9 showed no differ-

ence (Figure 2). And according to Figure 3, the BMD of L3, 

L4, and the left femur was maintained at the previous level. 

Meanwhile, t-score categories were normal in the experi-

mental group that took olive oil for 1 year. But in the control 

group with no olive oil taken, BMD obviously decreased and 

t-score categories showed low bone mass compared with 

the experimental group (P,0.05) (Figure 3 and Table 4). 

This confirmed that olive oil would be a good substitute for 

estrogen as a bone loss treatment.

Discussion
In this study, results of animal tests showed that olive oil 

could obviously prevent BMD decline of ovariectomized 

Sprague Dawley rats. In addition, it could decrease IL-6, 

MDA, nitrate, ALP, and P serum levels and would not 

influence Ca2+ level. Following up with the clinical patients, 

olive oil also prevented BMD decline of patients’ lumbar 

spines and left femurs and decreased CA125, AFP, and CEA 

levels, but had no effect on CA19-9.

Ca2+ and P are important components of the skeleton, as 

they participate in skeletal development. Enough Ca2+ and 

P can help prevent bone loss and lower the risk of fracture. 

Many researchers have demonstrated that Ca2+ and P are 

important for preventing osteoporosis and promoting the 

function of bone density. A recent research study indicated 

that after taking olive oil, the P solubility in the serum of 

ovariectomized rats was considerably lowered, which could 

be the basis for proving the function of olive oil in the cure of 

osteoporosis.30 Our experimental results confirmed this view. 

But the data from our research showed that after the ovary 

was excised, the blood Ca2+ of Sprague Dawley rats did not 

change noticeably, as did the ovariectomized rats’. These 

results are inconsistent with Saleh and Saleh’s30 research, 

considering it is related to the blood Ca2+ fluctuation during 

the time of osteoporosis. Twelve weeks after the rats’ cas-

tration, the osteoclasts and the osteogenesis were in a new 

dynamic equilibrium (plateau). This is similar to the results 

of calcium dynamic research:30 absolute bone resorption rate 

did not increase, though it exceeded the bone formation rate 

of 50∼100 mg per day, and bone mass changed a little. Bone 

metabolism balance depends on the anabolism of osteoblasts 

Table 3 Patients’ physical conditions data and indexes before taking olive oil (mean ± sD)

Experimental group
(mean ± SD) (n=10)

Control group
(mean ± SD) (n=10)

P-value

Age (years) 46.70±9.097 48.65±8.928 0.921
Weight (kg) 55.72±7.291 56.53±6.003 0.608
height (cm) 158.1±5.379 160.70±8.511 0.329
CA125 (U/ml)
AFP (ng/ml)
CeA (ng/ml)
CA19-9 (μ/ml)

70.6±13.00
7.51±1.996
6.47±0.923
24.7±8.396

72.25±13.872
7.43±1.880
6.35±0.897
24.0±7.747

0.763
0.821
0.563
0.644

BMD (g/cm2) l3
l4
left femur

0.9906±0.0154
0.9784±0.0123
0.7726±0.010

0.9916±0.0164
0.9789±0.014
0.7731±0.012

0.890
0.933
0.937

Notes: Data represent the means ± standard deviation (SD). No significant differences were found.
Abbreviations: CA125, carbohydrate antigen 125; AFP, α-fetoprotein; CeA, carcino-embryonic antigen; CA19-9, carbohydrate antigen 19-9; BMD, bone mineral density.

Table 4 Patients’ t-score in control group and experimental 
group (mean ± sD)

Score Experimental group
(mean ± SD) (n=10)

Control group
(mean ± SD) (n=10)

P-value

t-score -0.518±0.059 -0.510±0.058 0.594
t-score’ -0.548±0.029 -0.107±0.097 0.0013*

Notes: t-score means a scoring standard representative of patients who did not 
take olive oil before experiment. t-score’ means a scoring standard representative 
of patients who did and did not take olive oil for 1 year. *represents after 1 year, in 
control group, patients’ t-scores considerably decreased compared with experimental 
group.
Abbreviation: sD, standard deviation.
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and the catabolism of osteoclasts. Mineralization of osteo-

blasts plays an important role in osteoporosis. ALP is known 

as a marker of osteoblastic differentiation.31 Activated ALP 

promotes mineralization of matrix proteins by hydrolysis of 

pyrophosphate and inorganic P.32 This research compared 

the OVX + Olive group with the OVX group, and the sta-

tistical difference demonstrated that olive oil could lower 

the serum ALP solubility of castrated Sprague Dawley rats. 

In speculation, olive oil inhibits bone loss by lowering the 

ALP content which impairs mineralized matrix protein 

formation by osteogenesis cells. This mechanism needs 

further research.

Antioxidant systems exist in humans. They can remove 

reactive oxygen species. When the reactive oxygen species 

level increases and the activation of antioxidant systems 

decreases, the organism is in oxidation stress condition. 

Oxidation stress can lead to protein denaturation and lipid 

peroxidation. MDA is lipid peroxide caused by radicals attack-

ing biomembrane polyunsaturated fatty acids. Therefore, the 

test of MDA can reflect the lipid peroxidation degree of the 

organism, which indirectly reflects the degree of cell damage. 

Oxidation stress and osteoblast apoptosis always accompa-

nies osteoporosis. The probable reasons are the activation 

of osteoclast cells and the bone matrix degradation.33 In our 

study, the serum MDA level increased in the OVX group 

and obviously decreased in the OVX + Olive group, which 

implied that olive oil might lower the oxidation degree of 

lipids for the prevention of osteoporosis. Olive oil is rich 

in antioxidative fatty acids, which can decrease oxidative 

stress.34 Besides, after taking olive oil, the nitrate activity 
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Figure 3 Comparison of BMD levels of followed-up patients.
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and solubility in the plasma of castrated rats decreased sig-

nificantly. This experiment showed that when comparing 

the OVX + Olive group with the OVX group, solubility of 

nitrate was greatly reduced in the OVX + Olive group. The 

result of our study is consistent with the report, but the reason 

is not clear. Further research needs to be conducted. Olive 

oil includes phenolic compounds which decrease inducible 

NO synthetase activity.25 Hydroxytyrosol was able to inhibit 

COX-2 and iNOS gene expression.27 Hydroxytyrosol can 

decrease the source of synthesis of nitrate.

In our research, IL-6 of OVX group is obviously higher 

than the other three groups. IL-6 mainly comes from lym-

phocytes. IL-6 overexpressed transgenic rats showed bone 

loss, microstructures of cortical and cancellous bones, a 

decrease of osteoblasts and vitality, and an increase of 

bone resorption. Recently, scholars think that the reason 

IL-6 initiates bone resorption is its induction of osteoclasts 

and interaction with RANKL-RANK-OPG axis.35,36 On one 

hand, IL-6 can increase RANKL expression of osteoblasts; 

on the other hand, IL-6 may exert its function on osteoclasts 

by tumor necrosis factor α and IL-1. Studies have shown that 

the antibody of IL-6 can partly prevent the tumor necrosis 

factor α and IL-1 from inducing osteoclasts.31 Our previous 

study showed that the olive oil decreased serum IL-6 of ani-

mal models.32 Although studies have shown that oleuropein 

in olive oil lowers the RANKL expression of osteoblasts 

to inhibit osteoclast differentiation and maturation by 

reducing IL-1 inflammatory cytokine secretion, no articles 

have clarified the mechanism of decreasing IL-6 to prevent 

osteoporosis.37
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The main features of osteoporosis are progressive bone 

loss and degenerative bone microstructure.38 Bone metabolic 

balance depends on the anabolism of osteoblasts and the 

catabolism of osteoclast cells. The female’s bone loss after 

menopause is related to estrogen deficiency. Main pathogen-

esis is that the estrogen deficiency causes osteoclast prolif-

eration and differentiation. As the osteoclast cells’ apoptosis 

decreases, the speed of bone resorption becomes faster than 

bone formation, which leads to osteoporosis. Whether the 

animal tests or followed-up patients are considered, results 

of both demonstrate that BMD decreased more slowly in the 

experimental group. So we speculated that olive oil prevents 

osteoporosis by inhibiting osteoclast growth, differentiation, 

and maturation.

The average AFP, CEA, and CA125 levels of the ten 

patients in the experimental group are lower than those of 

the control group and average BMD levels decreased more 

slowly than the control group, which indicated that EVOO 

has anti-osteoporosis and antitumor properties. A number of 

research projects have proved that these antitumor properties 

would prevent DNA damage,19 which plays an important role 

in osteoporosis. EVOO is rich in oleuropein which can inhibit 

the growth, movement, and attack of T-47D breast cancer 

cells, LN-18 nurogliocytoma cells, and melanoma cells. The 

aglycone, one of the decomposition products of oleuropein, can 

suppress breast cancer by inhibition of HER2 oncogene.21 Some 

studies have conjectured that the main reason tumor cells could 

stimulate osteoclast proliferation16 was because they expressed 

RANKL or RANK, or increased other immune cells’ RANKL 

expression, or decreased OPG expression to activate the 

RANKL–RANK signaling pathway,17 which had been proven 

in prostate cancer.18 Therefore we conjecture that oleuropein 

could inhibit tumor formation by decreasing HER2 oncogene 

expression and activation, which is an effective way to cure 

osteoporosis.

In conclusion, olive oil can not only improve several 

serum bone indicators in castrated rats, but also prevent bone 

loss. Olive oil prevents bone loss in tumor patients and has 

excellent prospects for curing osteoporosis after menopause. 

A significantly greater number of patients should be studied 

in the future for a more persuasive result.
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