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ABSTRACT 

Forty-four million men and women are affected by osteoporosis in the United 

States. Women are at a greater risk for developing osteoporosis due to their lower peak 

bone mass and going through menopause which accelerates bone loss (1). Treatments 

for osteoporosis may be associated with adverse effects such as renal toxicity and 

osteonecrosis of the jaw (2). Contrary to earlier findings that hormone replacement 

therapy (HRT) decreases risk factors for cardiovascular disease, the Women’s Health 

Initiative Study revealed that HRT actually increases risk factors for cardiovascular 

disease such as high blood pressure and thrombosis. These findings along with 

increases in incidence of endometrial and breast cancer, have made women seek 

alternative therapies (3). Among dietary alternatives, ferutinin, a phytochemical from the 

genus Ferula Hermonis (Umbelliferae), has recently been reported to have the benefits 

of estrogen without any side effects. Ferutinin is grown in Syria, Lebanon, and Jordan. It 

plays a role in alleviating different health problems and recent findings suggest that this 

plant extract can prevent bone loss and excess body weight gain in ovariectomized rats. 

Although there has been research done with ferutinin and bone in animal models, the 

mechanism by which ferutinin exerts its bone protective effects is unknown. Therefore, 

we identified what effects ferutinin had on tumor necrosis factor- ! (TNF-!) activated 

MC3T3-E1 preosteoblast-like cells. The experiment involved treating the cells using 

TNF-! to induce inflammation that is associated with osteoporosis. Alkaline 

phosphatase activity, nodule formation, and cell viability were measured to evaluate the 

effect of ferutinin on preosteoblast- like cells. Unlike previous studies with ferutinin, the 

findings of this study suggest that ferutinin does not modulate bone parameters in 

preosteoblast-like cells.  
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CHAPTER ONE 

INTRODUCTION 

Currently, 8 million women and 2 million men are affected by osteoporosis 

in the United States. Fifty-five percent of this silent and debilitating disease 

occurs in people who are over the age of 55. In 2005, 293,000 Americans were 

admitted to hospitals with a hip fracture of the femoral neck. A staggering 25% of 

people, who suffer from hip fractures above age of 50, die within six months to a 

year of their injury (1, 5). Although osteoporosis is commonly thought to strike at 

an older age, it can affect men and women as young as 14 years old (6). Women 

fall into an even greater risk of developing osteoporosis because they have a 

lower peak bone mass than men and go through menopause. This causes a 

likelihood of estrogen deficiency leading to osteoporosis. Among women, 

Caucasians are twice as likely to suffer from a fracture when compared to African 

Americans (1). Treatments for osteoporosis are available but they have been 

associated with adverse effects such as renal toxicity, osteosarcoma, and 

osteonecrosis of the jaw (2). HRT was a common treatment for postmenopausal 

women until the findings of Women Health Initiative (WHI) study. Reports from 

WHI study indicated that the risks of breast cancer as well as other estrogen-

sensitive malignancies were greater in HRT administered women (4). The risk of 

developing cardiovascular diseases and hypertension were also higher in women 

receiving HRT.  Due to these findings, the use of HRT was no longer 

recommended for treating osteoporosis. Although there are other drug therapies 

available for osteoporosis, they are either associated with risks or low 

compliance. Hence, women prefer alternative therapies such as black cohosh or 

red clover for menopausal symptoms. However, there are insufficient data to 

demonstrate the effectiveness of these botanicals in treating menopausal 
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symptoms such as hot flashes and mood swings (7). On the other hand 

functional foods such as dried plum have been shown to be very effective in 

preventing bone loss or reversing osteoporosis in women (8).  

Ferutinin, a phytomechical from the genus Ferula Hermonis (Umbelliferae) 

is a plant grown in Syria, Lebanon and Jordan (9). This plant is also known as 

“hairy root” and “zallouh” locally. Ferutinin may play a role in alleviating different 

health problems and recent findings suggest that this plant extract can prevent 

bone loss and excess body weight gain in ovariectomized (ovx) rats. Millions of 

women are already afflicted with osteoporosis; therefore, it is crucial to evaluate 

the effectiveness of ferutinin in reversal of bone loss using appropriate models. 

An animal study done by Palumbo et al. in 2009 revealed that ferutinin can 

significantly prevent ovx-induced bone loss while preventing weight gain at the 

same time (10). When rats are ovariectomized, they experience bone loss while 

gaining excess weight (11). Therefore, ferutinin’s effect on bone and body weight 

is extremely significant. Ferutinin has been characterized as a phytoestrogen 

with a high affinity for both subtypes of estrogen receptors (ER! and ER") (12). 

When ovx rats were supplemented with ferutinin at 2 mg/kg per day for 60 days, 

ferutinin displayed positive effects in preventing bone loss due to estrogen 

deficiency, more so than estradiol benzoate. Overall, ovx control rats had a 

reduction in bone mass when compared to animals treated with ferutinin and 

estradiol (10). Based on the research, ferutinin is an effective phytochemical due 

to its ability in preventing osteoporosis and decreasing weight gain after 

ovariectomy (9).  

Although there has been research done with ferutinin and bone loss in an 

animal model, the mechanism by which ferutinin exerts its bone protective effects 

is unknown. There is limited research on what effect ferutinin has on bone and 

bone cells. Therefore, we identified what effects ferutinin had on MC3T3-E1 

preosteoblast- like cells in a TNF-! induced state. The experiment involved 
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treating preosteoblast-like cells using TNF-! to induce inflammation that is 

associated with osteoporosis. Alkaline phosphatase activity, nodule formation, 

and cell viability measurements were used to evaluate the effect of ferutinin on 

preosteoblast-like cells. 

Hypothesis: Ferutinin dose-dependently increases nodule formation in TNF-! 

activated MC3T3-E1 preosteoblast-like cells. To test this hypothesis we 

proposed three specific aims as follows:  

 Specific aim 1:  To examine MC3T3-E1 cell viability after treatment with ferutinin 

and TNF-! for 24, 48, and 72 hours. 

Specific aim 2: To examine the extent to which ferutinin dose-dependently effects 

alkaline phosphatase (ALP) activity in  MC3T3-E1 preosteoblast-like cells under 

a TNF-! inflammatory condition at 24, 72, and 144 hours. 

Specific aim 3: To investigate nodule formation after 14 and 28 days of 

treatment with ferutinin using MC3T3-E1 preosteoblast-like cells under a TNF-! 

inflammatory condition. 

 

 

 

 

 

 

 

 

 

 



4 

 

 

CHAPTER TWO 

REVIEW OF LITERATURE 

PREVALENCE OF OSTEOPOROSIS 

In the United States, 40 million people already have or are at a very high 

risk for developing osteoporosis (1, 13,). In 2005, osteoporosis was responsible 

for $19 billion in costs and for approximately two million fractures (1, 13). The 

number of fractures will increase to three million and costs will increase to 25.3 

billion by 2025 (1). Cost includes medications, hospital care, time off from work, 

and treatment (3). Over eight million American women already have osteoporosis 

and are at risk for fractures (4). Osteoporosis has the highest prevalence of all 

bone diseases that effects Americans (13). In many cases, people are not aware 

they have osteoporosis until a fracture has occurred. Hip fractures have the most 

impact on someone’s life economically and physically, and one out of six white 

women will suffer a hip fracture in her life (14). In the six months following a hip 

fracture, there is a 10-20% mortality rate. In addition, 50% of people with hip 

fractures will have to walk with assistance, and 25% will require long term care. 

Although men are also susceptible to osteoporosis, women are four times more 

likely to develop the disease. This is due to estrogen deficiency that occurs in 

post-menopausal women and the fact that women have a 10% lower peak bone 

mass by maturity as compared to men. Unlike women hitting menopause and 

experiencing a drastic decline in estrogen, men have a more gradual decrease in 

sex steroids (14). Osteoporosis is a disease in which the bones become weak, 

porous, and become susceptible to fracture (15). Since bone mass is one of the 

major determinants of bone strength, fractures occur easier when there has 
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already been bone loss. Those who do suffer a fracture are negatively affected 

not just physically, but also mentally and emotionally (6). 

ETIOLOGY AND ASSESSMENT OF OSTEOPOROSIS 

Our bones have many critical functions such as allowing our body to 

move, and maintaining mineral homeostasis. Our bones also protect vital organs 

such as our lungs and heart. Our skeletal system is composed of two different 

types of bone. Cortical bone consists of many layers of mineralized hardened 

collagen and is located in long bone shafts. It composes approximately 80% of 

bones. This type of bone is very resistant to bending and provides a lot of 

strength. The other type of bone is trabecular, also called spongy bone. In 

contrast to cortical bone, trabecular bone is located at the end of long bones and 

has a greater surface area with an interconnecting meshwork (16). Trabecular 

bone has a faster turnover rate and supports the cortical bone.  

Bone formation and bone resorption is a process that constantly occurs in 

our body. Communication between osteoblasts and osteoclasts and other bone 

marrow cells is what regulates bone formation and resorption. Osteoblasts are 

bone cells that originate from mesenchymal stem cells. Mesenchymal cells 

include  chonrocytes, fibroblasts, myocytes, and adipocytes (16). Osteoblasts are 

responsible for constructing and modeling the skeleton. Once osteoblasts are 

stimulated by osteoclastic contacts or soluble factors, they deposit osteoid 

substance on the resorption site. This process initiates bone formation (17). In 

contrast, osteoclasts are derived from hematopoietic stem cells which are 

responsible for bone resorption. Osteocytes are a class of cells which are rooted 

in the bone matrix and are responsible for maintenance of bone and metabolism. 

In osteoblastogenesis, the first step is for the mesenchymal stem cell to become 

an osteoprogenitor (16). Along with this, there is a high expression of hormone 

and cytokine receptors that aid in the process. Alkaline phosphatase is 

expressed after the cells stop proliferating and the secretion of type-1 collagen 
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and non-callagenous proteins occurs. When an improper mineralization occurs or 

collagen synthesis is disrupted, genetic diseases such as osteogenesis 

imperfecta can occur (16). 

The most common cause of age-related bone loss is osteoporosis that is 

associated with ovarian hormone deficiency which occurs after menopause (18). 

It has been established that estrogen deficiency is a cause of osteoporosis and 

leads to up-regulation of interleukins (IL) such as IL-1", IL-6, and IL-7 that 

contribute to bone loss.  Estrogen deficiency can also lead to a decrease in 

transforming growth factor -1 (TGF-1), an increase in insulin-like growth factor- 1 

(IGF-1), and an increase in T-cell activation. T cells are responsible for bone 

homeostasis by their interaction with bone marrow, stromal cells, and 

osteoblasts. They are also responsible for releasing osteoclastogenic cytokines 

(19).The activation of T-cells leads to the down regulation of antioxidant 

pathways which enhances osteoclastogenesis and reactive oxygen species 

(ROS). The increase of ROS stimulates tumor necrosis factor (TNF) by mature 

osteoclasts. When T-cells are activated, in addition to stimulating TNF, they also 

activate receptor activator of nuclear factor kappa B ligand (RANKL) which is a 

requirement for osteoclastogenesis (16). OPG, receptor activator of nuclear 

factor kappa B (RANK) and RANKL are molecules that play key roles in 

regulating osteoblasts and osteoclasts. Osteoprotegerin (OPG) is a protein that 

belongs to the TNF receptor superfamily. OPG’s role is to inhibit osteoclast 

differentiation and activity by acting as a decoy receptor for RANKL (17,20). Mice 

with specific ablation of OPG, may develop severe osteoporosis due to increased 

osteoclast formation as well as bone resoprtion (20, 21, 22). RANKL is a 317-

amino acid peptide, and its major role is to stimulate osteoclast differentiation, 

and inhibit osteoclast apoptosis (20). RANKL mRNA is highly expressed in 

tissues such as bone and bone marrow, but also in lymphoid tissues. RANKL 

knockout mice exhibit severe osteoporosis, defects in tooth eruption, and 
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absence of osteoclasts. RANK, the receptor for RANKL is an amino acid peptide 

that is expressed on preosteoclastic cells and T and B cells (23). Bone is 

constantly being formed and resorbed due to the interaction between these 

proteins. When RANKL, expressed on the surface of preosteoblastic cells binds 

to RANK on the osteoclastic precursor cells, osteoclastogenesis is stimulated 

leading to bone resorption. RANKL is critical to differentiation, activation, and 

survival of osteoclastic cells. Cytokines such as TNF-! and IL-1 also stimulate 

this process by increasing RANKL expression. They also stimulate macrophage 

colony-stimulating factor (M-CSF) production, which increases the pool of 

preosteoclastic cells and increases RANKL expression.  OPG blocks the binding 

of RANK to RANKL, thereby inhibiting osteoclastogenesis by acting as decoy 

receptor (20). 

 TNF-! is one of the cytokines released in excess when the body is in an 

inflammatory state such as rheumatoid arthritis or osteoporosis. It has been 

shown to reduce bone formation as it shifts the balance between 

formation/resorption towards resorption causing osteoporosis (24). TNF-! at 

doses as low as 1ng/ml to 10ng/ml is able to decrease ALP activity and 

mineralized nodule formation in preosteoblast-like cells. It has also been reported 

to decrease transcription and growth factors such as runt-related transcription 

factor 2 (Runx2) and zinc finger containing transcription factor (Osterix), as well 

as increase RANKL (25). Research by Cenci et al. demonstrated that nude mice 

that were T lymphocyte deficient, were resistant to bone loss after ovx. T cells 

are also the major source of TNF after menopause. Therefore, this shows that 

circulating T cells play an important part in regulation of estrogen-regulated TNF 

(26). In a set of experiments done by Kimble et al., mice were TNF-deficient and 

TNF-knockout mice were resistant to ovx-induced bone loss (27,28). When the 

same types of experiments were completed using IL-1 or IL-6 knockout mice, the 

results were not the same. However, after ovx when there was an increase in 
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TNF, IL-1 and IL-6 production were also increased, adding to the 

osteoclastogenic stimulation. Increased levels of IL-1 actually increase TNF and 

a positive feedback method.  In another study done by Gilbert and colleagues 

(2000), transgenic mice expressing the TNF receptor were ovx and compared to 

a control group 12 weeks later. The TNF receptor acted to neutralize TNF-!, in 

turn protecting the mice from bone loss caused by an estrogen deficiency. Four 

weeks later the control group had decreases in bone mass while the transgenic 

groups showed no decreases. Twelve weeks after surgery, the control mice had 

increased levels of octeocalcin, a marker of bone turnover. The transgenic mice 

and the sham-operated mice did not show any increases in osteocalcin, meaning 

no changes in bone turnover occurred. This observation suggests that TNF-! 

plays a critical role in osteoporosis and the pathogenesis in bone loss (29).  The 

TNF receptors TNFR1 and TNFR2 are the ones responsible for the initiate signal 

cascade that causes selective gene repression, inflammatory gene activation, 

and the apoptotic response. The receptors then activate TNF receptor associated 

factors (TRAFs) when they activate the I kappa B kinases  ultimately leading to 

the activation of RANK (30). 

Although TNF-! is not cytotoxic to fetal calvaria precursor or MC3T3-E1 

cells specifically, it inhibits the fetal calvaria cells from differentiating by reducing 

formation of mineralized nodules and decreasing secretion of osteocalcin. Adding 

TNF-! at a dose of 100ng/ml to cells at days 7-14 was sufficient enough to 

produce maximal inhibition of nodule formation. TNF-! did not seem to inhibit 

nodule formation when it was added after day 14, suggesting that TNF-! inhibits 

the pathway to cell differentiation but does not cause a loss of osteoblast nodules 

after they are formed. The amount of secreted osteocalcin was measured as it is 

a directly proportional the number of nodules. When fetal calvaria cells were 

grown on rat-tail collagen I-coated tissue culture plates, the addition of TNF-! 

between days 2-14 suppressed osteoblast differentiation and also prevented 
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nodule formation. Therefore, TNF-! acts as an inhibitor in the presence of type I 

collagen matrix. In MC3T3-E1 cells, which form a mineralized matrix after 16 

days in culture, TNF-! at doses of 0.01-10ng/ml completely prevented 

mineralization. IGF-1 was not able to reverse the suppression of nodule 

formation in a TNF-! treated state, although it was able to stimulate nodule 

formation under normal conditions (24). 

ASSESSING OSTEOPOROSIS 

Several factors play in defining and assessing osteoporosis. More than 2.5 

standard deviations (SD) below the mean for healthy white women at sites such 

as the spine, hip, or mid-radius defines 30% of all post-menopausal women as 

having osteoporosis (3). To define this more clearly, a normal value of bone 

mineral density (BMD) for a woman is within 1 SD of the young adult reference 

mean. A value of BMD more than 1 SD below the young adult mean but less 

than 2.5 SD is considered osteopenia or low bone mass. A value for BMD 2.5 or 

more SD below the young adult mean is considered osteoporosis. A value of 

BMD more than 2.5 SD below the young adult mean and the presence of fragility 

fractures are considered severe osteoporosis (3).  

RISK FACTORS FOR OSTEOPOROSIS 

Bone mass is represented as a balance of the amount of bone 

accumulated during development and the amount lost. When women become 

post-menopausal and suffer from estrogen deficiency, chances of developing 

osteoporosis are much greater. Premenopausal osteoporosis is something that is 

overlooked. Factors such as increasing age, being female, having a personal 

history or family history of fractures, and osteoporosis may contribute to a 

diagnosis of osteoporosis. Unfortunately, these are the factors that cannot be 

changed. On the bright side, there are many risk factors that are modifiable and 

can actually prevent osteoporosis. An adequate intake of calcium and vitamin D, 

proper nutrition, and weight bearing exercise can significantly improve and 
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maintain bone mass. A lack of exercise, malnutrition, smoking cigarettes, 

caffeine and excessive alcohol intake can increase the risk of osteoporosis (1). 

Furthermore, poor depth perception and poor bone quality may result in falls that 

lead to fractures (31). Certain medicines may increase bone loss if taken for a 

long period of time. Among these medicines are aluminum–containing antacids, 

anti-seizure medicines, and proton pump inhibitors. Medicines for depression and 

glucocorticoids may also increase bone loss (1).Hip fractures are very common 

among women and maintaining a high BMD can prevent them from occurring. 

Weight bearing exercises such as weight lifting can increase bone mineral 

density, in turn protecting individuals from fractures. Physical activity also helps 

with muscle balance and strength, which reduces the risk of falling.  

Women experience osteoporosis at a higher rate than men, due to hitting 

their bone peak range at an earlier age and living a longer life (31). Women that 

engage in weight bearing exercise during adolescence, start their menstrual 

cycle at an earlier age and who use oral contraceptives tend to have a higher 

peak bone mass. In contrast, women who have extremely low body weight and 

participate in excessive exercise may suffer bone loss that cannot be reversed 

(13). Diseases like anorexia nervosa greatly increase the risk of development of 

premenopausal osteoporosis. Women gain the majority of their bone mass 

during adolescence, a time when anorexia nervosa is at a peak incidence (32, 

33). When 56 young women who had an eating disorder for an average of 10 

years were given (BMD) tests, 75% of them had a BMD below the critical fracture 

threshold. The mean age for the women was only 27 years old (33).  

TYPES OF OSTEPOROSIS 

There are several types of osteoporosis that have been identified. The two 

most common are known as Type 1 and Type II osteoporosis. Type I 

osteoporosis is also referred to as primary osteoporosis, age related 

osteoporosis, or postmenopausal osteoporosis. This type of osteoporosis is 
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caused by bone loss and deterioration due to a higher age or after a woman has 

gone through menopause. On the other hand, idiopathic osteoporosis occurs in 

men just as much as women. Diagnoses for men with idiopathic osteoporosis are 

often unexplained and have secondary causes. Age-related osteoporosis is more 

common in women than men, since women suffer from a rapid phase of bone 

loss in their life (5). During the rapid phase, women lose about 10-20% of the 

cortical bone, and 20-30% of the trabecular bone (6). Men go through a slower 

phase and have less drastic changes in their BMD than women.  

Type II osteoporosis is a disease that is a result of another disease or 

condition. These diseases include estrogen or testosterone deficiency during 

adolescence, hyperparathyroidism, anorexia nervosa, athletic amenorrhea, 

cancer, the use of glucocorticoids, or excessive use of other drugs. Primary 

hyperthyroidism is common in older individuals. An imbalance in hormones for an 

extended period of time can lead to osteoporosis. Other conditions include 

autoimmune or allergic disorders that lead to fractures and malabsorption 

disorders that reduce the body’s ability to absorb key nutrients (6). 

PREVENTION OF OSTEOPOROSIS 

 There are many things men and women can do to reduce their risk of 

developing osteoporosis from occurring. The CDC recommends that people get 

adequate calcium intake as well as partake in regular physical activity. 

Specifically, weight bearing activities such as walking, dancing, weight lifting, or 

playing outside sports are all part of the prevention plan (35). It is important for 

adults to engage in at least 30 minutes of physical activity most days of the week 

for prevention. In a study done evaluating lifestyle factors of men in Australia, 

physical activity was associated with 1 -1.5% higher BMD per standard deviation 

increase. This increase equates to about an additional 14 hours per week of 

physical activity. Physical activity was associated with a 6% increase in the 

femoral neck, an 8% increase in total hip BMD, and a 9% increase in the spine. 
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In addition, walking one kilometer per day was linearly associated with a higher 

BMD (36). In women, the Nurse’s Health study revealed that higher levels of 

physical activity were protective against hip fractures in leaner (BMI<25) and 

heavier women (BMI# 25). The risk of hip fractures decreased by 6% for every 

hour walked per week at an average pace. Women who walked approximately 

seven hours per week had a significantly 55% lower risk of hip fracture (37). 

In addition to physical activity, nutrition is a key component that plays an 

important role in osteoporosis prevention. Calcium is a vital mineral to the human 

body assisting in many functions such as neuromuscular activity, blood 

coagulation and cardiac functioning. More importantly, is it essential as a 

component of bone architecture and is required for the body in adequate 

amounts for bone mineral density. The body stores 99% of its calcium in the 

teeth, bones, and plasma. As soon as plasma calcium drops, bone resorption 

occurs to bring blood levels back to normal. With the continuation of this process, 

an individual can become at risk of osteoporosis due to bone resorption occurring 

at a higher rate. Therefore, it is crucial that calcium homeostasis is kept balanced 

(38). It is recommended that men and women between the ages of 19-51 years 

and older get three servings of dairy per day. This equates to three cups of milk 

or alternatives such as yogurt, cheese, or milk based desserts. Dairy is an 

excellent source of calcium and is crucial for older adults. Studies have reported 

the importance of milk and milk products and the positive relationship of bone 

mineral density in one or more skeletal sites (39). Adequate calcium intake is just 

as important in children and adolescents to reach a high peak bone mass and to 

prevent osteoporosis in the future.   
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REVERSAL OF BONE LOSS 

There are several medications available for people who have 

osteoporosis. Many are able to help with osteoporosis by inhibiting the process 

or bone resorption, and others act as estrogen agonists and antagonists. 

Different classes of medications include bisphosphanates, which are used as 

antiresorptive medications such as alendronate, ibandronate, risedronate and 

zoledronic acids. Bisphosphanates are taken up by osteoclasts which eventually 

experience cell death, and therefore inhibit resorption (2). Calcitonin is another 

medication that is used. Calcitonin is a hormone that aids in regulation of calcium 

in our bodies. Selective estrogen receptor mudulators (SERMS) are medications 

that provide the benefits of estrogen therapy without some of the risks of 

hormone replacement therapy (1). Although these medications have been proven 

to be effective, women taking them for a prolonged period of time may be at risk 

for conditions such as rare fractures and esophageal cancer. A report by the 

American Society for Bone and Mineral Research found an association between 

long-term use of bisphosphanates and atypical subtrochanteric and diaphyseal 

femoral fractures (40). Out of 310 cases of atypical femoral fractures, 291 people 

were taking bisphophanates and many reported pain in the thigh and groin area 

months before the fracture. The FDA has been asked to put a label on the 

medication to warn patients about the warning signs of a fracture. Other negative 

effects include osteonecrosis of the jaw, gastrointestinal toxicity and renal toxicity 

(2). 

Among hot flashes, mood swings, insomnia, memory problems and heart 

disease, osteoporosis remains one of the most serious diseases in 

postmenopausal women. HRT has been successful in prevention of bone loss in 

postmenopausal women. Creams, gels, birth control pills, patches, and other 

hormone products are available for women (4). However, the intake of estrogen 

during HRT has also been linked to an increased risk of estrogen-sensitive 
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malignancies such as breast cancer (15). The Women’s Health Initiative was 

launched in 1991 by the National Heart, Lung, and Blood Institute (NHLBI) and 

the National Institutes of Health (NIH). Women participating in the hormone 

studies were supposed to do so until the year 2004. However, the hormone 

therapy was stopped three years earlier due to the overall risks from the 

hormone therapy outnumbering the benefits, like the increased risk of breast 

cancer (4).  Due to the overall risks of taking medications for osteoporosis and 

low compliance, women seek alternative treatments such as the use of functional 

foods like dried plum. In recent years, dried plum has emerged as a safe and 

effective way in treating osteoporosis. There have been numerous animal and 

human trials involving dried plum, and the results are promising to women 

seeking an alternative method in treating osteoporosis. It has been shown, rats 

that are ovariectomized experience induced bone loss due to ovarian hormone 

deficiency, similar to women that go through menopause (11). Deyhim et. al., 

completed a study in which Sprague-Dawley rats were ovariectomized and fed 

standard diet for 40 days to induce bone loss. After bone loss was confirmed, 

rats were divided into several groups receiving dried plum and estradiol. Dried 

plum at a dose of 5% was able to restore the femoral and tibial bone densities. 

Dried plum even maintained higher serum IGF-1 levels than estradiol, implying a 

different mechanism than estradiol (41). IGF-1 possesses anabolic, cell 

differentiating, and metabolic effects as well as playing an important role in bone 

mineral density, bone remodeling, and bone formation (42,8). Arjmandi et. al., 

also evaluated the positive effects of dried plum in 58 postmenopausal women 

who were not on HRT. Women eating 100g of dried plum daily for three months 

significantly increased serum IGF-1 levels as well as bone specific alkaline 

phosphatase (B-ALP). B-ALP is linked with increases in bone formation (41). 

Therefore, among many unsuccessful alternative therapies that exist for 

osteoporosis, dried plum remains safe and effective.  
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Although there is evidence of herbal plants decreasing hot flashes, there 

are limited alternative therapies for the treatment of osteoporosis. Due to the 

reports that came out of the WHI, many women turn to the use of botanicals for 

their symptoms. Many of the same women do not report their use of supplements 

and botanicals to their doctors. Although some alternative medicines like black 

cohosh can relieve menopausal symptoms like hot flashes, they do not have an 

effect on bone mineral density. Several studies were conducted using black 

cohosh but did not find any positive effects on estrogenic increases on uterine 

weight (43,44,45,46) Although soy isoflavones have been shown to be effective 

in preventing bone loss due to ovarian hormone deficiency in rats (18), other 

studies suggest they do not affect biological indicators of estrogenicity (7).  

FERUTININ AND PREVIOUS WORK 

Ferutinin, a phytochemical from the genus Ferula Hermonis (Umbelliferae) 

is a plant grown in Syria, Lebanon, and Jordan (9).This plant is also known as 

“hairy root” and is locally known a “Shilsh-el-zallouh”. Ferutinin grows on Mount 

Hermon at approximately 8200 feet. It has been previously been used in folk 

medicine to treat digestive disorders, rheumatism, headaches, arthritis, as an 

antispasmodic and an aphrodisiac. Among other things it has been used to treat 

menopausal disturbances in women as well as erectile dysfunction in men (47). 

This plant has been suggested to play a role in alleviating different health 

problems and more recent findings suggest that this plant extract can prevent 

bone loss and excess body weight gain in ovariectomized (ovx) rats. Because 

millions of women are afflicted with osteoporosis, it is crucial to evaluate the 

effectiveness of ferutinin in reversal of bone loss. 

Ferutinin has been characterized as a phytoestrogen with a high affinity 

for both subtypes of estrogen receptors (ERs) (12).The affinity of ferutinin for 

ERs has been shown to be higher than even genistein, a soy isoflavone which is 

very well known for osteoporosis prevention (8, 18) Ferutinin is a p-
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hydroxylbenzoyl ester and its aromatic moiety has been reported to be crucial for 

ER binding. The duacane core of ferutinin greatly contributes to its activity. Its 

parent compound is jaeschkeanadiol, but does not have any hormonal activity. 

The p-hydroxybenzoyl ester on the other hand does show minor activity (48, 49). 

The estrogenic activity of jaeschkeandiol and its derivatives was investigated by 

Appendino et al., by a yeast screen containing ER!. As stated previously, 

jaeschkeandiol showed no activity. In contrast, ferutinin showed high estrogenic 

activity, approximately 200-fold less than estradiol. Ferutinin also interacted with 

ER! and ER" in the competitive binding assays, showing an affinity 10% of 

estradiol (48,49). 

An animal study done by Palumbo et al., (10) revealed that ferutinin can 

significantly prevent ovx-induced bone loss while preventing weight gain at the 

same time. It should be noted that when rats are ovariectomized they experience 

bone loss while gaining excess weight (11). In this respect, ferutinin’s effect on 

bone and body weight should be considered extremely important as we are not 

aware of any natural or synthetic compound that can have similar effects. When 

ovx rats were supplemented with ferutinin at 2 mg/kg per day for 60 days, 

ferutinin displayed positive effects in preventing osteoporosis due to estrogen 

deficiency, more so than estradiol benzoate. Overall, ovx control rats had a 

reduction in bone mass when compared to animals treated with ferutinin and 

estradiol (10). Administration of ferutinin for 30 and 60 days was able to decrease 

body weights of rats when compared to the sham operated, control, and estradiol 

group. In histology and histomorphometric analysis, the bone amount was lower 

in the control ovx group compared to the sham, ferutinin, and estradiol groups. 

Ferutinin had an even greater increase in trabecular bone volume than estradiol 

Overall, ovx rats had a reduction in bone mass when compared to animals 

treated with ferutinin and estradiol. According to these results, ferutinin is an 

effective phytochemical in relation to reversing osteoporosis and decreasing 
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weight gain after menopause (10). Part II of the study revealed that ferutinin 

could enhance the recovery of bone loss due to an estrogen deficiency by 

ovariectomy. Ferretti et al., completed a similar study where they administered 

ferutinin to 40 Sprague-Dawley rats at 2mg/kg body weight for 30 and 60 days. In 

contrast with the previous study, treatment began two months after the animals 

were ovariectomized and not the day after surgery.  After 30 and 60 days of 

treatment, body weights of animals treated with ferutinin and EB were 

significantly lower compared to control groups yet there was no significant 

difference between the two treatment groups. There were no significant 

differences in the cortical bone area among the sham, control or the treatment 

groups after 30 and 60 days. Trabecular bone was higher with ferutinin and EB 

groups, but only after 60 days of treatment and they did not reach the levels of 

sham. After 30 days of treatment, serum ALP levels were significantly higher 

than all other groups. After 60 days of treatment, serum ALP levels were only 

higher than the EB group. (50). 

Ferutinin was shown to inhibit the ponderal increase, possibly due to its 

estrogen-like activity. Trabecular bone values were significantly higher in the 

ferutinin group when compared to sham and ovx groups after 60 days of 

treatment. Although the values in bone mass did increase after 60 days, they did 

not reach the levels of those in the sham group due to the two month period of 

estrogen deficiency (50) 

 In a different study done by Zanoli et al. 2009, the effects of ferutinin were 

examined in ovx progesterone-primed rats, given alone or in combination with 

estradiol benzoate. The study was designed to investigate the estrogenic 

properties of ferutinin by evaluating sexual receptivity and proceptivity of ER! 

expression in hypothalamus. Ferutinin was solubilized in Tween 80 and 

deionized water and administered at 0.5mg/kg body weight in a volume of 5ml/kg 

daily for four weeks. Control animals received the same amount of the control 
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vehicle. Estradiol Benzoate (EB) was subcutaneously injected at 1.5µg/rat twice 

a week. Like estradiol, ferutinin was able to induce lordotic responses in ovx 

primed rats beginning in the second week of treatment. In contrast, when 

ferutinin was given in combination with EB, it reduced the effect of estrogen. 

Therefore, administration of ferutinin with EB presents antiestrogenic activity. It 

can be concluded that ferutinin needs to be chronically administered to influence 

proceptivity in rats (51). In regards to ferutinin’s effect on estrogen receptors, it 

significantly increased ER! expression when adiministered alone to the ovx rats. 

Therefore, it is able to cross the blood-brain barrier and influence sexual 

behavior. Administration of ferutinin increased sexual receptivity as well as an 

increased ER! expression in the hypothalamus when given alone, exerting its 

estrogenic properties. However when given in combination with EB, it exerted 

antiestrogenic activity.  

Another study investigated the acute and subchronic administration of 

Ferula Hermonis in male rats and copulatory behavior. After acute administration 

of ferutinin of 30 and 60mg/kg for 10 days, sexual motivation was improved in 

potent rats and copulatory performance was improved in sluggish/impotent rats. 

Furthermore, subchronic administration of ferutinin at 1mg/kg for 10 days actually 

decreased sexual performance. Serum testosterone levels significantly increased 

in rats treated with 60mg/kg, and decreased with 6mg/kg. Although copulatory 

performance was increased in sluggish/impotent rats, repeated treatment of 

ferutinin at 30 and 60mg/kg in potent rats worsened their copulatory pattern, 

suggesting this photochemical may only be beneficial to rats that are impotent. 

(9). 

Another function of ferutinin is its ability to increase nitric oxide synthase 

activity and phosphoinositides breakdown in nervous tissue. This may be the 

reason for ferutinin’s aphrodisiac and anti-sexual impotence activity. The exact 

mechanism of this effect is not known but it may be due to the sesquiterpen 



19 

 

alcohol carotene derived from the Ferula genus. This in turn modulates hormone 

production that affects the mobilization of intracellular calcium. It may activate 

phospholipase C which activates a series of cascades to release intracellular 

calcium stores and the activation of protein kinase C and a calcium influx. The 

release of Ca2+ may activate nitric oxide synthase, leading to the aphrodisiac 

and anti-sexual impotence activity (47). 

PHYTOCHEMICALS AND CELL CULTURE 

A study done by S.Y. Bu et al., compared the effects of dried plum 

polyphenols and tumor necrosis factor alpha (TNF-!) on osteoblast function and 

the up-regulation of Runx2, Osterix and IGF-1 in MC3T3-E1 preosteoblast like 

cells. The cells were plated and treated with 0, 2.5, 5, 10, and 20µg/ml of dried 

plum polyphenols for 24 hours and then stimulated with either 0 or 1ng/ml of 

TNF- !. The cells were harvested at 7 and 14 days for ALP measurements and 

28 days for nodule formation. In the second experiment, cells were plated and 

treated with 0, 1, or 10 ng/ml of TNF- ! for 18 hours. In the third experiment, cells 

were pre-treated with dried plum polyphenols at the doses of 0, 2.5, 5 or 10 µg/ml 

followed by the stimulation of TNF- ! for 18 hours. There were no cytotoxic 

effects produced by the dried plum polyphenols and the extract did not alter cell 

viability. Intracellularly, dried plum polyphenol extracts stimulated ALP activity 

after 7 and 14 days under normal conditions. Compared to controls, ALP activity 

was significantly reduced at 7 and 14 days when cells were treated with TNF-!. 

Under normal and inflammatory conditions, no dose of dried plum polyphenols 

altered ALP activity after 7 days intracellularly. Under normal conditions after 14 

days, all doses of polyphenols increased extracellular ALP activity, except the 

20$g/ml dose. In parallel with the intracellular results, after 7 and 14 days the 

TNF-! treatment reduced the extracellular ALP levels.  

Cells were also stained with alizarin red-S (AR-S) at 28 days to evaluate 

the formation of nodules. Under normal conditions, the dose of 10$g/ml dried 
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plum polyphenols significantly increased the staining density when compared to 

controls. Doses of 5 and 10$g/ml increased the number of nodules. With 

treatment of TNF-!, there was a decrease in staining density as well as a 

decrease in nodule formation. The results suggest that although TNF-! has 

negative effects on growth factors and the addition of dried plum polyphenols can 

increase the post-translational cross-linking of collagen fibers. This can lead to 

positive effects in bone health under inflammatory conditions. Based on the 

results from this study, it can be concluded that dried plum polyphenols are able 

to stimulate osteoblast activity. This is seen through the increase in intracellular 

and extracellular ALP levels as well as the increase in nodule formation without 

and with the presence of TNF-! (25). 
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CHAPTER THREE 

METHODS 

Materials 

MC3T3-E1 (ATCC Catalog NO. CRL-2593) mouse calvarial preosteoblast-like 

cells were obtained from ATCC (Virginia, US). Fetal Bovine Serum (FBS) and 

minimum essential media (alpha-MEM) were purchased from Gibco Cell Culture 

(Carlsbad, CA).Tumor Necrosis Factor-alpha (TNF-!) was purchased from 

Pepro-Tech ®Inc (Rocky Hill, NJ). One gram of ferutinin was provided by 

Professor Giovani Appendino, Università del Piemonte Orientale, Faculty of 

Pharmacy. The ATCC® MTT Cell Proliferation Assay kit was used For MTT cell 

proliferation, the Pierce® BCA Protein Assay kit was used for protein 

measurements in the cells and the SensoLyte® pNPP ALP colorimetric Assay kit 

used for ALP measurements.  

 

MTT Cell Proliferation Assay 

MC3T3-E1 cells were grown in alpha-MEM medium with 10% Fetal Bovine 

Serum and 1% penicillin/EDTA and kept in the incubator at 37˚C and 5% CO2. 

After reaching 80% confluence, MC3T3-E1 cells were counted with a 

hemacytometer (Thomas Scientific, Horsham, PA). Cells were mixed into the 

media and plated at a density of 5x103 cells/ml in 96-well plates (n=3).After 24 

hours, cells were treated with 6 different treatments. Charcoal Dextrin Free 

alpha-MEM media was used to make all 6 concentrations. Cells were treated 

with ferutinin with concentrations of 1x10-6, 1x10-8, 1x10-10, 1x10-12, and 17-" 

Estradiol (E2) at a concentration of 1x10-8. TNF-! was added to each well at a 

concentration of 1ng/mL to induce an inflammation-like condition in the cells. 
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10$L of the MTT Reagent was added to each well, followed by a 4 hour 

incubation period until the purple precipitate was visible under a microscope.  

100 $L of Detergent Reagent was added to each well. The plate was covered 

and incubated for another 4 hours before reading the absorbance at 570nm in a 

mictrotiter plate reader.  

 

BCA Protein Assay 

Bicinchoninic acid (BCA) Assay Reagent was used to assess the protein content 

of MC3T3-E1 cells after treatment with ferutinin and TNF-! for 24,72, and 144 

hours. Cells were prepared as stated before for the MTT Cell Proliferation Assay. 

The BCA Working Reagent and standards were prepared according to the 

protocol. 25 $L of each standard and sample replicate was plated into a 96-well 

plate. 200 $L of the working reagent was added to each well and mixed on a 

plate shaker for 30 seconds. The plate was covered and incubated for 30 

minutes in an incubator, and after cooling at room temperature the absorbency 

was read at 562nm on the plate reader. 

 

ALP Activity 

MC3T3-E1 cells were grown in alpha-MEM medium with 10% Fetal Bovine 

Serum and 1% penicillin/EDTA and kept in the incubator at 37˚C and 5% CO2. 

After reaching 80% confluence, MC3T3-E1 cells were counted with a 

hemacytometer (Thomas Scientific, Horsham, PA). Cells were mixed into the 

media and plated at a density of 1x105 cells/ml in 6-well plates (n=3).After 24 

hours, cells were treated with six different treatments. Charcoal Dextrin Free 

alpha-MEM media was used to make all six concentrations. Cells were treated 

with ferutinin with concentrations of 1x10-6, 1x10-8, 1x10-10, 1x10-12, and 17-" 

Estradiol (E2) at a concentration of 1x10-8. Media was changed every 3 days with 

treatment. TNF-! was added to each well of the 6-well plate at a concentration of 
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1ng/ml. After 24, 72, and 144 hours, cells were detached from the well, scraped, 

centrifuged, and the supernatant was collected to be analyzed for ALP activity. 

ALP measurements were measure by using the SensoLyte® pNPP Alkaline 

Phosphatase Assay Kit Colorimetric Kit. SPSS version 20.0 was used to analyze 

all results. 

 

Alizarin Red-Staining 

MC3T3-E1 cells were grown in alpha-MEM medium with 10% Fetal Bovine 

Serum and 1% penicillin/EDTA and kept in an incubator at 37˚C and 5% CO2. 

After reaching 80% confluence, MC3T3-E1 cells were counted with a 

hemacytometer (Thomas Scientific, Horsham, PA). Cells were mixed into the 

media and plated at a density of 5x104 cells/ml in 6-well plates (n=6). 24 hours 

later, the media was replaced with treatment of ferutinin at concentrations of 

1x10-6, 1x10-8, 1x10-10, 1x10-12, and E2 at a concentration of 1x10-8.
 

TNF-! was added to each well of the 6 well plates at a concentration of 1ng/ml. 

Mineralization was assessed after 14 and 28 days of treatment. Alizarin Red 

staining (AR-S) solution was prepared for each well and pH was adjusted to 4.2. 

After 14 and 28 days of treatment, the cells were fixed 10% formalin fixative 

(Azer Scientific, Morgantown, PA) and left at room temperature for 20 minutes. 

After fixation, the formalin was removed and the monolayers were washed with 

deionized water. AR-S solution was added to each well and was left at room 

temperature for 30 minutes. Unincorporated dye was aspirated from each well, 

and deionized water was added to remove excess solution. An area of 100$g/ml 

and stained calcium deposits were measured using computerized image 

analyzer softwhere (AxioVision Rel. 2.6) and a microscope with Metallurgical 

lenses (Zeiss Observer. A1). After pictures were taken of each well, .8ml of 10% 

of acetic acid was added to each well and incubated for 30 minutes. Cells were 

then scraped with a cell scraper, and were collected in microcentrifuge tubes. 
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Samples were heated in a water bath of 85 ºC, for 10 minutes, and cooled before 

centrifuging at 20,000xg for 15 minutes. After centrifugation, 400$L of the 

supernatant was transferred into a new 1.5mL tube. The pH was neutralized to 

fall between 4.1-4.5 by adding approximately 200 $L of 10% Ammonium 

hydroxide. 150 $L of the supernatant was added to the opaque-walled 96-well 

plate. The absorbency was read at 405nm.  

 

Statistical Analysis: 

Data were analyzed using SPSS 18.0 and are presented as mean ± standard 

error (SE). Significant differences were determined using alpha level of 0.05.  
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CHAPTER 4  

RESULTS 

Cell Viability 

Treatment with ferutinin in concentrations of 1x10-6, 1x10-8, 1x10-10, 1x10-12, and 

E2 at 1x10-8.did not negatively affect the viability of MC3T3-E1 preosteoblast-like 

cells after 24, 48, or 72 hours. After 24 hours, all concentrations stayed above 

90%. After 48 hours, all concentrations stayed above 96%, and F10-10, F10-12, 

and E2 were significantly higher than control, F-6, and F-8.  After 72 hours,  

 F10!"#, F10!"$ decreased to 82% and F10-12 decreased down to 75% but not 

significantly. Data are presented as percent of control of viable cells. (Figure I).  
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Figure 1. Effects of ferutinin on cell viability. Cells were plated at a concentration 
of 5x103 in 96-well plates (n=3). Cells were treated with ferutinin with 
concentrations of 10-6, 10-8, 10-10, 10-12, and 17-" Estradiol (E2) at a 
concentration of 10-8. TNF-! was added to each well at a 1ng/mL. Absorbency 
was read at 562nm. Bars that do not share the same lowercase letter are 
significantly different from each other at (p<0.05)  

 
 

ALP Activity  

             Ferutinin did not significantly increase ALP activity in MC3T3-E1 

preosteoblast-like cells after 24, 72, or 144 hours and there were no significant 

differences (p<.05). At 24 hours, F-8, F-10, F-12, and E2 produced higher levels 

than control but not significantly. F-12 had the highest ALP activity followed by E2, 

F-10, F-8, control and F-6. After 72 hours, F-12 produced the highest ALP activity, 

while control produced the lowest. The values were not significant. Overall, by 72 

hours ALP levels were decreased from 24 hours. After 144 hours, ALP activity 

increased overall. Once again F-12 produced the highest levels followed by E2, 

but the levels were not significant (Figure II) 
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Figure 2. Effects of ferutinin on intracellular ALP activity in MC3T3-E1cells. Cells 
were plated at 1x10-5 cells/ml and treated with ferutinin in concentrations of 10-6, 
10-8, 10-10, 10-12, and 17-" Estradiol (E2) at a concentration of 10-8. TNF-! was 
added to each well plate (n=3) at a concentration of 1ng/ml. Bars that do not 
share the same lowercase letter are significantly different from each other at 
(p<0.05) 
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Alizarin Red Staining 

Ferutinin did not significantly increase staining density when compared to 

control (p<0.05). After 14 days of treatment, E2 significantly increased staining 

density, but not after 28 days. All concentrations of ferutinin were significantly 

lower than E2, but not control. At 28 days, F-10 reached 94% staining density of 

control, and was higher than E2 but not significantly. Each plate was observed 

and photographed under the Zeiss Observer. A1 microscope. ( Figure III and IV) 
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Figure 3. Cells were plated at a density of 5x104 cells/ml in 6-well plates (n=3). 
Cells were treated with ferutinin at concentrations of 10-6, 10-8, 10-10, 10-12, and E2 
at a concentration of 10-8. TNF-! was added to each well at a concentration of 
1ng/ml. At the end of 14 and 28 days, cells were stained, fixed, and observed 
under a microscope. (Zeiss Observer. A1). After observation, cells were 
incubated in acetic acid, scraped, and collected in microcentrifuge tubes. 
Absorbency was read at 405nm.  
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AR-S Staining Pictures 14 Days 

Control   F10-6   F10-8
 

 
 F10-10    F10-12   E2 

 
 

Figure 4. Effects of ferutinin on Alizarin-Red Stainning after 14 days of treatment. 
Cells were plated at a density of 5x104 cells/ml in 6-well plates (n=3) and treated 
with ferutinin at concentrations of 10-6, 10-8, 10-10, 10-12, and E2 at a concentration 
of 10-8. TNF-! was added to each well at a concentration of 1ng/ml. At the end of 
14 and 28 days, cells were stained, fixed, and observed under a microscope at a 
magnification of 40x(Zeiss Observer. A1) 
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AR-S Staining Pictures 28 days 

 Control   F10-6   F 10-8 
 

 
 F 10-10    F 10-12   F E2 

 
 

Figure 5. Effects of ferutinin on Alizarin-RedStaining after 28 days of treatment. 
Cells were plated at a density of 5x104 cells/ml in 6-well plates (n=3) and treated 
with ferutinin at concentrations of 10-6, 10-8, 10-10, 10-12, and E2 at a concentration 
of 10-8. TNF-! was added to each well of the 6 well plates at a concentration of 
1ng/ml. At the end of 14 and 28 days, cells were stained, fixed, and observed 
under a microscope with a magnification of 40x (Zeiss Observer).
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CHAPTER 5  

DISCUSSION AND CONCLUSION 

In this study, we have demonstrated that the phytochemical ferutinin does 

not increase nodule formation or ALP levels in MC3T3-E1 preosteoblast-like cells 

under TNF-! inflammatory condition. Furthermore, ferutinin did not cause any 

cytoxicity in this particular cell line. Ferutinin is a plant that grows in the 

Mediterranean region as well Syria (9). It is described as a phytochemical and 

has been reported to have estrogen like properties and has been studied in 

animal models (48,49). Phytochemicals like dried plum polyphenols have been 

shown to reverse the negative effects of osteoporosis in an animal model, human 

studies, and cell culture(8,18,24,40). Bu et al., showed dried plum polyphenols 

were able to increase intracellular ALP levels as well as increase the number and 

size of mineralized nodules under normal and inflammatory conditions caused by 

TNF- ! (24). Animal studies have been conducted using ferutinin in attempt to 

reverse osteoporosis as well as evaluate sexual receptivity in rats (10, 9, 50). 

Palumbo et al., reported that ferutinin was able to have similar effects as 

estradiol on bone mass in rats(10). Although the findings were interesting, the 

mechanism by which ferutinin exhibited its effects is unknown. Therefore, we 

hypothesized that ferutinin would dose-dependently increase nodule 

mineralization and increase ALP levels in preosteoblast-like cells in TNF-! 

induced condition. To test our hypothesis, we evaluated cell viability of MC3T3-

E1 preosteoblast-like cells after 24, 48, and 72 hours. We also evaluated ALP 

activity after 24, 72, and 144 hours of treatment. Lastly, we looked at nodule 

formation and staining density after 14 and 28 days of treatment. All 
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concentrations were treated with 1ng/ml of TNF-! to induce an inflammatory 

condition. 

 Cell viability levels remained above 90% after 24, 48, and 72 hours with 

the exception of ferutinin at a concentration 10-12 at 72 hours. After 72 hours, F-8, 

F-10 both dropped down to 82% but it was not significant. Ferutinin at F-12 dropped 

down to 75%, the lowest of all days but yet again was not significant. The results 

show that ferutinin was not cytotoxic to MC3T3-E1 cells, even under 

inflammatory conditions induced by 1ng/ml of TNF-!. Therefore, although TNF-! 

does have other negative effects on preosteoblasts, cell viability is not affected. 

To support this finding, Gilbert et al., 2000 showed that the addition of TNF-! to 

fetal rat calvaria preosteoblasts did not significantly alter viability, but did 

decrease nodule formation (24). 

 Ferutinin did not significantly increase ALP activity in MC3T3-E1 

preosteoblast-like cells after 24, 72, or 144 hours. Ferutinin at a concentration of 

F-12 was the highest in all three days of treatment but was not significant. Tissue-

nonspecific ALP (TNAP) is expressed in tissues such as liver, bone, and kidney. 

It is also produced on the cell membrane of osteoblasts, and chonrocytes (52) It 

is a marker of bone formation and turnover, therefore, an increased production of 

ALP signifies osteoblast differentiation. Ferutinin did increase ALP levels in all 

three days of treatment, however, the f-value was not significant.   

Ferutinin did not significantly increase nodule formation when compared to 

control (p<0.05). E2 significantly increased nodule formation after 14 days of 

treatment, but not after 28 days with the addition of TNF-!. Our findings on the 

detrimental effects of TNF-! are supported by a study done by Gilbert et al.(23). 

Preostoeblasts were treated with TNF-! and cell viability as well as nodule 

formation was measured. Results from that study along with others suggest that 

TNF-! is able to inhibit mineralized nodule formation (24, 25). It is suggested that 

TNF-! plays a role on inhibiting preosteoblast- like cells into the differentiation 
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pathway. Although TNF-! prevents the differentiation of osteoblasts, it does not 

hinder nodule formation once they are formed (24). Although dried plum 

polyphenols were able to significantly increase staining density and restore all 

levels to that of control under a TNF-! condition, ferutinin did not have the same 

effect (25). E2 concentrations of staining density were higher than all 

concentrations of ferutinin significantly, excluding the control. Although ferutinin 

has been reported to have estrogenic effects, it was not able to restore the 

staining density after treatment with TNF-!. After 28 days of treatment, E2 

dropped down to 68% of control. This was a drastic change compared to the 

levels of 140% after only 14 days. Overall, after 28 days the percent of nodule 

formation decreased in all concentrations. Even though the media was 

consistently changed every three days, the amount of viable cells able to 

produce nodules may have decreased. Due to the fact that they were growing in 

a limited area, this may have caused some cell death with the absence of 

calcium deposition.  

We conclude that the ferutinin does not increase nodule formation or ALP 

activity in MC3T3-E1 preosteoblast-like cell under a TNF-! inflammatory 

condition. 



37 

 

REFERENCES 
 

1) National Osteoporosis Foundation (NOF). Bone Basics. Retrieved January 2011. 
www.nof.org/aboutosteoporosis/bonebasics/whybonehealth  
 

2) Diel J.I., Bergner R., Grotz A.K. Adverse Effects of Bisphosphanates: Current 
Issues. J Support Oncol 2007;5;475-482. 
 

3) World Health Organization (WHO). Assessment of fracture risk and its 
application to screening for postmenopausal osteoporosis. Report of the WHO 
group. 1994.ISBN: 92 4 1208430 WHO/TSR/843 

 
4) Facts About Menopausal Hormone Therapy. U.S. Department of Health and 

Human Services. National Institutes of Health. National Heart, Lung, and Blood 
Institute. 2002. 
 

5) US Department of Health and Human Services (USDHHS). Stephen I. Katz, 

M.D., Ph.D. Testimony on Osteoporosis. Director, National Institute of Arthritis 

and Musculoskeletal and Skin Diseases. National Institutes of Health.1998 

6) US Department of Health and Human Services (USDHHS). Office of the Surgeon 
General. Bone Health and Osteoporosis: A Report of the Surgeon General. 2004 
 

7) Geller E.S., Studee L. Botanical and Dietary Supplements for Menopausal 
Symptoms: What Works What Doesn’t. J Womens Health (Larchmt).2005. 
14(7):634-649 
 

8) Hooshmand S, Arjamndi BH. Dried plum, an emerging functional food that may 
effectively improve health. Ageing Res Rev. 2009 

 
9) Zanoli P, Benelli A, Rivasi M, Baraldi C, Vezzalini F, Balardi M. Opposite effect of 

acute and subchronic treatments with Ferula Hermonis on Copulatory Behavior 
in rats. International Journal of Impotence Research 2003.(15) 450-455 

 
10)  Palumbo C, Ferritti M, Bertoni L, Cavani F, Resca E, Casolari B,Carnevale G, 

Zavatti M, Montanari C, Benelli A, Zanoli P. Influence of ferutinin on bone 
metabolism in ovariectomized rats.I: role in preventing osteoporosis. J Bone 
Miner Metab 2009 27:538-545 

 
11)  Kalu DN. The Ovariecomized Rat Model of Postmenopausal Bone Loss. Bone 

Miner. 1991. 15:175-191 
 

12)  Ikeda K, Arao Y, Otsuka H, Nomoto S, Horiguchi H, Kato S, Kayama F. 
Terpenoids found in the umbelliferae family act as agonists/anatagonists for ER! 
and ER": differential transcription activity between ferutinin-liganded ER! and 
ER". Biochemical and Biophysical Research Communications 2002. (291):35 



38 

 

 
13) National Institute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS). 

What Is Osteoporosis? Fast Facts: An Easy-to-Read Series of Publications for 

thePublic<http://www.niams.nih.gov/Health_Info/Bone/Osteoporosis/osteoporosis

_ff.asp> accessed January 2011 

14) US Department of Health and Human Services. Stephen I. Katz, M.D., 
Ph.D. Testimony on Osteoporosis Director, National Institute of Arthritis and 
Musculoskeletal and Skin Diseases. National Institutes of Health. 1998 
 

15) Imai Y, Kondoh S, Kouzmanko A, Kato S. Regulation of bone metabolism by 
nuclear receptors. J Molecular and Cellular Endocrinology; 2009.310; 3-10. 

 
16) Zaidi M. Skeletal remodeling in health and disease. Nat Med. 2007 ;13(7):791-

801  
 

17) Arjmandi BH, Alekel L, Hollis W.B, Amin D, Stacewicz-Sapuntzakis M, Guo P, 

Kukreja S. Dietary Soybean Protein Prevents Bone Loss in an Ovariectomized 

Rat Model of Osteoporosis. J Nutr.  1996;126(1):161-7 

18) Pacifi R. T:cells Critical bone regulators in health and disease. Bone. 2010 
;47(3):461-71. 
 

19) Khosla S. Minireview: The OPG/RANKL/RANK System.2001. Endocronology 
142(12):5050-5055 

 
20) Bucay N, Sarosi I, Dunstan CR, Morony S, Tarpley J, Capparelli C, Scully A, Tan 

HL,Xu W, Lacey DL, Boyle WJ, Simonet WS. Osteoprotegerin-deficeint Mice 
Develop Early Onset Osteoporosis and Arterial Calcification. 1998. Genes Dev 
12:1260-1268. 

 
21) Steeve KT, Marc P, Sandrine T, Dominique H, Yannick F. IL-6, RANKL, TNF-

alpha/IL-1: interrelations in bone resorption Pathophysiology. 2004. Cytokine & 
Growth Factor Reviews.15:49-60. 

 
22) Anderson MA, Maraskovsky E, Billingsley WL, Dougall WC, Tometsko ME, Roux 

ER, Teepe MC, DuBose RF, Cosman D, Galibert L. A Homologue of the TNF 
receptor and its Ligand Enhance T-cell Growth and Dendritic-cell Function. 1997. 
Nature 390:175-179. 

 
23) Gilbert L, He X, Farmer P, Boden S, Kozlowski M, Rubin J, Nanes M. Inhibition of 

Osteoblast Differentiation by Tumor Necrosis Factor-!. Endocronology 2000. 
141:3956-3964. 
 

 



39 

 

24) Bu SY, Hunt TS, Smith BJ. Dried plum polyphenols attenuate the detrimental 
effects of TNF-! on osteoblast function coincident with up-regulation of Runx2, 
Osterix, and IGF-1. J Nutr Biochem. 2009 ;20(1):35-44 
 

25) Cenci S, Weitzman M.N., Roggia C, Namba N, NovackD, Woodring J, Pacifi R. 
Estrogen deficiency Induces Bone Loss by Enhancing T-cell Production of TNF 
alpha. J. Clin. Invest. 106:1229-1237. 

 
26) Kimble RB, Bain S, Pacifi R. The Functional Block of TNF-but not IL-6 prevents 

bone loss in ovariectomized mice.1997 J. Bone Miner.Res. 12:935-941 
 

27) Roggia C, Gao Y, Cenci S, Weitzman MN, Toraldo G, Isiai G. Pacifi R. Up-
regulation of TNF-producing T cells in the bone marrow: a key mechanism by 
which estrogen deficiency induces bone loss in vivo. 2001. Proc. Natl. Acad.Sci 
98:13960-13965 

 
28) Ammann P, Rizzoli R, Bonjour JP, Bourin S, Meyer JM, Vassalli P. Transgenic 

Mice Expressing Soluble Tumor Necrosis Factor-Receptor are Protected Against 

Bone Loss Caused by Estrogen Deficiency. J. Clin. Invest.1997.99:1699-1703 

 
29) Nanes M. Tumor Necrosis Factor-!: Molecular and Cellular Mechanisms in 

Skeletal Pathology. 2003. Gene.321:1-15 

30) I.A. Dontas and Yiannakopoulos. Risk factors and prevention of osteoporosis-
related fractures. J Musculoskelet Neuronal Interact. 2007. 7(3):268-72. 
 

31) Teng K. Premenopausal osteoporosis, an overlooked consequence of anorexia 
nervosa. Cleveland Clinic Journal of Medicine. (78):1 

 
32) Baker D, Roberts R, Towell T.Factors Predictive of Bone Mineral Density in 

Eating –Disordered Women: A Longitudinal Study 1999. Int J Eat 
Disord. 2000;27(1):29-35. 

 
33) Rubin MR, Schussheim DH, Kulak CA, Kurland ES, Rosen CJ, Bilezikian 

JP, Shane E. Idiopathis osteoporosis in premenopausal women. Osteoporos 
Int. 2005;16(5):526-33 

 
34) Center for Disease Control and Prevention (CDC). Nutrition for everyone: 

Calcium and Bone Health. Retrieved January 2011. 
http://www.cdc.gov/nutrition/everyone/basics/vitamins/calcium.html 
 

 
35) Bleicher K, Cumming RG, Naganathan V, Seibel MJ, Sambrook PN, Blyth 

FM, Le Couteur DG, Handelsman DJ, Creasey HM, Waite LM.Lifestyle factors, 
medications, and disease influence bonemineral density in older men: findings 
from the CHAMP study Osteoporos Int. 2010. 



40 

 

 
36) Feskanich D, Willett W, Colditz G.Walking and Leisure-Time Activity and Risk of 

Hip Fracture in postmenopausal women. Clin J Sport Med. 2004 ;14(2):103-4. 
 

37) Sunyecs JA. (The use of calcium and vitamin D in the management of 

osteoporosis 2008). Ther Clin Risk Manag. 2008;4(4):827-36 

38) Dietary Guidelines for Americans 2005. 
http://www.cnpp.usda.gov/DietaryGuidelines.htm 
 

39) Kuehn B.M. Prolonged bisphosphante use linked to rare fractures, esophageal 
cancer. JAMA 2010.(304):19 

 
40) Deyhim F, Stoecker B, Brusewitz G, Levareddy L, Arjmandi BH. Dried Plum 

Reverses Bone Loss in an Osteopenic Rat Model of Osteoporosis. 2004. 
Menopause. 12(6):755-762 

 
41) Arjmandi BH, Khalil D, Lucas E, Georgis A, Stoecker B, Hardin C, Payton M, 

Wild R. Dried Plums Improve Indices of Bone Formation in Postmenopausal 
Women. J Womens Health Gend Based Med. 2002. 11(1):61-68 

 
42) Bradley NC, Peirce J. Insulin-Like Growth Factor I as a Biomarker of Health, 

Fitness, and Training Status. Med Sci Sports Exerc. 2010. 42:39-4 
 

43) Clemens B, Tempfer MD, Froese G, Heinze G, Bentz E, Hefler L, Huber J. Side 
Effects of Phytoestrogens: A Meta-Analysis of Randomized Trials. Am J of Med. 
2209.122:939-946  

 
44) Minciullo PL, Saija A, Patafi M, Matotta G, Ferlazzo B, Gangemi S. Musle 

Damage Induced by Black Cohosh (Cimicifuga Racemosa). Phytomedicine. 

2006. 13:115-118. 

 
45) Tice J, Ettinger B, Ensrud K, Wallace R, Blackwell T, Cummings S. 

Phytoesterogen Supplements for the Treatment of Hot Flashes: The Isoflavone 

Clover Extract (ICE) Study. JAMA. 2003. 290(2): 207-214 

 
46) Rachon D, Vortherms T, Seidlova-Wuttke, Wuttle W. Effects of Black Cohosh 

Extract on body weight, intra-abdominal fat accumulation, plasma lipis and 

glucose tolerance in ovariectomized Sprague-Dawley Rats. Maturitas. 

2008.60:209-215 

47) Colman-Saizarbitoria, Boutros P, Amesty A, Bahsas A, Mathison Y, Garrido M, 
Israel A. Ferutinin stimulates nitric oxide synthase activity in median eminence of 
the rat.J Ethnopharmacology 2006;106:372-332 

 



41 

 

48) Appendino G, Spagliardi P, Pocock V, Milligan S. Duacane Phytoestrogens: A 
Structure –Activity Study. J. Nat. Prod. 2002. 65: 1612-1615 

 
49) Appendino G, Spagliardi P, Sterner O, Milligan S. Structure- Activity 

Relationships of the Estrogenic Sesuiterpene Ester Ferutinin. Miodification of the 
Terpenoid Core. J. Nat. Prod. 2004. 67:1557-1564 

 
50) Zavatti M, Montanari C, Zanoli P. Role of Ferutinin in the impairment of Female 

Sexual Function Induced by Ferula Hermonic. Physiol. Behav. 2006. 89:656-661 

 
51) Hadidi KA, Aburjai T, Battah AK. A Comparative Study of Ferula Hermonis Root 

Extracts and Sildenafil on Copulatory Behavior of Male Rats. 

Fitoterapia.2003.74:242-246 

 
52)  Orimi H. The Mechanism of Mineralization and the Role of Alkaline Phosphatase 

in Health and Disease. J Nippon Med Sch. 2010.77:4-12 
 

 

 



42 

 

 

BIOGRAPHICAL SKETCH 

Yelizaveta (Liza) Muravyeva was born in Moscow, Russia on June 7, 1987. She 

is the daughter of Natalia Barber and Ilya Muravyov. At the age of six, she moved from 

Moscow to San Francisco, California. After living in California and the Czech Republic, 

her family moved to Florida. She completed her Bachelor’s of Science degree in 

Dietetics at The Florida State University. After graduating, she began her graduate 

career under the advisement of Dr. Arjmandi. During her time at the Florida State 

University, she worked as a research assistant for Dr. Arjmandi, received a teaching 

assistantship. She also worked for the Florida State University Leach Center during her 

graduate and undergraduate career. 


	The Florida State University
	DigiNole Commons
	5-3-2011

	Does Ferutinin Dose-Dependently Increase Nodule Formation in TNF-Alpha Activated MC3T3-E1 Preosteoblast-Like Cells?
	Yelizaveta Muravyeva
	Recommended Citation



