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ABSTRACT 

 
EFFECT OF VITAMIN E ISOFORMS DIFFERS ON BONE IN C57BL/6J MICE FED 

A HIGH FAT DIET 

 
GINA L. TRAN, BS 

AUGUST 2016 

In humans and animals, high fat diet (HFD) is associated with low bone density. 

High fat intake increases production of reactive oxygen species causing increased 

osteoclast activity and bone loss.  Previous studies with Vitamin E, a free radical 

scavenger, have demonstrated its positive effect on bone. However, no studies have 

compared the effectiveness across different vitamin E isoforms. In this study, C57BL/6 

mice were used as a model of HFD-induced bone loss.  Animals were randomized to low 

fat diet (LFD), HFD, HFD supplemented with alpha tocopherol (HFD-AT), HFD 

supplemented with gamma tocopherol (HFD-GT), or HFD supplemented with both alpha 

and gamma tocopherols (HFD-AGT). After 12-weeks, mice were euthanized and bone 

specimens were collected for analysis. HFD resulted in low fibular bone density and high 

tibial bone fat content (p<.05) in comparison to LFD. HFD-GT, but not HFD-AT, 

reduced the negative impact of HFD on BMD. However, HFD-AGT had the lowest 

BMD, BMC, and percent fat content in tibias. Additionally, HFD-GT noted higher 
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concentrations of alkaline phosphatase (ALP) and n-terminal propeptide of type I 

procollagen (PINP) compared to LFD, implying an increase in bone growth and 

formation rate.  The effect of increasing HFD-GT treatment on tartrate-resistant acid 

phosphatase (TRACP) was also significant in comparison to HFD, implicating the impact 

of bone resorption in combination with bone formation. This data demonstrates that 

different isoforms of vitamin E, have differing protective effects on bone quality, with 

GT being the most protective. 
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CHAPTER I 

INTRODUCTION 

Osteoporosis 

Osteoporosis is a chronic and progressive disease, where low bone mineral 

density and deteriorating bone structure is seen.  It is the most common bone disease in 

humans and affects both men and women (Mauk, 2006). Approximately 1.5 million 

fractures are associated with osteoporosis annually and the national medical cost for 

treating broken bones is approximately $18 billion dollars a year (U.S. Department of 

HHS, 2004).  Factors involved in increased bone loss include decreased calcium and 

vitamin D intake, physical inactivity, certain medications, smoking, and obesity (Genuis, 

2007). Age-related bone loss can be associated with a decrease in bone formation with 

continual bone resorption (Patsch, et al. 2011). This combination can lead to weakening 

of bone at the microarchitectural level and to bone fractures. Common fracture locations 

are femoral neck and lumbar spine, and may be correlated with an increase in morbidity 

and mortality (Baron, 2012). As the rate of obesity increases across the US, the 

relationship between obesity and osteoporosis should be given more consideration 

(Halade et al, 2010). 

Bone Loss and Inflammatory Mediators 

At the cellular level, bone matrix is developed in two ongoing and collaborating 

systems, resorption and formation. Bone formation is established through processes that 

activate osteoblasts, while bone resorption is initiated with osteoclasts. Once there is an 
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imbalance between resorption and formation, it can lead to compromised bone 

development. Intracellularly, the increase of immune cell mediators like cytokines and 

prostaglandins, and oxygen-derived free radicals can result in bone loss. Pro-

inflammatory cytokines like tumor necrosis factor (TNF), immune cell mediator 

interleukin-1 (IL-1), interleukin-6 (IL-6), and prostaglandin-E2 (PGE2) may be related to 

the bone resorption process by promoting osteoclast activation and inhibiting osteoblast 

action (Horowitz et al, 2001). Furthermore, TNF can promote monocyte and macrophage 

differentiation to the beginning stages of osteoclasts (Teitelbaum, 2000). Oxygen-derived 

free radicals are also created from phagocytes and can increase chronic inflammation 

diseases and the risk of osteoporosis (Wu et al, 2007). 

Mouse Model and Bone Metabolism 

To assess bone metabolism in animals, the C57BL/6 mouse model has been 

successful in assessing peak bone density (Chen, 1999). In a study comparing C57BL/6J 

mice with A/J mice, the former was noted to have higher quadriceps muscle mass and 

cage activity levels (Kaye, 1995). This commonly used model was also effective in 

comparing skeletal aging and mechanical loading over various ages (Holguin et al, 2014). 

Previous studies have also reviewed the content of femur and tibial changes in C57BL/6 

mice. Specifically, femur bone mineral content (BMC) and bone mineral density (BMD) 

were reduced with this model across variations of increased dietary fat intake (Parhami et 

al, 2001).  
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High Fat Diet and Influence on Bone 

High fat diets and diet-induced obesity in the mouse model have shown lower 

BMD and decreased bone microarchitecture. Cao et al. concluded that trabecular bone 

mass in C57BL/6 proximal tibia decreased with a high triglyceride diet (45% fat) 

compared to a control diet  (10% fat) (Cao et al, 2009). Additionally, Ionova-Martin et al. 

established that a high fat diet increased lumbar spine BMD, BMC, and femoral size, but 

a lower femoral bone quality (Ionova-Martin, et al, 2009). A high fat diet can decrease 

BMD and increase bone marrow fat content, action of PPAR- γ, and creation of pro-

inflammatory cytokines like IL-6 and TNF-α. PPAR- γ promotes the production of 

adipocytes, while pro-inflammatory cytokines fuel the formation of osteoclasts (Halade et 

al, 2010). This suggests that a high fat diet or diet-induced obesity can lead to a higher 

risk for osteoporosis.  

Vitamin E and Bone Health 

Vitamin E is an important fat-soluble vitamin, antioxidant, and free radical 

scavenger. It can reduce the production of IL-1, IL-6, PGE2, and TNFα that have been 

associated with increased bone loss (Belisle SE, et al 2009). Vitamin E assists in 

sustaining normal bone production in adolescent animals and protects against lipid 

peroxidation. Additionally, vitamin E has been shown to increase bone mass by reducing 

free radicals that stimulate bone resorption (Xu, et al 1995). High dose supplementation 

of vitamin E can increase femoral dry weight, femoral strength, and mean total tibiae 

protein of older mice. In both young and old mice, vitamin E can increase the production 
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of bone matrix proteins like osteocalcin and IGF-I (Arjimandi, et al 2002). Therefore, 

vitamin E may positively benefit bone health. 

Per the Dietary Reference Intakes (DRIs), estimated average requirement for 

vitamin E in adults is 15 mg/day (USDA).  One type of vitamin E is tocopherol. α-

tocopherol has been the most studied tocopherol and is primarily found in human and 

animal tissues and in oral supplements. Alpha-tocopherol can enhance cell-mediated 

immune function of aged animals and humans (Wu, et al. 200). It can also increase 

antioxidant enzymes in ovariectomized rats, and promote healing of bone fractures in rats 

(Shuid, et al 2011, Turk, et al 2004). Conversely, γ-tocopherol is found primarily in plant 

seeds and nuts in the western diet (Jiang, et al 2001). It has also been shown to be anti-

inflammatory by inhibiting prostaglandin E2 synthesis in lipopolysaccharide-stimulated 

macrophages (Jiang, wt al 2000).  Both of these tocopherols may be valuable in 

supporting bone health by altering inflammatory and antioxidant behavior. 

However, no previous studies have investigated the effect of specific vitamin E isoforms 

on bone health. This study will investigate the effect of various isoforms of vitamin E on 

bone health in mice fed a high fat diet.  

Central Hypothesis 

The main objective of the proposed study is to compare the effects of α-

tocopherol, γ-tocopherol, and the combination of α- and γ-tocopherol on bone density, 

bone mineral content, and bone metabolism. We hypothesize that α-tocopherol, γ-

tocopherol, and/or combination of α- and γ-tocopherol will reverse the bone impact of a 

high fat diet in C57BL/6J mice fed high-fat diet compared to low-fat controls.  
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Specific Aims 

 

Aim 1.           To determine whether the supplementation of a high fat, α-tocopherol, γ-

tocopherol, or αγ-tocopherol diets will improve BMD and bone mineral 

content (BMC) in C57BL/6 mice. 

Aim 2.           To determine whether the supplementation of α-tocopherol, γ-tocopherol, 

and αγ-tocopherol will show a favorable effect on serum biomarkers for 

bone loss or bone growth in C57BL/6 mice. 
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CHAPTER II 

REVIEW OF LITERATURE 

Components and Formation of Bone 

Bone is an essential component in the human body because of its function in 

strength and protection.  It works with other organ systems to maintain homeostatic 

balance within the entire body and is constantly adjusting.  Therefore, bone can increase 

in strength or it can become weak, resulting in fractures.  To understand the importance 

of bone health, it is essential to recognize the components of bone. 

There are two types of bone, trabecular and cortical bone.  Trabecular bone is 

typically spongy and is at the ends of long bones such as the femur.  More than half of its 

content are porous and its structure creates room for marrow, nerves, and blood vessels. 

Conversely, cortical bone has about 5 to 10% porosity, making it much denser and 

requiring time to create.  These bones are usually around trabecular bone and provide a 

coating for added protection to internal nerves and blood vessels.  It is formed through 

the Haversian systems that make strong, tube-like structures.  Molecularly, bone matrix 

contains collagen and hydroxyapatite crystals, which aid in strength (Doblare et al. 2004).  

Essentially, bone can change and develop as influenced by many external factors such as 

hormones and damage. 

Bone formation occurs in two major phases, primary and secondary ossification.  

Primary ossification occurs when epiphyseal cartilage, collagen, and hydroxyapatite 
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combine to create a porous and woven arrangement (Olszta et al. 2007).  In secondary 

ossification, the primary bone develops into lamellar bone, similar to cortical bone.  

Under closer examination, bones are formed with specific cells that can build or break 

down bone.  Osteoclasts acidify and dissolve bone, and osteoblasts are mesenchymal 

cells that make new bone.   

Differentiation between these cells is possible through identification of the 

osteoprotegerin (OPG), receptor activator of nuclear factor kappa-B (RANK), and 

receptor activator of nuclear factor kappa-beta ligand (RANKL) pathway.  RANKL is on 

the surface of early osteoblast cells, while RANK is on the pre-osteoclast cells.  RANKL 

activates macrophage colony-stimulating factor (M-CSF), which attaches to colony 

stimulating factor 1 receptor (c-Fms) on RANK.  Inducing osteoclast are differentiation 

and activation.  OPG regulates the entire process by blocking RANKL.  There are also 

several cytokines that enhance the production of RANK or RANKL, which can then 

promote bone formation or resorption through the remodeling progression (Khosla. 

2001). 

Positive Bone Health 

Generally, bones are involved in numerous mechanisms within the body.  Some 

of its major functions are to provide protection of internal organs and to support the 

body’s structure. Bones also collaborate with skeletal muscles to implement movement 

(Olszta et al. 2007).  Bone is also involved in many metabolic benefits like storage of 

minerals, fatty acids, and growth factors (Doblare et al. 2004).  To support all of these 

functions, current recommendations involve proper intake of nutrients and weight bearing 
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exercises (U.S. Department of Health and Human Services).   Other parallels with good 

bone health are adequate protein, calcium, vitamin D, zinc, fruits and vegetables (Genuis 

et al. 2007, Utiger. 1998, Hyun et al. 2004, Prynne et al. 2006). Even omega-3 fatty acid 

and omega-6 fatty acid consumption may also be related to a balance of calcium usage 

and bone resorption (Requirand et al. 2000). With proper care, healthful bone status can 

increase body strength and prevent fractures at earlier ages.   

Suggested Nutrient Intakes 

There are several nutrients that have been extensively studied to show an affect on 

bone production; these include calcium, vitamin D, protein, magnesium, and phosphorus. 

The best bone linked nutrient is calcium, which provides the physical support of bone, 

serves as a messenger, and stimulates cellular protein production (Heaney. 2009).  

According to the World Health Organization (WHO), recommended daily intakes of 

calcium range from 1,000-1,300 mg/day for both adult men and women (Looker. 2006). 

Foods that contain the highest amount of calcium are milk, yogurt, cheese, tofu, and 

sardines. Vitamin D is important in enhancing calcium absorption and bone deposition 

(Bikle et al. 2002). It is currently recommended for adults to consume 600 IU of vitamin 

D daily, which can be found highest in cod liver oil and fatty fish like salmon and 

mackerel (Looker. 2006).  Protein is also necessary in bone health because it physically 

protects bone and increases the mediator, insulin-like growth factor 1 (IGF-1). Therefore, 

increased intake of protein from animals or plant products can prevent excess bone 

resorption (Bikle et al. 2002). Magnesium is needed because it is included in ATP 

production. Magnesium dense foods include dark leafy greens, legumes, and nuts. 
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Finally, phosphorus is a major component in proper bone mineralization. However, a diet 

high in phosphate can result in reduced BMD due to an increase in parathyroid hormone 

(PTH), less calcium regulation, and less vitamin D biosynthesis. Adequate amounts of 

phosphorus can be found in dairy, whole grains, and nuts (Peters et al. 2010). 

Negative Bone Health 

Decreasing bone health can result in chronic and progressive diseases like 

osteoporosis, the outcome of depressed bone mineral content and bone quality. Once 

there is weakening of bone at the microarchitectural level, it can lead to bone fractures. 

This is the most common bone disease in humans, affecting both men and women 

(Mauck et al. 2006). Approximately 1.5 million fractures are associated with osteoporosis 

annually, with a national medical cost for treating broken bones at approximately 18 

billion a year (U.S. Department of Health and Human Services). Factors that promote 

increased bone loss include suboptimal nutrition, physical inactivity, certain medications, 

smoking, and obesity (Genuis et al. 2007).  After the age of 50, 50% of women and 25% 

of men will have a fracture related to osteoporosis (National Osteoporosis Foundation).  

Age-related bone loss is associated with decreased bone formation, weakened peak bone 

mass (PBM), and increased speed of bone resorption. Lowered PBM is related to 

decreased intake of bone-specific nutrients in youth for appropriate bone production.  

Rapid bone loss is also associated with hormonal changes like in menopause (Genuis et 

al. 2007). 

Common fracture locations are femoral neck and the lumbar spine, both of which 

may correlate with increased morbidity and mortality (Baron et al. 2012). In elderly 
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adults, the combination of poor bone mass, decreased muscle mass, and falls result in 

higher risk of fractures. Other correlations with decreased bone health include aging, 

excessive exercise, excessive protein intake, and excessive omega-6 intake (Warren. 

2003, Kerstetter et al. 2003, Fernandes et al. 2003).  However, obesity may also be a 

factor in fracture risk due to increased bone resorption (Cao et al. 2009). As the rate of 

obesity increases across the US, obesity and osteoporosis should be given more 

consideration. 

 There are many theories on positive and negative effects of different nutrients on 

bone health.  Other nutrients with a relationship to bone health may include high fat diets, 

alpha-tocopherol, and gamma-tocopherol.  Intake of these specific nutrients may alter 

bone health induced through bone mineral density, area, or inflammatory markers. 

Bone Loss and Inflammatory Mediators  

 At the cellular level, bone matrix is developed in two ongoing and collaborating 

systems, resorption and formation. Bone formation is established through processes that 

activate osteoblasts, while bone resorption is initiated with osteoclasts. Once there is a 

negative imbalance between resorption and formation, it can lead to compromised bone 

development. Intracellularly, the increase of immune cell mediators like cytokines and 

prostaglandins, and oxygen-derived free radicals, can result in bone loss. Pro-

inflammatory cytokines like tumor necrosis factor (TNF), immune cell mediator 

interleukin-1 (IL-1), interleukin-6 (IL-6), and prostaglandin-E2 (PGE2) may be related to 

the bone resorption process by promoting osteoclast activation and inhibiting osteoblast 

action. TNF, IL-1, and IL-6 can be made by many different cells and stimulate other cells 
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in the endocrine system and may activate additional cytokines and inflammatory 

mediators resulting in breakdown of other tissues (Redlich et al. 2012). 

 TNF can promote monocyte and macrophage differentiation to the beginning 

stages of osteoclasts (Teitelbaum. 2000). Oxygen-derived free radicals released from 

phagocytes can increase chronic inflammation disease and risk of osteoporosis (Wu wt al. 

2000).  IL-6 is the most common cytokine and once activated may increase inflammation 

through other cytokines. In particular, IL-6 has a role in stimulating the release of 

glucocorticoids that may fuel bone loss. IL-6 is also increased after menopause, a state 

where we also see estrogen deficiency. This deficiency can up-regulate RANKL 

expression and prevent cell differentiation to osteoblasts, resulting in bone resorption 

(Redlich. 2012). In summary, these inflammatory mediators can increase osteoclast 

function and reduce osteoblast activity.  

Mouse Model and Bone Metabolism 

 To assess bone metabolism in animals, the C57BL/6J mouse model has been 

successful in assessing peak bone density. Chen, et al showed that lower dietary intake of 

calcium increased serum PTH to higher levels in C57BL/6J mice than existed in 

C3H/HeJ mice. C57BL/6J mice required more mobilization of calcium from bone to 

sustain extracellular homeostasis (Chen. 1999). In a study comparing C57BL/6J mice 

with A/J mice, the former was noted to have higher quadriceps muscle mass and cage 

activity levels (Kaye. 1995).  

The C57BL/6J commonly used model was also effective in comparing skeletal 

aging and mechanical loading over various ages (Holguin et al. 2014). Ferguson, et al, 
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studied bone development and progressive bone loss of the femur and humeri during the 

life span of 104 weeks. They noted that this mouse model is adequate to study age-related 

osteopenia and osteoporosis due to display of mechanisms that suggest bone resorption 

after the mice were ages at 52 weeks (Ferguson. 2003). Previous studies have also 

reviewed the content of femur and tibial changes in C57BL/6 mice (Parhami et al. 2001). 

Specifically, femur bone mineral content (BMC) and bone mineral density (BMD) were 

reduced with this model across variations of increased dietary fat intake (Parhami et al. 

2001). Thatcher, et al, noted a deficiency in macrophages of bone marrow cells in obese 

C57BL/6 mice increased inflammation and glucose intolerance (Thatcher. 2012). De 

Angel RE, et al, also found that dietary dairy intake decreased weight gain and decreased 

percent body fat in obese postmenopausal mice, while calcium supplementation increased 

BMD in low fat mice (De Angel. 2009). It is well established that this mouse model has 

been useful in determining effectiveness of nutrition on bone health.  

High Fat Diet on Bone 

 Obesity is typically seen as a negative impact on health status because of possible 

side effects such as diabetes, hypertension, and increased blood lipids.  Although these 

effects can be detrimental to individuals, there may be a benefit in obesity and bone 

health.  A diet with higher fat will result in increased needs to store fat.  Stored fat will 

continuously increase the body’s fat mass and body weight.  An increase in body weight 

has shown to significantly increase BMD in human and animal models, as well as across 

different age groups (Reid et al. 1992, Cao et al. 2009).   
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 There are various components that contribute to the benefits of increased body 

weight on BMD, with the primary impact being mechanical load.  It has been shown that 

dynamic strain is more likely to show improvements in bone status, as opposed to static, 

slower strains (O’Connor et al. 1982).  Load bearing is beneficial for bone because it can 

promote metabolism, gene assembly, create growth factors, and increased bone matrix.  

In particular, mechanical loading lowers the amount of osteocyte apoptosis, which 

maintains the number of osteocytes located on the bone.   A load can also encourage 

prostaglandin E2 (PGE2) release with estrogen to fuel osteoblasts and osteoclasts.   

Another action is the promotion of transforming growth factor-beta (TGF-B) and insulin-

like growth factor- 1 (IGF-1). Additionally, loading stimulates an increase in bone matrix 

production promoting upkeep of the bone environment. As mentioned previously, 

estrogen has also been shown to increase the process of osteoclast apoptosis, preventing 

resorption.  In rats, estrogen increases cell division and matrix production within the bone 

(Ehrlich wt al. 2002).  Moreover, low-density lipoprotein receptor-related protein 5 

(LRP5) may be involved in the stimulation of osteoblasts after loading.  LRP5 combines 

with Wnt glycoproteins to activate the reinforcement of bone mass, decreasing bone 

weakness and fractures (Sawakami et al. 2001). 

 A high fat diet may not be as beneficial to bone health.  Cao et al. noted that a 

high fat diet in mice lowered trabecular tibia bone content. Additionally, while it may 

support bone synthesis, but general obesity can promote bone resorption.  This study 

concluded that trabecular bone mass in C57BL/6 proximal tibia decreased with a high 

triglyceride diet (45% fat) compared to a control diet (10% fat) (Cao et al. 2009). 
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Additionally, Ionova-Martin et al. established that a high fat diet promoted lumbar spine 

BMD, BMC, and femoral size, but a lower femoral bone quality (Ionova-Martin et al. 

2009). When an individual is obese, there are heightened inflammatory responses 

because the body is not at a healthy functioning level.  Pro-inflammatory cytokines like 

tumor necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β), and IL-6 are secreted 

and encourage osteoclast movement.  These activate macrophage-colony stimulating 

factor (M-CSF) in the RANKL, RANK, and OPG pathway, which increases the amount 

of osteoclast production (Cao et al. 2009). This suggests that a high fat diet or diet-

induced obesity can lead to a higher risk for osteoporosis. 

Vitamin E and Bone Health 

Vitamin E is an important fat-soluble vitamin, antioxidant, and free radical 

scavenger. In an observational study with humans, sub-optimal vitamin E intake was 

related to a higher fracture risk. Specifically, a lower intake of α-tocopherol was linked 

with a higher hip fracture risk (Michaëlsson et al. 2014). In another study with humans, 

higher serum concentration of vitamin E correlated with improved bone function, post 

hip fracture (D'Adamo et al, 2011).  Hamidi MS, et al also noted in a cross-sectional 

study that vitamin E might reduce bone turnover in postmenopausal women, potentially 

with upregulating of bone formation without changing the pace of bone resorption 

(Hamidi et al. 2012). In summary, several studies have shown that improved vitamin E 

intake, particularly α-tocopherol, may be beneficial in preventing hip fractures, physical 

movement, bone loss, and sarcopenia (Rondanelli et al. 2015).  
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Sarcopenia is a chronic issue in the elderly population. It is defined as a gradual 

condition of loss of muscle mass and strength. As it progresses due to different factors, it 

effects quality of life in mobility and activities associated with daily living.  One 

prominent effect of sarcopenia development is oxidative stress on muscle and bone 

function (Rondanelli et al. 2015). Elevated vitamin E intake can reduce the production of 

IL-1, IL-6, PGE2, and TNFα, all associated with increased bone loss (Belisle et al. 2009). 

Vitamin E assists in sustaining normal bone production in adolescent animals and 

protects against lipid peroxidation. Additionally, vitamin E has been shown to increase 

bone mass by reducing free radicals that stimulate bone resorption (Xu et al.1995). High 

dose supplementation of vitamin E can increase femoral dry weight, femoral strength, 

and mean total tibiae protein in older mice. In both young and old mice, vitamin E can 

increase the production of bone matrix proteins like osteocalcin and IGF-I (Arjimandi et 

al. 2002). In conclusion, vitamin E may positively benefit bone health. 

Per the Dietary Reference Intakes (DRIs), estimated average requirement for 

vitamin E in adults is 15 mg/day (U.S. Department of Health and Human Services).  The 

primary vitamin E and the one for which the DRI is established is α-tocopherol. α-

tocopherol has been the most studied tocopherol and is primarily found in human and 

animal tissues and oral supplements. Other dietary sources include olive oil, dark leafy 

greens, and vitamin E-fortified cereals. It is regulated in the liver through α-tocopherol 

transfer protein (α-TTP), which initiates its transportation to extrahepatic tissues and 

while also regulating vitamin E catabolism (Traber et al. 2012). Alpha-tocopherol can 

enhance cell-mediated immune function of aged animals and humans (Wu et al. 2000). It 
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also increases antioxidant enzymes in ovariectomized rats, and promotes healing of bone 

fractures in rats (Shuid et al. 2011, Turk et al. 2004). Conversely, there have been 

additional studies suggesting that excess consumption of α-tocopherol may degrade bone 

microarchitecture (Chin et al. 2014).  

γ-tocopherol is the lesser-studied vitamin E isomer. It is found primarily in plant 

seeds, nuts, soybean oil, and canola oil in the western diet. It has been shown to be anti-

inflammatory by inhibiting prostaglandin E2 synthesis in lipopolysaccharide-stimulated 

macrophages (Jiang, et al 2001).  Hamidi MS, et al, noted in humans that a high serum γ-

tocopherol with a low ratio of α -tocopherol to γ-tocopherol were related to elevated 

bone-specific alkaline phosphatase (BAP), a biomarker of bone formation (Hamidi et al. 

2012). These studies imply that both tocopherol isomers may be valuable in support of 

bone health via their anti-inflammatory and antioxidant properties.  

These findings suggest that vitamin E has preventative benefits for bone health 

induced through antioxidant mechanisms. However, there are minimal previous studies 

that investigated the effect of specific vitamin E isoforms on bone health. Osteoporosis 

and bone health is a major concern among the obese population that requires a greater 

focus on prevention. This study will investigate the effect of various isoforms of vitamin 

E on bone health in mice fed a high fat diet. If different isoforms of vitamin E could 

improve bone health, it can provide opportunities to promote alternative nutrition therapy 

for osteoporosis.  
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CHAPTER III 

METHODOLOGY 

Study Design 

C57BL/6J mice right and left leg bones were collected from a previous study. In 

the former study, seventy-five male C57BL/6J mice were purchased from Jackson 

Laboratories (Maine, USA). Mice were housed 5 per cage over the duration of the 25-

week study. Mice had access to food and water ad libitum, with all food changed daily. 

All animals were cared for per the Institutional Animal Care and Use Committee 

guidelines of Texas Woman’s University, in accordance to Protocol # 2008-02. 

Treatment 

In the previous study, after one week of acclimatization, 75 male C57BL/6J mice (4-

5 weeks old) were divided into Control and Experimental groups (n=15) for 15 weeks.  LFD 

mice were maintained on 6% fat diet, with HFD and other experimental groups fed on 20% 

fat diet. At the end of 15 weeks, doses of α- (600 µmol/kg), γ- (600 µmol/kg), and αγ- (300 

µmol/kg α-tocopherol with 300 µmol/kg γ-tocopherol) tocopherol were fed to experimental 

groups for 10 weeks, on a daily schedule.  At study termination, all animals fasted for 10 

hours, and whole blood samples were collected following decapitation. Right and left lower 

leg samples were frozen immediately in liquid nitrogen and stored at -80ºC until bone 

cleaning.  Blood samples were collected and stored at-20ºC for later measurement of serum 

biomarkers. In the current study, the previously harvested left and right tibia and fibulas were 
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removed, cleaned of soft tissues and stored at -20ºC for measurements of bone density and 

tissue. See Figure 1 for the experimental design.  

Bone Analysis 

Once left and right tibia and fibula bones were cleaned, all available tibia and 

fibula bones were scanned with a Lunar PIXImus dual-energy x-ray absorptiometry 

(DEXA) densitometer. Each bone was scanned individually.  Once the bone was scanned, 

the PIXImus measured bone mineral density (BMD), bone mineral content (BMC), lean 

tissue content, and fat tissue content.  
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Figure 1.1 Research Study Design 

 

Serum Biomarkers of Bone Metabolism 

 All serum biomarker procedures described below were followed as by 

manufacturers of these kits. Serum samples were duplicated and tested using the 

described methods.  

 

75 male C57BL/6J mice (4-5 weeks) 

 
1 week acclimatization to Harlan Teklad 8664 (6%-fat) diet 

 
Mice weighed, and divided evenly, with body weight matched into Control and Experimental 

groups (n=15).  

 
          6%-fat diet            20%-fat diet            20%-fat diet        20%-fat diet     20%-fat diet 

   (Low-fat Control)   (High-fat Control)    (Expmnt.)          (Expmnt.)        (Expmnt.) 

 
 

Mice maintained on diets for 15 weeks (food intake & body weights recorded daily and twice 
a week, respectively) 

 
After 10 weeks, experimental groups received alpha, gamma, or combination of alpha and 

gamma tocopherol  
 
 

          6%-fat diet            20%-fat diet        20%-fat diet        20%-fat diet     20%-fat diet 
(w/o tocopherols)   (w/o tocopherols)        (w/  α-T )           (w/  γ-T)         (w/  αT +  γT) 

 
Mice maintained on respective diets for the final 10 weeks 

 

Mice sacrificed at the end of 25 weeks of study initiation 
 

 
Left and right tibias and fibulas collected for bone analysis. 

 

Plasma analyzed for alkaline phosphatase (ALP), tartrate-resistant acid phosphatase 
(TRACP), pyridinoline (PYD), and N-terminal propeptide of type I procollagen (PINP). 
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Alkaline Phosphatase (ALP) and Tartrate-resistant Acid Phosphatase (TRACP) 

 ALP and TRACP were measured using Takara TRACP & ALP Assay Kits. 

TRACP is an osteoclast enzyme marker, and when introduced to tartaric acid, can be 

detected.  Alternatively, ALP is an osteoblast enzyme marker. ALP is attached to the 

membrane of osteoblasts and improves osteogenesis by reducing pyrophosphates. This 

assay kit detects acid phosphatase (ACP) and ALP with the use of p-nitro-phenyl 

phosphate (pNPP) substrate. Once serum samples react, absorbance was measured at 405 

nm using a plate reader. 

Pyridinoline (PYD) 

 PYD was evaluated using the MicroVue Serum PYD EIA Kit. This assay kit 

assesses bone and cartilage collagen degradation. In humans and animals, once bone and 

cartilage are degraded, PYD is excreted in urine. The principle of the reaction occurs 

when serum PYD competes with PYD immobilized on the kit plate for anti-PYD 

antibody. Any bound antibody is attached to ALP and detected with the addition of pNPP 

substrate. Results were measured at 405 nm absorbance. 

N-terminal Propeptide of Type I Procollagen (PINP) 

Lastly, PINP was evaluated using Immuno Diagnostic System Rat/Mouse PINP 

EIA Kit. This assay kit measured bone formation rate by recording the synthesis of type I 

collagen in bone matrix. Serum samples were combined with a PINP and biotin mixture. 

An enzyme is then added to bind to biotin. Finally, tetramethylbenzidine (TMB) substrate 

was added to detect absorbance at 450 nm. 
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Statistical Analysis 

Descriptive statistics and analysis of variance were conducted using SPSS v. 19.0. 

Descriptive statistics were calculated for all variables (control, high fat, α-tocopherol, γ-

tocopherol, and αγ-tocopherol diets). This included range, minimum, maximum, mean, 

and standard deviation for variables. The distribution of each treatment group was 

reviewed to assess for any outliers. A one-way ANOVA was performed and followed 

with a post-hoc test with a Tukey adjustment to compare the effects of tocopherol forms. 

A Kruskal-Wallis nonparametric test was used to test the effect of treatments with a non-

normal distribution. Differences were considered significant at P<0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 22 

 
 

CHAPTER IV 
 

EFFECT OF VITAMIN E ISOFORMS DIFFERS ON BONE IN C57BL/6J MICE FED 

A HIGH FAT DIET 

An Article to Submitted for Publication in Name of Journal 

 
Gina L. Tran, Victorine Imrhan, Parakat Vijayagopal, and Shanil Juma 

 

Department of Nutrition and Food Sciences, Texas Woman’s University,  
Denton, TX 76204, USA 

 
ABSTRACT 

 
In humans and animals, high fat diet (HFD) is associated with low bone density. 

High fat intake increases production of reactive oxygen species causing increased 

osteoclast activity and bone loss.  Previous studies with Vitamin E, a free radical 

scavenger, have demonstrated its positive effect on bone. However, no studies have 

compared the effectiveness across different vitamin E isoforms. In this study, C57BL/6 

mice were used as a model of HFD-induced bone loss.  Animals were randomized to low 

fat diet (LFD), HFD, HFD supplemented with alpha tocopherol (HFD-AT), HFD 

supplemented with gamma tocopherol (HFD-GT), or HFD supplemented with both alpha 

and gamma tocopherols (HFD-AGT). After 12-weeks, mice were euthanized and bone 

specimens were collected for analysis. HFD resulted in low fibular bone density and high 
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tibial bone fat content (p<.05) in comparison to LFD. HFD-GT, but not HFD-AT, 

reduced the negative impact of HFD on BMD. However, HFD-AGT had the lowest 

BMD, BMC, and percent fat content in tibias. Additionally, HFD-GT noted higher 

concentrations of alkaline phosphatase (ALP) and n-terminal propeptide of type I 

procollagen (PINP) compared to LFD, implying an increase in bone growth and 

formation rate.  The effect of increasing HFD-GT treatment on tartrate-resistant acid 

phosphatase (TRACP) was also significant in comparison to HFD, implicating the impact 

of bone resorption in combination with bone formation. This data demonstrates that 

different isoforms of vitamin E, have differing protective effects on bone quality, with 

GT being the most protective. 

INTRODUCTION 

Osteoporosis is a chronic disease that affects over 52 million adults globally and 

is the most common bone disease in both men and women (1). It is characterized by low 

bone mineral density and declining bone structure. With continuation of 

microarchitectural deterioration of the bone, there is increased bone fractures (1). At 

current prevalence rates, the estimated national medical cost for treating fractures is 18 

billion dollars annually (2). Numerous factors including nutrition, level of physical 

activity, medications, aging, and obesity are involved in the progressive development of 

this disease (3-4).  Specifically, calcium and vitamin D are proven to protect bones from 
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degradation, especially in individuals older than 50 (5-6). A decrease in weight bearing 

physical activity and obesity are also shown to increase risk of developing osteoporosis 

(7-8). 

As people and some animals age, ongoing bone loss occurs. Age-related bone loss 

can be associated with a decrease in bone formation with a continued rate of bone 

resorption (9). This has been linked to increased immune cell mediators like cytokines 

and prostaglandins, and oxygen-derived free radicals (9). Pro-inflammatory cytokines 

like tumor necrosis factor (TNF), immune cell mediator interleukin-1 (IL-1), interleukin-

6 (IL-6), and prostaglandin-E2 (PGE2) may be related to bone resorption by promoting 

osteoclast activation and inhibiting osteoblast action (10). 

High fat diets and diet-induced obesity in the mouse model have shown low 

BMD, decreased bone microarchitecture, lower trabecular bone mass, and lower bone 

quality (11-13). In obese individuals, there is increased inflammation action from TNF-α, 

interleukin-1 beta (IL-1β), and IL-6, further promoting bone degradation (12). 

Vitamin E has been shown to reduce the effects of PGE2, TNF-α, and IL-6 

through its antioxidative properties (14-16).  Vitamin E supplementation in high dosages 

was shown to increase femoral strength in older mice (17). Several studies have reported 

benefits with supplemental α-tocopherol, an isoform of vitamin E, in preventing bone 

loss, sarcopenia, and hip fractures (18). α-tocopherol is the most studied tocopherol and 

can promote cell-mediated immune function of older animals and humans (19). γ-

tocopherol is a lesser-studied vitamin E isomer, but has been reported to inhibit PGE2 

synthesis in lipopolysaccharide-stimulated macrophages (20). These studies suggest that 
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vitamin E may be beneficial in promoting bone health through its antioxidative qualities. 

The purpose of this study was to determine the effect of two vitamin E isoforms on bone 

protection. 

METHODOLOGY 

Study Design 

Right and left leg bones were collected from C57BL/6J mice from a previous 

study. Seventy-five male C57BL/6J mice were purchased from Jackson Laboratories 

(Maine, USA). Mice were housed at 5 per cage over the 25-week study. Mice had access 

to food and water ad libitum, with food changed daily. All animals were cared for per the 

Institutional Animal Care and Use Committee guidelines of Texas Woman’s University, 

in accordance to Protocol # 2008-02. 

Treatment 

In the previous study, after one week of acclimatization, 75 male C57BL/6J mice (4-

5 weeks old) were divided into Control and Experimental groups (n=15) for 15 weeks.  LFD 

mice were initiated on a 6% fat diet, HFD and other experimental groups were fed a 20% fat 

diet. At the end of 15 weeks, doses of α-tocopherol (600 µmol/kg), γ-tocopherol (600 

µmol/kg), and αγ-tocopherol (300 µmol/kg α-tocopherol with 300 µmol/kg γ-tocopherol) 

were fed to experimental groups for 10 weeks, on a daily schedule. At study termination, all 

animals were fasted for 10 hours, and blood samples were collected following decapitation. 

Right and left lower leg samples were frozen immediately in liquid nitrogen and stored at -

80ºC until specified bone cleaning.  Blood samples were collected and stored at-20ºC for 

later measurements of serum biomarkers. In the current study, the previously harvested left 
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and right tibia and fibulas were thawed, cleaned of soft tissues and stored at -20ºC for 

measurements of bone density and tissue.  

Bone Analysis 

Once left and right tibia and fibula bones were cleaned, all available tibia and 

fibula bones were scanned with a Lunar PIXImus dual-energy x-ray absorptiometry 

(DEXA) densitometer. LFD bone samples included 10 of each tibia and fibula bones. 

HFD group included 13 of each tibia and fibula bone sample. All tocopherol treatment 

groups included 15 tibia and fibula bone samples. Each bone was scanned individually.  

Once the bone was scanned, the PIXImus measured bone mineral density (BMD), bone 

mineral content (BMC), lean tissue content, and fat tissue content.  

Serum Biomarkers of Bone Metabolism  

Alkaline phosphatase (ALP) and Tartrate-resistant acid phosphatase (TRACP) 

 ALP and TRACP were measured using Takara TRACP & ALP Assay Kits. All 

directions were followed according to manufacturer’s instructions. TRACP is an 

osteoclast enzyme marker that when introduced to tartaric acid, can be detected.  

Alternatively, ALP is an osteoblast enzyme marker. This assay kit detects acid 

phosphatase (ACP) and ALP with the use of p-nitro-phenyl phosphate (pNPP) substrate. 

Once serum samples react, absorbance is measured at 405 nm. 

Pyridinoline (PYD) 

 PYD was evaluated using the MicroVue Serum PYD EIA Kit, and followed 

according to the manufacturer’s directions. This assay kit assessed bone and cartilage 

collagen degradation. The principle of the reaction occurs when the PYD within the 
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serum samples competes with PYD immobilized on the kit plate for anti-PYD antibody. 

Bound antibody is attached to ALP and detected with the addition of pNPP substrate. 

Results are measured at 405 nm absorbance. 

N-terminal propeptide of type I procollagen (PINP) 

PINP was evaluated using Immuno Diagnostic System Rat/Mouse PINP EIA Kit 

and used according to manufacturer’s instructions. This assay kit measures bone 

formation rate by recording the synthesis of type I collagen in bone matrix. Serum 

samples were combined with a PINP and biotin mixture. An enzyme is added to bind to 

biotin. Finally, tetramethylbenzidine (TMB) substrate was added to detect absorbance at 

450 nm. 

Statistical Analysis 

Descriptive statistics and analysis of variance were conducted using SPSS v. 19.0. 

Descriptive statistics were calculated for all variables (control, high fat, α-tocopherol, γ-

tocopherol, and αγ-tocopherol diets). This included range, minimum, maximum, mean, 

and standard deviation for variables. The distribution of each treatment group was 

reviewed to assess for any outliers. A one-way ANOVA was performed and followed 

with a post-hoc test with a Tukey adjustment to compare the effects of tocopherol forms.  

A Kruskal-Wallis nonparametric test was used to test the effect of treatments with a non-

normal distribution. Differences were considered significant at P<0.05. 
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Results 

Bone Analysis 

The results for the mice bone analysis are presented in Table 1.1-1.2. Table 1.1 

shows that the right tibia BMD and BMC for LFD are higher than the HFD group. This 

indicates that a HFD diet can reduce bone microarchitecture in mice. The combination of 

alpha and gamma tocopherol with a HFD also yielded the lowest BMD and BMC in the 

right tibia. There were no statistical differences in lean tissue and fat tissue among the 

bone specimens in Table 1.2.  

 

Table 1.1 BMD and BMC of Right and Left Tibia and Fibula Bones 

Note. Values are Mean±SE. Each treatment group represents 8-14 bone specimens. 
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Table 1.2 Lean Tissue and Fat Tissue of Right and Left Tibia and Fibula Bones  

Note. Values are Mean±SE. Each treatment group represents 8-14 bone specimens. 

 

BMD was further impacted with the addition of a high fat diet in both right and 

left fibulas. Figure 2.1 depicts a higher BMD in LFD for right and left fibulas rather than 

HFD treatment group. Specifically, HFD-GT reversed the effects of HFD on BMD in the 

left fibula.  Moreover, Figure 2.2 notes that HFD increases percent fat content in both 

right and left tibias, when compared to a LFD. HFD-AGT also had the lowest overall 

percent fat content in both sides of tibias. 
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Figure 2.1 BMD on Right and Left Fibulas  

 

 

Figure 2.2 % Fat Content on Right and Left Tibias 
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Serum Biomarkers of Metabolism 

As Shown on Table 2.1, the effect of the treatments on ALP as an estimation of 

bone growth was marginally significant, F (4, 133) = 2.407, p = .053.  

Table 2.1 Effect of Treatment on ALP 

 n Mean SD F p-value 

LFD 22 .22 .06 2.407 0.053 

HFD 26 .25 .08   

Alpha-Tocopherol + HFD 30 .22 .07   

Gamma-Tocopherol + HFD 30 .27 .09   

Alpha Gamma-Tocopherol + HFD 30 .22 .09   

 

A Kruskal-Wallis nonparametric test was used to test the effect of the treatment 

on TRACP since TRACP had a non-normal distribution. As Shown in Table 3.1, the 

effect of the treatments on TRACP, as a marker of osteoclasts, was significant, Chi-

square = 11.99, p = .017. The pairwise Comparisons showed that the difference between 

HFD and Gamma-tocopherol + HFD was significant. This may depict an increase in 

resorption when GT is in present in a HFD. 

Table 3.1 Effect of Treatment on TRACP 

 n Mean SD Chi-Square p-value 

LFD 20 .69 .45 11.99 0.017 

HFD* 25 .65 .38   

Alpha-Tocopherol + HFD 28 .93 .55   

Gamma-Tocopherol + HFD* 30 .98 .54   

Alpha Gamma-Tocopherol + HFD 26 .88 .48   

* Denotes p value < 0.05. 

 
The PINP results revealed a significant effect in favor of Gamma-Tocopherol, F 

(4, 74) = 3.48, p =.012. As shown in Table 4.1, rodents who consumed the Gamma-

Tocopherol + HFD diet had significantly higher PINP score (M = 1.46, SD = .20) than 
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those who were in LFD group (M = 1.18, SD = .22). The results show that the HFD-GT 

group had increased bone formation rate and synthesis of collagen. 

Table 4.1 Effect of Treatment on PINP 

 n Mean SD F P 

LFDa 16 1.18 .22 3.48 0.012 

HFD 16 1.29 .18   

Alpha-Tocopherol + HFD 15 1.37 .25   

Gamma-Tocopherol + HFDb 16 1.46 .20   

Alpha Gamma-Tocopherol + HFD 16 1.27 .25   

Note. Means with different superscripts differ, p < .01. 
 

As shown in Table 5.1, the PYD results revealed no significant effect of bone 

degradation on treatment groups, F (4, 74) = .88, p = .48. 

Table 5.1 Effect of Treatment on PYD 

 n Mean SD F P 

LFD 15 1.45 .22 .88 0.48 

HFD 16 1.53 .18   

Alpha-Tocopherol + HFD 16 1.54 .13   

Gamma-Tocopherol + HFD 16 1.53 .10   

Alpha Gamma-Tocopherol + HFD 16 1.49 .11   

 

Discussion 

  Previous studies in both animals and humans suggest that aging and 

obesity decrease bone microarchitecture (1,11, 30).  Once bone has been damaged, it can 

further lead to osteoporosis or sarcopenia, reducing quality of life (1-2). Osteoporosis and 

general bone degradation is caused by activation of immune cell mediators, increase in 

osteoclasts, and reduction in osteoblasts (21, 29). Additionally, phagocytes create 

oxygen-derived free radicals that increase inflammation, further promoting osteoporosis 

(22).  
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 The findings of this study firstly noted that a HFD increased percent fat content 

and conversely decreased BMD in comparison to a LFD control group. This indicates the 

negative impact of a high fat diet on bone structure and fat content (25). Increase in 

weight and load bearing on bones may lead to increase bone matrix due to promotion of 

bone metabolism (24). Peng et al revealed that a high fat diet may actually protect bone 

mass and cognition in mice with Alzheimer’s disease, without further impairing mental 

dysfunction (35). However, obesity has been shown to promote bone resorption, reduce 

trabecular bone mass in mice, and generally lower bone quality in mice (12-13). HFD 

long term can be chronically damaging due to the increased amount of apoptotic 

osteocytes (36). A recent study in 2016 noted that a high saturated fat diet increased bone 

resorption and oxidative stress in ovariectomized female rats (34). The present study 

indicates that, there were no significant effects between treatment groups when 

identifying lean and fat tissue. There was likely not enough data to clearly determine 

absolute content of bones in the bone analysis. 

Vitamin E is a unique nutrient with major antioxidant and free radical scavenger 

characteristics (31, 33).  Specifically, tocopherols have been shown to be a radical 

scavenger and defend lipoproteins and polyunsaturated fatty acids in membranes (32). A 

Chinese study found that higher levels of serum vitamin E were related to higher BMD in 

women (37). Previous studies indicate that vitamin E can shield bone health and can slow 

the progression of osteoporosis (23).  According to the results of the present study, the 

vitamin E isoform that resulted in the most benefits in improving bone health is GT. The 

data demonstrated that fibular BMD was improved in the HFD-GT group compared to 
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the HFD control group. The antioxidant mechanisms or some of the functions of GT 

promote preservation of bone.  GT has been shown to be anti-inflammatory through 

inhibition PGE2 synthesis in lipopolysaccharide-stimulated macrophages (26). Our PYD 

results were non-significant (p=0.48) as an estimation of degradation of bone and 

cartilage. However, there were significant results (p= 0.017) in the TRACP assay, noting 

that HFD-GT group had an increase in TRACP activity. This shows an increase in bone 

resorption as TRACP is an enzyme that manifests during increased production of 

inflammatory macrophages and osteoclasts (28). Conversely, there have been several 

studies examining AT’s effects on bone, one linked low dietary and serum levels of AT 

to increased risk of fractures in elderly adults (40). It has been noted that a high-dose of 

AT may not induce bone loss in normal rats over the span of 8 weeks (38). However, 

high-dose of AT may also be harmful in animals due to its interference with vitamin K 

function regarding bone and inhibiting absorption of other vitamin E isomers (39).  

Another study in humans discovered that a higher serum GT with a low ratio of 

AT to GT was related to elevated bone-specific alkaline phosphatase (BAP), a biomarker 

of bone formation (27). Our data reflected marginally significant (p=0.053) results with 

increased ALP in HFD-GT group. Furthermore, our data shows that the HFD-GT group 

had a significant (p=0.012) increased appearance of PINP, suggesting increased bone 

formation rate and collagen synthesis. Anzai et al. identified that a GT derivative 

promoted the reclamation of red blood cells, white blood cells, and platelet counts, as 

well as increased spleen colonies in irradiation-induced bone marrow death in mice (41). 

Hamadi et al, determined that GT may differentially affect the bone turnover process, 
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allowing for a rise in bone formation while bone resorption continues. They were able to 

show that AT supplements may overpower GT levels and therefore reduce bone 

formation (42). In the current study, the combination of both AT and GT to the HFD 

treatment groups did not identify any significant benefits.  

In conclusion, our observations suggest that differing isoforms of vitamin E may 

have differential benefits on bone health. The findings of this study strongly indicate that 

GT can stimulate bone formation and promote bone quality in mice fed a HFD in 

comparison to AT and AGT. Although our results note GT increased bone formation, it 

also yielded significant results in bone resorption. These observations can further 

promote alternative treatments for osteoporosis, especially in the aging and obese 

population. Additional clinical trials are necessary to determine effectiveness of differing 

vitamin E isoforms and combinations of these isoforms on human bone health. 
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CHAPTER V 

SUMMARY, CONCLUSIONS AND LIMITATIONS 

 Osteoporosis (OP) is a common and chronic bone disease that affects millions of 

elderly adults nationally every year. Several factors are involved in OP including 

nutritional intake, physical inactivity, some medications, smoking, aging, and obesity. 

Current treatment therapies include supplementation of calcium and vitamin D intake and 

weight bearing exercises to promote bone health. Recently, vitamin E has been shown to 

have benefits in bone health through its antioxidant and free radical scavenger 

characteristics. Minimal studies have previously looked at the effectiveness of differing 

vitamin E isomers in a high fat diet. The purpose of this study was to assess the effect of 

alpha tocopherol  (AT), gamma tocopherol (GT), and alpha-gamma tocopherol (AGT) in 

combination with a high fat diet (HFD), on bone mineral density (BMD), bone mineral 

content (BMC), and biochemical serum markers of bone loss or bone growth. 

 The HFD treatment group had increased percent fat content and decreased BMD 

in tibial and fibular bones, in comparison to the standard low fat diet (LFD). GT induced 

the most benefits, improving bone health in a HFD. Fibular BMD improved with the 

addition of GT compared to the HFD group. GT also had significant results in n-terminal 

propeptide of type I procollagen (PINP) assay, suggesting increased bone formation and 

collagen synthesis. However, GT also increased tartrate-resistant acid phosphatase 

(TRACP), a biomarker for bone resorption. The observations of our study suggest that 
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GT, the lesser-studied tocopherol, may have some benefits in bone health.  This  

information can further promote alternative therapies for OP in the aging and obese 

population.  

A limitation to this study was the quantity of mice for bone and serum collection. 

Though there were initially 15 mice per treatment group, some bones were harvested 

from damaged limbs. Therefore, bone analysis may have been compromised due to 

animal impairment. Our study utilized the Lunar PIXImus dual-energy x-ray 

absorptiometry (DEXA) densitometer for bone analysis, examining BMD, BMC, percent 

fat content, lean tissue, fat tissue, and total tissue. However, the use of micro-CT imaging 

would be an additional tool to assess the bones more accurately.  A second limitation was 

the lack of published studies referencing the impact of GT on bone health or the 

combination of both AGT. Future longitudinal studies comparing all isoforms of vitamin 

E are recommended to determine the level of effectiveness of all tocopherols on bone 

health. 
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