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ABSTRACT 
BACKGROUND: Osteoporosis is a bone disorder, occurs due to disruption of bone remodeling. Primary osteoporosis is observed 
in post-menopausal women and aging population. Glucocorticoids are implicated as a main cause for secondary osteoporosis. 
Pharmacological treatments for osteoporosis cause adverse effects thus using natural herbs is preferable. Flaxseeds may has a key 
role in enhancing bone mass. 
OBJECTIVES: To assess the therapeutic efficacy of flaxseeds against glucocorticoids induced osteoporosis in alveolar bone of 
rats. 
MATERIALS AND METHODS: A total of 45 adult albino female rats were divided into three equal groups, Control group I, 
Glucocorticoid group II and Flaxseed treated group III. All rats will be fed on basal diet (BD). Rats in group II and III received 
Methylprednisolone 5 mg/kg 5 days per week by subcutaneous injection for 4 weeks. After induction of osteoporosis, rats in group 
III were fed with BD supplemented with 7% flaxseeds daily for 8 weeks. After 12 weeks, rats were euthanized. The mandible was 
dissected and prepared for scanning electron microscope (SEM) and energy dispersive x-ray microanalysis (EDX). 
RESULTS: It was found that the alveolar bone in the control group had normal ultrastructural traits. There were alterations to the 
ultrastructure of the cortical bone surface in the glucocorticoid group. The trabecular bone also had wide marrow spaces and poorly 
developed trabeculae. Compared to group II, group III had a more regular cortical bone surface with well architecture trabeculae 
and narrow marrow spaces. 
CONCLUSION: Flaxseeds is suggested as a therapeutic approach for alveolar bone osteoporosis. 
KEYWORDS: Flaxseeds, glucocorticoids, osteoporosis, alveolar bone, Scanning electron microscope (SEM). 
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INTRODUCTION  
Bone is a highly adaptable tissue that undergoes 
constant remodeling in order to meet the physiological 
needs of the body. Deregulation in this dynamic 
process, however, results in a variety of bone 
disorders, such as osteoporosis (1).  

Osteoporosis is a medical disorder which is 
marked by a diminution in bone mass, loss of bone 
tissue, and deterioration of bone microarchitecture. 
The weakening of bone density and the subsequent 
increase in susceptibility to fractures have been 
observed (2).  

There are two distinct subtypes of 
osteoporosis, namely primary and secondary 
osteoporosis. Primary osteoporosis is generally 
classified into two main types: Type I and Type II. 
Type I osteoporosis is a frequently encountered 
skeletal disorder that is prominent among women in 
the postmenopausal stage, mostly attributed to a 

deficiency in estrogen levels. Type II osteoporosis is 
predominantly linked to the process of aging in both 
males and females (3). Certain medical conditions or 
medications that impair normal bone development can 
lead to secondary osteoporosis. Diabetes mellitus, 
gastrointestinal disorders, hyperthyroidism, hepatic 
disease, hematologic disorders, and chronic 
glucocorticoids are all risk factors (4).  

Glucocorticoids (GCs) are frequently used to 
inhibit immunological activity or inflammation. They 
are commonly utilized in clinical settings and are 
recommended as treatment option for a variety of 
inflammatory disorders, autoimmune diseases, lung 
diseases, tumors, and organ transplantation (5). Even 
in the first two months of therapy, high-dose oral GC 
treatment significantly reduced bone mineral density 
(BMD) (6). Two consequences of GCs on bone 
homeostasis are diminished calcium absorption from 
the gastrointestinal tract and decreased reabsorption of 
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calcium in the kidney. GCs may also suppress gonad 
activity and reduce the anabolic effects of sex 
hormones on osseous tissue resulting in bone loss (7).  
Glucocorticoid-induced osteoporosis is recognized by a 
diminution in bone synthesis associated with an initial, 
though temporary, elevation in bone resorption. The 
presence of considerable bone loss can be linked to a 
combination of accelerated bone turnover and an 
unfavorable remodeling equilibrium. This occurs when 
there is an initial increase in the rate of remodeling, which 
is subsequently paired with a decrease in bone formation 
at the level of the individual bone multicellular unit 
(BMU) (7).   

The Wnt/β-catenin signaling pathway is known 
to have a substantial impact on the direct effects of 
glucocorticoids on bone formation. The improved 
synthesis of sclerostin results in a decline in the 
differentiation process of osteoblast precursors into fully 
mature osteoblasts, as well as an elevation in the 
occurrence of apoptosis in both osteoblasts and 
osteocytes. This effect is attributed to the binding of 
sclerostin to the co-receptors for frizzled, Lrp4 and Lrp5 
(8).  

Furthermore, the influence of glucocorticoids 
on bone resorption is mediated through the modulation of 
osteoblastic cells and osteocytes, leading to a decrease in 
the expression of osteoprotegerin (OPG) and a boost in 
the expression of receptor activator of nuclear kappa B 
ligand (RANKL) and macrophage colony stimulating 
factor (M-CSF). This alteration in gene expression 
ultimately results in an enhancement of osteoclast 
quantity and function (9). 

The financial implications, time commitment, 
and potential adverse reactions associated with 
pharmacological interventions for osteoporosis are 
frequently high. In addition, the extended utilization of 
hormone replacement therapy (HRT) is associated 
with an increased susceptibility to cerebral infarction, 
stroke, and malignancies such as breast cancer (10). 

The development of nutraceutical therapy 
using natural herbs for osteoporosis prevention and 
treatment with fewer side effects is one promising 
approach (11).  

Three groups of phytoestrogens, including 
isoflavones, lignans, and coumestans are present in 
many fruits, seeds, and whole grains. They have a 
molecular structure similar to natural estrogen and can 
stimulate estrogen's activities. The binding of these 
substances to estrogen receptors results in the 
activation of estrogen-related processes and 
stimulation of calcium absorption (12). 

Linum usitatissimum, or flaxseeds, has gained 
attention as a potential source of bioactive substances that 
can be incorporated into daily diet. It contains abundant 
amounts of lignans, which have estrogenic properties and 
are found in mammalian phytoestrogens (13). Moreover, 

it has been observed that estrogen possesses the ability to 
reduce the synthesis of pro-inflammatory cytokines such 
as interleukins (IL-1, IL-6, and IL-7) and tumor necrosis 
factor alpha (TNF-α), which are known to play a crucial 
role in the progression of osteoporosis (14). 

Lemay et al. (15) have stated that the 
consumption of flaxseeds at a daily dosage of 40 g 
leads to a reduction in menopausal symptoms, 
comparable to the effects obtained with HRT. Within 
this particular context, it is hypothesized that flaxseeds 
could potentially yield positive impacts relative to 
bone health and metabolic alterations that arise as a 
consequence of menopause. 

On the other hand, Alpha-linolenic acid 
(ALA), which is abundant in flaxseed flour, is crucial 
for maintaining or building bone mass (16). 
Researchers investigated that administration of 
flaxseed powder and extract would improve the 
morphological changes in aged menopausal female 
rats (17).  

The alveolar bone comprises the maxillary 
and mandibular bones, serving as a structural support 
for the teeth. It undergoes continuous and extensive 
remodeling due to the emergence of teeth and the 
functional demands of mastication. The capacity of the 
alveolar bone to remodel is crucial for the teeth's 
ability to adapt to their position (18). 

The utilization of SEM to reveal the surface 
topography of bone presents a special approach for 
observing the previous metabolic activity of bone cells 
across wide bone surface areas. Scalloped pits are 
observed on bone surfaces during resorption, whereas 
smooth surfaces are typical for quiescent bone surfaces 
(19). 

Few investigations have been directed on the 
phytoestrogens in flaxseeds and their role in human 
well-being. Moreover, the absence of effective 
nutraceutical intervention for osteoporosis in persons 
undergoing GC-treatment necessitates a particular 
emphasis on therapeutic approaches. Hence, the reason 
behind conducting this investigation is elucidated. The 
null hypothesis presented in this study postulates that 
there will be no apparent variations in the alveolar 
bone structure of rats across different groups. Any 
contrary findings would serve to disprove this 
hypothesis. 
 
MATERIALS AND METHODS  
The study was carried out subsequent to obtaining 
approval from the research ethical committee 
(No.0465-6/2022) at the Faculty of Dentistry, 
Alexandria University. The population size of these 
animals was determined based on sample size 
calculations conducted in the Department of 
Biomedical Informatics and Medical Statistics at the 
Medical Research Institute of Alexandria University. 
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Materials 
Experimental animals: 
Forty-five adults female Sprague Dawley rats 
weighing 180 ± 10 grams (approximately 8 weeks old) 
were utilized in this study. Rats were obtained from the 
animal house of Medical Research Institute, 
Alexandria University. The animals were placed in 
specialized wire mesh cages and kept under optimal 
circumstances of adequate ventilation throughout the 
whole duration of the experiment (12 weeks). 
Basal diet preparation: 
All rats were fed on basal diet (BD) throughout the 
whole experimental period. The diets were 
administered to the rats using specialized feeding cups 
designed to prevent food loss and contamination. 
Furthermore, ad libitum of tap water was available and 
monitored on a daily basis (20). 
Glucocorticoids administration: 
Methylprednisolone was obtained from Pfizer Inc. It 
was provided in both solvent and solute forms, which 
were combined to ensure that all rats were 
administered a dosage of 5 mg/kg. Rats in 
experimental groups II and III were administrated with 
Methylprednisolone at a dosage of 5 mg/kg, five days 
per week, through subcutaneous injection for a 
duration of four weeks to induce osteoporosis (21).  
Flaxseeds preparation  
Flaxseeds were prepared at Faculty of Agriculture, 
Alexandria University. After induction of 
osteoporosis, rats in group III were fed with basal diet 
supplemented with 7% flaxseeds daily for 8 weeks 
(22). 
Method 
Experimental design  
Rats were randomly allocated into three distinct groups 
(using computer generated random numbers): 
Group I: (Negative control group): 15 rats received 
basal diet and ultimately injected with vehicle [1 ml 
phosphate buffer solution (PBS)] in order to regulate 
the impact of injection-induced stress on rats. 
Group II: (GC group): 15 rats received basal diet and 
were given Methylprednisolone 5 mg/kg (5 days per 
week) through subcutaneous injection for four weeks 
(21). 
Group III: (Flaxseed group): 15 rats were given 
Methylprednisolone 5 mg/kg (5 days per week) 
through subcutaneous injection for four weeks and 
then received basal diet supplemented with 7% 
flaxseed powder daily for 8 weeks (22). 
Euthanasia of experimental animals: 
All animals across all groups were euthanized with 
overdose of diethyl ether after the experimental period 
which lasted for 12 weeks. Mandibles were carefully 
dissected, and the right molar segment was prepared 
for examination using a scanning electron microscope 

(SEM) and energy dispersive x-ray microanalysis 
(EDX). 
Tissue preparation for Scanning Electron 
Microscopy 
The mandible was separated along the midline, 
particularly between the central incisors. The portion 
of the mandibular molar teeth, along with the adjacent 
alveolar bone, was exclusively processed for SEM. 
The specimens were immersed in a solution with 2.5% 
glutaraldehyde in phosphate buffer (pH=7.3) for a 
duration of 48 hours. Following this fixation period, 
the specimens were rinsed two times using the same 
phosphate buffer. Subsequently, the specimens went 
through dehydration using a graded series of aqueous 
ethanol solutions, including concentrations of 50%, 
70%, 90%, and 100%, with each specimen being 
subjected to this process for a duration of one hour. 
Afterwards, the samples underwent air-drying and 
were mounted onto aluminum SEM stubs using silver 
paint and a thin layer of gold was applied onto the 
samples by a process known as a sputter coater (23).  
The specimens were observed with SEM (Joel JSM-
5300, Tokyo, Japan) at the Electron Microscope Unit 
located inside the Faculty of Science at Alexandria 
University. This was done in order to investigate the 
surface properties of the alveolar bone across various 
groups. 
Energy Dispersive X-ray (EDX): (24) 
Energy Dispersive X-ray is an analytical approach 
used to characterize a sample's chemical or elemental 
composition. This kind of X-ray was utilized to 
compare the amounts of calcium and phosphorus in the 
alveolar bone of all groups. 
Statistical Analysis  
To evaluate the overall differences between the three 
groups, the data obtained from EDX was collected and 
analyzed using IBM SPSS software package version 
20.0. Data were fed to the computer and analyzed 
using IBM SPSS software package version 20.0. 
(Armonk, NY: IBM Corp). The Shapiro-Wilktest was 
used to verify the normality of distribution of 
variables. ANOVA was used for comparing the three 
studied groups and followed by Post Hoc test (Tukey) 
for pairwise comparison. Significance of the obtained 
results was judged at the 5% level. 
 
RESULTS  
Scanning Electron microscopic results: 
Control group (Group I) 
The buccal cortical plate surfaces of the alveolar bone 
exhibited a widespread pattern characterized by 
smooth and typical surface topography, displaying 
regular and clearly delineated nutritive channels (Fig. 
1.A). The trabecular bone surface exhibited prominent 
bone trabeculae and sufficient marrow spaces (Fig. 
1.B). 
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Glucocorticoids group (Group II) 
The buccal cortical plates of the alveolar bone 
exhibited a widespread presence of roughness and 
porosity, along with an irregular surface topography. 
The presence of nutritive canals with irregular outlines 
was observed. The observation revealed the presence 
of numerous resorptive pits characterized by irregular 
resorptive craters and deep erosions, which were found 
to be distributed across the buccal cortical plate (Fig. 
2.A).  
Besides, the trabecular bone has wide bone marrow 
spaces and delicate bone trabeculae (Fig. 2.B). 
Flaxseed group (Group III) 
The alveolar bone’s buccal cortical plate displayed a 
more comprehensive enhancement compared to group 
II, resulting in the restoration of the normal structure. 
An enhanced level of smoothness and uniformity in the 
topography of the alveolar bone was noted. 
Furthermore, it was observed that the nutrient canals 
exhibited a narrow and consistent opening (Fig. 3.A).  

In comparison to group II, it was observed 
that the trabecular bone presented reduced marrow 
spaces and increased thickness of bone trabeculae (Fig. 
3.B). 
Energy dispersive x-ray analysis (EDX):  
By analyzing the means and standard deviation of the 
different groups, calcium and phosphorus levels were 
calculated. Table 1 compares the calcium and 
phosphorus levels among the three groups. In 
comparison to the control group I, calcium and 
phosphorus levels were significantly lower in groups 
II and III (P1 <0.05). However, group III had 
significantly more calcium and phosphorus levels than 
group II (P2 < 0.05). There were statistically 
significant differences between the three groups. (P1, 
P2&P3 <0.05). 

 
Figure (1): Scanning electron micrograph (SEM), 
group I control. A: showing the buccal cortical plate 
of alveolar bone with smooth surface areas and 
regularly bordered nutritive canals (arrows). B: 

revealing exposed trabecular alveolar bone with 
normal well-developed bone trabeculae (asterisks) and 
narrow marrow spaces (arrows). (X500) 
 

 
Figure (2): SEM, group II, Glucocorticoid group, 
A: showing the buccal cortical plate of alveolar bone 
with generalized resorption and porosity. Note the 
irregular outline with massive abrasion and 
discontinuity of the cortical plate (arrows). B: showing 
appearance of poorly developed bone trabeculae 
(arrows) with wide marrow spaces (asterisks). (X500) 
 

 
Figure (3): SEM, group III, Flaxseeds group, A: 
revealing nearly smooth and uniform buccal cortical 
plate of alveolar bone with relatively regular outline of 
the nutrient canals (arrow). B: showing well-formed 
architecture of alveolar bone trabeculae (arrows) 
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having narrow bone marrow spaces in between 
(asterisks). (X500) 
Table (1): Comparison between the three studied 
groups according to calcium and phosphors. 

  Grou
p I 

 Grou
p II 

Grou
p III 

F p 

Calcium 40.2
0 ± 
8.05 

 11.7
3a ± 
2.72 

25.04
ab ± 
2.65 

23.05
8* 

0.002* 

Sig. bet. 
grps. 

 p1=0.001*, 
p2=0.026*, 
p3=0.044* 

  

Phospho
rs 

15.8
6 ± 
0.33 

 9.03a 
± 
0.90 

13.07
ab ± 
1.16 

47.22
2* 

<0.00
1* 

Sig. bet. 
grps. 

 p1<0.001*, 
p2=0.018*, 
p3=0.003* 

  

Data was expressed using Mean ± SD. 
F: F for One way ANOVA test, Pairwise comparison 

between each 2 groups was done using Post Hoc 
Test (Tukey) 

p: p value for comparing between the studied groups. 
p1: p value for comparing between Group I and 
Group II  
p2: p value for comparing between Group I and 
Group III 
p3: p value for comparing between Group II and 
Group III 
*: Statistically significant at p ≤ 0.05   
a: significant with Group I 
b: significant with Group II 
 
DISCUSSION  
The purpose of this research was to examine the 
therapeutic impact of flaxseed on glucocorticoid-induced 
osteoporosis in the alveolar bones of rats. The influence 
of GCs on bone physiology may be attributed to the 
disruption of the equilibrium between bone resorption 
and bone formation, vascular occlusion, and the initiation 
of apoptotic signaling pathways (25).  

An immediate and substantial suppression of 
osteocalcin, a marker of decreased osteoblastic function, 
that is correlated with bone loss over time, is a sign of the 
skeletal consequences caused by GCs. Additionally, GCs 
may increase osteoclast survival by decreasing the ratio 
of OPG to RANKL in osteoblasts (21). 

The study's ultrastructural assessment 
demonstrated that the control group revealed a uniform 
and normal alveolar bone structure, along with a clearly 
defined nutritive canal. 

On the other hand, the ultrastructural 
investigations of alveolar bone revealed that GC treated 
group exhibited prevalent roughness and porosity with 
irregular defined nutritive canals. This finding aligns with 
the results of a prior investigation conducted by Kasem et 

al. (26); who reported that prednisolone injection 
dramatically reduced the cortical thickness in the 
osteoporotic group when compared to the healthy control 
group. Moreover, Ton et al. (27) suggested that 
prednisolone significantly inhibits bone remodeling, 
decreases bone formation at even small doses, and may 
have other undesirable effects on bone strength. 

The limited availability of efficacious 
treatments for reducing the risk of osteoporosis in patients 
undergoing GC therapy has prompted a particular 
emphasis on preventive strategies, including the 
utilization of dietary interventions that protect bone 
health.  

The findings of this study indicate that the group 
treated with flaxseed exhibited an improvement in bone 
architecture, as observed by scanning electron 
microscopy. This coincides with the results of Ragheb et 
al. (22), who proposed that combining flaxseeds in dietary 
supplements is advisable for preventing the risk of bone 
loss caused by glucocorticoid usage. 

Additionally, the results of the current study are 
consistent with the research conducted by Arjmandi et al. 
(28), which showed that the addition of Flaxseeds to the 
diet has a beneficial impact on bone metabolism among 
postmenopausal women. 

Maíra et al. (29) reported that the inclusion of 
flaxseed flour in an individual's diet shown notable 
characteristics contributing to the enhancement of bone 
mineral density and femur resistance over a period of 180 
days. 
Flaxseed flour is characterized by its elevated levels of 
alpha-linolenic acid (ALA), as reported in previous studies 
(30). Additionally, many researchers examined the 
potential of ALA to enhance the functionality of primary 
osteoblasts by upregulating the expression of β-catenin, 
RUNX2, and osterix proteins and genes. Further, they 
concluded that ALA significantly improved the expression 
of the β-catenin gene and protein in osteoblasts. This 
finding implies that ALA has the potential to facilitate 
osteogenic differentiation by activating the Wnt pathway 
(31). 

An animal study demonstrated that the provision 
of ALA through the consumption of flaxseed flour had a 
positive impact on the bone integrity in female rats 
throughout the post-partum period (32). In addition to 
providing ALA, flaxseed flour is marked by a significant 
calcium content of 236 mg per 100 g of seed. It has been 
observed that ALA promotes retention of calcium in the 
gastrointestinal tract, hence facilitating the deposition of 
minerals in bones (30, 33)  

Our findings are consistent with the study 
conducted by El-Saeed et al. (34), which examined the 
implications of flaxseed oil on bone homeostasis and its 
influence on the levels of bone formation markers. The 
researchers discovered that the consumption of flaxseed 
oil yields positive effects in the prevention of 
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osteoporosis. According to Longo et al. (35), it was 
proposed that the administration of Flaxseed oil, 
potentially due to its abundant ALA content, offered 
protection against alveolar bone loss induced by 
ovariectomy in rats. 

The SEM observations in the current study 
were supported by the EDX results. In comparison to 
the glucocorticoid and flaxseeds groups, the calcium 
level in the control group showed the highest level. 
These findings are in agreement with those made by 
Fei et al., who performed an elemental analysis on an 
osteoporotic model and found that calcium ratios are 
decreased in cases of osteoporosis compared to control 
groups (36). 

Regarding the EDX results of flaxseed group, 
calcium concentration showed a marked increase in in 
relation to glucocorticoid group. These results were 
supported by Hala et al, who found that diets 
supplemented by flaxseed increase femur bone density 
and calcium content in bone (37). 
 
CONCLUSION  
Based on the findings of this research, it is suggested 
that the administration of flaxseeds as a dietary 
supplement could serve as a viable therapeutic 
intervention for the prevention of alveolar bone loss 
induced by glucocorticoids. So, it’s recommended to 
incorporate flaxseeds in routine diet to improve skeletal 
properties against glucocorticoid induced osteoporosis. 
CONFLICT OF INTEREST   
The authors declare that they have no conflicts of interest. 
FUNDING STATEMENT 
The authors received no specific funding for this work. 
 
REFERENCES 

1. Rajput R, Wairkar S, Gaud R. Nutraceuticals for 
better management of osteoporosis: An overview. 
J Funct Foods. 2018;47:480-90. 

2. Sözen T, Özışık L, Başaran NÇ. An overview and 
management of osteoporosis. Eur J Rheumatol. 
2017;4:46. 

3. Feng X, McDonald JM. Disorders of bone 
remodeling. Annu Rev Pathol. 2011;6:121-45. 

4. Mirza F, Canalis E. Management of endocrine 
disease: Secondary osteoporosis: pathophysiology 
and management. Eur J Endocrinol. 
2015;173:R131-R51. 

5. Briot K, Roux C. Glucocorticoid-induced 
osteoporosis. RMD open. 2015;1:e000014. 

6. Censi S, Manso J, Pandolfo G, Franceschet G, 
Cavedon E, Zhu Y, et al. Bone turnover markers, 
BMD and TBS after short-term, high-dose 
glucocorticoid therapy in patients with Graves’ 
orbitopathy: a small prospective pilot study. J 
Endocrinol Invest. 2019;42:859-65. 

7. Compston J. Glucocorticoid-induced osteoporosis: 
an update. Endocrine. 2018;61:7-16. 

8. Sato AY, Cregor M, Delgado‐Calle J, Condon KW, 
Allen MR, Peacock M, et al. Protection from 
glucocorticoid‐induced osteoporosis by anti‐
catabolic signaling in the absence of 
Sost/sclerostin. J Bone Miner Res. 2016;31:1791-
802. 

9. Conaway HH, Henning P, Lie A, Tuckermann J, 
Lerner UH. Activation of dimeric glucocorticoid 
receptors in osteoclast progenitors potentiates 
RANKL induced mature osteoclast bone resorbing 
activity. Bone. 2016;93:43-54. 

10. Henderson VW, Lobo RA. Hormone therapy and 
the risk of stroke: perspectives 10 years after the 
Women's Health Initiative trials. Climacteric. 
2012;15:229-34. 

11. Banu J, Varela E, Fernandes G. Alternative 
therapies for the prevention and treatment of 
osteoporosis. Nutr Rev. 2012;70:22-40. 

12. Sirotkin AV, Harrath AH. Phytoestrogens and their 
effects. Eur J Pharmacol. 2014;741:230-6. 

13. Coulman KD, Liu Z, Hum WQ, Michaelides J, 
Thompson LU. Whole sesame seed is as rich a 
source of mammalian lignan precursors as whole 
flaxseed. Nutr Cancer. 2005;52:156-65. 

14. Nadia M, Nazrun A, Norazlina M, Isa N, Norliza 
M, Nirwana SI. The anti-inflammatory, 
phytoestrogenic, and antioxidative role of Labisia 
pumila in prevention of postmenopausal 
osteoporosis. Adv Pharmacol Sci. 
2012;2012:706905. 

15. Lemay A, Dodin S, Kadri N, Jacques H, Forest J-
C. Flaxseed dietary supplement versus hormone 
replacement therapy in hypercholesterolemic 
menopausal women. Obstet Gynecol. 
2002;100:495-504. 

16. Dew TP, Williamson G. Controlled flax 
interventions for the improvement of menopausal 
symptoms and postmenopausal bone health: a 
systematic review. Menopause. 2013;20:1207-15. 

17. Abd El Ghany M, Mehiry E, HF S, LA R. AA, 
Potential Effect of Dietary Flaxseed (Linum 
Usitatissimum L.) Powder and Extract on aged 
Menopausal Female Rats. IOSR J Environ Sci 
Toxicol Food Technol. 2017;11:2319-99. 

18. Sodek J, Mckee MD. Molecular and cellular 
biology of alveolar bone. Periodontology 2000. 
2000;24:99-126. 

19. Gruber HE, Wiggins WW. Methods for 
transmission and scanning electron microscopy of 
bone and cartilage.  Handbook of Histology 
Methods for Bone and Cartilage: Springer; 2003.  
497-504. 

20. EFSA Panel on Dietetic Products N, Allergies. 
Scientific opinion on dietary reference values for 



Sakr et al.                                                                                                              Flaxseeds effects on Rat’s osteoporosis. 
 

Alexandria Dental Journal. Volume x Issue x                       7 

fats, including saturated fatty acids, 
polyunsaturated fatty acids, monounsaturated fatty 
acids, trans fatty acids, and cholesterol. EFSA J. 
2010;8:1461. 

21. Khan M, Mishra J, Sharan K, Yadav M, Singh A, 
Srivastava A, et al. A novel flavonoid C-glucoside 
from Ulmus wallichiana preserves bone mineral 
density, microarchitecture and biomechanical 
properties in the presence of glucocorticoid by 
promoting osteoblast survival: a comparative study 
with human parathyroid hormone. Phytomedicine. 
2013;20:1256-66. 

22. Ragheb EM, Bahnasy RM, Abd-Elhady EE-S, 
Saad RM. The potential effect of flax seeds against 
osteoporosis in experimental female rats. World J 
Dairy Food Sci. 2019;14:185-95. 

23. Tella E, Aldahlawi S, Eldeeb A, El Gazaerly H. 
The Effect of Systemic Delivery of 
Aminoguanidine versus Doxycycline on the 
Resorptive Phase of Alveolar Bone Following 
modified Widman Flap in Diabetic Rats: A 
Histopathological and Scanning Electron 
Microscope (SEM) study. Int J Health Sci 
(Qassim). 2014;8:275-85. 

24. Goldstein JI, Newbury DE, Michael JR, Ritchie 
NW, Scott JHJ, Joy DC. Scanning electron 
microscopy and X-ray microanalysis. 4th ed. 
NewYork, NY: Springer; 2017. 

25. Le HT-N, Phi LT, Dao TT-T, Phan NK, Van Pham 
P, Vu NB. A mouse model of osteonecrotic femoral 
head induced by methylprednisolone and 
liposaccharide. Biomed Res Ther. 2016;3:1-9. 

26. Kasem MA, Abdel-Aleem AM, Said AS, Khedr E-
SG. Histological effect of bisphosphonate, vitamin 
D and olive oil on glucocorticoid induced 
osteoporosis (Gio) in Albino Rat. Egypt J Hosp 
Med. 2016;65:699-708. 

27. Ton FN, Gunawardene SC, Lee H, Neer RM. 
Effects of low‐dose prednisone on bone 
metabolism. J Bone Miner Res. 2005;20:464-70. 

28. Arjmandi B, Juma S, Lucas E, Wei L, Venkatesh 
S, Khan D. Flaxseed supplementation positively 
influences bone metabolism in postmenopausal 
women. JANA. 1998;1:27-32. 

29. de Abreu Maíra DC, Letícia RP, da Costa LR, da 
Camara Boueri BF, Carolina RP, Pereira ADA, et 
al. Flaxseed (Linum usitatissimum) flour 
contributes to bone health in adult male rats. 
Nutrition. 2018;49:48-50. 

 
 
 
 
 
 
 

 
30. Pessanha CR, da Camara Boueri BF, da Costa LR, 

Ferreira MR, de Abreu MDC, Pessoa LR, et al. 
Flaxseed flour, compared to flaxseed oil, 
contributes to femoral structure in male rats 
subjected to early weaning. Food Funct. 
2016;7:1296-300. 

31. Chen F, Wang Y, Wang H, Dong Z, Zhang M, Li 
J, et al. Flaxseed oil ameliorated high-fat-diet-
induced bone loss in rats by promoting osteoblastic 
function in rat primary osteoblasts. Nutr Metab 
(Lond). 2019;16:1-13. 

32. Ribeiro DC, Pereira ADA, de Santana FC, 
Mancini-Filho J, Da Silva EM, da Costa CAS, et 
al. Incorporation of flaxseed flour as a dietary 
source for ALA increases bone density and 
strength in post-partum female rats. Lipids. 
2017;52:327-33. 

33. Lau BY, Cohen DJ, Ward WE, Ma DW. 
Investigating the role of polyunsaturated fatty acids 
in bone development using animal models. 
Molecules. 2013;18:14203-27. 

34. El-Saeed GS, Elghoroury EA, Morsy S, Aly HM, 
Wafaey H. Phenotype of vitamin D receptor gene 
polymorphisms, impact of feeding flaxseed oil, and 
osteoporosis in ovariectomised diabetic rats. Bull 
Natl Res Cent. 2018;42:1-7. 

35. Longo AB, Ward WE. Providing flaxseed oil but 
not menhaden oil protects against OVX induced 
bone loss in the mandible of Sprague-Dawley rats. 
Nutrients. 2016;8:597. 

36. Hala M, Magbolah S. Effect of feeding on diets 
supplemented by some vegetable oils on blood 
lipids and bone mineral content in osteoporotic 
rats. Life Sci J. 2013;10:1458-65. 

37. Fei Y, Zhang M, Li M, Huang Y, He W, Ding W, 
et al. Element analysis in femur of diabetic 
osteoporosis model by SRXRF microprobe. 
Micron. 2007;38:637-42. 

 

 
 


