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ABSTRACT

Aim: The relationship between steroid sex hormones and periodontal disease has been
extensively investigated in females; however, studies with males are still scarce. The aim of the
present study was to analyze the influence of testosterone deficiency on alveolar bone loss and on
the histological structure of the periodontal tissues of castrated rats with experimental periodontitis.
Materials and Methods: To test the hypothesis, we used 28 male Wistar rats obtained from the
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Unioeste’s Central Bioterium. When the animals reached 80 days of age, they were separated into
four groups (N =7 animals/group): Control without ligature (CON), Control with ligature (CON+LIG),
Castrated without ligature (CAST), and Castrated with ligature (CAST+LIG). At 90 days of age, the
orchiectomy was performed in the appropriate groups. Sixty days after castration, the periodontal
disease was induced by a ligation technique. At the end of the trials (90 days after castration), the
animals were weighed and sacrificed using a CO2 chamber. Their jaws were removed, dissected,
separated into the right and left counterparts, fixed in 10% (v/v) buffered formalin for 24 h,
decalcified and processed for histological and radiological techniques.

Results: The results of this study showed that the ligature model was effective in inducing
periodontitis in animals. The animals of the CAST and CAST+LIG groups showed significant
reduction in body weight at the end of the trial period when compared to the CON and CON+LIG
groups. Castration led to a significant bone loss in the animals, which was aggravated by the
induction of periodontal disease. Animals with periodontal disease showed increased gingival
epithelium area and connective tissue area when compared to the animals free of periodontitis.
Conclusion: We conclude that testosterone is an important physiological regulator of alveolar
bone metabolism. Testosterone deficiency associated with periodontal disease increases alveolar
bone resorption and changes the thickness of the gingival epithelium.

Keywords: Periodontal disease; testosterone deficiency; castration; periodontal tissues; bone loss.

in the concentration of T in men is related to
changes in alveolar bone, such as increased
alveolar porosity, change in trabecular pattern,
alveolar bone resorption, alterations in the bone
mineral density in the jaw and mandible, and an
increase in the secretion of interleukins (IL-1 and
IL-6) [12,13]. Following chronic periodontitis,
these changes are more pronounced and may
lead to tooth loss [10]. In experimental animals,
Steffens et al. [14] showed that a decrease in T
concentrations, induced by bilateral ligation, is
associated with periodontal disease and

1. INTRODUCTION

Testosterone (T) is the main circulating
androgen in men, mostly (about 95%) produced
and secreted by the Leydig cells in the testicles.
The primary function of T is related to the
development and maintenance of the
reproductive organs and secondary sexual
characteristics, essential for controlling the
reproductive function and fertility. In addition to
its role in reproductive endocrinology and fertility,
T is an important hormone in the regulation and

functioning of other organs and body tissues
such as the kidney, heart, skeletal striated
muscle, immune system, salivary glands, bone
tissue, and oral and periodontal tissues [1,2].

It is well established in the scientific literature that
the concentrations of T in men decrease with
advancing age, specifically after 40 years of age,
where a reduction of ~ 1-2% of the total
concentration is expected [3,4]. At 75 years of
age, the plasma concentration of the hormone is
approximately two-thirds of the testosterone
concentration at 25 years of age [5].

Studies using humans and experimental animals
have demonstrated that the decrease of T
concentration is a risk factor for the development
of cardiovascular diseases [6], inflammation [7],
metabolic syndrome [8], osteoporosis [9], and
periodontal disease [10]. Periodontitis or
periodontal disease (PD) is a chronic
inflammatory infectious disease that affects the
periodontium and, along with dental cavity, is one
of the main causes for the loss of teeth [11].
Furthermore, it is also reported that a decrease

increased bone loss.

These observations suggest that periodontal
tissues are targets of action by androgens as
these hormones are key factors in the
pathogenesis of periodontal diseases. In addition,
periodontal diseases can be a consequence of
the actions and interactions of sex steroid
hormones on specific cells found in the
periodontium. However, this relationship has
been poorly explored in men and their
mechanisms are mostly unknown. Therefore, the
present study aims to analyze the influence of
testosterone deficiency on alveolar bone loss
and on the histological structure of the
periodontal tissues of castrated rats with
experimental periodontitis.

2. MATERIALS AND METHODS

2.1 Animals

A total of twenty-eight adult male Wistar rats (80-
days-old) were provided by the Bioterium of
Unioeste University, Cascavel-PR. The animals
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were adapted and maintained in the Sectorial
Bioterium of the CCBS/Unioeste - Campus
Cascavel. All animals were housed in
polypropylene cages (43 cmx30 cmx15 cm) with
laboratory-grade pine shavings as bedding and
maintained under controlled temperature settings
(23 £ 1<C) and lighting conditions (12 h L, 12 h D
photoperiod, lights switched off at 0700 h), and
had free access to water and standard rodent
chow Nuvital® (Nuvilab CR-1, Colombo, PR,
Brazil). The rats were handled in accordance
with the Ethical Principles in Animal Research
adopted by the Brazilian College of Animal
Experimentation (BCAE) and approved by the
UNIOESTE’s Ethics Committee for Animal
Experimentation and Practical Classes.

2.2 Experimental Groups

The animals (N = 07/ group) were randomly
divided into four experimental groups: Control
without ligature (CON), Control with ligature
(CON+LIG), Castrated without ligature (CAST),
and Castrated with ligature (CAST+LIG).

To perform the castration technique, animals at
90 days of age underwent surgery with
intraperitoneal anesthesia of 75 mg of ketamine
and 15 mg of xylazine per kilogram of body
weight (bw). We opened the scrotum in the
midline with 2-cm incision and dissected the wall
until the exposure of the testicles. The testicles
were removed prior to ligation of the spermatic
cord with a 3-0 cotton yarn. For the control group,
the testicles were exposed, handled and
reinserted in the scrotum, under the same
experimental conditions of the castrated animals.
All of the animals had their testicular bag closed
with sutures with 4-0 nylon threads.

Sixty days after castration, experimental
periodontitis was induced in specific groups
through the ligature technique. For this

procedure, the animals were anesthetized via
intraperitoneal doses of ketamine (75 mg/Kg/bw)
and xylazine (15 mg/kg/bw), being positioned on
the operating table to allow the access to the
posterior teeth of the jaw. With the aid of a
modified clamp and a probe, a number 40 cotton
yarn was placed around the first lower left and
right molars. This ligature served as a gingival
irritant for 30 days and favored the accumulation
of bacterial plaque [15].

2.3 Sample Collection and Processing

At the end of the trial period (90 days after
castration), all animals were weighed and

sacrificed in a CO® chamber. Their jaws were
removed, sagitously sectioned, separated into
right and left, and fixed in 10% (v/v) buffered
formalin for 24 h. After this period, all of the
samples were washed in running water and kept
in 70% alcohol solution.

The left hemimandibles were X-rayed, and later
left decalcified in a descaling acid solution
(Allkimia®) for 19 h and stored in 70% alcohol.
Then, both samples were dehydrated in growing
series of alcohols, put through transillumination
in xylene and finally embedded in paraplast. For
histomorphometric analysis, coronal plane cuts
were made in the mesial to distal direction
(anterior-posterior), with 5-um thickness, using a
manual rotary microtome (Olympus 4060),
equipped with a steel knife. The sections were
dewaxed with xylene, hydrated with distilled
water and subjected to the staining technique
using Hematoxylin-Eosin (HE) for analysis.

2.4 Radiographic Evaluation

Before descaling, the left hemimandibles were X-
rayed by a single trained examiner, on two
different days, using dental x-ray apparatus of
the X-Dent D70 brand, kva 70 amp/60 Hz, with
radiographic sensor of occlusal size by the
DURR DENTAL VISTA manufacturer, with time
of about 0.10 sec, 50cm focal length, so that the
beam is directed perpendicular to the piece and
the sensor. The pieces were placed so that the
lingual surface of the hemimandible stayed in
close contact with the film. The sensor reading
was held by the reader DURR DENTAL VISTA
SCAN MINI, SNB 224702049 registry. The
images obtained were analyzed with the software
Image Tool 3.0 and an average was taken from
them by linear measure, which covered the
distance from the cementoenamel junction to the
alveolar bone crest of the mesial side of the first
lower left molar of the rat, with the
measurements in pixels [15].

2.5 Histomorphometric Analysis

The analysis of the gingival epithelium and the
underlying connective tissue were performed
using histological sections photographed with
100x magnification in an optical microscope
(Leica Microsystems, Switzerland), with the use
of the counting and capturing system LAS V 4.2
(Leica Microsystem) and 4 measurements were
taken: height and width of the gingival epithelium,
height, and width of the connective tissue. The
calculation of the area was obtained by



Junior et al.; JAMMR, 22(10): 1-9, 2017; Article no.JAMMR.34818

multiplying the height and width of the respective
regions [14].

2.6 Statistics

For data analysis, we used Analysis of Variance
(ANOVA), complemented with the Tukey-Kramer
test or the Kruskal-Wallis test complemented with
Dunn test for non-parametric distribution,
according to the characteristic of each variable.
Statistical significance was set at p<0.05. The
statistical software used was Graph Pad Instat
version 4.0 and Sigma Plot version 11.0 for
graphic design.

3. RESULTS
3.1 Food Consumption Pattern

Animals of the different experimental groups
showed no significant differences in the pattern
of food consumption following 12 weeks of
measurements (Fig. 1).

3.2 Animals Body Weight

At the end of experiment period, all of the
castrated animals, with or without periodontitis,

showed a significant decrease in body weight
when compared to the other groups (Table 1).

3.3 Radiographic Evaluation

Animals  with experimental periodontitis
(CON+LIG and CAST+LIG) presented greater
distance fromthe cement-enamel junction in
relation to the alveolar bone crest (p<0.01) after
comparison to the groups without ligature (CON
and CAST). Alveolar bone loss was severely
increased in animals from the CAST+LIG group
(p<0.01), when compared to the CON+LIG group
(Fig. 2); These results reinforce the importance
of the T in maintaining proper alveolar bone
remodeling.

3.4 Histomorphometric Analysis

Animals  with experimental periodontitis
(CON+LIG and CAST+LIG) showed an increase
in the area of the gingival epithelium (p<0.001)
when compared to the control group (CON).
In the absence of T, the area of gingival
epithelium was increased in animals with a
ligature (CAST+LIG), when compared to the
castrated animals without ligature (p<0.01)
(Table 2).
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Parameters CON

CON+LIG

CAST CAST+LIG

329.57 + 18.95
447.83+ 22.06%

Initial body weight (g)
Final body weight (g)

332.57 +15.75
444.87423.752

331.85 +16.19
414.71+19.32°

329.85 + 15.38
416.61+20.30"

Values are expressed as the mean + SD. Different letters indicate statistically significant differences between the
experimental groups (p<0.01). Tukey-Kramer test; (n = 7/group)
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Table 2. Gingival epithelium and connective tissue

area (um?) of the animals of different

experimental groups

Parameters CON

CON+LIG

CAST CAST+LIG

Gin%ival epithelium area  6.86 + 1.64°
(um?)
Conznective tissue area
(HmY)

149.13 +33.78*

8.14+1.47°

485.07 + 38.45°

7.54 +1.61%° 8.85+1.53°

153.12 +£36.52% 537.33 + 34.45"

Values are expressed as the mean £ SD. Different letters indicate statistically significant differences between the
experimental groups (a'bp<0.01; ¢ p<0.05 from CAST+LIG vs. CON+LIG). Tukey-Kramer test; (n = 7/group).

The area of the connective tissue was larger in
animals with experimental periodontitis
(CON+LIG and CAST+LIG) when compared to
the groups without ligature (CON and CAST,;
p<0.01) (Table 2).

4. DISCUSSION

T deficiency or hypogonadism is a clinical
condition in which the concentration of
the hormone in men decreases, leading to

various pathophysiological changes in the body.
It affects about 30% of men aged 40-79
years [16]. In addition to aging, diseases such
as diabetes, hypertension, and obesity are
listed among the main causes of the increase
in the prevalence of hypogonadism in men
[17].

The castration of rodents, performed in this study,
has been used experimentally in different studies

to better understand the consequences of T
deficiency in men with hypogonadism [18].

In addition to its role in the reproductive
endocrinology, T is strongly related to body
composition, influencing the metabolism of lipids
and proteins. In men, the decrease of T is related
to a decrease in muscle mass and an increase in
the amount of body fat, which can lead to obesity
and the associated metabolic syndrome [17,19].
Typical features of the metabolic syndrome, as
well as an increase in body weight, have also
been observed in neutered cats and dogs [20,21].

Although no change in the pattern of food
consumption was observed, the castrated
animals showed a decrease in the body weight
when compared to uncastrated animals. Similar
to our study, other experimental studies with
rodents have shown a decrease in body weight
and muscle mass in rats and mice after
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castration [22,23]. The reasons for the
interspecies differences are unclear but may be
reflect a number of effects of T deficiency on
physical activity and energy expenditure as well
as those related to the appetite and food intake
[24]. T deficiency is related to a reduction in the
production and secretion of growth hormone
(GH), an important regulator of the growth,
somatic development, and body composition,
leading subsequently to a decrease in the
concentrations of IGF-1, one of the main
mediators of the anabolic actions of GH [25]; this
can be related to increased protein catabolism
and, consequently, the decrease in muscle mass
observed in rodents [23], hence the weight loss
observed in our animals.

Another important target of androgenic actions in
the body is in the bone tissue. Hypogonadism in
men is associated with decreased mineral bone
density, increasing the risk of fractures and
osteoporosis [26]. In the context of dentistry,
changes in the production, secretion, and
concentration of sex hormones can drastically
affect bone metabolism and may contribute to
the development of periodontal disease and
tooth loss. Periodontal disease, or periodontitis,
is an infectious and inflammatory disease that
results in the destruction of the support tissues of
the teeth and can lead to tooth loss [27]. The role
of T in the progression of periodontal disease
has not yet been fully addressed [10].

In this study, all animals with experimentally-
induced periodontitis had agreater alveolar bone
loss when compared to the animals in the control
and castrated without ligature, thus confirming
the effectiveness of the experimental model [28].
Castration alone resulted in an alveolar bone
loss greater than that observed in animals in the
control group. The mechanism(s) by which T
affects bone metabolism remains a matter of
debate [29]. The action of T on thebone tissue
can be mediated by direct binding to the
androgen receptors, or indirectly through the
regulation of growth factors.

Studies have shown that the osteoblasts, both in
humans and in experimental animals, express
androgen receptors [30], and researchers have
demonstrated that androgens are able to
stimulate the proliferation and differentiation of
osteoblastic cells [31]. Thus, bone loss resulting
from castration can be the result of damages in
the formation of bone tissue. Chin et al. [32]
showed that the supraphysiological replacement
of T in castrated rats can prevent the

degenerative bone tissue changes observed in
animals. Gill et al. [33] further reported that T
deficiency decreases the production of
transforming  growth  factor (TGF-b) by
osteoblasts in rodents. Past studies showed that
the TGF-b produced by osteoblasts increases
bone formation and inhibits bone reabsorption in
humans and mice [34,35].

The most alveolar bone losses were observed in
castrated animals with periodontitis. T deficiency
is the main cause of osteoporosis in men [9].
Osteoporosis is related to a decrease in bone
mineral density in the skeleton, including the jaw
and mandible, resulting in increased alveolar
bone porosity, altered trabecular pattern and
increased the speed of resorption of the alveolar
bone, after the invasion by periodontal
pathogens. In addition, systemic factors that
affect bone remodeling can also modify the local
tissue response to periodontal infection, such as
increased systemic release of interleukin-1 and
interleukin-6, which stimulate osteoclastic activity
as a result of bone loss [13,36].

In castrated animals with induced periodontitis,
the gingival area was larger than that of the other
experimental groups. Yarrow et al. [37] showed
that the bone tissue acts as a reservoir of sex
hormones, with potential biological effects in
different tissues. These authors demonstrated
that, although the castration of rodents
decreases the concentration of sex hormones in
the blood significantly, it did not alter the
concentration of hormones stored in bone tissue,
but it also did not prevent the decrease of bone
mineral density in the animals; this suggest that
the intraskeletal sex steroids are sequestered in
a bone compartment incapable of protecting
against bone loss. Steffens et al. [14] suggest
that the conversion of T to dihydrotestosterone
(DHT) occur in the bone reservoir after castration,
and the increase in intraosseous DHT could be
involved in the regulation mechanisms of
increased gingival epithelium area.

We did not find significant changes in the
connective tissue area that could be attributed to
the androgen regulation. Regardless of
castration, the connective area was greater in
animals with induced periodontitis. This eventis
probably related to the inflammatory process
characteristic of periodontal disease. The release
of the inflammatory mediators and interleukins,
particularly interleukin-1, are associated to an
increased collagen production by gingival
fibroblasts. In addition, the inflammatory process



triggered by periodontal disease leads to an
increase in edema and vasculogenesis, with
increased formation of blood vessels in the
gingival plexus [38].

5. CONCLUSIONS

We conclude that testosterone deficiency
associated with the periodontal disease
increases alveolar bone resorption and changes
the thickness of the gingival epithelium, thus
demonstrating that testosterone is an important
physiological regulator of the alveolar bone
metabolism.

ACKNOWLEDGEMENT

We would like to special thanks to FUNDACAO
ARAUCARIA and CAPES by providing financial
support.

CONSENT
It is not applicable.
ETHICAL APPROVAL

As per international standard or university
standard, written approval of Ethics committee
has been collected and preserved by the
authors.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Mooradian AD, Morley JE, Korenman SG.
Biological actions of androgens. Endocr
Rev. 1987;8(1):1-28.

2. Mariotti A, Mawhinney M. Endocrinology of
sex steroid hormones and cell dynamics in
the periodontium. Periodontol 2000. 2013;
61(1):69-88.

3. Haring R, Ittermann T, Volzke H, Krebs A,
Zygmunt M, Felix SB, Grabe HJ, Nauck M,
Wallaschofski H. Prevalence, incidence
and risk factors of testosterone deficiency
in a population-based cohort of men:
results from the study of health in
Pomerania. Aging Male. 2010;13(4):247-
257.

4. Zirkin BR, Tenover JL. Aging and declining
testosterone: Past, present, and hopes

Junior et al.; JAMMR, 22(10): 1-9, 2017; Article no.JAMMR.34818

10.

11.

12.

13.

14.

for the future. J Androl. 2012;33(6):1111-
1118.

Kaufman JM, Vermeulen A. The decline of
androgen levels in elderly men and its
clinical and therapeutic implications.
Endocr Rev. 2005;26(6):833-876.
Svartberg J, Von Mihlen D, Schirmer H,
Barrett-Connor E, Sundfjord J, Jorde R.
Association of endogenous testosterone
with blood pressure and left ventricular
mass in men. Eur J Endocrinol. 2004,
150(1):65-71.

Haring R, Baumeister SE, Volzke H, Dorr
M, Kocher T, Nauck M, Wallaschofski H.
Prospective inverse associations of sex
hormone concentrations in men with
biomarkers of inflammation and oxidative
stress. J Androl. 2012;33(5):944-950.
Choudhury BK, Choudhury SD, Saikia UK,
Sarma D. Gonadal function in young adult
males with metabolic syndrome. Diabetes
Metab Syndr. 2013;7(3):129-132.

Wang YJ, Zhan JK, Huang W, Wang Y,
Liu Y, Wang S, Tan P, Tang ZY, Liu YS.
Effects of low-dose testosterone
undecanoate treatment on bone mineral
density and bone turnover markers in
elderly male osteoporosis with low serum
testosterone. Int J Endocrinol. 2013;
570413.

DOI: 10.1155/2013/570413

Singh BP, Makker A, Tripathi A, Singh MM,
Gupta V. Association of testosterone and
bone mineral density with tooth loss in
men with chronic periodontitis. J Oral Sci.
2011;53(3):333-339.

Di Benedetto A, Gigante |, Colucci S,
Grano M. Periodontal disease: Linking the
primary inflammation to bone loss. Clin
Dev Immunol. 2013;2013:503754.

DOI: 10.1155/2013/503754

Samelson EJ, Hannan MT. Epidemiology
of osteoporosis. Curr Rheumatol Rep.
2006;8(1):76-83.

Kuo LC, Polson AM, Kang T. Associations
between periodontal diseases and
systemic diseases: A review of the inter-
relationships  and interactions  with
diabetes, respiratory diseases,
cardiovascular diseases and osteoporosis.
Public Health. 2008;122(4):417-433.
Steffens JP, Coimbra LS, Ramalho-Lucas
PD, Rossa CJr, Spolidorio LC. The effect
of supra- and subphysiologic testosterone
levels on ligature-induced bone loss in
rats — a radiographic and histologic pilot



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

study. J Periodontol. 2012;83(11):1432-
1439.

Nassar PO, Nassar CA, Guimardaes MR,
Aquino SG, Andia DC, Muscara MN,
Spolidorio DM, Rossa C Jr, Spolidorio LC.
Simvastatin  therapy in  cyclosporine
ainduced alveolar bone loss in rats. J
Periodontal Res. 2009;44:479-488.

Miner M, Barkin J, Rosenberg MT.
Testosterone deficiency: Myth, facts and
controversy. Can J Urol. 2014;21(2):39-54.
Traish AM, Miner MM, Morgentaler A,
Zitzmann M. Testosterone deficiency. Am
J Med. 2011;124(7):578-587.

Xia F, Xu X, Zhai H, Meng Y, Zhang H, Du
S, Xu H, Wu H, Lu Y. Castration-induced
testosterone deficiency increases fasting
glucose associated with hepatic and extra-
hepatic insulin resistance in adult male
rats. Reprod Biol Endocrinol. 2013;18(11):
106.

Smith MR. Changes in fat and lean body
mass during androgen-deprivation therapy
for prostate cancer. Urology. 2004;63(4):
742-745.

Mcgreevy PD, Thomson PC, Pride C,
Fawcett A, Grassi T, Jones B. Prevalence
of obesity in dogs examined by Australian
veterinary practices and the risk factors
involved. Vet Rec. 2005;156(22):695-702.
Kanchuk ML, Backus RC, Calvert CC,
Morris JG, Rogers QR. Weight gain in
gonadectomized normal and lipoprotein
lipase-deficient male domestic cats results
from increased food intake and not
decreased energy expenditure. J Nutr.
2003;133(6):1866-1874.

Christoffersen B, Raun K, Svendsen O,
Fledelius C, Golozoubova V. Evalution of
the castrated male Sprague-Dawley rat as
a model of the metabolic syndrome and
type 2 diabetes. Int J Obes. 2006;
30(8):1288-1297.

White JP, Gao S, Puppa MJ, Sato S, Welle
SL, Carson JA. Testosterone regulation of
Akt/mTORC1/FoxO3a signaling in skeletal
muscle. Mol Cell Endocrinol. 2013;
365(2):174-186.

Inoue T, Zakikhani M, David S, Algire C,
Blouin MJ, Pollak M. Effects of castration
on insulinlevels and glucosetolerance in
the mousediffer from those in man.
Prostate. 2010;70(15):1628-1635.

Meinhardt UJ, Ho KK. Modulation of
growth hormone action by sex steroids.

Junior et al.; JAMMR, 22(10): 1-9, 2017; Article no.JAMMR.34818

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Clin Endocrinol. 2006;65(4):413-
422.

Sinnesael M, Boonen S, Claessens F,
Gielen E, Vanderschueren D.

Testosterone and the maleskeleton: A
dualmode of action. J Osteoporos; 2011.
DOI: 10.4061/2011/240328

Mealey BL, Rethman MP. Periodontal
disease and diabetes mellitus.
Bidirectional relationship. Dent Today.
2003;22(4):107-113.

Abe T, Hajishengallis G. Optimization of
the ligature-induced periodontitis model in
mice. J Immunol Methods. 2013;394(1-2):
49-54.

Filipovi¢ B, Sosi¢-Jurjevi¢ B, Ajdzanovic¢ V,
Trifunovié S, Manojlovi¢-Stojanoski M,
Risti¢ N, Nestorovic N, Milosevi¢ V,
Sekuli¢ M. The effect of orchidectomy on
thyroid Ccells and bonehistomorphometry
in middle-agedrats. Histochem Cell Biol.
2007;128(2):153-159.

Van Der Eerden BC, Van Til NP,
Brinkmann AO, Lowik CW, Wit JM,
Karperien M. Gender differences in

expression of androgen receptor in tibial
growth plate and metaphyseal bone of the
rat. Bone. 2002;30(6):891-896.

Kasperk C, Helmboldt A, Boércsok |,
Heuthe S, Cloos O, Niethard F, Ziegler R.
Skeletal site-dependent expression of the
androgen receptor in human osteoblastic
cell populations. Calcif Tissue Int. 1997;
61(6):464-473.

Chin KY, Ima-Nirwana S. The effects of
orchidectomy and  supraphysiological
testosterone administration on trabecular
bone structure and gene expression in
rats. Aging Male. 2014;28(1):1-7.

Gill RK, Turner RT, Wronski TJ, Bell NH.
Orchiectomy  markedly reduces the
concentration of the three isoforms of
transforming growth factor beta in rat
bone, and reduction is prevented by
testosterone. Endocrinology. 1998;139(2):
546-550.

Mackie EJ, Trechsel U. Stimulation of
bone formation in vivo by transforming
growth factor-beta: Remodeling of woven

bone and lack of inhibition by
indomethacin.  Bone.  1990;11(4):295-
300.

Joyce ME, Roberts AB, Sporn MB,
Bolander ME. Transforming growth factor-
beta and the initiation of chondrogenesis



36.

37.

and osteogenesis in the rat femur. J Cell
Biol. 1990;110(6):2195-2207.

Zeeman GG, Veth EO, Dennison DK.
Focus on primary care: Periodontal
disease: Implications for women’s health.
Obstet  Gynecol  Surv.  2001;56(1):
43-49.

Yarrow JF, Conover CF, Lipinska JA,
Santillana CA, Wronski TJ, Borst SE.

38.

Junior et al.; JAMMR, 22(10): 1-9, 2017; Article no.JAMMR.34818

Methods to quantify sex steroid hormones
in bone: Applications to the study of and
rogenablation and administration. Am J
Physiol Endocrinol Metab. 2010;299(5):
E841-847.

Kayal RA. The role of osteoimmunology in
periodontal disease. Biomed Res Int.
2013;2013:639368.

DOI: 10.1155/2013/639368

© 2017 Junior et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/20041




