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INTRODUCTION

Hormones are body’s chemical messengers having diverse chemical structures produced by
glands and are transported by the circulatory system to target distant organs to regulate
physiology and behaviour. Humans have about 50 different known hormones that act on
different aspects of bodily functions and processes out of which parathyroid hormone (PTH)
or parathormone or parathyrin plays an important role.!! Teriparatide is an effective osteo-
anabolic agent which is a recombinant form of human parathyroid hormone (rhPTH).!! The
drug was approved by the Food and Drug Administration (FDA) on November 2002 for the
treatment of osteoporosis in persons who are at high risk of having fracture as in
postmenopausal women and in men with primary or hypogonadal osteoporosis. It contains
first 34 amino acids of human PTH which is identical to the N-terminal portion of the

hormone.®! Parathormone is a single chain polypeptide of 84 aminoacids, which is
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synthesised in and secreted by the chief cells of parathyroid glands. After two successive
proteolytic cleavages from preproparathyroid hormone (115 aminoacids) to proparathyroid
hormone (90 aminoacids) it forms a mature hormone. Teriparatide is the generic name for
all PTH (1-34) molecules. Another recombinant form which is available and approved in EU
only is the full length PTH 1-84.F!

PTH together with 1,25(0OH)2 vitamin D, plays a key role in the phosphocalcic regulation and
thus plays an vital role in the development of tooth and bone remodelling. It produces several
distinct and independent effects on bone remodelling process, resulting in both bone
formation (anabolic activity) and bone remodelling (catabolic activity). A continuous
administration of PTH shows increase in the number of osteoclasts with enhanced
osteoclastic activity, rapid turnover and decrease of bone mass where as an intermittent
administration increases bone mass by stimulating osteoblast differentiation and prevention

of its apoptosis.

Studies on the structure and function of PTH have revealed that most of the biological
activity of intact PTH (1-84) resides in the 1-34 N-terminal fragment of the hormone. It was
found that a synthetic bovine PTH(1-34) was able to generate the major biological actions of
the full-length native bovine PTH (1-84), including activation of adenylyl cyclase in bone and
kidney cells, increased urinary excretion of cyclic adenosine monophosphate (CAMP) and
phosphate in rats and elevation of blood calcium in rats, dogs and chickens.[”? Moreover,
Teriparatide has a similar binding affinity for PTH receptor 1 as PTH (1-84).) PTH
analogues have a rapid absorption rate after a subcutaneous injection with bioavailability of
PTH 1-34 being 95% and PTH 1-84 being 55%. PTH 1-84 has a longer duration of action
and the half-life after the injection for PTH 1-34 and PTH 1-84 is approximately 1 hour and
2.5 hours respectively.*”

These facts, together with the practical difficulties in synthesizing large quantities of
chemically pure PTH (1-84), led to the widespread use of recombinant PTH (1-34) as a
surrogate for intact PTH in studies of hormone effect in vitro and in vivo. This review aims to
update research on applications, benefits and adverse effects of the novel drug, teriparatide

and its usage as a potential therapeutic agent in dentistry.
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ROLE OF TERIPARATIDE ON BONE

Various in vivo and in vitro studies have proved distinct anabolic effects of intermittent PTH
administration on bone.***? The anabolic effect of intermittent PTH has also been
extensively demonstrated in mice and rats.l**! Both full length PTH (1-84) and teriparatide
(PTH 1-34) administration resulted in rapid up-regulation of markers of bone formation, but
a down-regulation of markers of resorption.****! Daily injections of PTH (1-84) or PTH (1-
34) increase bone mass and reduce the incidence of fracture in postmenopausal women, in

elderly men, and in women with glucocorticoid-induced osteoporosis.®!

Deposition of bone is increased predominantly due to an increase in the number of
osteoblasts, which is mediated by repeated delays of osteoblast apoptosis™, enhancing the
recruitment of preosteoblasts from marrow stromal cells and stimulating the maturation of

lining cells.!®

Intermittent PTH administration triggers the anti-apoptotic signalling pathways which
involve cAMP mediated activation of protein kinase A (PKA), subsequent phosphorylation
and inactivation of the pro-apoptotic protein Bad and increased transcription of anti-apoptotic
like Bcl-2.1 On the other hand, intermittent PTH also decreases the expression of histone
H4 which is a marker of the cell cycle*® and cell cycle inhibitors p27KIP1 and p21Cip1™?,
in metaphyseal bone of young rats where replicating osteoblast progenitors is rich in number.
This strongly suggests that intermittent exposure to PTH causes an exit of osteoblast
progenitors from the cell cycle, which leads to the differentiation and suppression of

proliferation of these cells.!®!

Continuous exposure causes increase in the osteoclast differentiating factor (ODF), also
called as nuclear factor kappa ligand (RANKL) and decrease in the osteoprotegerin (OPG), a
cytokine expressed by committed preosteoblastic cells. OPG binds to ODF and decreases the
receptor activity (Table/Fig 1). Intermittent use has only transient effects on osteoclasts, thus
net osteoblastogenesis takes place.
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PTHWITH VIT.D ——— OSTEOBAST ——* BONE FORMATION

RANKL & m-CSF ——— OSTEOCLAST —— BONE RESORPTION

TERIPARATIDE (PTH 1-34) _ UPREGULATION _ \JARKERS OF BONE FORMATION

DOWNREGUATION

MARKERS OF BONE RESORPTION

Table/Fig. 1: PTH & Teriparatide role in bone remodelling.

Teriparatide initially promotes the formation of bone by rapidly increasing the markers of
bone formation. Thereafter bone remodelling takes place where bone resorption
predominates. This is associated with increase in bone resorption markers. The time period

where actions of PTH are maximally anabolic is called as the “anabolic window”.”

EFFECTS ON JAW BONES

Craniofacial bones are formed by intramembranous ossification and on the other hand long
bones and vertebrae are formed by endochondral ossification. Since the developmental
aspects of the two are different, mechanisms of PTH effect may vary according to their

location.F!

In cancellous bone as well as cortical bone, positive effects of teriparatide are seen on bone

density, microarchitecture and geometry.!>?

It stimulates apposition of periosteum leading to
overall increase in cross-sectional area by increasing cortical area and thickness. The
mechanical effect on inner one third of cortical bone is minimal where teriparatide increases

the porosity and enhances bone microarchitecture and geometry.?

EFFECTS ON PERIODONTIUM
Numerous studies were conducted both in vivo and vitro to elucidate the role of PTH on PDL

cells on the basis of anabolic properties of PTH established in osteoblasts and the fact that the
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PDL cells show osteoblastic characteristics. These studies have suggested that periodontal
ligament cells respond to PTH in a osteoblastic manner, both in vitro?>2?4 as well as in in
vivo models./*!

PTH receptors were detected immunohistochemically in cementoblasts of rats.!*®! In addition,
studies have reported marked improvement of clinical and radiographic outcomes in patients
with periodontal surgery in cases of severe, chronic periodontal disease and received daily
injections (20 pg or placebo for 6 wks) of teriparatide. At 1 yr, the test group had
significantly greater radiographic linear resolution of intrabony defects."?® Thus,

teriparatide therapy might also contribute in the treatment of periodontal diseases.

EFFECTS ON TOOTH ERUPTION

Parathyroid hormone related peptide (PTHrP) and PTH share significant sequence homology
within the first 13 amino acid residues, which underlines the functional importance of the N-
terminal residues in receptor signalling. However, the sequence homology decreases
significantly in the 14-34 region, showing no recognizable similarity beyond residue 34.1%%
For both PTH and PTHrP, the 15-34 region functions as the principal PTH1R binding

domain.

PTHrP has a pivotal role in regulating embryonic development of the skeleton and other
tissues via intracellular, paracrine and endocrine pathways.*” It is widely expressed in
cartilage, heart, kidney, hair follicles, placenta, breast, lungs and many epithelial tissues of
foetus and normal adult.®Y PTHrP is secreted by the cells of the Reduced Enamel Epithelium
where it acts as a signalling molecule to stimulate resorption of the bony crypt surrounding
the tooth follicle. It is thus critical in intraosseous phase of tooth eruption. Type 1 PTH/
PTHrP receptor is found in the dental mesenchymal tissue adjacent to the teeth and in
alveolar bone which suggest PTHrP to be a regulator of epithelial-mesenchymal interactions
during development of tooth. PTH and PTHrP bind to parathyroid hormone/parathyroid
hormone related peptide receptor (PTH1R) and exert osteo-anabolic effects.*) Therefore,

PTH and parathyroid gland extract enhance tooth eruption.®*

PTHrP presumably promotes the osteoclastic resorption required for eruption of tooth by
increasing the ratio of expression of RANK: OPG by cementoblasts. In study by Schipani et
al in 1997, a lack of this receptor in mice models showed development of tooth bud with

reduce in number of ameloblasts and disrupted odontoblastic layer and absence of
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eruption.®™ There is a failure of tooth eruption in humans lacking the PTH/ PTHrP receptor
as in Blomstrand chondrodysplasia.** Thus further studies on teriparatide can unravel the

potential role of teriparatide in the treatment of tooth ankylosis.

EFFECTS ON TOOTH MOVEMENT

Orthodontic treatment, done to move poorly aligned teeth to a desirable position, has always
been a lengthy process. The desire for shortening of the treatment period has lead to
development of new methods for accelerating orthodontic tooth movement. The rate of
orthodontic tooth movement is directly dependent on the rate of bone resorption occurring in
the compressed periodontium in the direction of orthodontic force applied to the tooth. A
study by Davidovitch et al. in the year 1972, revealed a threefold increase in number of
osteoclasts and accelerated movement of upper right first molars on compression side with
continuous administration of PTH on rat models by inserting an elastic band between the first

and second molars.®!

Root resorption is one of the major drawbacks of orthodontic treatment. Continuous infusion
of PTH enhanced the removal of necrotic tissue from the site of bone resorption, thus
preventing root resorption. Moreover, it also increased the amount of bone apposition on the
tension side, thereby helping in stabilization and retention. Systemic continuous infusion of
PTH (1-34) accelerated orthodontic tooth movement, but intermittent injection systemically
did not increase the rate of tooth movement.®® Although systemic continuous infusion did
not have any adverse effect, yet continuous local infusion of PTH into the circumferential
tissue around the teeth to be moved should be preferred. A slow release vehicle using methyl

cellulose has been proved successful.”

Studies on rodent models have proved no significant impact on orthodontic tooth movement
on intermittent administration of PTH. It stimulated bone apposition but had no effects on
osteoclast-mediated bone resorption.!®*3% This property of intermittent administration can
have added advantage when used selectively and can be exploited during the retention

phase.l*%

A study done to evaluate morphologically the effect of teriparatide on induced orthodontic
movement of the maxillary first molars in ovariectomized rats suggested that the treatment of
osteoporosis with teriparatide is a good alternative for patients undergoing orthodontic

treatment. Histologic sections obtained from the maxilla were prepared for the morphometric
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analysis of dental movement, the thickness of the periodontal ligament and the number of
osteoclasts in the pressure and tension areas of the apex of the root and alveolar crest in the

distal root of the maxillary first molars.!*!

EFFECT ON FRACTURE HEALING

Clinical trials studies showed accelerated fracture-healing in pelvic with PTH"? and distal
radial fractures.l**] When treated with systemically administrated PTH the volume, quality,
and mechanical strength of the callus are increased. PTH enhanced early healing of closed
fractures in long bonest****! and mandibular fractures in ovariectomized rats."®’

A shorter healing time and an early improved callus formation with once daily injection of 20
ug or 40 pg teriparatide was obtained in post-menopausal women who had sustained distal
radial fractures.[*) Successful use of teriparatide in cases associated with non union of sternal
fractures and atrophic femur shaft fracture have been reported.”*®! Thus these studies

highlight the therapeutic potential of teriparatide in fracture healing.

EFFECTS ON IMPLANT THERAPY

Dental implants have become a popular and effective way to replace missing teeth.
Successful osseointegration is the key to implant success and highly depends on adjacent
bone. PTH in combination with guided bone regeneration and bone grafts could enhance
alveolar bone formation in animals.[****1%2 Moreover, alveolar bone has a better response to
PTH than other parts of the mandible and maxilla.®® Intermittent PTH prevents further bone

loss and fastens new bone formation,®*%°!

Subcutaneous administration of 30 pug/Kg of thPTH(1-34) intermittently thrice a week after
placement of titanium implants in proximal metaphysic increased cancellous bone density
around the implant and also increased the degree of contact between the implants and
bone.*® Improved initial fixation of implants and high bone implant sheer strength was seen
using intermittent PTH in osteoporotic rats with hydroxyappatite-coated implants.>”
Intricately fused PTH with various biomaterials like poyethylene gycol with the help of tissue

engineering is now available. This enhances bone generation and implant osseo-integration.

EFFECT ON RECONSTRUCTIVE SURGERIES
Reconstructive surgeries of critical-sized defects remain a challenge to surgeons. To

investigate adjunctive effect of PTH on the healing of devitalized allografts in critical femoral
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defects, animal studies have been designed. A better healing result, significantly enhanced
callus formation and graft-host integration, along with 2-fold increase in normalized callus
volume and higher mechanical strength of the graft-host junction was seen at 6 wks.!*®*
Based on these studies, further investigation of the effect of PTH on large defects are
required. Higher mineralized tissue volume, mineral content and bending strength was found
after distraction osteogenesis on treatment with PTH in rabbits.[*”

Osteotomy of one or both jaws is done to correct jaw relationships, followed by repositioning
the jaws to acquire ideal alignment and fixation. If stabilization between the gaps of bone
segments could be faster, post-operative discomfort from temporary immobilization of the
jaw would be greatly reduced. The role of PTH in reducing healing time might prove
beneficial to patients undergoing orthognathic surgeries. A radiographic union of 1 mm
surgical defect was achieved with greater radiographic intensity, larger callus areas, and
greater stiffness in PTHrP-treated group at 6 wks, compared to 20% in the control group in
ulnae of rabbits.[*!

ROLE IN OSTEONECROSIS OF JAW

Long term use of bisphosphonate can cause necrosis, exposed bone in the jaw, pain, swelling,
and various dysesthesias known as Osteonecrosis of jaw (ONJ). Though the mechanism is
unclear, poor oral hygiene, traumatic dental procedures, old age, neoplasms like multiple
myeloma and usage of steroid can pose as risk factors. The duration of bisphosphonate also
plays a vital role. Bisphosphonates inhibit osteoclastic activity causing anti-resorptive action
and continue to localize on bone for a long duration owing to its longer half life. Teripeptide
reduces microdamage accumulation in the bone and increases bone remodelling by
promoting osteoblastic differentiation. It may also help in removal of necrotic bone and
accelerate healing. Although the mode of treatment of ONJ is symptomatic, teriparatide can

be used as an adjunct.’!

ADVERSE EFFECTS

Both short term and long term side effects have been encountered. An increased continuous
teriparatide administration can cause deleterious effects on skeletal, gastrointestinal, neural
system. Weakness, fatigue, bone pain, myalgia, osteoporosis, loss of appetite, nausea,

vomiting, constipation, polyuria, polydipsia, cognitive impairment.t%!

WWW.Wjpr.net Vol 7, Issue 2, 2018. 310




Bhuyan et al. World Journal of Pharmaceutical Research

It is absolutely contraindicated in primary and tertiary hyperparathyroidism, pre-existing
hypercalcemia, Paget’s discase, osteosarcoma, persons with history of other skeletal
disorders, open epiphysis in children, pregnancy, lactation, end-organ failure, elevated
alkaline phosphatise of uncertain cause, metastatic skeletal malignancy and prior skeletal
irradiation. Teriparatide when co-administered with drugs like digoxin in high doses
(>5mg/day) or intravenous furosemide can cause hypercalcemia and hypercalciuria for a
transient period.!**”!

Osteosarcoma has been reported to be a long term complication of teriparatide use. The
incidence of osteosarcoma is 1 in 250,000. Although the incidence in teriparatide users is not

yet known, Harper at al., reported the first case in 2008.1*%

CONCLUSION

Teriparatide, widely known for its use as an osteoporosis therapeutic, has the potential to
stimulate bone deposition in comparison to bisphosphonates and calcitonin which inhibits
bone resorption rather than ability of bone apposition. Its effect is both time and dose
dependent. A continuous administration of teriparatide has an adverse effect on bones, where
as an intermittent exposure in optimum doses leads to an increase in the number and activity
of osteoblasts improving bone mass and skeletal architecture. This dual property of
teriparatide can be exploited in the field of dentistry to improve dental therapeutic outcomes
in periodontal surgeries, implant integration and orthodontic stability. Based on the
favourable pre-clinical outcomes, further human clinical trials on various dental procedures
and its safety aspects should be investigated. A local targeted drug delivery system of the
drug should be developed which will not have effect on the other non targeted areas and also

avoid systemic complications.

REFERENCES

1. "Hormones". Medline Plus. U.S. National Library of Medicine.

2. Riek AE, Towler DA. "The pharmacological management of osteoporosis™. Missouri
Medicine, 2011; 108(2): 118-23.

3. Chan HL, McCauley LK. Parathyroid hormone applications in the craniofacial skeleton. J
Dent Res., 2013 Jan; 92(1): 18-25.

4. Habener JF, Amherdt M, Ravazzola M, Orci L. Parathyroid hormone biosynthesis.
Correlation of conversion of biosynthetic precursors with intracellular protein migration

as determined by electron microscope autoradiography. J Cell Biol., 1979; 80(3): 715-31.

WWwW.wjpr.net Vol 7, Issue 2, 2018. 311



http://www.nlm.nih.gov/medlineplus/hormones.html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3597219/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=23071071
http://www.ncbi.nlm.nih.gov/pubmed/?term=McCauley%20LK%5BAuthor%5D&cauthor=true&cauthor_uid=23071071
http://www.ncbi.nlm.nih.gov/pubmed/?term=Habener%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=457765
http://www.ncbi.nlm.nih.gov/pubmed/?term=Amherdt%20M%5BAuthor%5D&cauthor=true&cauthor_uid=457765
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ravazzola%20M%5BAuthor%5D&cauthor=true&cauthor_uid=457765
http://www.ncbi.nlm.nih.gov/pubmed/?term=Orci%20L%5BAuthor%5D&cauthor=true&cauthor_uid=457765
http://www.ncbi.nlm.nih.gov/pubmed/457765

Bhuyan et al. World Journal of Pharmaceutical Research

5. Cheng ML, Gupta V. Teriparatide — Indications beyond osteoporosis. Indian Journal of
Endocrinology and Metabolism, 2012; 16(3): 343-48.

6. Jilka RL. Molecular and cellular mechanisms of the anabolic effect of intermittent
PTH. Bone., 2007; 40(6): 1434- 46.

7. Murray TM, Rao LG, Divieti P, Bringhurst FR. Parathyroid hormone secretion and
action: evidence for discrete receptors for the carboxyl-terminal region and related
biological actions of carboxyl- terminal ligands. Endocr. Rev., 2005; 26: 78-113.

8. Brixen KT, Christensen PM, Ejersted C, Langdahl BL. Teriparatide (biosynthetic human
parathyroid hormone 1-34): a new paradigm in the treatment of osteoporosis. Basic Clin.
Pharmacol. Toxicol., 2004; 94: 260-70.

9. Verhaar HJ, Lems WF. PTH analogues and osteoporotic fractures. Expert Opin Biol
Ther., 2010; 10: 1387-94.

10. Chen P, Satterwhite JH, Licata AA, Lewiecki EM, Sipos AA, Misurski DM, et al. Early
changes in biochemical markers of bone formation predict BMD response to teriparatide
in postmenopausal women with osteoporosis. J Bone Miner Res., 2005; 20: 962-70.

11. Rubin DA, Juppner H. Zebrafish express the common parathyroid hormone/parathyroid
hormone-related peptide receptor (PTH1R) and a novel receptor (PTH3R) that is
preferentially activated by mammalian and fugufish parathyroid hormone-related peptide.
J. Biol. Chem., 1999; 274: 28185-90.

12. Turner CH. Biomechanics of bone: determinants of skeletal fragility and bone quality.
Osteoporos Int., 2002; 13: 97-104.

13. Hodsman AB, Hanley DA, Watson PH, Fraher LJ. Parathyroid hormone. In: Bilezikian
JP, Raisz LG, Rodan GA, editors. Principals of Bone Biology. San Diego: Academic
Press, 2002; 1305-24.

14. Hodsman AB, Hanley DA, Ettinger MP, Bolognese MA, Fox J, Metcalfe AJ, Lindsay R.
Efficacy and safety of human parathyroid hormone-(1-84) in increasing bone mineral
density in postmenopausal osteoporosis. J. Clin. Endocrinol. Metab., 2003; 88: 5212-20.

15. Hodsman AB, Fraher LJ, Ostbye T, Adachi JD, Steer BM. An evaluation of several
biochemical markers for bone formation and resorption in a protocol utilizing cyclical
parathyroid hormone and calcitonin therapy for osteoporosis. J. Clin. Invest, 1993; 91.:
1138-48.

16. Jilka RL, Weinstein RS, Bellido T, Roberson P, Parfitt AM, Manolagas SC. Increased
bone formation by prevention of osteoblast apoptosis with parathyroid hormone. J. Clin.
Invest, 1999; 104: 439-46.

WWwW.wjpr.net Vol 7, Issue 2, 2018. 312




Bhuyan et al. World Journal of Pharmaceutical Research

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Bellido T, Ali AA, Plotkin LI, Fu Q, Gubrij I, Roberson PK, Weinstein RS, O’Brien CA.,
Manolagas SC, Jilka RL. Proteasomal degradation of Runx2 shortens parathyroid
hormone-induced anti-apoptotic signaling in osteoblasts. A putative explanation for why
intermittent administration is needed for bone anabolism. J. Biol. Chem., 2003; 278:
50259- 72.

Onyia JE, Bidwell J, Herring J, Hulman J, and Hock JM. In vivo, human parathyroid
hormone fragment (hPTH 1-34) transiently stimulates immediate early response gene
expression, but not proliferation, in trabecular bone cells of young rats. Bone., 1995; 17:
479-84.

Qin L, Li X, Ko JK, and Partridge NC. Parathyroid hormone uses multiple mechanisms to
arrest the cell cycle progression of osteoblastic cells from G1 to S phase. J. Biol. Chem.,
2005; 280: 3104-11.

Jiang Y, Zhao JJ, Mitlak BH, Wang O, Genant HK, Eriksen EF. Recombinant human
parathyroid hormone (1-34) [teriparatide] improves both cortical and cancellous bone
structure. J Bone Miner Res., 2003; 18: 1932-41.

Burr DB, Hirano T, Turner CH, Hotchkiss C, Brommage R, Hock JM. Intermittently
administered human parathyroidhormone(1-34) treatment increases intracortical bone
turnover and porosity without reducing bone strength in the humerus of ovariectomized
cynomolgus monkeys. J Bone Miner Res., 2001; 16: 157-65.

Nohutcu RM, Somerman MJ, McCauley LK. Dexamethasone enhances the effects of
parathyroid hormone on human periodontal ligament cells in vitro. Calcif. Tissue Int.,
1995; 56: 571-577.

Ouyang H, McCauley LK, Berry JE, D’Errico JA, Strayhorn CL, Somerman MJ.
Response of immortalized murine cementoblasts/periodontal ligament cells to parathyroid
hormone and parathyroid hormone-related protein in vitro. Arch. Oral Biol., 2000; 45:
293-303.

Lossdorfer S, GOtz W, Jager A. PTH(1-34) affects osteoprotegerin production in human
PDL cells in vitro. J. Dent. Res., 2005; 84: 634-38.

Barros SP, Silva MA. D, Somerman MJ, Nociti FH, Jr. Parathyroid hormone protects
against periodontitis-associated bone loss. J. Dent. Res., 2003; 82: 791-95.

Tenorio D, Hughes FJ. An immunohistochemical investigation of the expression of
parathyroid hormone receptors in rat cementoblasts. Arch. Oral Biol., 1996; 41: 299-305.

WWW.Wjpr.net Vol 7, Issue 2, 2018. 313




Bhuyan et al. World Journal of Pharmaceutical Research

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Bashutski JD, Eber RM, Kinney JS, Benavides E, Maitra S, Braun TM, Giannobile WV,
McCauley LK. Teriparatide and osseous regeneration in the oral cavity. N. Engl. J. Med.,
2010; 363: 2396-405.

Bashutski JD, Kinney JS, Benavides E, Maitra S, Braun TM, Giannobile WV et al.
Systemic teriparatide administration promotes osseous regeneration of an intrabony
defect: a case report. Clin Adv Periodontics, 2012; 2: 66-71.

Mannstadt M, Juppner H, Gardella TJ. Receptors for PTH and PTHrP: their biological
importance and functional properties. Am. J. Physiol, 1999; 277: 665-75.

Gardella TJ, Juppner H. Molecular properties of the PTH/PTHrP receptor. Trends
Endocrinol. Metab, 2001; 12: 210-17.

Schipani E, Provot S. PTHrP, PTH, and the PTH/PTHTrP receptor in endochondral bone
development. Birth Defects Res. C Embryo Today, 2003; 69: 352-62.

Stewart AF. PTHrP(1-36) as a skeletal anabolic agent for the treatment of osteoporosis.
Bone, 1996; 19: 303-06.

Schneider LC, Hollinshead MB, Lizzack LS. Tooth eruption induced in grey lethal mice
using parathyroid hormone. Arch. Oral Biol., 1972; 17: 591-94.

Robert Marcus, David Feldman, Dorothy A. Nelson, Clifford J. Rosen. Fundamentals of
Osteoporosis, 2010; 255.

Davidovitch Z, Musich D, Doyle M. Hormonal effects on orthodontic tooth movement in
cats--a pilot study. Am J Orthod, 1972; 62: 95-96.

Soma S, Iwamoto M, Higuchi Y, Kurisu K. Effects of continuous infusion of PTH on
experimental tooth movement in rats. J Bone Miner Res., 1999; 14(4): 546-54.

Soma S, Matsumoto S, Higuchi Y, Takano-Yamamoto T, Yamashita K, Kurisu K,
Iwamoto M. Local and chronic application of PTH accelerates tooth movement in rats. J
Dent Res., 2000; 79(9): 1717-24.

Hock JM, Gera I. Effects of continuous and intermittent administration and inhibition of
resorption on the anabolic response of bone to parathyroid hormone. J Bone Miner Res.,
1992; 7(1): 65-72.

Schmidt U, Dobnig H, Turner RT. Intermittent parathyroid hormone treatment increases
osteoblast number, steady state messenger ribonucleic acid levels for osteocalcin and
bone formation in tibial metaphysis of hypophysectomized female rats. Endocrinology,
1995; 136(11): 5127-34.

Aggarwal P, Zavras A. Parathyroid hormone and its effects on dental tissues. Oral Dis.,
2012; 18(1): 48-54.

WWW.Wjpr.net Vol 7, Issue 2, 2018. 314




Bhuyan et al. World Journal of Pharmaceutical Research

41. Salazar M, Hernandes L, Ramos AL, Micheletti KR, Albino CC, Nakamura Cuman RK.
Effect of teriparatide on induced tooth displacement in ovariectomized rats: a
histomorphometric analysis. Am J Orthod Dentofacial Orthop., 2011; 139(4): e337-44.

42. Peichl P, Holzer LA, Maier R, Holzer G. Parathyroid hormone 1-84 accelerates fracture-
healing in pubic bones of elderly osteoporotic women. J Bone Joint Surg Am., 2011; 93:
1583-87.

43. Aspenberg P, Johansson T. Teriparatide improves early callus formation in distal radial
fractures. Acta Orthop, 2010; 81: 234-36.

44. Warden SJ, Komatsu DE, Rydberg J, Bond JL, Hassett SM. Recombinant human
parathyroid hormone (PTH 1-34) and low-intensity pulsed ultrasound have contrasting
additive effects during fracture healing. Bone, 2009; 44: 485-94.

45. Komrakova M, Stuermer EK, Werner C, Wicke M, Kolios L, Sehmisch S, et al. Effect of
human parathyroid hormone hPTH (1-34) applied at different regimes on fracture healing
and muscle in ovariectomized and healthy rats. Bone, 2010; 47: 480-92.

46. Rowshan HH, Parham MA, Baur DA, McEntee RD, Cauley E, Carriere DT, et al. Effect
of intermittent systemic administration of recombinant parathyroid hormone (1-34) on
mandibular fracture healing in rats. J Oral Maxillofac Surg, 2010; 68: 260-67.

47. Chintamaneni S, Finzel K, Gruber BL. Successful treatment of sternal fracture nonunion
with teriparatide. Osteoporosis Int., 2010; 21: 1059-63.

48. Oteo-Alvaro A, Moreno E. Atrophic humeral shaft nonunion treated with teriparatide (rh
PTH 1-34): A case report. J Shoulder Elbow Surg, 2010; 19: e22-8.

49. Andreassen TT, Cacciafesta V. Intermittent parathyroid hormone treatment enhances
guided bone regeneration in rat calvarial bone defects. J Craniofac Surg, 2004; 15:
424-27.

50. Jung RE, Cochran DL, Domken O, Seibl R, Jones AA, Buser D, et al. The effect of
matrix bound parathyroid hormone on bone regeneration. Clin Oral Implants Res., 2007;
18: 319-25.

51. Jung RE, Hammerle CH, Kokovic V, Weber FE. Bone regeneration using a synthetic
matrix containing a parathyroid hormone peptide combined with a grafting material. Int J
Oral Maxillofac Implants, 2007; 22: 258-266.

52. Valderrama P, Jung RE, Thoma DS, Jones AA, Cochran DL. Evaluation of parathyroid
hormone bound to a synthetic matrix for guided bone regeneration around dental

implants: a histomorphometric study in dogs. J Periodontol, 2010; 81: 737-747.

WWW.Wjpr.net Vol 7, Issue 2, 2018. 315




Bhuyan et al. World Journal of Pharmaceutical Research

53. Kawane T, Takahashi S, Saitoh H, Okamoto H, Kubodera N, Horiuchi N. Anabolic
effects of recombinant human parathyroid hormone (1 - 84) and synthetic human
parathyroid hormone (1 - 34) on the mandibles of osteopenic ovariectomized rats with
maxillary molar extraction. Horm Metab Res., 2002; 34: 293-302.

54. Tam CS, Heersche JN, Murray TM, Parsons JA. Parathyroid hormone stimulates the bone
apposition rate independently of its resorptive action: differential effects of intermittent
and continuous administration. Endocrinology, 1982; 110: 506-12.

55. Zhang L, Endo N, Yamamoto N, Tanizawa T, Takahashi HE. Effects of single and
concurrent intermittent administration of human PTH (1-34) and incadronate on
cancellous and cortical bone of femoral neck in ovariectomized rats. Tohoku J Exp Med.,
1998; 186: 131-41.

56. Shirota T, Tashiro M, Ohno K, Yamaguchi A. Effect of intermittent parathyroid hormone
(1-34) treatment on the bone response after placement of titanium implants into the tibia
of ovariectomized rats. J Oral Maxillofac Surg., 2003; 61(4): 471-80.

57. Ohkawa Y, Tokunaga K, Endo N. Intermittent administration of human parathyroid
hormone (1-34) increases new bone formation on the interface of hydroxyapatitecoated
titanium rods implanted into ovariectomized rat femora. J Orthop Sci., 2003; 3(6):
533-42.

58. Jacobson JA, Yanoso-Scholl L, Reynolds DG, Dadali T, Bradica G, Bukata S, et al.
Teriparatide therapy and beta-tricalcium phosphate enhance scaffold reconstruction of
mouse femoral defects. Tissue Eng Part A, 2011; 17: 389-98.

59. Reynolds DG, Takahata M, Lerner AL, O’Keefe RJ, Schwarz EM, Awad HA.
Teriparatide therapy enhances devitalized femoral allograft osseointegration and
biomechanics in a murine model. Bone., 2011; 48: 562-70.

60. Aleksyniene R, Thomsen JS, Eckardt H, Bundgaard KG, Lind M, Hvid I. Parathyroid
hormone PTH(1-34) increases the volume, mineral content and mechanical properties of
regenerated mineralizing tissue after distraction osteogenesis in rabbits. Acta Orthop.,
2009; 80: 716-23.

WWW.Wjpr.net Vol 7, Issue 2, 2018. 316




