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Abstract

Background and Rationale: Spinal fusion surgery is one of the standard treatments for degenerative and
traumatic spine diseases. delayed union or pseudarthrosis of grafting bone after surgery create more serious
problems in performing spinal fusion surgery for patients with glucocorticoid-induced osteoporosis (GIOP).
Purpose: To elucidate the effect of intermittent administration of TPTD or alendronate on spinal fusion
in rats with GIOP.
Study Design: An experimental animal study of rats under continuous glucocorticoid (GC) exposure
undergoing spinal fusion surgery and administration of TPTD or Alindronate.
Methods: 24 Male albino rats weighing 250-300 g. Six rats were subcutaneously injected with saline
per week for 6 weeks before. The other 18 rats were subcutaneously injected with MP five times per
week at a dose of 5 mg/kg/d for 6 weeks before surgery. After 6 weeks of MP administration, rats were
randomized into three groups before surgery; rats in the control group (CNT group; n6) were given
subcutaneous injections of 0.9% saline five times per week for 6 weeks, and rats in the alendronate
group (n6) were given subcutaneous injections of 15 mcg/kg/d of alendronate for 6 weeks. and rats
in the TPTD group (n6) were given subcutaneous injections of 40 mcg/kg/d of TPTD five times per
week for 6 weeks. After grouping, all rats were underwent posterolateral spinal fusion (L4–L5) with
iliac crest autograft. The following assessments were performed: microstructural analysis of the
fusion mass and adjacent vertebrae (L6),; fusion assessment, with manual palpation testing; and bone
histomorphometrical analysis of the fusion mass.
Results: In the alendronate group and In the TPTD group, values for bone volume and other bone
microstructural parameters at the fusion mass increased and peaked 4 weeks after surgery, and these
values were significantly greater than those for the control (CNT) group at 4 and 6 weeks after surgery.
Fusion assessment showed that fusion rate was higher in the alendronate group and in the TPTD group
than in the CNT group (CNT group: 0%, alendronate group 67%; TPTD group: 84%).
Conclusions: Under continuous GC exposure in a rat model of spinal fusion, alendronate or intermittent
TPTD administration were stimulating bone formation at the fusion mass and increasing the fusion
rate. Intermittent TPTD administration also improved bone microarchitecture of adjacent vertebrae.
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Introduction

Glucocorticoids (GCs) are potent antiinflammatory and immunosuppressive agents used widely
for the treatment of diseases such as asthma, chronic lung disease, rheumatoid arthritis and other
connective tissue diseases, inflammatory bowel disease, and neuromuscular disease.However, one of
drawback of prolonged GC treatment leads to trabecular bone loss and osteoporosis [1,2]. Prolonged
exposure to GCs has the primary effect on decreasing bone formation because of the inhibition of the
differentiation, activity, and life span of osteoblasts and osteocytes [3,4]. GCs osteoporosis showed a greater
reduction in bone formation at the cellar and tissue levels compared with those with postmenopausal
osteoporosis [5].
Spinal fusion surgery is one of the standard treatments for degenerative and traumatic
spine diseases. In performing it, surgeons generally use bone grafting to restore mechanical stability
to the affected spinal segment by bridging bone between the vertebrae, and successful bony union at
unstable spine segments leads to pain relief and neurologic recovery [6–9]. In particular, delayed union or
pseudarthrosis of grafting bone, instrumentation failure, and adjacent vertebral fractures after surgery
create more serious problems in performing spinal fusion surgery for patients with glucocorticoidinduced osteoporosis (GIOP) [10]. Depending on the pathophysiology of GIOP, pharmacological agents
that stimulate bone formation and accelerate bone remodeling may hold the promise of resolving these
problems. Intermittent administration of parathyroid hormone (PTH) has a potent stimulatory effect
on bone remodeling [11,12]. It has been reported that intermittent administration of teriparatide (TPTD )
increases the cortical and cancellous bone mass, improves the microarchitecture of bone, and reduces
the risk of osteoporotic vertebral fractures.
Teriparatide has been widely used for the treatment of postmenopausal women and men
with severe osteoporosis [13–15]. In addition, several randomized controlled clinical trials have shown the
effectiveness of TPTD for treating GIOP, which was superior to that of antiresorptive bisphosphonates
[16–18]
.
Teriparatide induces the maturation of circulating osteoblast precursors and differentiation of
lining osteoblasts, stimulates the preexisting osteoblasts to form new bone, and reduces osteoblast and
osteocyte apoptosis [19–21].
Over the last decade, bisphosphonates have become the cornerstone of osteoporosis
treatment[22].They are used for treating and preventing osteoporosis and oncological diseases that result
in increased bone remodeling[23]. During bone reabsorption,the drug is absorbed by the osteoclasts
and causes rupture of the cytoskeleton, loss of the pleated border, inhibition of lysosomal enzymes,
loss of reabsorptive activity and death due to apoptosis[24].Thus, there is a diminution of osteoclastic
activity, without direct interference with neoformation activity[25].Sodium alendronate (ALN) is a secondgeneration amino-bisphosphonate that is a potent inhibitor of osteoclastic reabsorption[26].Use of ALN
suppresses bone remodeling[27-28-29] and increases bone mineral density (BMD), thereby contributing
toward avoiding vertebral and non- vertebral fractures.Through using ALN, bone turnover markers
present lowerlevels.

Methods

Population of study and disease condition

Male albino rats 8 weeks weighing 250-300 g (Purchased from animal house, research
institute of ophthalmology, Giza, Egypt). induction of osteoporosis & autograft.

Background & demographic characteristics

Male albino rats weighing 250-300 g, maintained under standard laboratory conditions at 25°C
& normal photoperiod (12 hr dark/12 hr light) are used for the experiment.

Chemicals and reagent

Methylprednisolone (MP) Sodium Succinate for Injection USP was purchased from Pfizer (Egypt)
and dissolved in saline to 5 mg/kg.
Alendronate was purchased from Multi-Apex Pharma S.A.E. – Egypt TPTD acetate (Lilly)
prefilled pens.
Rat Osteocalcin(OC)ELISA Kits
Tartrate resistant acid phosphatase type 5b ELISA Kits

Experiment design

Six rats were subcutaneously injected with saline per week for 6 weeks before surgery and were
euthanized with anesthetic agents as a baseline group. The other 18 rats were subcutaneously injected
with MP five times per week at a dose of 5 mg/kg/d for 6 weeks before surgery.
After 6 weeks of MP administration, rats were randomized into three groups before surgery;
rats in the control group (CNT group; n6) were given subcutaneous injections of 0.9% saline five times
per week for 6 weeks, and rats in the alendronate group (n6) were given subcutaneous injections of 15
mcg/kg/d of alendronate for 6 weeks. and rats in the TPTD group (n6) were given subcutaneous injections
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of 40 mcg/kg/d of TPTD five times per week for 6 weeks. After grouping, all rats were underwent
posterolateral spinal fusion (L4–L5) with iliac crest autograft. Saline or alendronate or TPTD injection
started just after the surgery and continued for 6 weeks until the animals were euthanized, and MP
administration also continued for 6 weeks until the animals were euthanized. All rats were weighed
weekly, and the doses of MP alendronate and TPTD were adjusted accordingly. At 6 weeks after surgery,
all rats were euthanized with anesthetic agents.

Surgical procedures

Anesthesia was induced by intraperitoneal injection of a cocktail of two drugs: 50 mg/kg of
ketamine (Dawaya, Egypt )and 40 mg/kg of propofol (diprivan, AstraZeneca), [31]. After the surgical field
was shaved and preprocessed, rats were placed in a prone position and then L4–L5 posterolateral
fusion was [30,32]. The spine was approached through a single midline skin incision and two paramedian
fascial incisions. Spinal level was identified by the iliac crests. After exposure, the transverse process
and lateral gutters of the L4 and L5 vertebrae were decorticated until cancellous bone was observed.
Approximately 0.2 g of corticocancellous bone was harvested from each iliac wing. The surgical
sites were irrigated,and the harvested graft was placed into the fusion beds. The fascia was closed with
4/0 vicryl sutures and skin was closed with 3-0 prolene sutures.Postoperative antibiotics were given
intramuscular for 3 days ( Ceftriaxone 50mg /kg once daily).

Fusion assessment

After the animals were euthanized, the lumbar spines were dissected and fixed with 10%
formalin, and nonligamentous soft tissues were cleaned. The harvested lumbar spines were gently
palpated, and lateral side-bending motion at the L4–L5 level was compared with the motion at the
adjacent levels above (L3–L4) and below (L5–L6). Manual palpation testing of the L4–L5 segments was
performed. Also histological assassment were done.

Serum bone metabolism markers

Blood samples were collected by retroorbital puncture before the animals were euthanized;
the samples were stored at _83_C for analyzing serum bone metabolism markers. Osteocalcin (OC), a
bone formation marker, and tartrateresistant acid phosphatase type 5b (TRACP-5b), a bone resorption
marker, were analyzed using commercially available enzyme-linked immunosorbent assay kits .

Statistical analysis
All collected questionnaires were revised for completeness and consistency. Pre- coded data was
entered on the computer using "Microsoft Office Excel Software" program (2010) for windows. Data was
then transferred to the Statistical Package of Social Science Software program, version 24 (SPSS) to be
statistically analyzed.
Data was summarized using mean, and standard deviation for quantitative variables and frequency and
percentage for qualitative ones.
P values less than 0.05 were considered statistically significant, and less than 0.01 were considered
highly significant.
Graphs were used to illustrate some information.

Results

Development of glucocorticoid-induced osteoporosis in model rats
This study was performed for the period of 3 months and no rats died in the study period.
After 5 mg/kg MP administration for 6 weeks, the rats’ body weight increased 99.6
±10.4 g from the first administration. Bone mineral density at vertebrae adjacent to the surgical site (L6)
decreased approximately 20% compared with the baseline group that were not treated with MP . From
these results, we confirmed that GIOP rats were successfully developed as described by Hulley et al.[30].

Fusion assessment

Fusion rate was higher in the TPTD group than in the alendronate group than in the CNT group (CNT,
0/6 [0%]; alendromate 4/6 [67 ℅]; TPTD, 5/6 [84%]).
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Histopathological Control group
Control group

Figure 1 show marked osteoporotic changes

Alendronate group

Fig 2 Show moderate osteoporotic changes
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•
•
•

Fig 3
Straight Arrow pointing at pre-existing lamellar bone
Bended arrow show prominent woven new bone formation site of fusion

Teriparatide group

Fig 4 Show no osteoporotic changes

44

International Journal of Pharma Sciences and Scientific Research, Vol. 7, Issue. 4 April 2021

Effect of Teripratide & Alendronate on Spinal Fusion in Rats with Glucocorticoid- Induced Osteoporosis

Fig 5
• Straight Arrow : Pre-existing lamellar bone
• Bended arrow : Reactive woven bone blending with lamellar bone of the other bony piece ( site
of fusion)

Serum bone metabolism markers

The TRACP-5b levels were CNT, 2.97±0.22 U/L; Alendronate 1.85±0.11 U/L; TPTD,
1.7±014 U/L; p˂ 0.05 for all groups. However, OC levels were CNT, 1.48±015 ng/mL; Alendronate
5.86 ±0.83 ng/mL ; TPTD, 12.4 ± 1.66 ng/mL; p˂ 0.05 for all groups.

Discussion

Our study shows that intermittent TPTD administration during continuous GC exposure
accelerates the bone modeling and remodeling processes predominantly by stimulating bone
formation at the fusion mass, increasing the fusion rate, and improving the bone microarchitecture
of vertebrae adjacent to the surgical site in a rat model of spinal fusion.
Although the mechanism by which TPTD and its analog improve bone healing in
GC- treated animals is not completely understood, these agents are considered to suppress
osteoblast apoptosis and dysfunction [34,35]. Recently, GC induced suppression in bone formation
was described as being the result of upregulation of Wnt/β-catenin antagonists, such as
Dickkopf-related protein 1. TPTD targets osteocytes and reduces the expression of Wnt/β-catenin
antagonists, sclerostin, and Dickkopf-related protein 1 [36]. For patients with GIOP, intermittent
TPTD administration is a logical bone anabolic therapy that can cancel the activation of Wnt/βcatenin antagonists by GCs. In our study, the fusion rate during GC exposure was higher in the
alendronate and TPTD groups than in the CNT group.
The impairment of bone formation because of prolonged GC exposure may retard the
effect of TPTD in spinal fusion. This retardation may be resolved by accelerating the beginning
TPTD administration.
Our histologic findings suggest that bone turnover was accelerated in the TPTD group
by stimulating bone formation predominantly at the fusion mass [30]. We found that serum OC
levels were greater in the TPTD group than in the CNT group [30,32]. We collected blood samples at
6 weeks after surgery, and we believe that the peak of bone formation and resorption occurred
before that point. In addition, OC is secreted by differentiated mature osteoblasts [37], and there is
a possibility that the number of mature osteoblasts decreased in rats with GIOP.
Serum TRACP-5b levels were significantly lower in the TPTD group than in the CNT
group in our study, and bone resorption was enhanced systemically in the TPTD group.
Bisphosphonates decrease the degree of bone growth but without interfering with the
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quality of the mechanical resistance of the bone.In other words, ALN enables pre- vention of resorption,
but the bone maintains its normal structural and mechanical characteristics[38].Bisphosphonates make
the bone turnover slower and provide more time for bone structural organization, without impairing or
altering the mechanical properties of the tissue[39]. rats have a metabolism that is twice as fast as that of
humans.
This study in agreement with the study of Lawrence et al. [32] reported that intermittent
administration of TPTD (20 µg/kg per day) in a healthy animal model of spinal fusion led to an increased
fusion rate. Also with the study of Abe et = al. [30] reported that intermittent administration of TPTD (40
µg/kg per day) enhanced bone turnover predominantly by increasing bone formation at the graft site and
led to the acceleration of spinal fusion in a rat. Ohtori et al. [40] reported that daily subcutaneous TPTD
injection in postmenopausal women with osteoporosis after posterolateral fusion surgery produced
better bone union than oral bisphosphonate.
They also reported that TPTD treatment reduced the healing time for spinal fusion. However,there
have been no studies of the effect of intermittent TPTD administration on the union of grafted bone in
spinal fusion surgery of patients with GIOP

Conclusions

The intermittent administration of TPTD accelerated the bone modeling and remodeling processes after
spinal fusion in a rat model with GIOP by stimulating bone formation predominantly at the fusion mass,
increasing the fusion rate, and improving the bone microarchitecture of the vertebrae adjacent to the
surgical site. Alendronate also accelerate graft fusion but less than TPTD.
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