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ABSTRACT

Evaluate the effect of the extract of Ginkgo biloba in the bone alkaline phosphatase, bone mineral density, in
the mechanical properties of the tibia in rats with glucocorticoid-induced-osteoporosis. After osteoporosis
induction, the rats were divided into five groups: Osteoporosis; EGb1 (28 mg/Kg); EGb2 (56 mg/Kg);
alendronate (0.2 mg/animal) and control. The animals were treated during 20 and 30 days. The control
group was compared with the osteoporosis’s (Student’s t-test), while the other were analyzed by ANOVA
test followed by Tukey/Dunnett’T3 (p<0.05). In the osteoporosis group the bone alkaline phosphatase,
bone mineral density, the bone stiffness, the maximum load and the resilience were reduced. The bone
alkaline phosphatase values increased in the EGbl and EGb2 groups (30 days). In addition, in the EGb2
and alendronate groups (20 and 30 days) the bone mineral density increased. The extract of Ginkgo biloba
restored bone alkaline phosphatase and bone mineral density using dual-energy x-ray absorptiometry.
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INTRODUCTION posttransplantation immunotherapy (McLaughlin

. . . . et al. 2002). The current use of oral corticosteroids
The low bone mass is associated with genetic, ) i ) . ] ;
.. ) is associated with serious side effects, including
nutritional and lifestyle factors, as well as estrogen
levels and the use of some drugs (Johnell 1996).

Among these drugs, glucocorticoids have potent

osteoporosis and consequently an increase in

fractures (Henneicke et al. 2011). Despite the

anti-inflamatory effects and were used for decades
in the treatment of chronic diseases, as well as in
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clinical recognition that glucocorticoids can
cause bone loss, many patients receiving long-
term glucocorticoid therapy are not evaluated for

their skeletal health and do not receive specific
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prophylaxis or treatment (Cruse et al. 2006,
Feldstein et al. 2005).

Glucocorticoids act directly on bone cells and
one of their principal actions is to reduce osteoblasts
function and number by apoptosis (Chang et al. 2009,
Hock et al. 2001). The Bax expression by ostoblasts
increase in the glucocorticoid-induced osteoporosis
(GIO) as showed by Lucinda et al. (2013). It's well
known that apoptosis is regulated by an intrinsic
process involving activation of genes that can
promote cell death (Bras et al. 2005). Likewise,
the Bcl-2 gene family encodes a large number of
proteins, including Bax, a pro-apoptotic protein
member of the Bcl-2 gene family that participates in
programmed cell death (Verborgt et al. 2002).

The biochemical markers are also important
in the management of osteoporosis, one of them
being the bone alkaline phosphatase (BAP) which
is a specific enzyme released from osteoblasts into
the blood during the process of bone formation and
believed to be indicative of the bone mineralization
process (Brown et al. 2009).

Biphosphonates are widely used in the
prevention or in the treatment of osteoporosis
(Russell 2006), however, some side effects like
gastrointestinal intolerance (Szejnfeld 2000) and
osteonecrosis of the jaw have been reported (Hoff
et al. 2008, Pozzi et al. 2007); thus, the necessity to
search for new approaches to the current therapies.
Phytoestrogens showed significant results in the
treatment of osteoporosis (Bawa 2010). Similarly,
Trivedi et al. (2009) suggest that the phytoestrogens
components of EGb, kaempferol and quercetin, are
involved in the beneficial outcomes on bone.

Ginkgo biloba L. (family Ginkgoaceae) is a
plant currently used by the population in different
therapeutical approaches. The main compounds of
this plant comprise 6% of terpenoids (ginkgolides
and bilobilides), less than 5 ppm of ginkgolic
acid, and 24% of phytoestrogens (Kaempferol,
ishorhamnetin and quercetin) (Oh and Chung
2004, Van Beek 2002). Notwithstanding the fact
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that there is lack of pre-clinical studies as well as
absence of clinical ones using Ginkgo biloba in
the treatment of osteoporosis, the few existing pre-
clinical studies have showed promising results in
the management of osteoporosis (Lucinda et al.
2010a, b, Oh et al. 2008, Trivedi et al. 2009).

Among the major effects of Ginkgo biloba
extract (EGb) that could be important in the
treatment of osteoporosis, the antiapoptotic
properties of this extract have been reported by
some authors (Smith et al. 2002, Smith and Luo
2004, Lucinda et al. 2013). Specifically, Brayboy
et al. (2001) reported that EGb was effective in
protecting the osteoblasts from death when they
were exposed to the action of free radicals in vitro.

Consequently, Ginkgo biloba was effective in
stimulating osteoblast differentiation and increase
in the bone formation (Brayboy et al. 2001, Oh et
al. 2008). In our previous studies the EGb improved
periodontal bone support and the percentual
of alveolar bone in the mandible and also in the
mandible it improved the expression of Bcl-2 and
decreased the expression of Bax by osteoblasts.
Additionally, the EGb improved the trabecular
bone in femur of rats with glucocorticoid-induced
osteoporosis (Lucinda et al. 2010a, b, 2013).
Similarly, Trivedi et al. (2009) reported that
EGb improved bone mineral density (BMD) in
ovariectomized rats.

Based on our previous results, the present
study was designed to evaluate the effect of EGb
in the biochemical marker BAP, in the BMD using
dual-energy x-ray absorptiometry (DEXA) and in
the mechanical properties of the tibia of Wistar rats
with GIO.

MATERIALS AND METHODS

The methodology of this work was approved by
the Ethical Committee on Animal Experimentation
(protocol number 026/2009- CEEA, Federal
University of Juiz de Fora, MG, Brazil), which
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follows the international principles in ethics for
animal experimentation.

PLANT MATERIAL

The aqueous EGb was supplied by JR Pharma
(Lot no. 20091112). The EGb used was composed
of 28.2% ginkgoflavonglicosides: 8.3% of
terpenolactones; 15% of quercetin glycosides;
10.9% of kaempferol glycosides; 2.3% of
ishorhamnetin glycosides and less than 5 ppm of
ginkgolic acids.

SODIUM ALENDRONATE

The solution of sodium alendronate was supplied
by JR Pharma (India- lot no AS/004/08/2008-
050309A). Alendronate of sodium in the present
study was used to evaluate the efficacy of EGb.
This drug is currently indicated for the treatment
of glucocorticoid-induced osteoporosis and acts
directly in the osteoclasts activity improving their
apoptosis.

ANIMALS

Female Wistar rats (50 days old and weighing
approximately 100-150 g) were obtained from the
vivarium of the Federal University of Juiz de Fora,
where they were born and bred. Groups of three
animals were housed in clear plastic cages with
stainless steel wire lids and pinewood shavings as
bedding and kept in an animal room with controlled
environmental conditions (12-h light/12-h dark
cycle, temperature 22 °C) on closed ventilated
shelves. The animals were fed on rat chow pellets
(an average of 25 g daily) and received water ad
libitum.

OSTEOPOROSIS INDUCTION

The osteoporosis induction was done in the 50 day-
old rats through the intramuscular administration
of dexamethasone disodium phosphate (Decadron
® 4 mg/ml) at the dose level of 7 mg/Kg of body

weight, once a week, during five weeks in all
groups, except in the control group (Lucinda et al.
2010a, b, 2013).

BIOASSAY

In this experiment, after the end of osteoporosis
induction, 60 animals, 85 day-old, were selected
at random and divided evenly into five groups
(n=6): Osteoporosis group (dexamethasone only);
EGDb1 group (Extract of Ginkgo biloba 28 mg/Kg);
EGDb2 group (Extract of Ginkgo biloba 56 mg/Kg);
Alendronate group (sodium alendronate 0.2 mg/
animal/day) and Control group. The Control group
was submitted to neither osteoporosis induction nor
any treatment. The Alendronate, EGb1 and EGb2
groups were treated intragastrically, once a day,
during 20 days (n=30) and 30 days (n=30), after the
osteoporosis induction. The choice of EGb doses
was based on previous studies (Lucinda etal. 2010a,
b, 2013). The 105 day-old animals were euthanized
on the 21St (n=30) and the 115 day -old animals on
the 315t (n=30) days. First they were anaesthetized
intraperitoneally with Xylazine and Ketamine in
doses of 180 mg/Kg and 10 mg/kg respectively, the
blood samples (5 ml) collection was performed by
cardiac puncture. Following blood collection the
animals were euthanized by total exsanguination.
The blood samples were centrifuged at 3000 rpm
for 10 min and the serum was stored at -80 °C
during three months. Serum bone specific alkaline
phosphatase (BAP) was measured using Access
Ostase assay (Beckman access, Beckman Coulter
Inc. Fullerton, CA, USA) (Gao et al. 2011). The
right tibias were removed and stored at -20 °C for
30 days until the analysis, afterward they were
thawed at room temperature for four hours. Finally,
the tibias were placed centrally in their anatomical

position on the scanner table.
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BONE MINERAL DENSITY (BMD) ANALYSIS

The BMD of the til%%\e}[ 1vvas measured using DPX-
ALPHA LUNAR
using dual-energy x-ray absorptiometry (DEXA).

by bone densitometry

The analyses were performed using the software
for small animals and bones were evaluated
individually (Estanislau et al. 2010).

BIOMECHANICAL PARAMETERS

The isolated right tibias were assessed for the three-
point-bending test using the universal machine
EMIC, model DL 3000. Universal machine was
fitted with a load cell of 2000 N capacity at a
loading rate of 5 mm/min. The graphic register
enabled assays according to parameters and unities
previously defined.
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Figure 1 - The levels of bone alkaline phosphatase (BAP).
a - 20 days of treatment. b - 30 days of treatment. *p<0.05
when the control group was compared to the osteoporosis group
(Student's t-test). **p<0.05 when all groups, except the control,
were compared to the osteoporosis group (Dunnett T3 test).
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Figure 2 - Bone mineral density (BMD) using dual-energy
x-ray absorptiometry. a - 20 days of treatment. b - 30 days of
treatment. a - *p<0.05 when the control group was compared
to the osteoporosis group (Mann- Whitney test). a -**p<0.05
when all groups, except the control, were compared to the
osteoporosis group (Tukey test). b - *p<0.05 when the control
group was compared to the osteoporosis group (Student's
t-test). b **p<0.05 when all groups, except the control, were
compared to the osteoporosis group (Dunnett T3 test).

In the bending test of the right tibia diaphysis,
the distance between two points of the support was
standardized at two thirds of the specimen and
load application was equidistant from each end.
Tests were performed considering the following
structural-mechanical properties: resilience (mlJ)
which was defined as the energy that the specimen
admits in the elastic phase; maximum load (N)
and stiffness (10° N/m) which was defined as
the relationship between load and deformation
indicating the rigidity of the structure (Estanislau
et al. 2010).
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Figure 3 - Mechanical properties of the three-point bending
test- Maximum load. a - 20 days of treatment. b - 30 days of
treatment. *p<0.05 when the control group was compared to
the osteoporosis group (Student's t-test).

STATISTICAL ANALYSIS

The data were expressed by (mean+ standard
deviation) and were analyzed for statistical
significance using one-way analysis of variance
(ANOVA), followed by Tukey/Dunnett’T3 post-
hoc test except for the control group. The control
group was compared with the osteoporosis group
using the Student’s t-test. p<0.05 was considered

significant.
RESULTS

The values of BAP in the present study were
significantly reduced in the osteoporosis group and
in the EGb1, EGb2 groups (thirty days) the levels
of BAP increased significantly (figure 1).

Figure 2 shows that the osteoporosis group
had a significant lower BMD than the control
group. The EGb2 and alendronate groups at the
end of 20 and 30 days significantly recovered the
BMD. The results of three-point bending test are
reported in figures 3, 4 and 5. The osteoporosis
group revealed a significant reduction of the bone
stiffness, maximum load and resilience values
when compared to the control group.

DISCUSSION

To our knowledge, a few pre-clinical studies have
been conducted to evaluate the effects of EGb
in osteoporosis; the majority of them, however,
employed as a model for osteoporosis induction,
ovariectomized rats. We are the first group that
evaluated the effects of EGb in the GIO. The aim of
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Figure 4 - Mechanical properties of the three-point bending
test-bone stiffness. a - 20 days of treatment. b - 30 days of
treatment. *p<0.05 when the control group was compared to
the osteoporosis group (Student's t-test).
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Figure 5 - Mechanical properties of the three-point bending
test- resilience. a - 20 days of treatment. b - 30 days of
treatment. *p<0.05 when the control group was compared to
the osteoporosis group (Student's t-test).

this study was to assess the effect of the treatment
with EGb in recovering the osteoporosis induction
by glucocorticoids trough mechanical tests and
BMD using DEXA.

Our previous results were basically based
on bone biopsy following by histomorphometric
and immunohistochemestry analysis, in the present
study the BMD was evaluated by DEXA that is the
gold standard method for the clinical evaluation of
osteoporosis.

We observed that the use of glucocorticoids
reduced the BAP, BMD, the maximum load,
resilience and stiffness. The treatment with EGb
was effective in recovering the levels of BAP,
BMD, suggesting that the extract increased bone
mass in those animals, probably reducing the
apoptosis of osteoblasts as showed in our previous
studies (Lucinda et al. 2013).
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Glucocorticoid is typically associated with
decreased BMD, number of osteoblasts, bone
formation rate (Chang et al. 2009, Manolagas and
Weinstein 1999, Weinstein et al. 1998) trabecular
bone (Jee and Yao 2001, Lucinda et al. 2010b) and
biomechanical parameters (Wang et al. 2005).

Biochemical markers, such as BAP, reflect
the bone destruction in conditions that affect bone
metabolism (Melton et al. 1997). The values of
BAP in the present study were significantly reduced
in the osteoporosis group (figure 1) showing an
alteration in the process of bone formation and
bone mineralization.

A relevant finding was that the EGb increased
significantly the levels of BAP (figure 1), and
such increase is a response to an anabolic therapy
(Miyauchi et al. 2008) that is directly linked with
osteoblastic activity (Duque and Rivas 2007). In
accordance with the present study results, studies
in vitro showed that Ginkgo biloba (100ug/ml)
increased alkaline phosphatase levels in 147.2%
when compared to the culture of control cells.
Similarly, the EGb components, kaempferol and
quercetin, were also shown to stimulate alkaline
phosphatase activity in cultures of human
osteoblastic cells (Oh et al. 2008, Prouillet et al.
2004).

In the current, study we evaluated the whole
right tibias with DEXA, which is currently the
method of first choice for measuring BMD
(Ralston 2005). The higher dose of EGb was
effective in recovering the BMD of the tibia as well
as the alendronate, a drug that is widely used in
the treatment of osteoporosis. Trivedi et al. (2009)
reported an increase of the BMD in ovariectomized
rats treated with EGb. The authors based their
results in the improvement of the osteoblasts
function and number, which was confirmed by the
increase in the osteogenic genes and osteocalcin.
We also believe that the EGb has an important
role in increasing osteoblast function and number,
once in our previous results the extract reduced the
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pro apoptotic protein suggesting a decrease in the
osteoblasts death (Lucinda et al. 2013).

Bone fragility can be defined by
biomechanical parameters and it is influenced
by several components including bone turnover,
microarchiteture, mineralization, microdamage,
collagen crosslink and mineral crystal structure
(Friedman 2006, Turner 2002). Glucocorticoids
have been associated with rapid and significant
bone loss as well as increased risk in bone fractures.
In the present study the GIO showed not only a
significant reduction in BMD but also reduction in
the biomechanical parameters of bone like the bone
stiffness, maximum load and resilience.

Despite the fact that EGb and alendronate
increased the BMD, no significant improvement in
the biomechanical parameters of the tibia occurred.
Sliwinski et al. (2004) showed an increase in
the mineral content of femoral diaphysis in the
treatment with alendronate; nevertheless, it had
a less significant effect on mechanical properties
of the femoral diaphysis. In addition, they
reported that the femoral neck, which is an area
with the predominance of trabecular bone, had a
significant increase of load when it was compared
to the ovariectomized rats. These results may be
indicative of a bigger influence of alendronate and
EGb on the trabecular bone despite the cortical
bone present in the diaphysis of long bones, and
also lack of correlation between bone density and
risk of fractures, as postulated by some researchers
(Ferretti et al. 1993).

Although the measurement of BMD is one
of the most important tools in the diagnosis of
osteoporosis it has become increasingly clear
that it cannot reflect all components of bone
strength. Several osteoporosis therapies, such as
biphosphonates, have shown improvement in BMD;
however, those changes provide only information
about the quantity of bone loss or its gain and
cannot fully account for changes in mechanical
properties which include the architectural changes

occurring in bone (Cummings et al. 2002, Watts
et al. 2004). For example, the increase in BMD
in patients treated with risedronate was found to
be independent of fracture incidence (Watts et al.
2004).

Likewise, our data showed that EGb and
alendronate did not affect the biomechanical
properties, apart from the BMD improvement. To
our knowledge, the present study is the first one
to evaluate the effect of EGb in the biomechanical
parameters of tibial diaphysis and the results
suggest that the EGb increase the biomechanical
parameters but not in a significant way. We may
speculate that the period of treatment and the dose
of EGb could not be enough to recover the cortical
bone of the tibia, despite the promising results with
alveolar bone (Lucinda et al. 2010a, b). However,
Trivedi et al. (2009) reported an increase in tibial
cortical bone of ovariectomized rats with EGb in
a higher dose (100mg/kg/day) and with a longer
period of treatment (five weeks of treatment).

In summary, the treatment with GIO reduced
BMD and the biomechanical parameters of
bone like the bone stiffness, maximum load and
resilience. We showed that EGb restored BMD
evaluated by DEXA, however no improvement in
the biomechanical parameters of the tibia occurred
(Lucinda et al. 2013).
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