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OBJECTIVE: Grape seed proanthocyanidins extract

(GSPE), a flavonoid, has a beneficial effect on physical

health, which may include the health of bone. The pur-

pose of the present study was to investigate the effects of

GSPE on mandibular bone by examining trabecular and

cortical bone density, mineral content, and non-invasive

bone strength in low-calcium diet rats.

MATERIALS AND METHODS: Wistar male rats at

5 weeks old (n ¼ 40) were divided into control (A), low-

calcium diet (B), low-calcium diet plus standard diet (C),

and low-calcium diet plus standard diet with supplement-

ary GSPE (D) groups. Following 3 weeks of a calcium-

restricted diet, group D rats were given 3 mg of GSPE as

supplement in 100 g of a standard diet for the next 3 weeks.

Following the 6-week experimental period, mandibular

bones were examined using peripheral quantitative com-

puted tomography (pQCT).

RESULTS: There were no significant differences in body

weight or trabecular bone area among the four groups.

Trabecular bone density, and trabecular bone mineral

content, cortical bone density, cortical bone cross-

sectional area, and cortical bone mineral content were

significantly higher in group D than in C. Further, Stress–

strain index (SSI) values of xSSI and ySSI in group D were

significantly higher than in C, although there was no

significant difference in pSSI value between those two

groups.

CONCLUSION: Our results suggest that GSPE treat-

ment caused an increase in both bone formation and

bone strength in rat mandibles.
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Introduction

Many studies have explored the role of grape seed
proanthocyanidins extract (GSPE), a plant-based fla-
vonoid derivative, on bone. The effect of calcium intake
combined with a variety of flavonoids, such as ipriflav-
one supplement as an inducer of isoflavone, on bone
formation have also been investigated experimentally,
and used as an inhibitor of bone resorption and a non-
hormonal drug for osteoporosis (Gennari et al, 1998;
Fujita et al, 1999; Kimura et al, 2002; Ross and
Kasum, 2002). Recently, several experimental and
clinical studies have shown that proanthocyanidins also
have many effects, such as a cholesterol-lowering effect
(Preuss et al, 2000), cytotoxic effects on human cancer
cells (Ye et al, 1999), cardioprotective properties (Sato
et al, 2001), and stimulation of angiogenesis in dermal
wound healing (Khanna et al, 2001). In other studies,
proanthocyanidins did not induce any significant toxi-
cological effects (Wren et al, 2002), however they
caused a selective depletion of calcium ion (Kosasi
et al, 1989).
Inadequate dietary calcium may result in a failure

to reach peak bone mass (Recker et al, 1992), while
optimum calcium intake is best obtained from food
sources, although calcium supplements are destined
to become an important source of dietary calcium
(Fujita, 1996). Further, a dietary mixture of cal-
cium and GSPE has been considered as a potential
health-food ingredient. However, the effect of a
dietary mixture of calcium and GSPE administration
on bone have not been well established, especially in
mandibular bone.
In the present study, we attempted to clarify the

extent of recovery by rat mandibles in a fragile
condition due to a low-calcium diet during the formative
period, by comparing a standard diet to one containing
GSPE. We examined the potential use of GSPE on
experimentally debilitated mandibular bones in rats,
using three-dimensional peripheral quantitative compu-
ted tomography (pQCT), to measure trabecular and
cortical bone separately, as well as assess non-invasive
bone strength.
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Materials and methods

Animals and treatments
Wistar male rats at 5 weeks old (n ¼ 40) and weighing
approximately 115 g, were maintained by Seiwa Experi-
mental Research Institute and used in the present study.
They were randomly divided into four groups of 10 and
housed in small cages individually under similar condi-
tions with a 12-h light–dark cycle at 22 ± 1�C. Rat food
was provided by Oriental Yeast (Tokyo, Japan). In the
control group (A), rats were fed a standard diet for
6 weeks, and given tap water freely. In the low-calcium
diet group (B), rats were given a low-calcium diet
(calcium content 30% of standard diet) and distilled
water for 6 weeks. In the low-calcium plus standard diet
group (C), rats were given a low-calcium diet and
distilled water freely for 3 weeks, and then switched to a
standard diet and tap water for the next 3 weeks. In the
low-calcium diet plus standard diet with supplementary
GSPE group (D), rats were fed a low-calcium diet and
given distilled water freely for 3 weeks, and then
switched to a standard diet with supplementary GSPE
and tap water for the next 3 weeks. The components of
the diets are presented in Table 1 (each diet mixture was
prepared in our laboratory). After being fed for 6 weeks,
the rats were killed using thiopental sodium (Ravonal;
Tanabe, Osaka, Japan) under deep anesthesia with
diethyl ether. The mandibles were removed and separ-
ated into two parts, left and right, and then fixed in 10%
neutral buffered formalin.
All procedures were approved by the committee for

the use of laboratory animals of Kyushu Dental College,
Japan.

Body weight
Body weight was recorded once each week.

Bone density, cross-sectional area and bone
mineral content
For the pQCT (XCT Research SA model; Stratec-
Medizintechnik GmbH, Pforzheim, Germany) exami-
nations, the bone samples were centrally located
between the scanner unit source and the detector with
the aid of a support, to produce a scout-view and a
tomographic scan, which were displayed on a monitor
(Figure 1). Each mandibular bone was scanned around
the center of the mandibular first molar mesial root at
three different positions with intervals of 0.1 mm.
Three slices with a voxel size of 0.08 mm and height
of 0.26 mm, each consisting of trabecular and cortical
components, were measured. The trabecular region was
defined manually. Using this procedure, we measured
trabecular bone density (mg cm)3), trabecular cross-
sectional area (mm2), and trabecular bone mineral
content (mg mm)1). The cortical region was deter-
mined at contour mode 2, cortical mode 1, and peel
mode 2 using a threshold value of 690 mg cm)3, which
measured the cortical bone density (mg cm)3), cortical
bone cross-sectional area (mm2), and cortical bone
mineral content (mg mm)1).

Bone strength (non-invasive)
Stress–strain index (SSI) was measured by using pQCT
as a non-invasive assessment of mechanical properties at
a contour mode 2, cortical mode 1, and peel mode 2
using a threshold of 464 mg cm)3. The SSI equation
was: SSI ¼ CBD Æ Z/NCBD, where CBD is the cortical
bone density (mg cm)3), Z the section modulus (m3),
and NCBD is the normal value of cortical bone density
(1200 mg cm)3).

Statistical analysis
Data are expressed as mean ± s.d. for the effect of
GSPE. Statistical differences were analyzed using Stu-
dent’s t-test.

Results

Body weight
All groups gained weight during the study period. The
average initial body weight was 114.05 ± 2.10,
112.13 ± 1.18, 113.04 ± 2.21 and 114.23 ± 1.23 g,
final body weight was 385.71 ± 50.03, 386.2 ± 24.82,
396.31 ± 29.61 and 389.62 ± 30.09 g in groups A, B,
C, and D, respectively. There were no significant
differences in body weight among the four groups
(Figure 2).

Bone density, cross-sectional area, and bone
mineral content
Results of the measurements of bone density, cross-
sectional area and bone mineral content of cortical, and
trabecular bone in the mandible are summarized in
Table 2.
Trabecular bone density and trabecular bone mineral

content in group D were significantly higher than group
C (P < 0.05).

Table 1 Composition of experimental diets (%)

Ingredients
Standard diet

(Ca 480 mg 100 g)1)
Low-calcium diet

(Ca 144 mg 100 g)1)

b-Corn starch 38.00 37.64
Vitamin-free casein 25.00 25.00
a-Potato starch 10.00 10.00
Cellulose powder 8.00 8.00
Soy bean oil 6.00 6.00
Mineral mixture 6.00a 6.00b

Granulated sugar 5.00 5.00
Vitamin mixture 2.00 2.00
CaCO3 0.00 0.36

Total 100.00 100.00

Standard diet (100.00) with supplementary GSPE (0.003) ¼ 100.003.
aMineral mixture of standard diet (g 100 g)1): NaCl, 4.66 g; KI,
0.01 g; KH2PO4, 25.72 g; NaH2PO4, 9.35 g; MgSO4, 7.17 g; CaHPO4,
14.56 g; Fe-citrate, 3.18 g; MnSO4 Æ 4–5H2O, 0.12 g; CuSO4 Æ 5H2O,
0.03 g; ZnCO3, 0.11 g; Ca-lactate, 35.09 g.
bMineral mixture of low-calcium diet (g 100 g)1): NaCl, 4.680 g; KI,
0.0055 g; KH2PO4, 28.333 g; NaH2PO4, 9.380 g; K2HPO4, 9.550 g;
MgSO4, 7.187 g; Fe-citrate, 3.187 g; MnSO4 Æ 4–5H2O, 0.12817 g;
CuSO4 Æ 5H2O, 0.03275 g; ZnCl2, 0.10425 g.
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Further, cortical bone density, cortical bone cross-
sectional area, and cortical bone mineral content in
group D were also significantly higher than in group
C (P < 0.05, P < 0.01, P < 0.05, respectively).

Bone strength (non-invasive)
Stress–strain index to the reference axis x (xSSI), axis y
(ySSI) and to the axis z (pSSI) are summarized in
Table 3.
The values of xSSI and ySSI for group D were

significantly greater than group C (P < 0.05).

Discussion

Peak bone mass, which is obtained during childhood
and the adolescent growth, is one of the major risk
determinants for developing osteoporosis and fracture.
In many studies, rats fed a low-calcium diet rat have
been used as an animal model for osteoporosis. In the
present study, a remarkable decrease in trabecular and
cortical bone density in low-calcium diet rats resulted in
a condition of bone debility.
Grape seed proanthocyanidins extract is a flavonoid

derivative of Vitis vinifera (Castillo et al, 2000) and
proanthocyanidins are oligomers of monomeric flavan-
3-ol units that are partially metabolized to lactones and
phenolic acids by intestinal microflora. These metabo-
lites are absorbed through the intestinal lumen. In

0

450.00

400.00

350.00

300.00

250.00

200.00

150.00

100.00

50.00

0.00
1 2 3 4 5 6

Time (weeks)

B
o

d
y 

w
ei

g
h

t 
(g

)

A
B
C
D

Figure 2 Body weight during the study period. There were no
significant differences in body weight among the four groups.
A, control group; B, low-calcium diet group; C, low-calcium diet plus
standard diet group; D, low-calcium diet plus standard diet with
supplementary GSPE group

Table 2 Bone density, cross-sectional area and bone mineral content of mandibular Wistar rats

Control group
Low-calcium
diet group

Low-calcium diet plus
standard diet group

Low-calcium diet plus
standard diet with

supplementary GSPE group

Trabecular bone density (mg cm)3) 418.74 ± 85.54 212.67 ± 40.74** 322.93 ± 65.19** 376.48 ± 63.85
Trabecular bone cross-sectional area (mm2) 2.22 ± 0.23 2.20 ± 0.31 2.15 ± 0.19 2.20 ± 0.22
Trabecular bone mineral content (mg mm)1) 0.86 ± 0.14 0.57 ± 0.08** 0.80 ± 0.14 0.94 ± 0.17
Cortical bone density (mg cm)3) 1201.26 ± 65.17 1142.92 ± 35.94** 1178.78 ± 15.76 1190.38 ± 15.92
Cortical bone cross-sectional area (mm2) 3.90 ± 0.63 3.39 ± 0.35** 3.64 ± 0.37 3.99 ± 0.30
Cortical bone mineral content (mg mm)1) 4.72 ± 0.95 4.00 ± 0.65* 4.33 ± 0.74 4.74 ± 0.21

Data are given as mean ± s.d. Compared with control group: *P < 0.05, **P < 0.01.

Figure 1 pQCT slices. Representative bone slice from tomographic scanning (left); mandibular bones of Wistar rats were scanned around the center
of the mandibular first molar mesial root at three different positions with an interval of 0.1 mm (right)
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previous studies, GSPE appeared to increase the insol-
uble fraction of the diet (Wren et al, 2002) and also
protect gastric mucosa (Ray et al, 2001), while it is
considered a potential health-food ingredient because of
these beneficial properties (Nakamura and Tonogai,
2002), and does not induce any significant toxicological
effects (Wren et al, 2002). Niacin-bound chromium and
GSPE mixture (Preuss et al, 2000), and an analgesic,
pancreatic enzyme and GSPE mixture (Banerjee and
Bagchi, 2001), have been reported.
Effective prevention strategies are considered helpful

to preserve the bone structure, and genetic potential,
gender, ethnic origin, and lifestyle factors including
nutrition, growth patterns, and physical activity each
have an influence on the accretion of bone mineral
content during childhood and help to determine peak
bone mass. Lifestyle factors such as dietary calcium are
modifiable (Recker et al, 1992; Miller and Maropis,
1998), and a dietary mixture of calcium and GSPE was
administered in the present experiment as a pair-dietary
experiment, in which the effects of a mixture of calcium
and GSPE on the mandible were assessed in rats with
experimentally debilitated bone. In our study, there were
no significant differences in body weight among the four
groups. This result is similar to that previously reported,
which found a significant increase in food consumption
without an increases in body weight (Wren et al, 2002).
An estrogen-deficient condition, in a postmenopausal

osteoporosis rat model, did not have an effect on the
bone mineral density of the mandibles (Elovic et al,
1995). However, a recent study by Kuroda et al (2003)
reported that the alveolar and condylar regions of the
mandible were clearly affected by exposure to estrogen-
deficient conditions, while, a decrease in trabecular bone
mineral density of the mandibular bone was detectable,
but low, in the molar region, and no difference was seen
in cortical bone mineral density. In the present study,
the low-calcium diet group model for osteoporosis had
cortical bone density that was significantly lower than
the control group. Further, bone formation was pro-
moted by GSPE administration, in which there was a
significant increase in cortical bone. Cortical bone
response is thought to have a relationship with mechan-
ical stimulus (Hagino et al, 2001) and functional occlu-
sion has been shown to be crucial in maintaining the
structure of the mandible (Spyropoulos and Tsolakis,
1997; Marker et al, 2000).
Trabecular bone density, an indicator of apparent

bone density, and trabecular bone mineral content, an

indicator of bone mass, in the group D reached the level
of the control group and then showed improvement.
Further, change in trabecular bone density occurred
faster than in cortical bone density in those rats. The
same result was reported by Gasser (1995), as changes in
cortical bone density were much slower than in trabe-
cular bone density. The GSPE compound caused an
increase in trabecular bone mineral content value,
indicating bone formation, and showing a direct effect
of GSPE toward bone condition.
Khanna et al (2001) reported that proanthocyanidins

facilitate angiogenesis in wound healing. Although the
relation of neovascularization to bone formation is well
known in ipriflavone-treated bone (Martini et al, 1998),
the angiogenesis effect of GSPE on bone has not been
established. In the present study, the trabecular bone
cross-sectional area in each group was not significantly
different, however, for a proper biomechanical estima-
tion of bone quality, trabecular bone cross-sectional
area is not directly suitable (Ferretti, 2000) while,
according to Jamsa et al (1998), mechanical tests and
pQCT measurements are relevant in biomechanical
studies on mouse bones. Further, the elastic modulus
of the material of which the structure is made can only
be assessed mechanically, however it can be reasonably
estimated by apparent mineral density (Ferretti, 2000).
In contrast, van der Meulen et al (2001) stated that there
is no alternative to testing whole bone strength based
solely on geometry or bone mineral content. In the
present study, the xSSI and ySSI parameters revealed
that GSPE-treated bone strength increased linearly with
bone mass. Recently, the effectiveness of ipriflavone on
osteoblast and osteoclast cells has been clarified (Notoya
et al, 1993; Benvenuti et al, 1994), and in the near future,
we hope to clarify the effectiveness of GSPE on these
cells in an in-vitro examination.
In conclusion, we found that GSPE induced bone

formation in mandibular bones of low-calcium diet rats,
suggesting a potential therapeutic application of this
compound for the treatment of bone debility.
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