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Abstract
Catch-up growth (CUG) after food restriction can increase the risks for insulin resistance-related diseases, and to our

knowledge, no previous studies have addressed how bone is influenced by CUG when refeeding diet content differs. The

objective of this study was to investigate the bone status resulting from CUG induced by varying refeeding dietary

patterns, and to assess the potential influencing factors and the effect of resveratrol on bone status during CUG.

Experimental rats were randomly divided into five groups: normal chow (NC) group; CUG group (CUG, containing two

subgroups, respectively, refeeding with normal chow or high-fat diet); high-fat diet (HF) group; and resveratrol intervention

groups (CUGE and HFE). Bone parameters were detected by dual-energy X-ray absorptiometry. Serum concentrations of

tumor necrosis factor (TNF)-a, body weight and food intake were also recorded. Our results showed that food restriction

induced a significant decrease in bone parameters. Eight-week CUG by normal chow had a greater degree of

improvement in bone mineral density than high-fat diet, and even returned to normal level similar to NC. Bone parameters

were elevated in varying degrees in the HF group compared with the NC group. In the resveratrol intervention groups,

bone parameters significantly increased. Furthermore, bone parameters were inversely related with serum TNF-a

concentrations, but showed positive correlation with body weight. In conclusion, the study shows that CUG can partially

reverse the deleterious effects of caloric restriction on bone health, especially in the refeeding with normal chow group.

Moreover, resveratrol has a protective effect on bone status during the period of CUG. Serum TNF-a levels and body

weight also seem to play an important role in regulating bone parameters.
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Introduction

Prenatal growth restriction and childhood malnutrition can
both reduce bone mineral density (BMD)1,2 and increase the
risk of poor adult bone health and osteoporosis.3,4 However,
catch-up growth (CUG) can correct bone density and
content deficits when there is adequate nutritional recov-
ery.5 Although many current studies focused on CUG
have described its high susceptibility to insulin resistance-
related diseases, including cardiovascular diseases, hyperten-
sion, dyslipidemia or type 2 diabetes,6,7 very few have been
done on the effect of CUG in bone metabolism, especially
CUG in adulthood. In contrast to numerous previous studies
in growing animals, this study aims to bring new insights on
the effect of CUG after food restriction on bone status in
adult rats. As diet is a controllable factor, the influence of
refeeding with different dietary patterns on bone parameters

is worth researching. In addition, increase in body weight is
associated with an increased load on bones. We, therefore,
postulate that the increase in body weight during CUG is
also accompanied by changes in bone status.

It has become an indisputable fact that CUG motivated by
under-nutrition can lead to insulin resistance and lipid over-
accumulation.6 It has also been demonstrated that low-
grade systemic inflammation occurs in insulin resistance
syndrome.8 Chronic inflammation can cause bone loss9

and remodeling,10 leading to osteoporosis.11 Osteoporosis
is an emerging medical and socioeconomic threat character-
ized by a systemic impairment of bone mass, strength and
microarchitecture, which increases the propensity of fragi-
lity fractures.12 Tumor necrosis factor (TNF)-a is an impor-
tant inflammatory cytokine, and accumulated evidence
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indicates that anti-TNF therapy may exert beneficial effects
on bone metabolism, prevent structural bone damage and
increase BMD.13,14 The measurement of BMD by
dual-energy X-ray absorptiometry (DEXA) is a valid
method to diagnose osteoporosis and to predict the risk of
fracture,15 and bone densitometry can accurately predict
bone status.16 Therefore, in this study, we determined
bone parameters using DEXA and serum TNF-a concen-
tration in each animal group, and explored the relationship
between bone status and TNF-a in the CUG model.

Resveratrol naturally occurs in the skin of red grapes,
vines, peanuts and root extracts of the weed polygonum
cuspidatum17 and has been attributed to a number of ben-
eficial effects in mammals, including anti-inflammatory,
cancer chemopreventive, and cardioprotective and neuro-
protective properties.18 However, Mizutani et al.19 were
the first to report the osteotrophic properties of resveratrol
when they showed that resveratrol increased DNA synthesis
and alkaline phosphatase activity in osteoblasts in a dose-
dependent manner. Thereafter, the bone protective effects
of resveratrol have been demonstrated in several osteoporo-
sis models20,21 and its therapeutic potential for treating
osteoporosis is attracting more attention. In this study, we
also investigated whether resveratrol could effectively
protect bone health in CUG rats.

Therefore, the aims of this study were to observe changes
of bone parameters in the experimental groups, compare the
effects of CUG with different diets on bone status and the
role of resveratrol in CUG rats and finally determine
which factor possibly influences bone status the most in
the CUG model.

Materials and methods

Animals

Sixty healthy male Sprague–Dawley rats were purchased
at six weeks of age, weighing 140–180 g (Center of
Experimental Animals, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan, China) and
acclimatized for one week. The animals were individually
housed in stainless steel cages with free access to standard
chow pellets and water, under uniform housing in the
environmentally controlled conditions (22+ 28C, 12-hour
light–dark cycle and 55–65% humidity). All the experimen-
tal procedures performed were approved by the Animal
Ethics Committee of our university and in accordance

with Hubei Province Laboratory Animal Care Guidelines
for the use of animals in research.

Experimental design

The rats were randomly divided into five groups: normal
chow group (NC group); CUG group, containing two sub-
groups RN (refeeding with normal chow) and RH (refeeding
with high-fat diet); CUG with resveratrol administrated
group (CUGE group, containing RNE and RHE subgroups);
high-fat diet group (HF group); and high-fat diet with resver-
atrol administrated group (HFE group). The whole exper-
iment was carried out in two stages, four and eight weeks,
and thus lasted 12 weeks in total (Table 1). During the first
stage, the animals in the CUG and CUGE groups were
restricted to 60% of the normal chow consumption of their
counterparts in the control groups for four weeks (R4). To
study bone changes in the whole experimental process, we
detected bone parameters at the end of the first stage,
which contained NC and caloric restriction (R4) groups. We
also added a resveratrol intervention subgroup during this
stage (R4E group) to determine whether resveratrol adminis-
tration conferred any protective effect on bone health during
caloric restriction (Table 1). In the second stage of the exper-
iment, the rats in CUG and CUGE were refed for eight weeks.
During this time, food intake was strictly matched with that
of pair-fed controls, to avoid the hyperphagic response (RN
versus NC; RH versus HF). Resveratrol (Sigma, St Louis,
MO, USA) mixed with saline solution (0.9% normal saline)
was administered orally by gavage in the R4E, HFE and
CUGE groups (100 mg/kg/d). Control groups received a cor-
responding volume of saline solution every day. Taken
together, this study contained 10 subgroups, and each sub-
group contained six animals (Table 1). To match the dietary
pattern of RH group as closely as possible, the HF group
rats were given normal chow in the first four weeks,
followed by high-fat diet in the next eight weeks.

Diets

The calorie content of normal chow included 14% fat, 64%
carbohydrate and 22% protein (in 100 g: 6.9 g fat, 69.3 g
carbohydrate, 23.8 g protein) and was provided by the
Laboratory Animal Center of Tongji Medical College men-
tioned above. The high-fat diet was made as described pre-
viously by Chalkley et al.,22 which contained in terms of

Table 1 The detailed experimental design

First stage: four weeks, three subgroups Second stage: eight weeks, seven subgroups Total groups, five groups

Normal chow þ NS for four weeks (NC4, n ¼ 6) Continue normal chow þ NS for eight weeks (NC12, n ¼ 6) NC group (n ¼ 12)

Normal chow þ NS for four weeks (n ¼ 12) High-fat diet þ NS for eight weeks, HF HF group (n ¼ 6)

High-fat diet þ Res for eight weeks, HFE HFE group (n ¼ 6)

60% normal chow þ NS for four weeks (R4, n ¼ 30) Normal chow þ NS for eight weeks, RN CUG group (n ¼ 12)

High-fat diet þ NS for eight weeks, RH

Normal chow þ Res for eight weeks, RNE CUGE group (n ¼ 12)

High-fat diet þ Res for eight weeks, RHE

R4þ Res for four weeks, R4E (n ¼ 6)

CUG, catch-up growth; NS, 0.9% normal saline intragastric administration; Res, resveratrol intragastric administration; HF, high-fat diet; HFE, HF with resveratrol

administrated group; RN, refeeding with normal chow; RH, refeeding with HF; NC, normal chow
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calories, 59% fat, 20% carbohydrate and 21% protein (in
100 g: 39.00 g fat, 29.75 g carbohydrate, 31.25 g protein).

Experimental procedure

Food intake and body weight of animals were recorded daily.
At the end of the four-week experimental period, six animals

in each group (NC4, R4 and R4E, total 18 rats) were killed for
experimental procedures and the remaining 42 animals were
fed according to the different dietary protocols established
above until the experiment ended. Assessment of bone par-
ameters using DEXA was carried out as follows: rats were
first anesthetized by intraperitoneal injection of pentobarbital
(30 mg/kg body weight) and then were placed in a supine
position, with both upper and lower extremities extended,
and fixed to the examining table (Figure 1). BMD, bone
mineral content (BMC) and skeleton area (SA) of the whole-
body skeleton (WBS), femur and spine were detected using a
bone densitometer adapted to measurement of small animals
(Lunar Prodigy Advanced; General Electric Company,
Fairfield, CT, USA) (Figure 1). Finally, all animals were
killed by decapitation and blood was drawn into a hepari-
nized tube. Blood samples were centrifuged to obtain the
supernatant. Total serum TNF-a concentrations were
measured with enzyme-linked immunosorbent assays. The
commercial kits were purchased from Westang
Biotechnology Company (Shanghai, China).

Statistical analysis

All analyses were performed with Statistical Package for
Social Sciences version 13.0 (SPSS Inc, Chicago, IL, USA)
and results were presented as mean+SE. Differences of
bone parameters among groups were investigated using
one-way analysis of variance. Pearson’s correlation coefficient
and linear regression were used to examine the association
between bone parameters and other experimental variables.
Statistical significance level was considered at P , 0.05.Figure 1 Photograph of bone parameter measurement

Figure 2 Energy intake (a) and body weight in each group (b, c). All values are expressed as mean+SD.�P , 0.05 versus normal chow (NC) group; #P , 0.01

versus NC group; †P , 0.01 versus other groups; 4P , 0.01 versus high-fat diet group; §P , 0.01 versus R4 group; wP , 0.05 versus refeeding with normal chow

(RN) group; OP , 0.05 versus refeeding with HF (RH) group
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Results

Energy intake and body weight

In the CUG group, energy intake was restricted to 60% of
their counterpart weight-matched normal chow controls
during the food restriction stage. Average food consumption
was stable in all groups (Figure 2a). During the four-week
diet restriction period, the body weight of rats decreased sig-
nificantly compared with the NC group. After refeeding,
although body weight substantially increased, it was still
consistently lower than that of the NC group up to the end
of the experiment (refeeding for eight weeks), especially in
the RN group. Body weight of rats in the HF group was
higher than any other group at the end of 12 weeks
(Figure 2b). However, in the resveratrol intervention
groups, body weight was significantly lower compared
with groups sharing the same baseline conditions (R4E
versus R4, CUGE versus CUG, HFE versus HF) (Figure 2c).

Bone parameters detected by DEXA

Food restriction induced a significant decrease in bone par-
ameters. Compared with the NC4 group, all the parameters
decreased in the R4 group, and except for spine SA and WBS
BMC and SA, differences in the remaining parameters all
reached statistical significance (P , 0.05, Table 2). In the

CUG group, bone parameters in the RN group were signifi-
cantly more enhanced than in the RH group, especially for
the WBS parameters. BMD in the RN group virtually recov-
ered to normal levels after refeeding for eight weeks
(Figure 3a), whereas BMC and SA were still lower than in
the NC group (Figures 3b and c). Bone parameters in the
HF group were significantly elevated compared with the
NC group (Figures 3a–c). Resveratrol increased the level
of bone parameters observed in the CUGE and HFE
groups to different degrees, which either matched or
exceeded the NC group when the experiment ended
(Table 2). However, we also observed that bone parameters
in the R4E group decreased compared with the R4 group.
BMD in the R4E group decreased significantly compared
with the NC4 and R4 groups (P , 0.01, R4E versus NC4;
P , 0.05, R4E versus R4; Table 2). Although BMC and SA
in the R4E groups were also decreased, the values did not
reach statistical significance compared with the R4 group,
except for spine SA (Table 2).

Serum TNF-a levels

The levels of TNF-a almost did not change during the diet
restriction period compared with the NC group (Figure 4a),
whereas they were markedly increased in the CUG and
HF groups (P , 0.01 versus NC group, Figures 4b and c).

Table 2 Comparison of bone parameters between resveratrol-treated groups and non-treatment groups at 4 weeks (a) and 12 weeks (b)

Part Group BMD (g/cm2) BMC (g) SA (cm2)

(a)

Femur NC4 0.108+0.0025 1.075+0.151 10.750+0.510

R4 0.098+0.0051# 0.775+0.183� 7.500+1.290�

R4E 0.083+0.0048#,§ 0.625+0.275� 5.750+1.590�

Spine NC4 0.109+0.0107 0.950+0.129 8.750+0.500

R4 0.094+0.0025� 0.675+0.051� 8.250+0.960

R4E 0.083+0.0034#,§ 0.575+0.124# 6.000+1.830� ,§

WBS NC4 0.120+0.0041 5.225+0.341 43.750+1.710

R4 0.111+0.0062� 4.475+0.727 37.250+4.190

R4E 0.102+0.0033#,§ 3.700+1.049� 31.750+7.410#

(b)

Femur NC12 0.130+0.0038 1.625+0.0957 12.500+0.577

RN 0.127+0.0034 1.400+0.0817� 11.500+1.291

RNE 0.138+0.0060� ,§ 1.750+0.1291† 12.750+1.258

RH 0.121+0.0045� 1.300+0.2582� 9.7500+1.708#

RHE 0.129+0.00464 1.600+0.08174 12.250+0.9574

HF 0.126+0.0026 1.525+0.0500 11.750+1.500

HFE 0.137+0.0034� ,w 1.850+0.0577#,w 13.500+0.577q

Spine NC12 0.136+0.0041 1.700+0.0817 11.750+1.258

RN 0.134+0.0047 1.525+0.0957� 9.750+0.957�

RNE 0.146+0.0084� ,§ 1.925+0.0957#,† 12.000+1.154§

RH 0.127+0.0029� 1.450+0.0577# 9.250+0.957#

RHE 0.147+0.0054#,O 1.675+0.1258O 11.000+0.8174

HF 0.149+0.0034� 1.850+0.0577 13.250+0.957

HFE 0.164+0.0095#,q 2.200+0.2161#,w 14.500+1.291#

WBS NC12 0.151+0.0029 8.550+0.2887 57.000+2.583

RN 0.149+0.0041 7.975+0.7848 52.250+1.708�

RNE 0.159+0.0036� ,§ 9.025+0.5377§ 58.250+2.630†

RH 0.144+0.0026# 6.750+0.2082# 48.000+1.414#

RHE 0.157+0.0017� ,O 8.275+0.5377O 54.000+1.633O

HF 0.158+0.0026� 9.275+0.2500� 59.750+0.957

HFE 0.167+0.0042#,w 10.475+0.6400#,w 63.250+1.258#,w

BMC, bone mineral content; BMD, bone mineral density; SA, skeleton area; HF, high-fat diet; HFE, HF with resveratrol administrated group; RN, refeeding with

normal chow; RH, refeeding with HF; WBS; whole-body skeleton; NC, normal chow

All values are expressed as mean+SD. (a) �P , 0.05 versus NC4; #P , 0.01 versus NC4; §P , 0.05 versus R4. (b) �P , 0.05 versus NC12; #P , 0.01 versus NC12;
§P , 0.05 versus RN; †P , 0.01 versus RN; 4P , 0.05 versus RH; OP , 0.01 versus RH; qP , 0.05 versus HF; wP , 0.01 versus HF
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Although resveratrol inhibited TNF-a synthesis as shown
by remarkably lower serum TNF-a levels in the CUGE
and HFE groups (CUGE versus CUG group, HFE versus
HF group, P , 0.01), they were still higher than the NC
group (Figures 4b and c). Among all groups, the levels of
TNF-a of the RH group were the highest (Figure 4d).

Correlation and regression analysis

To test associations among variables, Pearson’s correlations
and linear regressions were calculated between WBS BMD
and other variables in the five groups. There was an
inverse correlation between serum TNF-a levels and WBS
BMD (r ¼ 20.378, P , 0.01). In contrast, a positive corre-
lation was found between body weight and WBS BMD
(r ¼ 0.276, P , 0.05). In the linear regression analysis
(enter), body weight and serum TNF-a levels were both

entered as predictors (R2¼ 0.243, P , 0.001, Figure 5a),
regression equation: Y ¼ 0.133 þ 7.540 � 1025 � X1 2

2.076 � 1025 � X2. A further stepwise regression analysis
indicated that TNF-a level was the only independent
effect of the potential determinants on the WBS BMD
(R2 ¼ 0.143, P , 0.05, Figure 5b), regression equation: Y ¼
0.160 2 1.907 � 1025 � X2 (X1: body weight, X2: serum
TNF-a levels). During the period of diet restriction,
Pearson’s correlations and linear regressions showed that
body weight was the only influencing factor in WBS BMD
(r ¼ 0.844, P , 0.001, R2 ¼ 0.713, P , 0.001, Figure 5c).
Correlations also existed in the bone parameters of
other parts (femur and spine) but were not analyzed in
this study.

Discussion

Studies have observed that chronic food deprivation can
reduce osteoblastic activity and bone formation, and
impair bone mineralization and biomechanics.23,24 In this
study, we found that four-week food restriction led to a sig-
nificant decrease in bone parameters and during the sub-
sequent eight-week refeeding, bone parameters in the RN
group were enhanced significantly compared with the RH
group, especially with respect to BMD, which almost
returned to normal levels. In contrast, other research
found that refeeding for two years normalized bone for-
mation activity in adolescent anorexia nervosa patients,
but BMD was still significantly lower than that of controls.25

Compared with neural anorexia, we thought the degree of
impairment by four-week diet restriction on bone metab-
olism was relatively weaker, so that BMD returned to
normal level after refeeding.

In this study, we noted that the TNF-a concentration in
each group demonstrated an inverse tendency with bone
parameters. Moreover, resveratrol administration signifi-
cantly decreased the levels of TNF-a. TNF-a is part of a
superfamily of cytokines with well-characterized roles in
cell survival, differentiation, apoptosis and inflammatory
responses.26 Inflammation has been identified as a potential
risk factor for osteoporosis, with proinflammatory cytokines
IL-6 and TNF-a being important mediators of bone resorp-
tion.27 Therefore, a significant increase of TNF-a levels may
partially explain the decreased BMD in the RH group com-
pared with the RN group. Anti-inflammatory effects of
resveratrol have been proven by many studies28,29 and
resveratrol can significantly suppress TNF-a synthesis in
vitro.30 Previous studies have also indicated that TNF-a
blockers might prevent structural bone damage.13,14 Our
study provides further evidence for the inhibitory role of
resveratrol on TNF-a, thus preventing the decrease in
BMD during CUG.

In this study, we also assessed the impact of body weight
on bone status. During caloric restriction, the decline in
body weight was accompanied by a parallel decrease in
BMD. After refeeding, increased body weight significantly
increased bone parameters. The association between body
weight and BMD is not surprising. One study showed
that a distance runner diagnosed with osteoporosis had
an increase in body mass index from 15.8 to 21.3 kg/m2,

Figure 3 Comparison of bone mineral density (BMD) (a), bone mineral

content (BMC) (b) and skeleton area (SA) (c) among normal chow (NC)12,

refeeding with normal chow (RN), refeeding with high-fat diet (RH) and

high-fat diet (HF) groups. �P , 0.05 versus NC group, #P , 0.01 versus NC

group. †P , 0.05 versus RH group, §P , 0.01 versus RH group. OP , 0.05

versus HF group, 4P , 0.01 versus HF group
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and correspondingly, her BMD reached normal values.31

Hence, body weight also plays an important role in the
mediation of BMD, and is thus a good predictor of bone
status.

To better distinguish the effects of CUG and high-fat diet
on bone status in the RH group, we set up a matching HF
group. Results showed that bone parameters in the HF
group were markedly higher than either the NC or the
RH groups. The higher serum TNF-a level in the RH
group along with a lower body weight could explain the
decline in bone parameters compared with the HF group.
However, TNF-a level and body weight in the HF
group were significantly higher compared with the NC
group and nonetheless BMD was still higher in the
HF group. Although obesity has been believed to protect
the skeleton, several recently published studies have high-
lighted a negative association between high-fat diet-induced
obesity and either bone density or quality.32,33 In this study,
it should be noted that the body weight in the HF group
was only 11.17% higher than the NC group, as opposed
to other studies on high-fat diet induced obesity
models,34,35 in which the increase in body weight was
more than 20.6%, even 36.3%. This may be due to the
shorter experimental period compared with other studies
or the poor taste of the high-fat diet so that the daily
intake was less than it should have been. We can therefore
consider our HF rats to be simply overweight and not
obese, so that there were no deleterious consequences on
bone status. Rather, the gradually increasing body weight
reflected an adaptation of skeletal remodeling to loading,
stimulated osteogenesis36 and increased bone parameters
in the HF group. Another limitation to our high-fat diet
model is the possibility that other cytokines in addition to
TNF-a could have been involved.

In this study, we found that bone parameters of resvera-
trol intervention groups were significantly increased com-
pared with their respective control groups. Resveratrol
is one of the most potent Sirt-1 activators and
co-immunoprecipitation experiments demonstrate that
Sirt-1 and Cbfa-1 proteins associate in vitro.20 Cbfa-1 is the
earliest and most specific marker of osteogenesis. It acts as
an activator of transcription and can induce osteoblast-
specific gene expression in fibroblasts and myoblasts in
culture.37 Sirt-1 seems to deacetylate Cbfa-1 and contribute
to the maintenance of the osteoblast phenotype by direct
regulation of Cbfa-1.20 In our study, although we did not
measure Cbfa-1 levels, we can postulate that resveratrol
treatment induced the formation of Sirt-1-Cbfa-1 complexes,
thereby stimulating the proliferation and differentiation of
osteoblasts.20 Resveratrol also activates AMPK independent
of SIRT1.38 However, the role of AMPK in bone metabolism
and osteoblast differentiation is unclear.39 Possibly AMPK
affects osteoblast function by modulating the Wnt/
b-catenin signaling pathway.39

Nevertheless, it is to be noted that food-restricted rats that
were administered resveratrol had significant decreases in
BMD in this study. We speculated several plausible expla-
nations for this inconsistency. First, the essential materials
needed for bone formation were scanty due to diet restric-
tion so that osteoblastic activity was inhibited. Second, the
relatively serious food deprivation (40% reduction of food
intake) activated energy conserving mechanisms, with
energy being preferentially redistributed toward critical
organs to ensure basic metabolic activities of life. Thus,
the protective role of resveratrol on bone in caloric restric-
tion group could not be exerted, but once the supply of
nutrition was adequate, as in the CUG and HF groups,
this protective effect was revealed.

Figure 4 Serum tumor necrosis factor (TNF)-a levels. Comparisons of serum TNF-a levels at 4 weeks (a) and 12 weeks (b, c, d). #P , 0.01 versus normal chow

(NC) group, wP , 0.05 versus refeeding with NC (RN) group, §P , 0.01 versus refeeding with HF (RH) group, 4P , 0.01 versus high-fat diet (HF) group
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Interestingly, body weight of resveratrol intervention
groups was lower compared with their respective controls.
The weight-reducing effects of resveratrol may be due to
its effects on adipocytes, as it increases lipolysis and
reduces lipogenesis, contributing to reduced lipid accumu-
lation in vitro.40 Animal studies have reported caloric restric-
tion mimetic effects for resveratrol resulting in weight
reduction and improvement of life span of animals fed
with a high-caloric diet.41 Furthermore, our results show
that although resveratrol-fed rats had reduced body
weight, the BMD was increased. This seemingly contradic-
tory finding can be explained by the fact that resveratrol
helped offset the adverse effects of body weight loss on
bone metabolism. Given that the beneficial effect of

weight gain on bone density is associated with increased
risk of obesity, therapies focused on increasing bone for-
mation and bone size but inhibiting excessive weight gain
are worthy of further evaluation.

Conclusion

In conclusion, this study has shown that firstly, caloric
restriction can impair bone mineralization and this side-
effect can be partially reversed after a period of CUG.
Refeeding with various dietary patterns produces different
degrees of recovery of bone parameters. Secondly, resvera-
trol has a protective effect on BMD during the period of
CUG, but the exertion of this protective role depends on suf-
ficient nutrition supply. Thirdly, serum TNF-a levels and
body weight are both significant correlations with bone par-
ameters, which are the main influencing factors in BMD.
Last, resveratrol has anti-inflammatory effects, increases
bone formation but inhibits excessive weight gain. This
can be used as a template for synthesizing new drugs, pro-
viding a large potential for treatment of overweight and
osteoporosis groups. Further research is required to eluci-
date the detailed mechanisms involved.
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