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Therapeutic Advantages of Treatment of High-Dose
Curcumin in the Ovariectomized Rat

Dae-Chul Cho, M.D., Ph.D.,™ Hyun-Sik Jung, M.D.,™ Kyoung-Tae Kim, M.D., Ph.D.," Younghoon Jeon, M.D., Ph.D.?
Joo-Kyung Sung, M.D., Ph.D.," Jeong-Hyun Hwang, M.D., Ph.D.!

Department of Neurosurgery,' School of Medicine, Department of Anesthesiology and Pain Medicine,’
School of Dentistry, Kyungpook National University, Daegu, Korea

Objective : Although curcumin has a protective effect on bone remodeling, appropriate therapeutic concentrations of curcumin are not well known
as therapeutic drugs for osteoporosis. The purpose of this study was to compare the bone sparing effect of treatment of low-dose and high-dose
curcumin after ovariectomy in rats.

Methods : Forty female Sprague-Dawley rats underwent either a sham operation (the sham group) or bilateral ovariectomy (OVX). The ovariecto-
mized animals were randomly distributed among three groups; untreated OVX group, low-dose (10 mg/kg) curcumin administered group, and high-
dose (50 mg/kg) curcumin group. At 4 and 8 weeks after surgery, serum biochemical markers of bone turnover were analyzed. Bone histomorpho-
metric parameters of the 4th lumbar vertebrae were determined by micro-computed tomography (CT). In addition, mechanical strength was
determined by a three-point bending test.

Results : High-dose curcumin group showed significantly lower osteocalcin, alkaline phosphatase, and the telopeptide fragment of type | collagen
C-terminus concentration at 4 and 8 weeks compared with the untreated OVX group as well as low-dose curcumin group. In the analyses of micro-
CT scans of 4th lumbar vertebrae, the high-dose curcumin treated group showed a significant increase in bone mineral densities (p=0.028) and
cortical bone mineral densities (p=0.036) compared with the low-dose curcumin treated group. Only high-dose curcumin treated group had a sig-
nificant increase of mechanical strength compared with the untreated OVX group (p=0.015).

Conclusion : The present study results demonstrat that a high-dose curcumin has therapeutic advantages over a low-dose curcumin of an antire-
sorptive effect on bone remodeling and improving bone mechanical strength.
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INTRODUCTION

Osteoporosis is a chronic disease of the skeleton characterized
by loss of bone mass and disruption of bone microarchitecture,
increasing the risk of fracture'-'®. Nowadays, the incidence of
osteoporosis is increasing rapidly in the elderly population, es-
pecially in postmenopausal women'®172"),

Bisphosphonates (BPs) are potent antiresorptive agents widely
used as the mainstay of treatment of osteoporosis. Because BPs
accumulate in bone and are released for months or years after
treatment is stopped, physicians need to be aware of the potential
adverse effects of long-term use of BPs in osteoporosis®*”#21).,

Due to the possible undesirable effects associated with pharma-
cological treatments, natural alternatives for the prevention and
treatment of osteoporosis are highly desirable!*¢%).

Curcumin is found in the rhizomes of the popular Indian
spice turmeric plant (Curcumin longa L.), a member of the gin-
ger family. It is well known that curcumin has diverse biologic
effects, including anti-inflammatory, antioxidant, antiviral and
anti-infectious™'*'?). In addition, some studies investigated the
effects of curcumin on the regulation of bone remodeling. It
has known as a therapeutic oriental plant that have shown to
improve bone quality”. In a recent study by French et al?, the
long-term effects of curcumin administration in ovariectomized
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rats were examined, and it was concluded that curcumin pro-
duced beneficial changes in bone turnover and an increase in
bone strength in the ovariectomized mature rat model of post-
menopausal osteoporosis.

Curcumin has been consumed as a dietary spice at doses of
up to approximately 1.5 mg/kg/day". However, according to
the recent study of Folwarczna et al.”), curcumin at a dietary
achievable dose may not be useful for the prevention or treat-
ment of osteoporosis.

Although curcumin has a protective effect on bone remodel-
ing>*6>131922) appropriate therapeutic concentrations of curcum-
in are not well known as therapeutic drugs for osteoporosis.

Thus the aim of the present study was to compare the bone
sparing effect of treatment of low-dose and high-dose curcum-
in after ovariectomy in rats. We studied normal female rats and
rats with estrogen deficiency (bilaterally ovariectomized) as a
model of postmenopausal osteoporosis.

MATERIALS AND METHODS

Animal model and drug administration

All experiments involving animals were performed in accor-
dance with the animal care guidelines issued by the National
Institutes of Health, and were approved by the Institutional An-
imal Care Committee at our institute.

Forty female Sprague-Dawley rats (11 weeks old) were pur-
chased from Samtako Bio Inc. (Osan, Korea) and acclimated to
conditions for one week before the experiment. Animals were
housed in an air-conditioned room (relative humidity 45-65%)
under a 12-h light/dark cycle at 22+2°C and given free access to
food and tap water. Animals were fed phytoestrogen reduced
food (Harlan Teklad, Madison, W1, USA) and were housed in
tall cages in order to provide a level of physical activity and me-
chanical stress considered to be osteogenic. The following week,
30 animals underwent bilateral ovariectomy (OVX) using the
double dorso-lateral approach technique described in detail by
Park et al.'?. The remaining 10 animals underwent sham sur-
gery and were designated as group 1 (sham group). The 30
ovariectomized animals were randomly distributed among three
groups; untreated OVX group, low-dose curcumin (10 mg/kg)
administered group and high-dose curcumin (50 mg/kg) ad-
ministered group.

Before and four weeks after the OVX or sham operations,
blood samples were collected for measurement of biochemical
markers of bone turnover. Eight weeks after OVX or sham op-
erations, all animals were sacrificed and blood samples were
collected by cardiac puncture for serum isolation.

Curcumin was administered by a stomach tube (po) daily for
eight weeks, and dietary intakes were limited to 20 g d™ in order
to avoid excessive body weight gains following ovariectomy.
Body weights were checked once a week throughout the eight-
week experimental period.

Serum was separated by centrifugation (at 1500xg) and then

stored at -80°C until required for bone metabolic marker as-
says. Serum estrogen (estradiol, E2) was determined using an
estradiol ELISA kit (ELISA, DRG instruments GmbH, Mar-
burg, Germany). In addition, the 4th lumbar vertebrae were re-
moved, fixed in a 3.7% formaldehyde in phosphate-buffered sa-
line solution (pH 7.4) for 16 h and then stored (4°C) in 80%
ethanol for bone mass measurements.

Serum biochemical markers of bone metabolism

Serum osteocalcin levels were determined using osteocalcin
EIA kits (Nordic Bioscience Diagnostics, Herlev, Denmark)
and alkaline phosphatase (ALP) activities used QuantiChrome
ALP assay kits (DALP-250, BioAssay Systems, CA, USA).
These are both sensitive biochemical markers of bone forma-
tion. Serum levels of C-terminal telopeptide fragment of type I
collagen C-terminus (CTX-1), which is generated by the osteo-
clast and is a marker of bone resorption, were determined using
RatLaps ELISA kits (Nordic Bioscience Diagnostics). Serum
biochemical markers were expressed as a fraction of sham op-
erated values.

Histomorphometric analysis using microcomputed
tomography

Bone histomorphometric parameters and the microarchitec-
tural properties of 4th lumbar vertebrae were determined using
a micro-CT system (eXplore Locus SP, GE Healthcare, London,
Ontario, Canada) with X-ray energy settings of 80 kV and 80
HA. For bone analysis, the entire 4th lumbar vertebrae were se-
lected as the region of interest. Image information was obtained
based on the automatic domain values produced by the com-
puter. Bone mineral densities (BMD), trabecular bone volume
fractions (BV/TV, %), and cortical bone mineral densities
(CrBMD) were used for the quantitative analysis, which was
performed using 2.0+ ABA Microview software provided with
the micro-CT system.

Mechanical testing

Mechanical spinal strength was determined by a three-point
bending test. Each bone was positioned on the two lower sup-
ports of the anvil of a Universal Testing Machine (Instron 4202;
Instron, Canton, MA, USA). Load was applied to the midpor-
tion of the 4th lumbar vertebrae using a crosshead speed of 1.5
mm/min for all the tests. The load versus displacement data
were recorded automatically by the Instron software (INSTRON
series IX Automated Materials Tester, version 8.04.00, Canton,
MA, USA), which calculates the mechanical parameters from
the load-displacement curves.

Statistical analysis

All statistical comparisons were made using SPSS 17.0. (SPSS
Inc., Chicago, IL, USA). Data are expressed as means+standard
errors. Repeated measure ANOVA was used to compare body
weights in the OVX and sham groups. One-way ANOVA was
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used to identify significant differences between the groups, and
p values of <0.05 were considered significant.

RESULTS

Body weights and estrogen levels

Body weights were measured once a week throughout the
8-week experiment period. Table 1 shows mean body weights
of the 40 rats euthanized 8 weeks after OVX or sham opera-
tions. At the start of the experiment, body weights were similar
in all groups. However, at 4 weeks after surgery, the mean body
weight in the untreated OVX group and treated groups (low-
dose and high-dose curcumin group) was significantly greater
than in the sham group, and this significant difference was main-
tained throughout the experimental period (p<0.05 at 4 and 8
weeks). The mean body weight in the untreated OVX group
and treated groups (low-dose and hig-dose curcumin group)
were similar throughout the experiment period.

Serum estrogen (estradiol, E2) levels were expressed as per-
centage of the serum levels of the sham groups (Fig. 1). As ex-
pected, serum estrogen levels in the untreated OVX group were
significantly decreased after ovariectomy (p<0.05 at 4 and 8
weeks). Serum estrogen levels in low-dose curcumin treated
group were slightly decreased compared than that of the sham
group, but, which were not statistically significant (p>0.05).
Also, serum estrogen levels in the high-dose curcumin treated
group were slightly higher compared to that of the sham group,
which were not statistically significant (p>0.05).

Serum biochemical markers of bone metabolism

Fig. 2A, B show the serum levels of the bone formation bio-
chemical markers, osteocalcin and ALP, and Fig. 2C shows the
serum levels of CTX-1, which is a sensitive marker of bone re-
sorption. Results have been expressed as percentage of the se-
rum levels of the biochemical markers of the sham group.

As expected, in the untreated OVX group, serum levels of os-
teocalcin, ALP, and CTX-1 were significantly increased com-
pared than that of the sham group.

At 4 and 8 weeks after surgery, the concentrations of the bone
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formation markers (osteocalcin and ALP) in the curcumin ad-
ministered groups were significantly lower than in the untreat-
ed OVX group. Compared with the low-dose curcumin group,
the high-dose curcumin group had lower osteocalcin and ALP
levels at 8 weeks, statistically significant differences.

As shown in the graph of the concentrations of CTX-1 (Fig.
2C), the low-dose curcumin group had similar serum levels of
CTX-1 compared than that of the sham group. In contrast, the
high-dose curcumin group had significantly lower CTX-1 con-
centration at 4 and 8 weeks compared with the sham group as
well as with the low-dose curcumin group.

Bone histomorphometric analysis using micro-CT

As shown in the representative micro-CT images of the 4th
lumbar spine (Fig. 3), the untreated OVX rats had fewer trabec-
ular bone structures than that of the sham controls at 8 weeks
after ovariectomy. The high-dose curcumin group had more
trabecular bone structures compared with the low-dose cur-
cumin group as well as the untreated OVX group.

Fig. 4 shows the changes of bone histomorphometric param-
eters of the 4th lumbar vertebra 8 weeks after ovariectomy. All
values represent 100% minus the percentage of the value of the
sham group/the value of the experimental groups.
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Fig. 1. Graph showing the serum levels of estrogen (estradiol, E2).
Values are expressed as percentage of the serum levels of the sham
group. *p<0.05 for the values of the untreated ovariectomy group com-
pared with that of the sham group.
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Fig. 2. Graphs showing the serum levels of osteocalcin (A), alkaline phosphatase (ALP) (B), and type | collagen C-telopeptide (CTX-1) (C). Values are
expressed as percentage of the serum levels of the sham group. *p<0.05 for the values of the low-dose or high-dose curcumin group compared with
that of untreated ovariectomy (OVX) group, "p<0.05 for the values of the high-dose curcumin group compared with that of low-dose curcumin group.
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Sham

Low curcumin

High curcumin

Fig. 3. Representative micro-CT images of the 4th lumbar spine in the sham and experimental groups. The high-dose curcumin group had more tra-
becular bone structures compared with the low-dose curcumin group as well as the untreated ovariectomy (OVX) group.
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Fig. 4. Bar graph showing the result of histomorphometric analyses of 4th lumbar vertebrae in the sham and experimental groups at 8 weeks post-
operation : bone mineral density (BMD) (A), cortical bone mineral density (CrBMD) (B), trabecular bone volume fraction (BV/TV) (C). All values represent
100% minus the percentage of the value of the sham group/the value of the experimental groups. *p<0.05 for the values of the low-dose or high-
dose curcumin group compared with that of untreated ovariectomy (OVX) group, and Tp<0.05 for the values of the high-dose curcumin group com-

pared with that of low-dose curcumin group.
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Fig. 5. The three point bending test showing greater maximal load value
of the 4th lumbar vertebrae after experiment. *p<0.05 for the values of
the high-dose curcumin group compared with that of untreated ovariec-
tomy (OVX) group.

In the analyses of micro-CT scans of 4th lumbar vertebrae, the
curcumin treated groups (low-dose and high-dose curcumin
groups) showed a sustained increase in spine BMD and CrBMD
compared with the untreated OVX group. The high-dose cur-
cumin treated group had a significant increase in BMD (p=
0.028) and CrBMD (p=0.036) compared with the low-dose cur-
cumin treated group.

Considering BV/TYV, the curcumin treated groups (low-dose
and high-dose curcumin groups) showed a significant increase
compared with the untreated OVX group (p=0.035 and p=0.001).
The high-dose curcumin group showed a sustained increase

compared with the low-dose curcumin treated group, however,
which was not statistically significant (p=0.077).

Mechanical strength

Although the three point bending test showed that the 4th
lumbar vertebrae of the low-dose and high-dose curcumin treat-
ed groups had a greater maximal load value compared to the un-
treated OVX group, the only high-dose curcumin treated group
differed significantly from the untreated OVX group (p=0.015)

(Fig.5).

DISCUSSION

Although bisphosphonates, potent antiresorptive agents, have
been the most popular first-line drugs for the treatment of os-
teoporosis for some time, many side effects have become evi-
dent in recent years**'*?). Some reports suggested a link be-
tween BPs use and the development of atypical insufficiency
fractures or osteonecrosis of the jaw'*'. These are thought to
be due to long term oversuppression of bone turnover leading
to impaired bone remodeling, accumulation of microdamage
in bone and increased skeletal fragility. Therefore, there is in-
creasing interest in the discovery of natural substances that
could favorably affect the skeletal system, which could be used
in place of pharmacological treatment for osteoporosis.

Curcumin is a nonsteroidal, naturally occurring compound in
the rhizomes of the popular Indian spice turmeric plant (Cur-
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cumin longa L.), which is commonly
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Table 1. Mean body weights of the 40 rats euthanized 8 weeks after OVX or sham operations

used as a dietary pigment. In addition Body weights (grams)

. . Groups
to a variety of pharmacologic effects, 0 week 4 weeks 8 weeks
including anti-inflammatory, anti-infec- Sham 23478327 285.13£4.94 320.00£4.63
tious and antioxidant activities, which ovX 237.424.77 334.5746.78 378.33+10.53
are traditionally known*'*'), recent Low-dose curcumin 229.1142.67 324.89+5.08 373.33+6.24
studies investigated the protective effects High-dose curcumin 234.62+5.00 324.88+4.99 375.00+5.63

of curcumin on the regulation of bone
remodeling. It is well known that cur-
cumin has action similar to bisphosphonate, the inhibition of os-
teoclastogenesis*”**). Ozaki et al.'” showed that curcumin is a
potent stimulator of osteoclast apoptosis and also an inhibitor
of bone resorption caused by rabbit osteoclast. It has also been
shown in murine cells that curcumin inhibits osteoclastogenesis
induced by receptor activation of NF-kB ligand?.

In the study by Folwarczna et al.”, 10 mg/kg curcumin was
administered po daily for 4 weeks to normal and bilaterally
ovariectomized rats. In their study, although curcumin slightly
improved some bone histomorphometric parameters impaired
by estrogen deficiency, the effects on the skeletal system were
ambiguous. They concluded that curcumin at a dietary achiev-
able dose may not be useful for the prevention or treatment of
osteoporosis.

Curcumin has been consumed as a dietary spice at doses of
up to 100 mg/day", i.e., approximately 1.5 mg/kg/day, assum-
ing that human body mass is 65-70 kg. According to Phase I
clinical trials, humans can tolerate curcumin even at a dose of
8 g/day?.

Because it is known that the oral bioavailability of curcumin in
rats is about 1% and the half-life of curcumin is rather short??,
we hypothesized that a relatively high concentration of cur-
cumin would have a protective effect of bone remodeling. Thus
in the present study, ovariectomized rats were treated either
with low-dose (10 mg/kg) or high-dose (50 mg/kg) curcumin.
We then compared the therapeutic effects on bone remodeling
with different dose of curcumin treatment using bone turnover
markers, histomorphometric parameters and bone strength.

French et al.¥ conducted a well-designed experiment about
the bone sparing effect of curcumin or bisphosphonate (etidro-
nate) in the ovariectomized rat. They used three different doses
of curcumin; 1.5 mg/kg, 3 mg/kg, 15 mg/kg, which are a rela-
tively low concentration of curcumin compared with the doses
of our study. In their study, there was no difference in lumbar
spine BMD at two months after ovariectomy. At four months
post-ovariectomy, all three curcumin groups demonstrated a
sustained increase in spine BMD over ovariectomized animals,
which was not statistically significant. There was a 50% increase
in mechanical strength for all groups of animals that received
curcumin. We think that this lack of a significant increase in
spine BMD in the curcumin group in the study by French et al.?
may be due to administration of a dose of curcumin that was too
low to produce a significant increase in spine BMD.

In our study using a relatively high dose of curcumin, the cur-

OVX : hilateral ovariectomized animals

cumin treated groups (low-dose and high-dose curcumin groups)
showed a sustained increase in spine BMD and CrBMD com-
pared with the untreated OVX group. In the comparison be-
tween the different doses of curcumin, the high-dose curcumin
treated group had a significant increase in BMD and CrBMD
compared with the low-dose curcumin treated group. Consid-
ering mechanical strength, the low-dose and high-dose cur-
cumin treated groups had a greater maximal load value com-
pared to the untreated OVX group, but only high-dose curcumin
treated group had a significant difference from the untreated
OVX group (p=0.015). Thus our study supported the results of
Folwarczna et al.?. We strongly agree with their opinion, that
curcumin at a dietary achievable dose may not be useful for the
prevention or treatment of osteoporosis. We think high-dose
curcumin treatment could lead to more advantages in the bone
sparing effect.

As mentioned above, curcumin has an action similar to
bisphosphonate, the inhibition of bone resorption by osteoclast.
Biochemical markers of bone turnover have been widely used
as measures of the status of bone remodeling. The extent of
bone resorption could be checked by CTX-1 level (a sensitive
marker of bone resorption). French et al.? noted that the cur-
cumin treated group showed CTX concentrations very similar
to those of ovariectomized animals given etidronate. In our
previous study about a synergistic bone sparing effect of cur-
cumin (50 mg/kg, daily) and alendronate in ovariectomized rats,
we achieved results comparable to French et al.? CTX-1 concen-
tration in curcumin administered group was similar to those of
the alendronate administered group. In addition, the combina-
tion therapy (50 mg/kg curcumin and alendronate) group had
lower CTX-1 concentrations, which were statistically significant
to the curcumin only and the alendronate only group?.

In the present study, the high-dose curcumin group had sig-
nificantly lower CTX-1 concentration compared with the sham
group and the low-dose curcumin group. This is further evi-
dence of our hypothesis that high-dose curcumin treatment
could lead to better bone sparing effect.

CONCLUSION

The present study demonstrated that a high-dose curcumin
has therapeutic advantages over a low-dose curcumin as to an-
tiresorptive effect on bone remodeling, and improving bone
mechanical strength.
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