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Abstract

Extracts prepared from turmeric (Curcuma longa L., [Zingiberaceae]) containing bioactive
phenolic curcuminoids were evaluated for bone-protective effects in a hypogonadal rat model of
postmenopausal osteoporosis. Three-month female Sprague Dawley rats were ovariectomized
(OVX) and treated with a chemically complex turmeric fraction (41% curcuminoids by weight) or
a curcuminoid-enriched turmeric fraction (94% curcuminoids by weight), both dosed at 60mg/kg
3x per week, or vehicle alone. Effects of two months of treatment on OV X-induced bone loss were
followed prospectively by serial assessment of bone mineral density (BMD) of the distal femur
using dual-energy x-ray absorptiometry (DXA), while treatment effects on trabecular bone
microarchitecture were assessed at two months by micro-computerized tomography (uCT).
Chemically complex turmeric did not prevent bone loss, however, the curcuminoid-enriched
turmeric prevented up to 50% of OV X-induced loss of trabecular bone and also preserved the
number and connectedness of the strut-like trabeculae. These results suggest that turmeric may
have bone-protective effects but that extract composition is a critical factor.
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Introduction

Given the significant health and economic impact of postmenopausal osteoporosis on
individuals and society, effective, safe, and readily available preventative measures are
needed for early intervention to stop the progressive loss of bone structure that begins during
perimenopause. The use of dietary supplements for this purpose, in addition to the current
recommended use of calcium and vitamin D supplementation, could be a valuable approach
if safe and effective agents can be identified. Public use of natural products and botanical
dietary supplements has increased steadily in this country within the last decade, particularly
among women between the ages of 40 — 69 (1). Despite the popularity of natural product
supplements, rigorous scientific evidence supporting their use is lacking for most botanicals
(2). Only three percent of traditionally used medicinal plants have been studied under
western scientific methods for therapeutic potential (3); therefore, botanical products may
represent an untapped resource in the arsenal for osteoporosis prevention. Botanical
phytoestrogens have already been targeted for scientific evaluation as an alternative to
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hormone replacement therapy for preservation of bone during menopause (4-6). However,
any agent that acts via estrogen receptors (ERs) may also have ER-mediated side effects.
The identification of botanical dietary supplements that preserve bone via non-ER pathways
may provide a safer alternative.

Botanical extracts isolated from the rhizome of turmeric (Curcuma longa L., Zingiberaceae),
a perennial plant native to Asia, have been utilized as anti-inflammatory agents in Ayurvedic
and Traditional Chinese Medicine (TCM) for centuries. During the course of in vivo studies
assessing turmeric’s anti-arthritic effects, our laboratory discovered that curcuminoid-
containing turmeric extracts also prevent osteoclastogenesis and peri-articular bone
destruction in a model of rheumatoid arthritis, with a chemically complex turmeric fraction
(only 41% curcuminoids by weight), offering more bone-protective effects than a
curcuminoid-enriched turmeric fraction (94% curcuminoids by weight; 7-9). In these
arthritis studies, turmeric extracts prevented the activation of the transcription factor NF-xB
and suppressed the subsequent expression of genes mediating the destruction of cartilage
and bone, including RANK-L, the ligand that binds to and activates the receptor activator
for NF-xB (RANK) on osteooclast precursors, which is a necessary and sufficient stimulus
for the differentiation of bone-destroying osteoclasts (10). These in vivo findings are
consistent with prior in vitro investigations of the anti-inflammatory effects of curcumin,
one of turmeric’s three major phenolic curcuminoids that constitute 3-5% of the powdered
rhizome (Figure 1), as numerous studies have identified blockade of NF-kxB activation as a
major mediator of curcumin’s biological effects, including its in vitro ability to prevent
osteoclast differentiation (11-14). Novel pharmaceutical therapeutics targeting the RANK
pathway are currently under development as an alternative to selective ER modulators
(SERMs) and bisphosphonates for the treatment of osteoporosis (15). Thus, we posited that
curcuminoid-containing turmeric extracts may be a botanical product of benefit in the
prevention of RANK-mediated osteoporatic bone loss (11-14).

Previous analyses by our laboratories of a random selection of marketed turmeric dietary
supplements revealed that the botanical content of these products is variable and often not
well reflected by product labeling (9). While most turmeric supplements assayed were
labeled as containing an extract enriched (>95%) for curcumin, all of the products contained
a mixture of turmeric’s three major curcuminoids in varying proportions, with recoverable
total curcuminoid levels, with one exception, being only ~38% of that indicated on the label
(9). The majority of turmeric dietary supplements tested did not contain turmeric’s essential
oils. Guided by these data on turmeric dietary supplement composition, we chose to evaluate
and compare two turmeric extracts analogous to those marketed today, both essential oil-free
and containing a mixture of the 3 major curcuminoids, for efficacy in the prevention of
hypogonadal bone loss in the ovariectomized rat model of postmenopausal osteoporosis.
The extracts to be tested, which are the same as those previously demonstrated to prevent
bone loss in the rat rheumatoid arthritis model (7-9), differ in their chemical complexity as
one is a complex turmeric fraction containing only 41% curcuminoids, and the second is a
curcuminoid-enriched turmeric fraction containing 94% curcuminoids. In the OV X rat
model, we postulated that, analogous to the findings in arthritic rats, both curcuminoid-
containing turmeric extracts would prevent bone loss, with the more complex turmeric
fraction being the most efficacious.

Materials and Methods

Botanical extract isolation

As previously described, a complex turmeric fraction (Table 1) devoid of the essential oils
containing 41% curcuminoids was prepared by methanol extraction of the marc obtained
from an initial hexane extraction of ground turmeric rhizome (San Francisco Herb Co.; 8). A
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curcuminoid-enriched turmeric product (Table 1), sold as >98% curcumin, but composed of
an essential oil-free 94% mixture of the three main curcuminoids was purchased from Fisher
Scientific (#218580100, Lot A017528901; 8). Chemical content of the complex turmeric
fraction and purified curcuminoids were assessed as previously described using an Agilent
1100 series high performance liquid chromatography (HPLC) system (Agilent, Palo Alto,
CA) and stock solutions of pure curcumin, demethoxycurcumin, and bis-
demethoxycurcumin (8). The turmeric fraction and the curcuminoid-enriched turmeric
extract each contained the three major curcuminoids (curcumin > demethoxycurcumin > bis-
demethoxycurcumin; Table 1,Figure 1) and were essential oil-depleted (8).

Animal procedures

Female three-month old Sprague Dawley rats were purchased from Harlan Laboratories,
housed in plastic cages, and maintained on 12L/12D cycles at 22 + 2°C, with access to water
ad libidum. Animals were allowed to acclimate to the animal facility for one week prior to
initiation of treatment, after which they were randomly assigned to the following treatment
groups (n=10-13/group): 1) sham surgery + vehicle (DMSO) treatment, 2) surgical
ovariectomy (OVX) + vehicle, 3) OVX + complex turmeric fraction, and 4) OVX +
curcuminoid-enriched turmeric. Dosing began on the day of surgery (day 0) and continued
for two months (56 days). All treatments were administered via intraperitoneal (ip) injection
at 0.5 ul/g 3x per week. Botanical dosing was normalized to curcuminoid content (60mg
curcuminoids/kg 3x per week, equivalent to a mean of 25mg curcuminoids/kg/d) so that any
differential effect of treatment between the two extracts could be attributed to additional
components present in the complex turmeric fraction. Because bioefficacy was a primary
outcome, ip administration of the extracts, normalized to curcuminoid content, was utilized
to eliminate variable absorption of curcuminoids due to matrix effects of the more complex
product. The botanical dose tested was chosen based on its efficacy in preventing bone loss
in previous in vivo arthritis experiments (9). All animals were pair-fed in order to minimize
excessive weight gain in OV X animals (2016 Teklad Global 16% protein rodent diet, Harlan
Laboratories; 16 g/d; 16% protein, 12.6 kl/g, 4% fat, 3% crude fiber). At the termination of
the experiment, liver, spleen, kidney, and uterus were weighed, and circulating white blood
cell counts were determined using a Hemavet 880 analyzer (CDC Technologies, Oxford,
CT). Cell differentials were determined by manual counting. Serum creatinine and alanine
aminotransferase (ALT) levels were measured using an Endocheck Plus Chemistry Analyzer
(Hemagen Diagnostics, Columbia, MD) to monitor for possible renal- or hepato-toxicity,
respectively. All experiments were approved by The University of Arizona IACUC and
conformed to the Guide for the Care and Use of Experimental Animals.

Assessment of bone mineral density by DXA

Serial assessments of bone mineral density (BMD) of the distal 25% of the femur were
determined in vivo using a Piximus densitometer (General Electric Medical Systems,
Milwaukee, WI) in anesthetized rats one week prior to OVX and bi-monthly for the duration
of treatment. The distal femur was selected to assess the effect of botanical treatment on
bone loss as this trabeculae-rich site undergoes a rapid loss in bone mass in hypogonadal rats
(16).

Evaluation of bone microarchitecture by pCT

Two months following OV X surgery (day 56; 5 months of age), animals were sacrificed and
femurs from each animal were fixed in 10% phosphate-buffered formalin (4°C, 48hrs), then
transferred to 70% ethanol and stored at 4°C. A subset of samples were randomly selected
from each group (n=4-5/group) and sent to the Endocrine Research Unit at San Francisco
VA Medical Center for analysis by micro-computerized tomography (uCT). Scans of the
distal femur were performed using Scanco vivaCT 40 instrument (Scanco Medical,
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Basserdorf, Switzerland), as previously described (17). To assess trabecular bone in the
distal femoral metaphysis, 300 serial cross-sectional scans (10.5-um voxel size) of the
secondary spongiosa were obtained from the end of the primary spongiosa, extending
proximally for 3.1 mm with 55-kV x-ray energy. For analysis of uCT images, a threshold
(350 mg hydroxyapatite/cm3) was applied to segment or separate the mineralized bone
matrix from soft tissue. Linear attenuation was calibrated with hydroxyapatite as the
standard. Image analysis and 3D reconstructions were performed using the manufacturer's
software (SCANCO Medical AG, Bassersdorf, Switzerland). For trabecular bone
morphology the following variables were assessed: bone volume fraction (BV/TV, %),
trabecular thickness (Th.Th., mm), trabecular separation (Th.Sp., mm), trabecular number
(Tb.N., mm~1), and connectivity density (Conn-Dens., 1/mms3).

Serum markers for bone turnover

Biochemical markers of bone turnover were evaluated in serum obtained from the tail vein
of fasted, anesthetized rats on days 14 and 56. C-telopeptide fragments of type I collagen
(CTX-1) were measured by commercial enzyme-linked immunosorbent assay (RatLaps,
Nordic Bioscience Diagnostics, Denmark, DK-2730), and serum levels of osteocalcin were
assessed by rat-specific immunoradiometric assay (Immunotopics, Inc., San Clemente, CA,
50-1500).

Statistical Methods

Results

Values are presented as mean + SEM with differences considered significant at p < 0.05
determined by ANOVA with Student-Newman-Keuls post hoc testing using Instat software
(Graphpad, San Diego, CA).

Temporal changes in bone mineral density (BMD)

As anticipated, beginning at d 14 and continuing for two months (56 days), untreated OVX
animals had significantly lower BMD at the distal femur relative to sham-operated animals
(9-12% decrease, Figure 2). Complex turmeric treatment offered no significant BMD
protection in OV X animals throughout the course of the experiment (Figure 2). In contrast,
treatment with curcuminoid-enriched turmeric prevented up to 50% loss in BMD in OV X
animals, reaching statistical significance after two months of treatment relative to vehicle-
treated OV X (Figure 2).

Trabecular bone volume and microarchitecture

Observed effects of two months (56 days) of turmeric extract treatment on areal BMD of the
trabeculae-enriched distal femur in OV X animals (Figure 3A) were confirmed and extended
by uCT analysis of the three-dimensional architecture of purely trabecular bone in the
femoral metaphysis (Figure 3B, Figure 4). As expected and consistent with documented
changes in BMD (Figure 3A), in vehicle-treated OV X animals, trabecular bone volume
fraction (BV/TV) decreased by 35% relative to sham (p < 0.001; Figure 3B). Complex
turmeric treatment of OV X animals offered no bone protection as assessed by either areal
BMD (Figure 3A) or BV/TV (Figure 3B). In contrast, curcuminoid-enriched turmeric
treatment, analogous to its 50% inhibition of BMD loss (Figure 3A), prevented 63% of the
decrease in trabecular BV/TV occurring in OVX animals (p < 0.05; Figure 3B). Changes in
microarchitectural parameters, as assessed by uCT, were consistent with observed effects on
BV/TV. Vehicle-treated OVX animals, consistent with expectations, experienced a
significant decline in connectivity density (Conn-dens.; p < 0.001, Figure 5A) and trabecular
number (Th.N.; p < 0.001, Figure 5B), with an increase in trabecular spacing (Th.Sp.; p <
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0.001, Figure 5D), while trabecular thickness (Figure 5C) remained unchanged relative to
vehicle-treated sham animals. Complex turmeric treatment, consistent with its lack of effect
on BMD or BV/TV, did not protect against OV X-induced changes in trabecular morphology
(Figure 5A,B,D). However, Th.Th. was increased relative to all groups (p < 0.001, Figure
5C). Trabecular morphology of curcuminoid-enriched turmeric treated animals was
favorably enhanced relative to vehicle-treated OV X animals, as OV X-induced changes in
Conn-dens. (p < 0.05, Figure 5A) and Th.N. (p < 0.01, Figure 5B) and Tb.Sp. (p < 0.05,
Figure 5D) were all inhibited by 34-55%.

Serum markers of bone turnover

Acutely (two weeks post-OVX), in vehicle-treated OV X animals (relative to shams), the
biomarker for bone formation (osteocalcin) increased significantly, while a trend toward an
increase in the resorption biomarker (CTX-I) was not statistically significant (Table 2). At
this same time point, after two weeks of treatment, turmeric extracts had no effect on bone
turnover biomarkers in OV X animals (Table 2). At the end of the experimental period (two
months or 56 days), resorption and formation biomarkers in vehicle-treated OV X animals
were not statistically different than sham animals, and were also unaltered by curcuminoid-
enriched turmeric treatment (Table 2).

Extra-skeletal effects of turmeric treatment

Body weight, consistent with previous reports, increased 16% in OV X relative to sham
despite pair-feeding (18); this effect was unchanged by treatment with either extract (Table
3). Uterine atrophy was evident in OVX animals and was unaltered by complex turmeric or
curcuminoid-enriched turmeric treatment (Table 3). Liver weights were slightly elevated in
botanical-treated OV X animals, an effect that may be indicative of drug metabolism (19).
However, this effect was only statistically significant with complex turmeric treatment
(Table 3). Hematocrit, platelet number, white blood cell counts, serum creatinine, and ALT
levels were not different between groups (Table 3).

Discussion

Turmeric is widely consumed as a spice, and mixtures of polyphenolic curcuminoids
extracted in various degrees of purity from the rhizome of turmeric are available for use as
dietary supplements (9). As most medical research has focused on pure curcumin, our
studies are unique in that they evaluate turmeric extracts more analogous to the composition
of currently available dietary supplements (9). Of the two turmeric extracts tested, the
curcuminoid-enriched turmeric extract preserved BMD, as well as the microarchitectural
structure and trabecular connectivity of bone in OVX rats. Key architectural parameters
assessed by pCT that are known to be tightly correlated to mechanical strength and that
suffer adversely with OVX, including bone volume fraction, trabecular number, connectivity
density, and trabecular spacing (20,21), were significantly improved (34-55%) by
curcuminoid treatment. Thus, these improvements in the architectural parameters of
trabecular structure in OVX animals may translate into a reduction in fracture risk, which is
the fundamental aim of all treatments targeting osteoporosis. This preservation of mass and
microarchitecture of bone by curcuminoid-enriched turmeric did not appear to be an
estrogenic effect, as uterine atrophy and weight gain in OV X animals were unaffected by
curcuminoid treatment, results that are also consistent with prior studies documenting an
lack of curcuminoid binding to ER-alpha or ER-beta (22-25). Although not directly tested
here, since abrogation of NF-«xB activation is thought to be a major biological effect of
curcuminoids (11,26), it remains possible that NF-xB may be the central target in the
process of protecting OV X-induced bone loss. Turmeric may thus have utility as a non-
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estrogen receptor (ER) therapeutic in the prevention of osteoporosis, a postulate that
deserves further mechanistic investigation.

While the results from this translational study are encouraging, clinical data supporting the
use of curcuminoids for osteoporosis is completely lacking. Of interest, however, is one
clinical study that examined an oral dose of an uncharacterized curcuminoid product (4 g/
day) in patients with monoclonal gammopathy, a potential precursor of multiple myeloma
(27). This dose of curcuminoids significantly reduced urinary N-telopeptide type I collagen
levels in patients, suggesting that curcuminoids may indeed act in humans as an anti-
resorptive agent in diseases characterized by an elevation in bone turnover and generalized
bone loss. Unfortunately, in our study the measurement of serum markers for bone turnover
after two weeks and two months of OV X (d 14 and d 56, respectively), which were little
altered in OV X animals, also did not reveal turmeric treatment effects that could have
elucidated whether bone was being favorably altered by an increase in bone formation and/
or inhibition of bone resorption. Examination of longitudinal BMD changes in curcuminoid-
enriched turmeric treated OV X animals suggests that assay of bone turnover biomarkers
after one month of treatment, when OV X-induced BMD loss appears to have stabilized, may
have been more informative. Additional pre-clinical and clinical studies will be necessary to
determine how curcuminoids act on both bone formation and resorption pathways in vivo
under normal and pathological states.

We chose the intraperitoneal route of administration for testing and comparison of the two
turmeric extracts as a proof-of-concept approach in an effort to eliminate variables that
could alter the oral bioavailability of components in these complex botanicals, such as
differential absorption of curcuminoids in the two extracts due to matrix effects of the
additional components present in the more complex turmeric extract or the metabolism of
non-curcuminoid components by intestinal microflora (28). As with bisphosphonates, oral
bioavailability of curcumin is low (29,30). As a result, considerable research efforts are
focused on identifying specific formulations to enhance curcuminoid oral bioavailability
(e.g. curcuminoid nanoparticles or the use of lipid-based formulation vehicles to enhance
absorption; 28,31). Thus, it is possible that currently available turmeric dietary supplements
may not be the most ideal agents for osteoporosis prevention. Additionally, because
essential oils in the turmeric rhizome have also recently been reported to enhance
curcuminoid oral bioavailability (32), currently available turmeric dietary supplements,
which, like the extracts tested here, do not contain essential oils, may not be the most
optimal formulations for dietary curcuminoid supplementation.

Utilizing distinct and chemically well-characterized turmeric extracts, opposing trends for
bone protection in translational models of arthritis vs. osteoporosis have now been
identified, as the curcuminoid-enriched turmeric extract was most efficacious in protecting
bone in osteoporosis, while we have previously demonstrated that the chemically complex
turmeric fraction was most effective in preventing bone loss in arthritis (9). These divergent
results illustrate the importance of direct testing of well-characterized botanical extracts in
complex disease states (2). Moreover, because extract doses were normalized to
curcuminoid content in the studies reported here, these results suggest that the non-
curcuminoid constituents of the complex turmeric extract may have accounted for
differences seen between the two turmeric treatment groups in altering bone loss in OV X
animals. Preliminary studies in our laboratories have found that the non-curcuminoid portion
of the complex turmeric extract is primarily composed of polysaccharides. Traditionally,
these carbohydrates are thought to have minimal bioactivity by themselves, however, new
functional effects of polysaccharides are emerging, particularly when combined with other
bioactive molecules (33). This additional component of the complex extract may have had
deleterious effects on bone that could not be compensated for by the curcuminoids, or the
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polysaccharides may have blunted or antagonized the beneficial effects of the curcuminoids
on bone in the hypogonadal rat.

Another possibility for the variable efficacies of the two turmeric extracts tested is their
differing ratios of the three major curcuminoids, which may be an important determinant of
bone protection, as the purified extract contained a higher percentage of curcumin and a
lower percentage of demethoxycurcumin and bis-demethoxycurcumin relative to the
complex extract. Indeed, differential effects of the three major curcuminoids have been
reported in a number of biological systems (31). Since all turmeric dietary supplements are
composed of a mixture of the three major curcuminoids (9), this possibility would also have
important implications from a consumer standpoint as turmeric supplement labels do not
indicate the relative amounts of these 3 compounds present in the product (9). Additionally,
our laboratories have identified vast discrepancies between the labeled curcuminoid content
and the curcuminoid content detected by HPLC in a random selection of commercially
available turmeric dietary supplements (9). Due to the importance of extract composition in
bioefficacy, it is clear that the degree of specificity of labeling of turmeric supplements at
present is not sufficient to direct usage, should specific turmeric extracts prove to be
clinically useful upon further study.

As osteoporosis becomes a widespread health and financial burden to millions of aging
Americans, the development of affordable bone-protective therapeutics for the prevention of
metabolic bone disorders merits continued study. These results are encouraging, considering
the current availability and affordability of turmeric-derived curcuminoid products.
Continued characterization of turmeric dietary supplement composition followed by
rigorous pre-clinical and clinical testing will be necessary to identify turmeric-derived bone-
active constituents, and to optimize their bioefficacy in dietary form.
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FIGURE 1.
Chemical structures of curcumin (1), demethoxycurcumin (2), and bis-demethoxycurcumin

3).
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FIGURE 2.

Effect of curcuminoid-containing turmeric extracts on bone mineral density (BMD) was
assessed every two weeks by dual-energy x-ray absorptiometry (DXA). Three-month old
female Sprague Dawley rats (n = 9-11 animals/group) were ovariectomized (OVX) and
treated ip for two months (56 days) with vehicle, a complex turmeric fraction (41 %
curcuminoids by weight), or a curcuminoid-enriched extract of turmeric (94% curcuminoids
by weight). Both extract doses were normalized to curcuminoid content (60 mg/kg, three
times per week). Values are expressed as mean % of sham = SEM and statistical
significance was determined by ANOVA with Student-Newman-Keuls post hoc test. Values
that do not share the same superscript are significantly different at p < 0.05 for each time
point.
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FIGURE 3.

Effect of two months of curcuminoid-containing turmeric extracts on bone mineral density
(BMD) and bone volume fraction (BV/TV) was assessed by dual-energy x-ray
absorptiometry (DXA), and micro-computerized tomography (uCT), respectively. Three-
month old female Sprague Dawley rats (n = 9-11 animals/group) were ovariectomized
(OVX) and treated ip for two months with vehicle, a complex turmeric fraction (41%
curcuminoids by weight), or a curcuminoid-enriched extract of turmeric (94% curcuminoids
by weight). Both extract doses were normalized to curcuminoid content (60 mg/kg, three
times per week). Statistical significance was determined by ANOVA with Student-Newman-
Keuls post hoc test. Values that do not share the same superscript are significantly different
at p < 0.05 for the respective timepoint. (A) After two months of treatment (d 56), BMD was
significantly decreased in OV X-vehicle treated animals relative to sham-vehicle. Complex
turmeric treatment had no effect on BMD relative to OV X-vehicle treated animals, however,
treatment with curcuminoid-enriched turmeric extract significantly protected BMD,
preventing 50% loss. (B) Effects of treatment on BMD were confirmed by pCT, a more
sensitive measure of three-dimensional content and architecture of trabecular bone.
Treatment effects on BV/TV mirrored BMD results on d 56, confirming a lack of effect of
treatment with complex turmeric, and approximately 50% protection of BV/TV conferred by
treatment with curcuminoid-enriched turmeric.
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FIGURE 4.

Representative microcomputed tomography images of the trabecular architecture of the
distal femur in five-month female Sprague Dawley rats after two months (56 days) of
treatment with complex turmeric, curcuminoid-enriched turmeric, or vehicle alone are
presented.
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FIGURE 5.

Parameters of trabecular morphology, (A) connectivity-density (Conn-Dens.), (B) trabecular
number (Th.N), (C) trabecular thickness (Tb.Th), and (D) trabecular spacing (Th.Sp.) were
measured by micro-computerized tomography (uCT). Three-month old female Sprague
Dawley rats were ovariectomized (OVX) and treated ip for two months with vehicle, a
complex turmeric fraction (41 % curcuminoids by weight), or a curcuminoid-enriched
extract of turmeric (94% curcuminoids by weight). Both extract doses were normalized to
curcuminoid content (60 mg/kg, three times per week). Statistical significance was
determined by ANOVA with Student-Newman-Keuls post hoc test. Values that do not share
the same superscript are significantly different at p < 0.05.
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TABLE 1

Composition of botanical extracts tested

o Curcuminoid content (% of total)
Total curcuminoids (% by

Turmeric extract weight) curcumin  demethoxy-curcumin  bis-demethoxy-curcumin
Essential oil-free turmeric fraction 40.6 63.3 214 15.3
(“‘complex turmeric™)
Curcuminoid-enriched turmeric 93.6 79.3 15.9 48
fraction (““curcuminoid-enriched
turmeric’)
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Biochemical markers for bone turnover in female Sprague Dawley rats treated with curcuminoid-containing

turmeric for 2 months!

CTX-I (resorption) ng/ml

Osteocalcin (formation) ng/ml

2 weeks 2 months 2 weeks 2 months
Sham - vehicle 32.7+2.3 20.0+2.2 29.5+0.7 8.47 £0.7
OVX - vehicle 377414 26423 37.4 +1.28 9.62+0.3
OVX - complex turmeric 43.0 +4.0 not tested 37.0 +2.62 not tested
OVX - curcuminoid-enrichned ~ 40.7 4.0 29.1£3.4 33.9 +252 10.8 £3.4

1Values are mean +SEM, n = 9-11. Differences were determined by ANOVA for each column,

a . .
p < 0.01 relative to vehicle-treated sham.
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TABLE 3

Non-skeletal effects of turmeric treatment on female Sprague Dawley rats

Sham - vehicle OVX-vehicle OVX -complex turmeric OVX - curcuminoid enriched

Body Weight (g) 230 + 2,82 26747 268+4.3 269+ 7.0

Uterus (g) 065+0062  0.16+0.01 0.2+0.03 0.18+0.02
Spleen (g) 0.82 +0.06 0.92 +0.06 0.95 + 0.07 1.00 +0.05
Liver (g) 6.01+0.13 5.85+0.19 6.89+ 0202 6.48 + 0.24
ALT (U/L) 126+1.1 145+18 146+25 159+26
Creatinine (mg/dL) 0.30 £ 0.02 0.32£0.02 0.27 £0.02 0.32+0.03
WBC (K/uL) 101+£1.2 125+09 12.3+15 125+£1.2
Hematocrit (%) 48.2+0.81 47.9 +0.95 41.7+4.4 45.0+3.1
Platelet (K/pL) 1033 + 59 950.8 + 69 1069 + 47 903.4+ 51

Values are presented as Mean + SEM for n = 9-13 rats, with differences determined by ANOVA,

ap<0.01 relative to OVX-vehicle controls.
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