
Conjugated linoleic acid and calcium co-supplementation
improves bone health in ovariectomised mice

Yooheon Park1, Jonggun Kim1, Angus G. Scrimgeour2, Michelle L. Condlin2, Daeyoung
Kim3, and Yeonhwa Park1,4

1Department of Food Science, University of Massachusetts, 102 Holdsworth Way, Amherst, MA
01003
2Military Nutrition Division, US Army Research Institute of Environmental Medicine (USARIEM),
Kansas Street, Natick, MA 01760
3Department of Mathematics and Statistics, University of Massachusetts, 710 North Pleasant
Street, Amherst, MA 01003

Abstract
Osteoporosis is a significant health concern for the elderly; conjugated linoleic acid (CLA) has
been shown to improve overall bone mass when calcium is included as a co-supplement.
However, potential effects of CLA and calcium on bone mass during a period of bone loss have
not been reported. The purpose of this study was to determine how dietary calcium modulates the
effects of conjugated linoleic acid (CLA) in preventing bone loss, using an ovariectomised mouse
model. CLA supplementation significantly prevented ovariectomy-associated weight and fat mass
gain, compared to non-supplemented controls. CLA significantly increased bone markers without
major changes in bone mineral composition in the femur compared to respective controls. CLA
treatment increased serum parathyroid hormone (PTH) significantly (p = 0.0172), while serum
1,25-dihydroxyvitamin D3 concentration was not changed by CLA. Meanwhile, CLA significantly
reduced femur tartrate resistant acid phosphatase (TRAP) activity, suggesting potential reduction
of osteoclastogenesis. The data suggest that CLA, along with dietary calcium, has great potential
to be used to prevent bone loss and weight gain associated with menopause.
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Introduction
Osteoporosis is characterised by a decrease in bone mass and bone microstructure leading to
increased bone fragility (Ammann & Rizzoli, 2003). It is a slowly progressing disease,
which may develop over 20 or more years and presents a major health concern, particularly
for the elderly. Approximately 10 million people in the US were estimated to suffer from
osteoporosis in 2002, and 44 million or 55% of people 50 years of age and older are at risk

© 2013 Elsevier Ltd. All rights reserved.
4To whom correspondence should be addressed at: Department of Food Science, University of Massachusetts, 102 Holdsworth Way,
Amherst, MA 01003, Telephone: (413) 545-1018, Fax: (413) 545-1262, ypark@foodsci.umass.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Food Chem. Author manuscript; available in PMC 2014 September 01.

Published in final edited form as:
Food Chem. 2013 September 1; 140(0): 280–288. doi:10.1016/j.foodchem.2012.12.067.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



for developing this silent disease (National Osteoporosis Foundation). The major
complication of osteoporosis is an increased risk of fracture, negatively affecting the quality
of life as well as increasing mortality due to complications. Particularly, postmenopausal
osteoporosis is a heterogeneous disorder, which begins after natural or surgical menopause
(National Institutes of Health Consensus Conference). That oestrogen deficiency after
menopause plays a major role in postmenopausal bone loss is strongly supported by the
higher prevalence of osteoporosis in women than in men (Nilas & Christiansen, 1987, Riggs
& Melton, 1983). Ovariectomised animals are widely used as a model for postmenopausal
osteoporosis (Barlet, Coxam, Davicco & Gaumet, 1994).

It is generally recommended that prevention may be the best option for avoiding
osteoporosis, since the current clinical treatment options for osteoporosis have had either
limited success or adverse effects (Komi et al., 2006). Among the prevention strategies for
osteoporosis, the main emphasis has been placed on increasing dietary calcium intake.
However, calcium by itself has limited efficacy on prevention of osteoporosis. Thus, any
dietary component that can improve calcium’s effect on bone mass may potentially improve
bone health significantly. One dietary bioactive component that has drawn significant
attention over the last two decades for its effect on body fat reduction is conjugated linoleic
acid (CLA). CLA is a group of geometric and positional isomers of linoleic acid, which was
originally identified as an anticancer component found in ground beef (Dilzer & Park, 2012,
Park & Pariza, 2007). Since then, CLA has shown additional biological functions, such as
improving adverse effects of immune stimulation, promoting growth of young animals,
reducing severity of atherosclerosis, modulating body fat, and most importantly, improving
bone mass (Dilzer & Park, 2012, Park & Pariza, 2007, Park, Albright, Liu, Storkson, Cook
& Pariza, 1997). However, reported effects of CLA on bone mass in animals and humans
have been inconsistent (Dilzer & Park, 2012, Kelly & Cashman, 2004, Park & Pariza, 2007,
Park, 2009, Park, Terk & Park, 2011, Rahman, Halade, Williams & Fernandes, 2011,
Tsuzuki, Kawakami, Suzuki, Abe, Nakagawa & Miyazawa, 2005, Watkins, Li, Lippman,
Reinwald & Seifert, 2004, Weiler, Fitzpatrick & Fitzpatrick-Wong, 2008). Previously it was
suggested that the inconsistent responses of bone mass to CLA have been in part due to the
interaction between CLA and calcium (Park, Pariza & Park, 2008, Park, Terk & Park, 2011).
However, potential benefits of co-supplementation of CLA and calcium during a bone loss
period have not been reported. Thus the purpose of this study was to determine the role of
dietary calcium on CLA’s effects on bone parameters using an ovariectomised mouse
model.

Materials and Methods
Materials

CLA was provided by Natural Lipids Ltd. AS (Hovdebygda, Norway). The purity of CLA
was 80.7% CLA (37.8% cis-9, trans-11, 37.6% trans-10, cis-12 and 5.3% other isomers),
13.7% oleic acid, 3.2% stearic acid, 0.4% palmitic acid and 0.2% linoleic acid. Diet and
ingredients were purchased from Harlan Laboratories (Madison, WI).

Animals and Diets
Ninety 6-month-old female ICR mice were purchased from Charles River Laboratories Inc.
(Boston, MA). The Institutional Animal Care and Use Committee of the University of
Massachusetts, Amherst, approved all animal procedures. Animals were housed in
individual wire-bottomed cages in a windowless room with a 12-h light-dark cycle. Animals
were fed semi-purified powdered diet (TD04460, Harlan Teklad, Madison, WI) using
‘vitamin-free’ tested casein to avoid naturally-occurring CLA. The composition of the 0.5%
calcium diet was as follows (ingredient, g/kg): casein, “vitamin-free” tested, 194; corn
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starch, 373.6; soybean oil, 100; maltodextrin, 132; sucrose, 87.5; cellulose, 50; mineral mix,
AIN-93M-MX without calcium (TD94049), 35; vitamin mix, AIN-93-VX (TD94047), 10;
L-cystine, 3; choline bitartrate, 2.5; calcium carbonate 12.4; and TBHQ (antioxidant), 0.02.
For 1.0% calcium diet, 24.9 g/kg calcium carbonate with 361.1g/kg corn starch was used.
For CLA-containing diet, 0.5% soybean oil was substituted for CLA. Diets were kept at −20
°C until use. Diet and water were provided ad libitum. Fresh diet was provided three times a
week. To eliminate calcium from drinking water, distilled water was provided throughout
the experimental period. After a one-week acclimation period, mice were randomly
separated into 6 treatment groups of 15 mice: 4 ovariectomised groups with two levels of
calcium (0.5%, and 1%) with or without 0.5% CLA and two groups of sham-operated
animals (with or without CLA). We used two groups for sham-operated animals with 1%
calcium level as comparison, since 0.5% calcium and CLA did not improve bone mass in
previous reports (Park, Pariza & Park, 2008, Park, Terk & Park, 2011). Body weight and
food intake were monitored weekly. Wronski, Cintron and Dann (1988) reported that bone
loss occurs as early as 2-weeks following ovariectomy and linear loss can be observed up to
100 days post-surgery in rodents. In addition, bone formation significantly declines starting
30 days post-surgery, thus we started our treatment diet 30 days post-surgery and continued
it for 4 weeks. This would ensure enough time for animals to recover from surgery as well
as observing potential benefits of CLA and calcium on preventing bone loss during a
significant bone loss period.

Ovariectomy
The details of the operating method have been published elsewhere (Murray, 1936).
Successful ovariectomy in the animals was confirmed by measuring uterine weight at
sacrifice (Kelly & Cashman, 2004). Ovariectomised animals had significantly smaller
uteruses compared to sham-operated animals (0.0723 ± 0.0224 g for ovariectomized animals
vs. 0.6173 ± 0.0498 g, mean ± S.E. for sham-operated animals, p < 0.0001) with no
difference in uterine weights between ovariectomised or sham-operated groups. No
significant differences were observed by CLA or calcium supplementation for the uterine
weights.

Sacrifice
Animals were sacrificed by CO2 asphyxiation after 4 hour of fasting. Blood samples were
collected by cardiac puncture and the serum was separated by centrifugation. Serum samples
from two animals were pooled to get enough serum for further analysis of parathyroid
hormone (PTH) and 1,25-dihydroxyvitamin D3. Serum parathyroid hormone (PTH) and
1,25-dihydroxyvitamin D3 were measured using commercially available kits (ALPCO
Diagnostics, Salem, NH). Tissues (liver, peri-uterine adipose tissue, mesenteric adipose
tissue, retroperitoneal adipose tissue, spleen, lung, heart, and kidneys) were weighed and
checked for any gross abnormalities. Femurs and tibias were used for tests described below.

Bone Analyses
For physical and biomechanical properties, peripheral Quantitative Computed Tomography
(pQCT) scans (XCT SA Plus, Stratec Medizintechnik, Pforzheim, Germany) were
performed ex vivo on mouse tibial bones. Initial scout scans were utilised to identify the
total bone length and distal end plate of the tibia followed by high-density scans (single axial
slices of 0.5 mm thickness, voxel size 0.1 mm). For image analyses and calculation of the
bone indices, the manufacturer’s software package (version 6.0B) was used. Cortical bone
properties were assessed at both the 10% and 50% sites using a threshold of 800 mg/cm3.
For mechanical strength assessment we used the Polar Strength Strain Index (SSI polar) to
analyse torsional resistance of the mid-shaft tibia. SSI polar was calculated using the
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following calculation: SSI polar = [Polar moment of inertia of the total bone area (mm4) /
max distance to the centre (mm)].

Bone mineral contents of calcium, phosphorus, and magnesium were measured from the
femur using inductively-coupled plasma optical emission spectrometry (ICP-OES, Varian,
Palo Alto, CA). Alkaline phosphatase activity (ALP) and tartrate resistant acid phosphatase
(TRAP) activity were measured in the femur using methods previously described (Mizutani,
Sugiyama, Kuno, Matsunaga & Tsukagoshi, 2001) from protein homogenates of the
proximal epiphysis. The ALP and TRAP activity was expressed as production of nmol of p-
nitrophenol formed per mg of protein per minute. The standard curve was generated with p-
nitrophenol, concentration between 0 to 103 μmol/mL. Protein concentrations were
measured by protein assay kit (Bio-Rad Laboratories, Hercules, CA) with bovine serum
albumin (Sigma-Aldrich, St. Louis, MO) as the standard.

Statistical analyses
Data were subjected to analysis using the Statistics Analysis System 9.2 (SAS Users Guide:
Statistics, SAS Institute, Cary, NC). The design in our experiment was balanced-incomplete
factorial designs with three factors: two types of mice (OVX and Sham), two levels of
calcium (0.5% and 1.0%) and two levels of CLA (without and with). The response variables
were measured using six treatment groups among the eight treatment groups. That is, two
treatment groups, the sham-operated groups with 0.5% dietary calcium (with or without
CLA) were not considered. This is because previous observations showed that there was no
benefit of CLA in those animals and it was not possible to operate on 8 groups of 120
animals on the same day, due to limited resources. We first carried out a one-way analysis of
variance (ANOVA) to examine the difference across the six treatment groups for each
response variable (at each time for data in Figure 1). However, the main goal of this paper
was to determine the effect of dietary calcium and CLA on prevention of bone loss for an
ovariectomised mouse model. Thus, we performed a two-way ANOVA to test the two
factors (CLA and calcium levels) and their interaction for ovariectomised animals only in
each response variable. These were reported separately in each figure and table. Significance
was determined at p < 0.05.

Results
There was a significant difference in body weights between ovariectomised and sham-
operated animals among controls with 1% calcium diets at each time point (Fig. 1A). No
differences of body weights were observed between two dietary calcium levels (0.5% vs.
1%) in ovariectomised mice. Among ovariectomised animals, there were significant effects
of CLA on body weight starting at week 2 (p = 0.0211 at week 2 and p < 0.0004 at weeks 3
& 4, respectively, from 2-way ANOVA). There was no difference in body weight in sham-
operated animals (Fig. 1A). No significant interactions between calcium and CLA were
observed on body weight during any time point among ovariectomised animals.

There were no differences in food intake between ovariectomised and sham-operated
animals among controls with 1% calcium diets when compared at each time point (Fig. 1B).
No significant effects of calcium levels on food intake were observed in ovariectomised
animals. There were significant effects of CLA on food intake at all time points among
ovariectomised animals (p < 0.001 for all); CLA supplementation reduced food intake in
ovariectomised animals at both calcium levels. No significant interactions between calcium
and CLA were observed at any time points among ovariectomised animals.

Ovariectomy caused significant increase in fat deposition in animals compared to sham-
operated animals when controls at 1% calcium were compared (Fig. 2). There were no
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differences in adipose mass due to dietary calcium regardless of whether or not the animals
received CLA. In contrast, CLA supplementation significantly reduced adipose tissue
masses in ovariectomised animals (Fig. 2, p < 0.0001 except mesenteric adipose tissue).
There was evidence of significant interaction between CLA and dietary calcium in
periuterine and total adipose tissue weight (p = 0.0336 and p = 0.0414, respectively), which
suggests the potential contribution of calcium to CLA’s effect on fat reduction after
ovariectomy.

There were no differences in serum PTH and 1,25-dihydroxyvitamin D3 between
ovariectomized and sham-operated animals when controls of 1% calcium group were
compared (Fig. 3A & 3B). Among ovariectomized mice, significant decreases in serum PTH
and increases in serum 1,25-dihydroxyvitamin D3 were observed following calcium
supplementation (p < 0.0001 for PTH and p = 0.0113 for 1,25-dihydroxyvitamin D3,
respectively) (Fig. 3A and 3B). CLA treatment increased serum PTH significantly (p =
0.0172), while serum 1,25-dihydroxyvitamin D3 concentration was not changed. No
interactions were found for calcium and CLA for PTH and 1,25-dihydroxyvitamin D3.

Results from bone parameters measured using pQCT are shown in Table 1. As expected,
ovariectomised controls with 1% calcium had significant differences in all parameters
except cortical thickness at the epiphyseal region (distal end of the tibia, 10% region of
interest) and periosteal circumference at the diaphyseal region (50% region of interest)
compared to sham-operated animals (1% calcium). Among sham-operated animals, CLA
supplementation significantly increased total bone content, total bone density, cortical bone
content and periosteal circumference at the epiphyseal region, while significant increases
were observed for total bone content, cortical bone content, and SSI polar at the diaphyseal
region. In ovariectomised animals, dietary calcium results in increased total bone density,
cortical bone density, and cortical attenuation at the epiphyseal region, and significant
increases in total bone content and total bone density at the diaphyseal region. CLA
supplementation had significant effects on total bone density at the epiphyseal region and
significant increase in cortical bone content, total bone content, cortical thickness, and SSI
polar at the diaphyseal region in these animals. No interactions of CLA and calcium
supplementation were observed; however, p-values for SSI polar at the epiphyseal region
and total bone densities at the diaphyseal region approached significance in ovariectomised
animals (p = 0.07 and 0.09, respectively).

We further measured the dry, ash and organic weights, and the major minerals, calcium,
phosphorus and magnesium in the femur (Table 2). The function of these elements is to
maintain bone formation through involvement in crystallisation of bone micro-chemical
structures, directly and indirectly (Seeman, 2003). The dry weight, ash, organic weight, and
phosphorus contents from the femur were significantly higher in sham-operated over
ovariectomised animals when controls with 1% calcium groups were compared (Table 2).
Among sham-operated animals, CLA significantly increased femur dry weight and organic
weights over control. For ovariectomised animals, dietary calcium significantly increased
femur dry weight, total ash, organic weight, calcium, and phosphorus content, while CLA
significantly increased dry and organic weights of femurs without changing ash, calcium, or
magnesium content (Table 2). No interactions between calcium and CLA were observed
except total dry weight of the femur (p < 0.001) in these animals. However, no significant
differences caused by calcium or CLA in ash, calcium, phosphorus, or magnesium as
percentage (percent per dry weight) were observed. This suggests that CLA supplementation
increases bone mass without adversely effecting bone formation, especially calcium
deposition, following ovariectomy.
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The activities of alkaline phosphatase (ALP) and tartrate resistant acid phosphatase (TRAP),
markers of bone resorption, were measured from the femur (Figure 4). No significant
differences of alkaline phosphatase activities were observed in any of the treatment groups
(Figure 4A). No differences in TRAP activities were observed in sham-operated animals.
TRAP activities were significantly decreased by CLA and calcium (p-values were 0.0006
for CLA and 0.0062 for calcium, respectively), without any significant interaction of
calcium and CLA in ovariectomised animals (Figure 4).

Discussion
Although there were inconsistent reports regarding CLA and bone mass, we and others have
previously reported that co-supplementation of calcium and CLA improve bone mass as
measured by total body ash and bone ash contents (Dilzer & Park, 2012, Kelly & Cashman,
2004, Park & Pariza, 2007, Park, 2009, Park, Terk & Park, 2011, Rahman, Halade, Williams
& Fernandes, 2011, Tsuzuki, Kawakami, Suzuki, Abe, Nakagawa & Miyazawa, 2005,
Watkins, Li, Lippman, Reinwald & Seifert, 2004, Weiler, Fitzpatrick & Fitzpatrick-Wong,
2008). Current results confirm these previous findings of interaction between dietary CLA
and calcium on improving total bone content as well as total density (sham-operated animals
in Table 1). Current results further extend our previous findings that CLA treatment
improved bone strength without adversely influencing other bone parameters and bone
mineral contents during a bone loss period. Moreover, CLA significantly reduced TRAP
activities, which implies improvement in bone mass by controlling bone resorption. In
addition, CLA influences PTH levels, which impacts calcium homeostasis, while no effects
of CLA on 1,25-dihydroxyvitamin D3 were observed. This is the first report of CLA on PTH
and 1,25-dihydroxyvitamin D3 in an ovariectomised animal model. Lastly, the results in this
report showed independent effects of CLA on body weight and body fat, while high dietary
calcium may potentiate the effects of CLA on body fat reduction.

It needs to be pointed out that the CLA preparation used in this study is a mixture of
primarily cis-9, trans-11 and trans-10, cis-12 CLA isomers. The predominant CLA isomer in
nature is the cis-9, trans-11, approximately 80–95% in food sources (Dilzer & Park, 2012,
Park & Pariza, 2007). However, when CLA is prepared by chemical processes from linoleic
acid, along with 50% of the cis-9, trans-11 isomer, the trans-10, cis-12 CLA is present at a
level of approximately 50%. This preparation is referred to as ‘50:50’ CLA mixture, which
most CLA studies have used previously (Park & Pariza, 2007). Previous studies suggested
that the interaction of these two CLA isomers are important for CLA’s overall bioactivity,
including an independent role of the trans-10, cis-12 CLA isomer on body fat reduction
(Park, Storkson, Albright, Liu & Pariza, 1999). Based on these reports, even though we used
CLA mixed isomer, we infer any effects of CLA on body fat reduction in the current study
would be the result of the trans-10, cis-12 CLA isomer, including reduction of weight gain
associated with ovariectomy (Kanaya & Chen, 2010, Park, Storkson, Albright, Liu & Pariza,
1999). However, we cannot rule out the potential effects of the cis-9, trans-11 CLA isomer
on other factors, such as the effects of CLA on controlling PTH, TRAP, and/or other bone
markers (Kelly & Cashman, 2004, Watkins, Li, Lippman, Reinwald & Seifert, 2004, Weiler,
Fitzpatrick & Fitzpatrick-Wong, 2008).

Alternatively, it is possible that the cis-9, trans-11 isomer may work as an antagonist to the
trans-10, cis-12 CLA isomer as to its role on insulin sensitivity (Dilzer & Park, 2012, Park &
Pariza, 2007). Further study is needed to confirm the potential role of these two isomers on
bone parameters.

Overall bone mass is the result of the balance between bone formation by osteoblasts and
bone resorption by osteoclasts (Seeman, 2003). Osteoblasts originate from bone marrow

Park et al. Page 6

Food Chem. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mesenchymal stem cells, which may also differentiate into adipocytes or chondrocytes.
Osteoclasts, however, originate from macrophage lineage hematopoietic stem cells
(Kronenberg, 2003, Pittenger et al., 1999). Since osteoblasts and adipocytes share the same
cell origin, a significant reciprocal role of bone marrow adipocytes on overall bone mass has
been suggested. Thus, it can be inferred that the contribution of CLA to adipocyte
metabolism may be directly linked to its role in bone metabolism (Kim, Park, Lee & Park,
2012, Platt & El-Sohemy, 2009b). In fact, CLA has previously been reported to reduce bone
marrow adiposity along with improved bone mineral density (Halade, Rahman, Williams &
Fernandes, 2011, Rahman, Halade, Williams & Fernandes, 2011). This is further supported
by reports that peroxisome-proliferator activated receptor-γ (PPARγ), the key regulator of
adipogenesis, plays a significant inhibitory effect on osteoblastogenesis during
mesenchymal stem cell differentiation (Akune et al., 2004, Jeon et al., 2003, Rzonca, Suva,
Gaddy, Montague & Lecka-Czernik, 2004, Takada, Suzawa, Matsumoto & Kato, 2007).
Since inhibition of PPARγ by CLA has been suggested as a potential key molecular
mechanism, CLA may improve osteoblastogenesis by indirect control of PPARγ (Brown et
al., 2003, Granlund, Juvet, Pedersen & Nebb, 2003, McNeel & Mersmann, 2003, Pariza,
2004). This is supported by reports that CLA improves osteoblastogenesis and reduces
adipogenesis by PPARγ-mediated mechanism from bone marrow mesenchymal stem cells
(Kim, Park, Lee & Park, 2012, Platt & El-Sohemy, 2009b). This also supports the concept
that the effects of CLA on improving bone mass are related to its effect on adipocyte
metabolism.

Alternatively, CLA influences bone mass by reducing osteoclastogenesis, as seen in our
results as reduced TRAP expression in the femur, following CLA-supplementation. TRAP is
a metalloenzyme that is highly expressed in osteoclasts (Minkin, 1982), and generates
highly destructive oxygen species that can destroy bone structure (Halleen et al., 1999). This
enzyme is a well-known marker for bone resorption (Minkin, 1982). Platt and El-Sohemy
(2009a) demonstrated that the cis-9, trans-11 CLA isomer inhibited TRAP activity in CD4+

monocytes in vitro, while the trans-10, cis-12 CLA isomer increased ALP activity in human
mesenchymal stem cells. Others reported reduced markers of osteoclastogenesis from serum
and urine after CLA supplementation (Rahman, Bhattacharya & Fernandes, 2006, Rahman,
Halade, Williams & Fernandes, 2011). Based on these reports, it is important to consider
that CLA is not only involved in improved bone formation by enhancing osteoblastogenesis
but also in reducing bone resorption by inhibiting osteoclastogenesis. It is important to point
out that Brownbill, Petrosian, and Ilich (2005) reported beneficial effects of CLA on bone
mass in post-menopausal women with naturally-occurring CLA, which is primarily the
cis-9, trans-11 isomer. Others reported that the trans-10, cis-12 CLA plays a significant role
in osteoclastogenesis (Rahman, Bhattacharya & Fernandes, 2006, Rahman, Halade,
Williams & Fernandes, 2011). Since it is not clear which is the active CLA in this regard in
the current study, further studies using both CLA isomers are needed to confirm the role of
the specific CLA isomers on osteoclastogenesis and osteoblastogenesis in vivo, or in
humans.

Weiler et al.(2004) previously reported a potential role of CLA on PTH reduction in male
rats. However, in the follow-up study, they concluded that this was specific to male rats, as
CLA, particularly the cis-9, trans-11, did not influence PTH levels in females (Weiler,
Fitzpatrick & Fitzpatrick-Wong, 2008). The major difference between Weiler et al. (2008)
and our current experiment is that our observations were made in ovariectomised mice. Thus
it is possible that CLA may influence PTH levels differently in this model. It is not clear
how CLA modulates PTH in the current study, however, it has been suggested that PTH
release may be regulated by prostaglandin E2 (PGE2) and CLA may influence PGE2 (Brown
& Swartz, 1985, Li, Barnes, Butz, Bjorling & Cook, 2005, Li, Butz, Dong, Park, Pariza &
Cook, 2006, Miller, Park, Pariza & Cook, 1994, Stachowska et al., 2009). Increased PTH by

Park et al. Page 7

Food Chem. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



CLA may have contributed to CLA’s effects on improvement of overall bone mass, as PTH
is reported to assist the recruitment of osteoblasts in bone remodelling as well as enhancing
mesenchymal proliferation during bone repair (Dobnig & Turner, 1995, Kakar et al., 2007,
Nakazawa, Nakajima, Shiomi, Moriya, Einhorn & Yamazaki, 2005). With higher dietary
calcium it would be expected to observe decreased serum 1,25-dihydroxyvitamin D3 levels
(Martini & Wood, 2002). Although there were no statistical differences between individual
group comparisons, we observed a significant effect of calcium in ovariectomised animals,
which was different from what we would have expected. It is not clear why we observed this
difference, thus warranting further investigation.

Current results of increased PTH without influencing 1,25-dihydroxyvitamin D3 following
CLA supplementation eventually contribute to the improved calcium absorption. In fact,
others have shown that calcium absorption is potentiated by CLA both in vivo and in vitro,
using the human colon adenocarcinoma Caco-2 cell line (Brownbill, Petrosian & Ilich, 2005,
Jewell, Cusack & Cashman, 2005, Kelly, Cusack, Jewell & Cashman, 2003, Roche, Terres,
Black, Gibney & Kelleher, 2001). This suggests that CLA not only influences bone
formation and resorption, but also potentially influences calcium homeostasis. It is important
to point out that both the trans-10, cis-12 and cis-9, trans-11 CLA isomers were involved in
improving calcium absorption in these studies (Brownbill, Petrosian & Ilich, 2005, Jewell,
Cusack & Cashman, 2005, Kelly, Cusack, Jewell & Cashman, 2003, Roche, Terres, Black,
Gibney & Kelleher, 2001). Thus, this suggests a potential independent role of CLA on
calcium absorption to improve overall bone health.

The role of calcium on adipogenesis has been previously suggested (Zemel, Shi, Greer,
Dirienzo & Zemel, 2000, Zemel, 2001). However, we did not observe any independent
effects of calcium on body fat in the current study, which is consistent with others (Gunther
et al., 2006, Lin, Lyle, McCabe, McCabe, Weaver & Teegarden, 2000, Weaver et al., 2011).
Our results imply a potential role for calcium on the effects of CLA on body fat reduction.
In addition, it is important to point out that dietary calcium increased bone dry and organic
weights along with increased total mineral content, while CLA only increased bone dry and
organic weights without changes in mineral content. This suggests that the effects of
calcium and CLA on bone formation may be independent, where CLA’s effect is primarily
on improving organic matter during bone formation (Cowin, 2001). Overall these results
suggest improved efficacy of CLA with calcium co-supplementation for body fat and bone
mass control, particularly for those at risk on developing obesity and osteoporosis.

In summary, the results from this report are consistent with previous observations that CLA
improves bone mass with calcium supplementation (Park, Terk & Park, 2011, Tsuzuki,
Kawakami, Suzuki, Abe, Nakagawa & Miyazawa, 2005). In addition, this is the first report
to demonstrate a beneficial effect of CLA and calcium co-supplementation on bone mass in
an ovariectomised animal model, including effects of CLA on PTH and 1,25-
dihydroxyvitamin D3. CLA and calcium supplementation significantly improved bone
parameters as well as reducing markers of bone resorption. Our results also suggest that
dietary calcium may potentiate CLA’s effect on body fat reduction. Thus CLA, along with
dietary calcium, has great potential to be used to control obesity as well as osteoporosis,
particularly associated with menopause. This can be further extended to those who are
susceptible to bone loss, such as astronauts who are occupationally exposed to microgravity
(Collet et al., 1997). Further clinical studies, such as studying the effects of co-
supplementation of CLA and calcium on bone health as well as the role of weight bearing
exercise, will be needed to extend the application of CLA in humans.
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Highlights

CLA and calcium significantly improved bone markers during bone loss period.

CLA reduced bone resorption during bone loss period.

CLA with calcium may be used to prevent bone loss associated with menopause.

CLA with calcium may be used to control weight gain following menopause.
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Figure 1.
Body weight (A) and food intake (B) after treatment with CLA and calcium. Controls (open
symbols), CLA-fed animals (grey symbols), sham-operated animals (squares),
ovariectomised animals: 1% dietary calcium (triangles), and 0.5% dietary calcium (circles).
Numbers are mean ± SE (n = 15). Means with different letters indicate significant difference
at p < 0.05 at each time point, analysed by one-way ANOVA.
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Figure 2.
Effect on adipose tissue weight after 4-weeks supplementaion with CLA and calcium.
Controls (white bars) and CLA-fed animals (grey bars). OVX, ovariectomised animals;
Sham, sham-operated animals. Numbers are mean ± SE (n = 15). Means with different
letters indicate significant difference at p < 0.05, analysed by one-way ANOVA.
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Figure 3.
Effect on PTH (A) and 1,25-dihydroxyvitamin D3 (B) levels in serum after treatment with
CLA and different calcium level. Controls (white bars) and CLA-fed animals (grey bars).
OVX, ovariectomised animals; Sham, sham-operated animals. Numbers are mean ± SE (n =
6–7). NS, not significant. Means with different letters indicate significant difference at p <
0.05, analysed by one-way ANOVA. p-values from 2-way ANOVA are from
ovariectomised groups only.
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Figure 4.
Effect on ALP (A) and TRAP (B) activities in the femur after treatment with CLA and
different calcium levels. Controls (white bars) and CLA-fed animals (grey bars). OVX,
ovariectomised animals; Sham, sham-operated animals. Numbers are mean ± SE (n = 5).
NS, not significant. Means with different letters indicate significant difference at p < 0.05,
analysed by one-way ANOVA. p-values from 2-way ANOVA are from ovariectomised
groups only.
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