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Breast Cancer Cell Viability (MDA-MB-231): MTT 
assay was used to determine dose dependent effects 
of zoledronic acid (ZA, X 24 h), curcuminoids (X 28 h), 
or curcuminoids combined with 300 uM zoledronic acid 
on cell viability.
Osteoclast (OC) Assays using OC precursors (RAW 
264.7 cells) : Dose-dependent effects of ZA (24 or 72 
h) or curcuminoids (CURC, 72 h) on osteoclast 
precursor (RAW 264.7 cells) viability were determined 
by MTT.  Effects of ZA or curcuminoids on RANKL-
stimulated osteoclast differentiation (number of TRAP+ 
mutlinucleated cells per well) was determined by 72 h 
co-culture with RANKL-treated RAW 264.7 cells, while 
their effects on osteoclast survival were determined 
when added during the last 24 h of RANKL stimulation 
(Collin-Osdoby et al. 2003).
Animal procedures: Twenty four hours after 
intracardiac inoculation with bone-metastatic MDA-MB-
231 cells, 4-week old female nude mice (Harlan) were 
treated  (5D/wk X 21 d) with (n=12/group): vehicle (100 
uL PBS IP, 100 uL DMSO SubQ), curcuminoids (25 
mg/kg/d, IP), zoledronic acid (2 ug/kg/d, SubQ) or a 
combination of the two agents to evaluate safety, 
inhibition of lytic bone lesions in tumor bearing bones 
and effects on bone mineral density in tumor-free 
bones as described previously (Wright et al. 2013). . 

Statistical analyses: All results are expressed as mean 
± SEM, with statistical significance determined by 
ANOVA. *p<0.05, **p<0.01, ***p<0.001.
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Results: Cell Culture Experiments

Abstract

Zoledronic acid (ZA), a gold standard treatment for breast 
cancer-derived osteolytic bone lesions, induces apoptosis in 
mature osteoclasts.  Curcumin, a plant-derived component of 
turmeric (Curcuma longa), inhibits osteoclast differentiation.  This 
study aimed to determine the in vitro and in vivo effects of ZA 
and curcuminoids, alone and combined, on osteoclast 
differentiation and survival, breast cancer cell growth, breast 
cancer cell-induced osteolytic bone lesion area, and bone 
mineral density (BMD).  Curcuminoids, but not ZA, inhibited 
osteoclast formation at doses that did not alter precursor viability 
(IC50 = 4 uM), as assessed by osteoclastogenesis assays using 
murine RAW 264.7 cells, an effect that was abrogated by the 
addition of ZA.  ZA while not inhibiting OC differentiation, did limit 
OC survival (IC50 = 40 uM).  Curcuminoids were 100-fold more 
potent than ZA in inhibiting in vitro cell viability of human breast 
cancer-derived MDA-MB-231 cells, as assessed by MTT assays 
(IC50 = 131 uM vs 10,677 uM, respectively).  In vivo effects of 
ZA (2 ug/kg/d) and curcuminoids (25 mg/kg/d), alone and 
combined, on osteolytic bone lesions derived from inoculation of 
female nude mice with MDA-MB-231 cells were assessed.   
Radiographically-evident osteolytic bone lesion area did not differ 
between treatment groups, with a trend towards decreased 
osteolytic lesion area in mice treated with ZA.  BMD in non-
responders, without bone or pericardiac tumors, assessed by 
dual energy x-ray absorptiometry, was increased in mice 
administered ZA, an effect that was abrogated by the addition of 
curcuminoids.  Thus, for the first time, the combined in vitro
effects of ZA and curcuminoids on osteclast formation and 
survival were demonstrated, as well as the combined effects of 
ZA and curcuminoids on breast cancer-derived osteolytic bone 
lesions and BMD.

Results: Animal Experiments

Discussion and Conclusions

>Curcuminoids are 100-fold more potent than ZA in inhibiting 
the viability of MDA-MB-231 cells. 
>ZA dose-dependently inhibited osteoclast formation but only 
at doses that also decreased precursor viability. 
>In contrast, the observed inhibitory effects of curcuminoids 
on osteoclast formation is independent of changes in 
precursor cell growth.  When combined with a single, low 
dose of ZA, curcuminoid inhibition of osteoclast formation did 
not achieve statistical significance, suggesting that ZA 
interferes with this protective effect.
>The observed inhibitory effects of ZA on the survival and 
continued differentiation of mature osteoclast cultures cannot 
be attributed to inhibitory effects on precursors.
>The IC50 for curcuminoid inhibition of OC differentiation was 
not altered by the addition of ZA for the final 24 hours of 
culture. However, as also occurred when ZA was present 
through the differentiation process, the minimum effective 
dose for curcuminoid inhibition of osteoclastogenesis was 
increased 10-fold.
>Curcuminoids and ZA blocked OC by different mechanisms 
in vitro, inhibiting differentiation and survival, respectively.
>In vivo, combined treatment with clinically relevant doses of 
curcuminoids and ZA was well tolerated and without toxicity.  
>Although there was a trend towards a decrease in osteolytic
bone lesion area with ZA treatment, the addition of 
curcuminoids did not alter this effect, suggesting that the 
clinical use of this dietary supplement may at the very least 
“do not harm” in women with breast cancer.  
>The fact that the addition of curcuminoids to ZA in animals 
without bone metastases seemed to abrogate the ability of ZA 
to enhance BMD at these pharmacologic doses does sound a 
cautionary note.

Introduction
>Metastatic bone disease from breast cancer is 
associated with significant morbidity and poor patient 
prognosis (Coleman 2006). 
> In the US, 40% of women diagnosed with breast cancer 
use natural products (Shen et al. 2002). 
> Bisphosphonates are currently a standard treatment for 
preventing the progression of skeletal metastases in 
advanced breast cancer.  
> While bisphosphonates target and kill bone resorbing 
osteoclasts, the protective effects of turmeric appear to be 
due to: 1) inhibition of TGF-beta signaling in the tumor 
cells and the resultant tumor cell secretion of factors that 
drive the differentiation and activity of osteoclasts, and 2) 
direct targeting of osteoclasts to prevent their 
differentiation.  
> The goal of this work is to determine, using an animal 
model and cell culture experiments, whether turmeric 
dietary supplements, when combined with 
bisphosphonates, are not only safe, but actually synergize 
with bisphosphonates to limit the spread of breast cancer 
bone metastases.
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Figure 6: Representative micrographs of osteolytic bone lesions.

Figure 5: Zoledronic acid alone increases bone mineral density.

Methods

Figure 1 (left): Zoledronic acid and curcuminoids inhibit in vitro cell viability 
of human breast cancer MDA‐MB‐231 cells, with differential effects when 
used in combination (1C: Grey lines are 1A and 1B for comparison).
Figure 2 (right): Zoledronic acid and curcuminoids dose‐dependently inhibit 
the viability of osteoclast precursors (RAW 264.7 cells).

Figure 3 (left): Curcuminoids but not ZA inhibit osteoclast formation 
(black) at doses that do not alter precursor viability (grey).
Figure 4 (right): Combined curcuminoids (72 h) and ZA (24 h ) (B) differ 
from ZA alone (A, 24h) or curcuminoids alone (B, grey, 72h)  in their 
effects on osteoclast survival/formation.

Figure 7: Radiographically‐evident osteolytic bone 
lesion area did not differ between treatment groups.
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