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Abstract

Natural compounds can be used as a complementary or alternative medicine for many dis-
eases, such as osteoporosis. Curcumin, a polyphenolic compound and the major active com-
ponent of turmeric, is reported to play important roles in bone health and osteoporosis. By 
affecting proliferation, differentiation, lifespan and activity of osteoblasts and osteoclasts, 
curcumin can directly modulate bone tissue hemostasis. Due to its insignificant side effects 
and several therapeutic properties, such as antioxidant, anticancer, antibacterial, antifungal, an-
ti-inflammatory, and antirheumatic, it could be a potential therapeutic agent to prevent and 
treat osteoporosis. This review aimed to summarize the most important findings of in vitro, 
animal and human studies in an effort to clarify the possible effects of curcumin on osteo-
porosis and to explain the exact molecular mechanism by which curcumin exerts its action.
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Introduction

Curcumin is a polyphenolic compound 
derived from the rhizome of turmeric 

(Curcuma longa), that has potential improv-
ing effects in a variety of issues, ranging from 
common complaints to rarer diseases [1-3].
Turmeric contains curcuminoids, volatile oils 
(atlantone, zingiberone and tumerone), pro-
teins, resins and sugars [4, 5]. 
Furthermore, fit has been traditionally used as 
a medical herb and a dietary spice [6]. 

Numerous studies have shown the pharmaco-
logical and biological activities of curcumin, 
including antibacterial, anti-inflammatory, an-
tiviral, antioxidant, antifungal, anti-ischemic, 
anticancer, hypoglycemic, nephro-protective, 
antirheumatic, hepato-protective and antimu-
tagenic [7-15]. 
Curcumin also has several therapeutic effects 
on some diseases, such as metabolic syn-
drome, cancer, hypertriglyceridemia, depres-
sion and anxiety, non-alcoholic fatty liver dis-
ease and osteoarthritis [7, 11,16-19, 8, 20, 21].
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Search Strategy

The search was performed in Web of Science, 
PubMed and Scopus using the keywords 
“osteoporosis” or “bone” or “curcumin” or 
“osteoblast” or “osteoclast” without any lan-
guage restrictions. The title and abstract of all 
articles identified and those describing a rela-
tionship between curcumin consumption bone 
health and osteoporosis were finally selected. 

Curcumin Structure, Absorption, Metabo-
lization and Toxicity

Curcumin Structure, Absorption, Metabo-
lization and Toxicity Chemical formula of 
curcumin is 1, 7-bis (4-hydroxy-3-methoxy-
phenyl)-1,6-heptadien-3,5-dione and due to 
its lipophilic characteristics, it may quickly 
permeates cell membrane [22]. There are three 
main curcuminoids in turmeric, including 
curcumin (77%) which is the most abundant 
and biologically active form, as well as deme-
thoxycurcumin (17%) and bisdemethoxycur-
cumin (3%) [1]. The chemical structures for 
turmeric curcuminoids are shown in Figure-1. 
Although curcumin is almost insoluble in wa-
ter, it is stable at the stomach acidic pH [5]. 
Moreover, Curcumin has low intestinal ab-
sorption and rapidly clears from the circula-
tion [23]. 
Metabolization of curcumin starts with sulfa-
tion and glucuronidation through sulfotrans-
ferases and uridine-50-diphosphoglucurono-

syl transferase in liver [24]. The absorbed 
fraction of curcumin is mostly excreted in fe-
ces and a small amount is found in urine [25, 
26]. Due to low bioavailability of curcumin, 
many studies have developed approaches to 
improve its absorption, bioavailability and 
distribution, using liposomes, nanoparticles, 
phospholipid complexes, adjuvants and mi-
celles [27]. 
Additionally, it is not toxic to humans and an-
imals even at high doses (up to 8 g/day), and 
based on FDA reports, it is “generally safe” 
[28, 29]. However, several studies have re-
ported some negative side effects, such as di-
arrhea nausea, rash, headache, chronic active 
inflammation, ulcers, yellow stool [30, 31]. 

Curcumin Effects on Bone and Osteopo-
rosis 

Bone is a living organ and has continuous 
modeling and remodeling by the action of os-
teoblasts and osteoclasts. Increased resorption 
due to an imbalance between formation and 
resorption by osteoblasts and osteoclasts re-
sults in osteoporosis [32]. Osteoporosis is the 
most prevalent systemic metabolic bone dis-
ease which leads to increased risk of fractures 
as a result of bone density loss [33]. Oxidative 
stress (OS) and inflammation are the main 
culprits of osteoporosis development, upset-
ting the equilibrium between bone resorption 
and formation [34]. 
Since curcumin prevents inflammation and 
oxidative stress, it can exert its beneficial ef-
fects on osteoporosis treatment. Several stud-
ies on cell lines, animals and humans have 
demonstrated that curcumin can have benefi-
cial effects for treatments of bone loss.  

In vitro Studies

Bone tissue contains osteoclast and osteoblast 
cells that are responsible for bone resorption 
and formation, respectively. Bone cells activ-
ity is affected by many endogenous and ex-
ogenous factors and controlled by activation 
or deactivation of several cellular signaling 
pathways. 
An important signaling pathway regulat-
ing bone formation by osteoblasts is the 
Wnt/β-catenin pathway. 

Figure 1. Chemical structure of (A) curcumin, 
(B) demethoxycurcumin and (C) bisdemethyoxy 
curcumin.



2 GMJ.2021;10:e2129
www.gmj.ir

 Curcumin and Osteoporosis Moradi Z, et al.

GMJ.2021;10:e2129
www.gmj.ir

3

Activation of this signaling cascade results in 
survival, proliferation and differentiation of 
osteoblastic cells [35]. 
Thus, compounds that activate Wnt/β-catenin 
signaling cascade could be a potential treat-
ment for osteoporosis. Many in vitro studies 
have shown that curcumin is able to induce 
this signaling pathway. In neural stem cells, 
β-catenin and wnt expression was significant-
ly increased after administrating 500 nmol/L 
curcumin [36]. 
No data is available regarding curcumin ef-
fects on Wnt/β-catenin signaling cascade in 
osteoblasts. On the other hand, Some other 
studies have indicated that curcumin inhibits 
this pathway [37, 38]. 
Curcumin stopped Wnt/β-catenin-induced cell 
invasion by inhibition of Wnt/β-catenin sig-
naling cascadein U2OS human osteosarcoma 
cells. In human osteosarcoma cells, curcumin 
was also reported to interrupt Wnt/β-catenin 
pathway by inhibition of β-catenin entry into 
the cell nucleus [39]. NF-κB also plays a sig-
nificant role in the activity, differentiation and 
regulation of osteoblasts and, thus, its inhibi-
tion leads to increase in osteoblastic function 
and bone formation. Since curcumin is a po-
tetial inhibitor of NF-κB, a decrease in NF-
κB activity in murine osteoblasts resulted in 
bone formation. In osteoclast and osteoclast 
precursors, curcumin is shown to inhibit NF-
κB pathway as downstream of the RANKL 
signaling cascade [40]. 
In some cell lines, such as RAW 264.7 (a 
monocytic cell line) and murine bone mar-
row-derived macrophages, curcumin inhibit-
ed RANKL-induced formation of osteoclasts 
[41]. Curcumin induced apoptosis and necro-
sis in HFOb 1.19 cell line (human osteoblastic 
cell line) at concentrations of 12.5–25 μM and 
concentrations greater than 50 μM, respec-
tively [42]. 
In cell cultures of mouse bone marrow, differ-
ent doses of curcumin inhibited the formation 
of osteoclast-like cells after parathormone in-
duction [43]. 
Based on the aforementioned information, 
there are conflicting results regarding cur-
cumin effects on osteoclasts and osteoblasts 
in terms of proliferation and differentiation in 
in vitro studies. 

Animal Studies

The majority of studies regarding the impacts 
of curcumin on osteoporosis and bone health 
are performed on ovariectomy-induced, glu-
cocorticoid-induced and diabetic-induced os-
teoporosis. In vivo studies have shown that 
curcumin anti-osteoporotic effects include 
inhibiting osteoclast proliferation, increasing 
osteoclast apoptosis and the inhibition of os-
teoclastogenesis through stimulating NF-kB 
ligand [41, 44].
In a study conducted on thirty two female 
Sprague-Dawley rats, the potential role of 
curcumin in prevention of osteoporosis af-
ter ovariectomy was determined, suggesting 
that the structural changes of bone were sig-
nificantly improved in curcumin-treated ova-
riectomised rats, compared to a control group 
[45]. The free radical scavenging activity of 
Curcumin was demonstrated in previous stud-
ies [46]. This may explain the protective ef-
fects of curcumin against oestrogen deficien-
cy-induced bone loss. Ovariectomy results 
in oxidative stress induction, which in turn 
stimulates the proliferation and differentia-
tion of osteoclasts via cytokine release [47]. 
The combination of curcumin and alendro-
nate is shown to have improving impacts on 
bone mechanical strength and bone remod-
eling in ovariectomized rats [48]. Moreover, 
Another study indicated that curcumin could 
decrease osteocalcin, telopeptide-C and ALP 
and increase BMD in ovariectomized rats in a 
dose-dependent manner[49].
Curcumin ameliorated DXM-induced osteo-
porosis by restoring BMD and the serum lev-
els of CTX and osteocalcin in rat. Trabecular 
bone damage was also attenuated as a result 
of curcumin administration. These results em-
phasize the beneficial effects of curcumin on 
DXM-induced osteoporosis [50]. Guowei Li 
et al. [51] reported that the beneficial effects 
of curcumin are not only due to its ability to 
inhibit the osteoclastic activity, but also its 
ability to stimulate the osteoblastic activity 
and accelerate bone formation in mice. The 
bone restorative and bone formation activi-
ty of curcumin is mediated through microR-
NA-365 activation via suppressing MMP9.
Yanlong Liang et al. evaluated the effects of 
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curcumin on type 2 diabetes mellitus induced 
bone loss. They found that blood glucose and 
serum lipid dysregulation were attenuated by 
curcumin. Moreover, the disruption of bone 
microstructure and bone loss and biomechan-
ical properties of bone were also reversed by 
curcumin treatment [52]. 
Many animal studies have demonstrated the 
protective effects of curcumin on osteoporo-
sis, regardless of its cause. However, in some 
of studies curcumin failed to improve bone 
mechanical properties in the ovariectomized 
rats [53].  

Human Studies

In order to achieve the effective serum concen-
tration in human, very high doses of curcumin 
should be administered due to its low bioavail-
ability. However, some studies have reported 
that lower concentrations of curcumin have 
also some therapeutic activity [54, 55]. There 
are few human studies explaining the curcum-
in effects on osteoporosis. In the work by Kh-
anizadeh F. et al. on postmenopausal women 
with osteoporosis, the effects of alendronate 
and curcumin on BMD and also, serum os-
teoporosis markers were evaluated. Findings 
indicated that the combination of alendronate 
and curcumin significantly decreased serum 
bone alkaline phosphatase (ALP) and serum 
CTx (marker of bone resorption) compared to 
the control group. The study also reported that 
co-administration of curcumin and alendro-
nate significantly improved BMD in compar-
ison with the alendronate treated and control 
groups [56]. Inhibition of the reactive oxygen 
species production and nitric oxide, Inhibiting 

the inflammatory cytokines production and 
inhibition of RANKL and NF-kB signaling 
are the most possible mechanisms of curcum-
in anti osteoporotic actions[56].
Hatefi M et al. [57] conducted a controlled 
clinical trial on 100 patients with spinal cord 
injury in order to assess the effects of curcum-
in on biochemical markers of osteoporosis 
and and BMD. Curcumin administration sig-
nificantly inhibited the bone loss in patients 
with spinal cord injury and improved densito-
metric parameters at the lumbar spine, neck of 
femur and hip bone. 
Evaluation of serum bone ALP, serum osteo-
calcin, serum CTX and procollagen type I N 
propeptide (PINP) revealed a positive effect 
of curcumin on patients with chronic spinal 
cord injury [57].

Conclusion

Numerous studies have reported curcumin ef-
fects on bone health and osteoporosis in cell 
lines, animal models and human. Although 
the majority of data supports the effectiveness 
of curcumin on osteoporosis improvement, 
conflicting results from in-vitro and animal 
studies and lack of enough data on human 
have restricted the use of curcumin as a treat-
ment for osteoporosis. Further in vivo inves-
tigations and trials are needed to explore the 
exact impacts of curcumin and its underlying 
mechanisms in regards to bone health and os-
teoporosis. 
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