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Abstract: Objective: Ensuring bone health is crucial for preventing conditions such as osteoporosis and 
fractures. Zingerone, a phytochemical compound, has gained attention for its potential benefits in bone health. 
This study evaluated the osteoprotective potential of zingerone and its effects on differentiation and signalling 
pathways in vitro using SAOS-2 osteosarcoma and RAW264.7 macrophage cell lines, aiming to elucidate its 
mechanism of action in bone metabolism. Methods: SAOS-2 osteosarcoma and RAW264.7 macrophage cells 
were treated with zingerone at concentrations of 0.1-200µM. Osteoblast differentiation was assessed by alkaline 
phosphatase (ALP) activity, bone mineralisation via alizarin red S stain and gene expression markers (ALP, 
runt-related transcription factor 2 (Runx2) and osteocalcin) via quantitative polymerase chain reaction. 
Osteoclast differentiation was evaluated by tartrate-resistant acid phosphatase (TRAP) staining, TRAP activity 
and mitogen-activated protein kinase (MAPK) pathways. Results: Zingerone at 200µM, did not significantly 
enhance mineralization in SAOS-2 cells, but upregulated ALP and Runx2 gene expression (p<0.05). Moreover, 
zingerone significantly inhibited osteoclast differentiation in RAW264.7 cells as evidenced by reduced TRAP 
staining and activity (p<0.05). Conclusion: The moderate anti-osteoclastic effects of zingerone suggest its 
potential role in preserving bone mass by reducing bone resorption. This study provides new insights into how 
zingerone modulates bone cell activity, highlighting its potential as a dietary supplement for bone health. 
Further research, including its underlying mechanisms for bone-related disorders and in vivo and clinical 
studies, is needed to fully understand its clinical relevance in bone-related disorders. 

Keywords: bone metabolism; in vitro physiology; osteoblast; osteoclast; zingerone 
 

1. Introduction 

Osteoporosis is a skeletal disorder that is characterised by the progressive degeneration of the 
bone microarchitecture [1]. The asymptomatic nature of osteoporosis allows it to progress without 
noticeable symptoms until a fracture occurs, leading to substantial morbidity rates [2]. Estimates 
indicate that osteoporosis-related fractures will rise significantly in the next two decades, placing a 
significant burden on healthcare systems [3]. 

Osteoporosis involves an imbalance in the bone turnover rate where the rate of bone resorption 
(osteoclasts) exceeds the rate of bone formation (osteoblasts) resulting in a net loss of bone mass [4]. 
Osteoclasts play a crucial role in bone resorption by secreting acids and enzymes to absorb the bone 
matrix [5]. Osteoclast differentiation is mainly regulated by receptor activator of nuclear factor kappa-
B ligand (RANKL), produced by bone-forming osteoblasts, which binds to the receptor activator of 
nuclear factor kappa-B (RANK) receptor on the surface of osteoclast precursors [6]. RANKL 
stimulates key mitogen-activated protein kinases (MAPK) such as extracellular signal-regulated 
kinase (ERK), c-Jun N-terminal kinase (JNK) and p38 MAPK, and further activates the nuclear factor 
kappa-B (NF-κB) pathway to promote osteoclast proliferation, differentiation, activation and cell 
survival [7]. These pathways result in the expression of nuclear factor of activated T-cells, cytoplasmic 
1 (NFATc1), via Fos proto-oncogene (c-Fos), which is a major regulator of osteoclastogenesis [9]. 
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NFATc1 stimulates transcription of osteoclast-specific markers like tartrate-resistant acid 
phosphatase (TRAP), a biomarker for osteoclast differentiation and bone resorption [8,9]. 
Compounds that reduce TRAP activity or inhibit specific MAPKs are being investigated as potential 
treatments for osteoporosis [10]. 

Runt-related transcription factor 2 (Runx2), is the master transcription factor for osteoblasts, 
essential for activating the translation of genes such as alkaline phosphatase (ALP) and osteocalcin 
(OC) that promote osteoblast maturation and function [11]. Runx2 expression peaks in immature 
osteoblasts and diminishes in mature osteoblasts illustrating its pivotal role in determining the 
lineage and function of osteoblasts [12]. During early osteoblastogenesis, ALP activity is crucial for 
bone mineralization by releasing inorganic phosphate ions (Pi) that form hydroxyapatite crystals [13] 
OC, a mature osteoblast marker, is secreted during the later stages of bone differentiation and 
mineralization, and plays a critical role in skeletal development and bone remodelling [14] The 
precise coordination of Runx2, OC, and ALP is crucial for osteoblast differentiation and bone 
formation, providing valuable insights into the efficacy of osteoprotective agents such as zingerone 
[15]. 

Zingerone (4-(4-hydroxy-3-methoxyphenyl)-2-butanone), a compound found in cooked ginger, 
is renowned for its antioxidant, anti-inflammatory, anti-cancer, and hypoglycaemic properties 
[16,17]. Recent studies have highlighted its potential benefits for bone health [18–20]. For instance, 
zingerone has been shown to suppress osteoclast formation in RAW264.7 cells by downregulating 
the NF-κB signalling pathway potentially preventing excessive bone loss [19] Additionally, 
zingerone's anti-inflammatory properties may protect against bone loss by reducing inflammation 
[21]. It inhibits inflammatory mediators such as interleukin (IL); IL-6, IL-1β, and Tumour Necrosis 
Factor alpha (TNF-α), while attenuating oxidative stress and preventing apoptosis. These combined 
effects likely benefit bone health by inhibiting the MAPK and NF-κB signalling pathways [22,23]. 
Furthermore, Song et al. (2020) found that zingerone promotes osteoblast differentiation through 
miR-200c-3p upregulation and smad7 downregulation in human bone marrow mesenchymal stem 
cells (hBMSC) [18]. This regulation enhances the expression of osteoblast differentiation markers such 
as ALP, Runx2 and OC [18]. 

Given these health benefits, further in vitro research is warranted to explore zingerone’s 
molecular interactions in bone metabolism and its osteogenic potentials. This study investigated the 
in vitro osteogenic potential of zingerone using SAOS-2 osteosarcoma and RAW264.7 macrophage 
cell lines. 

2. Materials and Methods 

2.1. Zingerone Sample Preparation 

Stock solutions of 0.1M zingerone (Alfa Aeasar; Haverhill, USA) was prepared in dimethyl 
sulfoxide (DMSO) and stored at -80°C. The stock solution was diluted to concentrations ranging from 
0.1-200µM in McCoy’s 5A or Dulbecco's Modified Eagle Medium (DMEM) media media (GIBCO; 
Carlsbad, USA) [18,20].  

2.2. Cell Lines, Culture and Treatment 

2.2.1. SAOS-2 (Osteoblast) 

The human osteosarcoma cell line, SAOS-2 (European Collection of Cell Culture®, Sigma-
Aldrich, CAT# 89050205, Missouri, USA) was used as a human osteoblast-like cell line [24]. SAOS-2 
cells are able to form mineral deposits and express several key genes involved in osteoblast 
differentiation. Therefore, these cells are commonly used as an in vitro model for osteoblast activity 
[25]. SAOS-2 cells were cultured and maintained in complete McCoy’s 5A containing 20% heat-
inactivated Foetal Bovine Serum (FBS) (Capricorn Scientific; Ebsdorfergrund, Germany) at 37°C in 
5% CO2 humidified atmosphere. Cells with a confluency of 70-80% were trypsinised with 0.25% 
trypsin- Ethylenediaminetetraacetic acid (EDTA), centrifuged for 2 minutes at 1000×g and 
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resuspended in McCoy’s 5A [26]. Following trypan blue exclusion, and seeded for subsequent 
experiments [27]. 

2.2.2. RAW264.7 (Osteoclast) 

RAW264.7 murine macrophages (American Type Culture Collection; Rockville, USA) were used 
as an osteoclast precursor cell line [28]. These cells express the RANK receptor and can form large, 
multinucleated, bone resorbing cells in the presence of RANKL [29]. RAW264.7 cells were cultured 
in complete DMEM supplemented with 10% heat-inactivated FBS and incubated at 37°C and 5% CO2. 
For experimental seeding, cells were detached using a cell scraper and seeded for subsequent 
experiments following trypan blue exclusion [26].  

2.3. Cell Viability and Proliferation: Resazurin Assay 

The effect of zingerone on bone cell viability was evaluated via resazurin assay. SAOS-2 or 
RAW264.7 cells were seeded separately in a 96-well plate containing complete McCoy’s 5A and 
DMEM media at a density of 2.5×104 cells/mL overnight. Subsequently, media was replaced, and the 
cells were exposed to zingerone (0.1-200µM) or vehicle (0.1% DMSO) for 48h. The positive control 
was replicated by exposing cells to 0.2% triton X-100. Media was replaced with 10% resazurin 
solution and incubated for 4h at 37°C [30]. Absorbance was measured at 570nm and 600nm using 
Epoch Micro-plate Spectrophotometer (BioTek Instruments Inc., Winooski, Vermont, USA) [31].  

2.4. Alizarin Red S Staining and Alkaline Phosphatase (ALP) Activity Assay 

SAOS-2 cells were seeded in sterile 96-well plates at a density of 2.5×104 cell/mL in osteogenic 
differentiation medium (osMcCoy) (McCoy’s 5A medium supplemented with 10mM β-
glycerophosphate, 50mM ascorbic acid and 10mM dexamethasone) and different concentrations of 
zingerone (5, 100 and 200µM) or vehicle (0.1% DMSO) for 7, 14 and 21 days. These time points were 
used as correspondents to the three critical stages of the differentiation process. Therefore, the effects 
of zingerone on SAOS-2 cells were evaluated on early- (day 7), intermediate- (day 14) and late-stage 
(day 21) mineralisation. Media and all factors were changed every 2-3 days.  

Cells were fixed with 10% formalin for 1h and stained with 2% (w/v) Alizarin Red S (Merck, 
Darmstadt, Germany) for 10 minutes [32]. Rinsed with double distilled water and air dried overnight 
before images were captured using Olympus BH2 microscope equipped with an SC30 camera 
(Olympus Corporation, Tokyo, Japan). Alizarin red S dye was extracted with 10% acetic acid, 
neutralized with 10% ammonium hydroxide and absorbance was measured at 405nm using Epoch 
Micro-plate spectrophotometer (BioTek Instruments; USA). Cells were fixed for 5 minutes with 10% 
formalin following 1h incubation with ALP Buffer (5mM p-nitrophenylphosphate, 0.5mM 
MgCl2·6H2O, 0.1% triton-X 100X in 50mM Tris-HCl at pH 9.5) at 37°C. Thereafter, 100 µl of the 
product solution was transferred into a sterile 96-well plate and absorbance was measured at 405nm 
and 650nm using Epoch Micro-plate Spectrophotometer (BioTek Instruments; USA). Data was 
calculated relative to vehicle. 

2.5. Quantitative Polymerase Chain Reaction (q-PCR) 

SAOS-2 cells were seeded in 48-well plates at a density of 3×104  cells/mL with osMcCoy 
containing zingerone (200µM) or vehicle (0.1% DMSO) for 7 and 14 days. The sub-maximal effective 
concentration of zingerone was selected based on the proliferation and differentiation assays. The 
expression of mRNA was evaluated at two different time points to capture the shifts in gene 
expression that characterize different stages of osteoblast differentiation. Day 7 represents an early to 
mid-stage in osteoblast differentiation, where the cells are beginning to express early markers of 
osteogenesis, such as Runx2 and ALP (alkaline phosphatase). Whilst day 14 is where SAOS-2 cells 
typically exhibit more mature osteoblast characteristics, including increased expression of late-stage 
markers like osteocalcin (OC), as an indication of the progression towards mineralization. Total 
ribonucleic acid (RNA) was extracted using AurumTM total RNA Mini Kit (BIO-RAD Laboratories, 
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Hercules, California, USA) according to manufacturer’s instructions. RNA was reverse transcribed 
to cDNA using a SensiFAST cDNA Synthesis Kit (Bioline Reagents Ltd, United Kingdom). The 
osteoblast-specific primers (Table 1) were sourced from Inqaba Biotec (Pretoria, South Africa). qPCR 
was performed via Luna® Universal q-PCR Master Mix (New England Biolabs, Ipswich, 
Massachusetts, USA) and Light Cycler Nano (Roche Diagnostics; Basel, Switzerland) according to the 
protocol indicated in Table 1. Data was analysed using the -2ΔΔCT method with RPLPO as the loading 
control. 

Table 1. Forward and reversed primers used for q-PCR with the cycles, temperature and duration. 
Investigating the effect of zingerone on gene expression of Runx2, ALP and OC during two stages of 
SAOS-2 differentiation; early (day 7) and late (day 14). 

Gene Forward Primer sequence (5’ – 3’) Reverse Primer sequence (5’ – 3’) 

RPLPO  

(housekeeping) 
GAAACTGTTTAACTTCGCTTCC  GACTCGTTTGTACCCGTTGATG 

Runx2 GCTGTTATGAAAAACCAAGT GGGAGGATTTGTGAAGAC 

ALP ACGTGGCTAAGAATGTCATC CTGGTAGGCGATGTCCTTA 

OC ATGAGAGCCCTCACACTCCTC  CCGTAGAAGCGCCGATAGGC  

Cycles Temperature Duration Step 

1 95°C 1 min Initial denaturing 

45 

95°C 15 sec Denaturing 

60°C 30 sec Annealing 

72°C 15 sec Extension 

1 72°C 1 min Melting curve 
 

2.6. Tartrate-Resistant Acid Phosphatase (TRAP) Staining and Activity  

RAW264.7 osteoclast-like cells were seeded in sterile 96-well culture plates at 2.5×104 cells/mL 
in complete DMEM together with 5ng/mL RANKL. A lower concentration of RANKL was used 
maintain cell viability and ensure that the observed effects were due to differentiation and not cell 
loss. This allowed for a clear and measurable readout of TRAP activity in response to zingerone 
treatment that directly correlated with the number and activity of mature osteoclast-like cells. 
RAW264.7 cells were exposed to zingerone (100, 150 and 200µM) or vehicle (0.1% DMSO) for 5 days. 
Media and all factors were replaced on days 2-3. Thereafter, cells were fixed with 3.7% formaldehyde 
in PBS and stained for TRAP as described by Kasonga et al. (2015). Images were captured (scale bar = 
2mm) with Olympus BH2 microscope (Olympus Corporation, Tokyo, Japan) and TRAP-positive cells 
with three or more nuclei were counted as osteoclasts [33]. Furthermore, conditioned media was 
collected from each well and TRAP enzyme activity was measured at 405nm and 650nm using an 
Epoch Micro-plate Spectrophotometer (BioTek Instruments; USA) [5].  

2.7. Western Blotting 

RAW264.7 cells were seeded in 6-well plates at 5×104 cells/mL containing complete DMEM and 
incubated overnight to attach. Cells were pre-exposed to the sub-maximal effective concentration of 
zingerone (200µM) or vehicle (0.1% DMSO) for 4h at 37°C. For western blot analysis, a higher RANKL 
concentration (15ng/mL) was used to ensure that the specific proteins associated with osteoclast 
differentiation and activation were sufficiently expressed. This concentration produced a clear and 
detectable signal that ensured a strong activation of the investigated pathways and proteins therefore 
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mitigating low protein expression with weak or undetectable bands on the membrane. After 
stimulation with RANKL (15ng/mL) for 5, 10 and 15 minutes, cells were lysed in ice-cold radio 
immunoprecipitation assay (RIPA) buffer supplemented with 0.3M phenylmethyl-sulfonyl fluoride 
(PMSF), 5% protease inhibitor cocktail and 5% phosphatase inhibitor cocktail. Purified proteins were 
quantified using a micro bicinchoninic acid (BCA) protein kit (Pierce Biotechnology, Rockford, USA), 
fixed on a 4-15% Mini Protean TGX gel (BioRAD, Hercules, California, USA) at 200mV, and electro-
transferred to nitrocellulose membranes using Tris-glycine transfer buffer (25mM Tris, 192mM 
glycine and 20% methanol) for 1h. Membranes were blocked with 5% bovine serum albumin for 1h 
and probed with primary rabbit polyclonal antibodies (1:500; p-p38, p-JNK, p-ERK and 1:1000; JNK, 
ERK and p38 (Abcam, Massachusetts, USA) overnight at 4⁰C. Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) served as the loading control. After incubation with goat anti-rabbit HRP 
conjugates secondary antibody (BioRAD, Hercules, California, USA) for 1h at room temperature, 
membranes were developed using Clarity ECL substrate and visualized via Chemidoc MP (BioRAD, 
Hercules, California, USA). Band densities were quantified using ImageJ software (NIH, Version 
1.53r) [34].  

2.8. Statistical Analysis 

All data was displayed as mean ± standard deviation (SD) unless stated otherwise. All 
experiments were conducted in triplicate. Statistical analysis was performed with the aid of 
GraphPad Prism 9 software (San Diego, California, USA). Differences were analysed using two-way 
ANOVA following Tukey’s multiple comparison. Data was considered statistically significant if 
p<0.05. 

3. Results 

3.1. Zingerone Does Not Affect Mineralization or ALP Protein Activity in SAOS-2 Cells 

Zingerone showed no cytotoxic effects to SAOS-2 cells at all tested concentrations (Figure 1A; 
p>0.05). Cells treated with osMcCoy media (ODM+) induced mineralisation and stained pink for 
Alizarin red S compared to that grown without osMcCoy (ODM-) (Figure 1B). The influence of 
zingerone on SAOS-2 differentiation was investigated during three critical stages: 7, 14 and 21 days. 
Mineralisation of SAOS-2 cells was at its lowest capacity on day 7 and peaked on day 21 (Figure 1C). 
A significant increase in mineralisation was observed in SAOS-2 ODM+ cells on days 14 and 21 when 
compared to their corresponding SAOS-2 ODM- controls (p<0.001; Figure 1C). Zingerone (5, 100 and 
200µM) had no effect on osteoblast-like mineralisation of SAOS-2 cells from day 7-21 when compared 
to the ODM+ cells (p>0.05; Figure 1C).  

ALP activity increased significantly on day 14 for all treatment groups compared to day 7 
(p<0.05; Figure 1D;). However, the ODM- cells showed similar ALP levels as the ODM+ cells on days 
7, 14 and 21, indicating that the ALP assay may lack sensitivity in detecting osteoblast-like 
differentiation of SAOS-2 cells. Zingerone (5-200µM) did not significantly affect ALP activity at days 
7, 14 or 21 when compared to the ODM+ control (p>0.05; Figure 1D). 
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Figure 1. Effect of zingerone on cell viability, mineralisation and ALP activity in SAOS-2 cells. (A) 
Zingerone (0.1-200µM) effects on cell viability (%) of undifferentiated SAOS-2 cells following 48h 
treatment. (B) Mineralisation of SAOS-2 cells treated with zingerone (5-200µM) for 7-21 days, 
evaluated using Alizarin red S staining and measured at 540nm. (C) SAOS-2 cells treated with 
osMcCoy media with or without zingerone for 21 days. (D) Zingerone’s effect on ALP activity as a 
marker of osteoblast-like differentiation measured over three stages of differentiation: 7, 14 and 21 
days. Resazurin assay was used to evaluate cell viability. Data presented as mean ± SD (n=3) (A) or 
mean ± SEM (C-D) containing at least three independent experiments. ****p<0.001 (vs DMSO). Zing: 
zingerone; DMSO ODM-: undifferentiated media; DMSO ODM+: osteogenic media. 

3.2. Zingerone Stimulates Runx2 and ALP Expression 

The addition of zingerone (200µM) significantly increased Runx2 expression levels in SAOS-2 
cells on day 7 and 14 compared to their corresponding ODM+ controls (p<0.05; Figure 2(i); A & B). In 
the early stages of differentiation as represented by day 7 (Figure 2(ii)A), ALP levels of zingerone-
treated SAOS-2 cells were two-fold higher (3.06) compared to the osteogenic control without 
zingerone (ODM+; 1.44) (p=0.06). On day 14, the zingerone-treated SAOS-2 cells had ALP levels 
significantly higher (2.07) than the ODM+ treated control (0.93) (p<0.05; Figure 2(i)B). The Runx2 and 
ALP gene expression of ODM+ cells were not significantly altered compared to their corresponding 
ODM- controls (p>0.05; Figure 2(i) & (ii)); Zingerone had no effect on OC gene expression in SAOS-2 
cells during the 7- and 14-day differentiation and maturation process (p>0.05; Figure 2(iii)). 
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Figure 2. The gene expression of ALP (i), Runx2 (ii) and OC (iii) in SAOS-2’s treated with 200µM 
zingerone for 7 and 14 days of differentiation was assesed by q-PCR. Evaluating the effects of 
zingerone on the expression of genes involved in the early and intermediate stages of osteoblast 
differentiation, by exposing cells to osteogenic media for 7 days (A) or 14 days (B). Data presented as 
mean ± SD (n=3), normalised to DMSO ODM-. */**p<0.05 compared to control (DMSO ODM-). Zing: 
zingerone; DMSO ODM-: undifferentiated media; DMSO ODM+: osteogenic media. 

3.3. Zingerone Inhibits Osteoclast Formation and Activity in RAW264.7 Macrophages 

Zingerone (0.1-200µM) had no cytotoxic effects on RAW264.7 osteoclast-like cells (p>0.05; Figure 
3A) when compared to the vehicle. Therefore, these concentrations were used for downstream 
experiments. Cells that were not treated with RANKL showed no osteoclast formation (Figure 3B). 
The number of osteoclasts decreased significantly (20%) in cells treated with 200µM zingerone when 
compared to the RANKL-positive cells (R+) (p<0.05; Figure 3C). Furthermore, TRAP activity was 
significantly reduced in the absence of RANKL (V+) compared to all treatments (p<0.0001; Figure 3D). 
Consistent with the TRAP staining results (Figure 3C), treatment with zingerone (200µM) resulted in 
a significant 19.8% decrease in TRAP activity compared to the positive vehicle R+ (p<0.05; Figure 3 
D).  
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Figure 3. Effect of zingerone on cell viability and osteoclast differentiation in RAW264.7 cells. (A) 
Zingerone’s (0.1-200µM) effects on cell viability (%) was evaluated by resazurin assay in 
undifferentiated RAW264.7 cells after 48h treatment. (B) Microscopic images of TRAP stained 
RAW264.7 cells (scale bar = 2mm) treated with zingerone (100-200µM) and RANKL (5ng/mL). (C) 
Quantification of osteoclasts, identified as large multinucleated cells with three or more nuclei, 
stained pink. (D) TRAP activity measured in conditioned media via p-NPP substrate and displayed 
relative to the R+ cells. Data presented as mean ± SD (n=3). (A): ****p<0.05 vs DMSO. (C): *p<0.05 vs 
R+. (D): ****p<0.05 V+ vs R+. **p<0.05 200µM Zing vs R+. V+: vehicle control (no RANKL added); R+: 
RANKL-stimulated cells; Zing: zingerone. 

3.4. Western Blotting 

The phosphorylation of the MAPK proteins (JNK, p38 and ERK) were not activated in the 
absence of RANKL-stimulation (V+) (Figure 4A). The sub-maximal effective concentration of 
zingerone (200µM) did not decrease the expression of p-JNK/JNK, p-p38/p38, and p-ERK/ERK 
(p>0.05; Figure 4B, C and D). However, the membranes showed that zingerone could potentially 
supress the activation of JNK, p38 and ERK at 15min of RANKL-stimulation compared to their 
corresponding R+ controls at 15min (Figure 4A).  
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Figure 4. The effects of zingerone (200µM) on osteoclast-specific protein expression via RANKL-
stimulated (15ng/mL) MAPK (JNK, p38, ERK) signalling pathway. (A) Evaluating the effects of 
200µM zingerone on RANKL-stimulated MAPK signalling as represented by membrane images. 
GAPDH was used as the control (B)-(D) The expression levels of MAPKs (JNK, p38 and ERK) in 
RAW264.7s were treated with 200µM zingerone and quantified by western blot via cytoplasmic 
extraction protocol. Data presented as mean ± SD of 3 independent repetitions (n=3). *p<0.05 
compared to respective control (R+). RANKL–receptor activator of nuclear factor kappa beta; JNK–
Jun N-terminal kinase; ERK–Extracellular signal-regulated kinase; MAPK–Mitogen-activated protein 
kinases; GAPDH–Glyceraldehyde-3-phosphate dehydrogenase; V+: vehicle control (RANKL not 
present); R+: RANKL-only stimulated control; Zing: zingerone. 

4. Discussion 

Osteoporosis is a progressive bone degenerative disorder characterized by overactive osteoclasts 
and underactive osteoblasts. Although drug therapies are available, these are often costly and not 
readily available to individuals in low-income countries. This study investigated the in vitro 
molecular mechanisms of zingerone on bone cells to assess its potential osteoprotective effects in 
bone health. These cell lines were selected to provide insights into the osteoclast formation and 
function that are crucial for evaluating therapeutic agents in bone [29]. Zingerone, constituting 
approximately 9% of ginger, is known for its antioxidant and anti-inflammatory properties 
suggesting potential benefits for bone health [35]. In vitro studies, are important for our 
understanding of cellular processes in a controlled environment. By testing zingerone under different 
experimental conditions, we contribute to a more comprehensive understanding of its action on both 
osteoblasts and osteoclasts in vitro. 

Findings from this study showed that zingerone did not significantly enhance SAOS-2 
mineralization or ALP activity compared to the control. While there was a slight, non-significant 
increase in mineralization with 100 and 200µM zingerone from day 7-21, this was not statistically 
significant. However, zingerone did significantly stimulate ALP gene expression on days 7 and 14. 
Despite the high ALP protein in SAOS-2 cells, the increased ALP gene expression did not translate 
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into higher ALP activity, possibly due to assay saturation or a delay between gene expression and 
enzyme activity [25,36] This inverse relationship between ALP activity and ALP messenger RNA 
(mRNA) was also reported by Kyeyune-Nyombi et al. (1995). These findings suggests that zingerone 
could potentially advance bone health by influencing bone mineralisation at a genetic level, 
significantly stimulating ALP gene expression, without immediately increase ALP protein activity or 
mineralization. The complexity of the relationship between gene expression and enzyme activity 
suggests that the osteoprotective effects of zingerone may take longer to manifest or require different 
conditions, such as other cell lines with lower baseline ALP activity. These insights are crucial for 
developing targeted therapies for bone health, especially in conditions like osteoporosis. 
Furthermore, the treatment of SAOS-2 cells with zingerone (200µM) significantly upregulated Runx2 
expression, a key transcription factor in early osteoblast differentiation and mineralization [20]. 
Despite this increase in Runx2 gene expression, zingerone did not significantly enhance 
mineralisation or affect the expression levels of OC, another marker linked to late stage 
osteoblastogenesis [37]. This could suggest that the effects of zingerone are more specific to the early 
stages of osteoblast differentiation as indicated by the upregulation of ALP and Runx2 gene 
expression, without directly influencing later stages of differentiation. The lack of effect on OC 
expression highlights the complexity of its role in bone formation, warranting further studies to 
understand the mechanism [14,38].  

The mechanism of action of zingerone was further evaluated in an osteoclast-like cell model 
using RAW264.7 murine macrophages [39]. Osteoclast differentiation was induced by RANKL-
stimulation (5ng/mL) to achieve a more sensitive measurement of osteoclast activity without 
overwhelming the system, while 15 ng/mL RANKL was used in western blots to ensure robust 
protein expression for clear detection of key signaling molecules and differentiation markers. The 
difference in RANKL concentration reflects the distinct goals and sensitivity requirements of each 
experimental approach. Decreased concentrations of RANKL allowed for a more nuanced and 
controlled study of zingerone's effects on osteoclast differentiation in RAW264.7 cells. Studies have 
reported effective osteoclast differentiation in RAW264.7 cells with RANKL concentrations ranging 
between 0.5 to 100ng/mL [40,41]. Zingerone (200µM) effectively inhibited RANKL-induced TRAP 
activity and significantly reduced the number of osteoclast-like TRAP-positive cells. Similar reports 
have shown that zingerone (150-600µM) significantly inhibited the activity of TRAP in RAW264.7 
cells [19]. This is contrary to our study that indicated cytotoxic effects on RAW264.7 cells when treated 
with zingerone above 200µM. This inhibition effect by Yang et al. (2023) might be attributed to 
laboratory-specific environmental factors and not necessarily to the ability of zingerone to inhibit 
osteoclastogenesis [19]. Some discrepancies may be attributed to genetic and epigenetic cellular 
variabilityand the purity and source of zingerone [19]. Moreover, the same study that reported the 
inhibition effect on TRAP activity has also indicated that zingerone successfully attenuated MAPK 
signaling pathways in RAW264.7 cells [19]. The ability of zingerone to suppress osteoclast function 
suggests potential benefits for conditions involving excessive bone resorption like osteoporosis. Our 
study indicated no significant differences in the expression levels of p-JNK/JNK, p-p38/p38, and p-
ERK/ERK with or without zingerone treatment. The discrepancies between studies may be due to 
differences in culture media and content [42,43]. Studies have shown that media supplementation 
with antibiotics such as penicillin-streptomycin (PenStrip) can significantly alter gene expression and 
transcription factors [42,43]. In our study, we avoided these potential metabolic effects by excluding 
antibiotics from the culture medium. In contrast, Yang et al. (2023) not only used a different culture 
medium but also supplemented alpha-Minimum Essential Medium Eagle (MEM) with 1% PenStrip 
which may have affected the expression of MAPK signalling pathways [42,43]. 

The effects of zingerone on bone metabolism are multifaceted and involve a combination of 
antioxidant, anti-inflammatory and direct effects on bone cells. By addressing these specific areas, 
our study contributes to the growing body of knowledge on zingerone and its potential role in bone 
cells, while also offering novel perspectives and experimental insights that could inspire further 
research in the field. The overall effect of zingerone on bone health depends on its concentration, 
duration of exposure, and interaction with other factors (culture medium; cell line; cell density) 
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affecting bone metabolism. Further research, including preclinical studies are needed to fully 
understand the mechanism underlying the effect of zingerone on bone health and its potential 
application in humans. 

5. Conclusions 

We have shown that zingerone exhibits moderate potential as a therapeutic agent for bone health 
by effectively reducing RAW264.7 differentiation through targeted pathways and factors, while not 
directly stimulating later stages of mineralisation in SAOS-2 osteosarcoma cells. Our findings suggest 
that, at a concentration of 200µM, zingerone has the potential to reduce osteoclast differentiation and 
enhance the expression of key genes involved in osteoblast differentiation. However, its impact on 
MAPK signalling in osteoclasts and later stages of osteoblast differentiation or maturation was less 
potent. Our findings suggest an alternative hypothesis regarding how zingerone affects bone 
metabolism, particularly in relation to cell viability and differentiation at higher concentrations. 
While prior research has focused on its osteoclast-inhibiting properties, we explore whether these 
effects could extend to other bone-related processes or cell types. The moderate anti-osteoclastic 
effects of zingerone suggest that it may potentially aid in preserving bone mass by reducing bone 
resorption. The mechanism of action exhibited by zingerone in the current study provides new 
insights into how zingerone modulates bone cell activity. These findings highlight the potential of 
zingerone as a dietary supplement for maintaining bone health. However further research, including 
its underlying mechanisms for bone-related disorders and in vivo and clinical studies, is necessary to 
fully understand its clinical relevance and the mechanisms involved in maintaining bone health. 
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