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Abstract
Osteoporosis is a general bone-related ailment characterized by reduced bone density 
and quality, elevated bone fragility, and fractures. It was reported that both aged men and 
women has an increased risks of osteoporosis. The current research work focused to unveil 
the beneficial roles of ponicidin treatment in the proliferation and calcium deposition on the 
osteoblast-like MG-63 cells. The effect of 5 and 10 µg/ml of ponicidin on the cell prolifera-
tion was assessed. The viability of ponicidin-supplemented MG-63 cells was inspected by 
MTT test. The contents of osteocalcin, collagen, and ALP activity in the ponicidin admin-
istered cells were assessed by kits. The level of calcium mineralization was examined by 
ARS staining technique. The ponicidin treatment remarkably improved the proliferation 
of MG-63 cells. The ponicidin did not affect the MG-63 cells viability but promoted its 
viability 24- and 48-h treatment. The contents of osteocalcin, collagen, and ALP activity in 
the 5 and 10 µg/ml of ponicidin-supplemented MG-63 cells were found increased than the 
control cells. The ponicidin also increased the level of calcium deposition in MG-63 cells, 
which is assessed by ARS staining. In conclusion, it was clear that ponicidin improved 
the proliferation and calcium mineralization in a MG-63 cells. Therefore, it was clear that 
ponicidin has helpful roles on the new bone development as a hopeful therapeutic candi-
date to treat the bone-related disease like osteoporosis.
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Introduction

Osteoporosis is a common metabolic bone disease characterized by weakened bone 
tissues and depleted bone density, which leads to the elevated risks of bone fracture 
[1, 2]. It is common among the aged peoples, especially a woman, with the higher 
global prevalence [3]. The osteoporosis is primarily caused by the inequality of oste-
oblast-regulated bone development and osteoclast-regulated bone resorption that is 
necessary for regular bone metabolism due to the aging process and inadequate estro-
gen generation [4]. The bone fractures usually take place at the regions of the distal 
forearm and hip [5]. The problems of the osteoporosis like hip fractures result in four 
times increased rate of mortality in aged peoples around the world. Generally, one in 
three women at the age of 50  years or older may suffer from osteoporotic fractures 
worldwide [6].

Osteoblasts are developed from the pre-osteoblasts from the mesenchymal cells and 
perform an imperative function in the mineralization and development of bone matrix. 
During the early phases of osteoblast differentiation, several genes like osteocalcin, type 
I collagen, and ALP play an essential role on the development of matrix. Osteocalcin 
is believed as a useful biomarker of late bone generation. It is generated and developed 
by osteoblasts and then combined in bone matrix [7]. During the later phases of osteo-
blast differentiation, the produced matrix is mineralized by the calcium deposition [8]. 
The differentiation of osteoblasts is controlled by the expression of several proteins like 
osteocalcin and collagen. Runx-2 is a most imperative factor that controls other dif-
ferentiation biomarkers like ALP. After that, the middle osteoblast differentiation fac-
tors like osteopontin and collagen are stimulated during the pre-osteoblast formation 
into matured osteoblasts. During the matured stage of osteoblasts, the osteocalcin is 
expressed [9].

Osteoporosis is primarily treated with the aim of decreasing the risks of bone frac-
tures via triggering new bone generation or hindering bone resorption. However, present 
therapies for the osteoporosis are highly restricted to drugs, which act primarily to pre-
vent the bone resorption. In spite of the highlighted therapeutic benefits, the anti-resorp-
tive drugs were mentioned to possess several deleterious effects like gastrointestinal 
problems, thromboembolic diseases, and breast cancer [10, 11]. Additionally, bisphos-
phonates can provoke kidney failure, esophageal cancer, and jaw necrosis. The parathy-
roid hormones are an only FDA-approved drug that triggers new bone development, but 
it also connected with risks of osteosarcoma [12]. Contrastingly, bone anabolic therapy 
triggering new bone development through the osteoblasts signifies a perfect therapeu-
tic option for osteoporosis [13]. As substitutes to synthetic drugs, there was a growing 
interest by researchers focusing on the phytomedicines [14].

Ponicidin is a diterpenoid compound extensively found on the Isodon adenolomus, a 
traditional Chinese herb [15]. It was already highlighted that the ponicidin demonstrated 
several biological activities like antibacterial [16], antitumor activities against leukemia, 
lung, and hepatocellular cancers [17–19]. Ponicidin treatment can effectively decrease 
the growth and trigger the apoptosis in several cancer cells, for instance, blood cancer 
[20], breast [21], gastric [22], and colorectal [23] cancers. However, the beneficial prop-
erties of ponicidin against the bone regeneration were not scientifically studied yet. As a 
result, the current research work focused to unveil the beneficial roles of ponicidin treat-
ment on the proliferation and calcium deposition on the osteoblast-like MG-63 cells to 
discover the bone regenerative properties of the ponicidin.
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Materials and Methods

Chemicals

Ponicidin was bought from the Fisher Scientific, Hampton, USA. The 3-(4,5-dimeth-
ylthiazoyl-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and additional reagents were 
obtained from Sigma-Aldrich, USA. The respective kits for experiments were attained 
from Thermo Fisher, MA, USA.

Maintenance of MG‑63 Cells

The osteoblast-like MG-63 cells were grown on a DMEM medium enriched with 10% 
of FBS and 1% of antimycotic mixture at 37 °C with 5% of  CO2 supplementation. The 
grown MG-63 cells were trypsinized, cleansed with buffer, and then sub-cultured for the 
further experimentations.

Cell Proliferation Assay

The influence of ponicidin treatment on a proliferation of the MG-63 cells was assessed. 
Shortly, cells were cultured on a 6-well plate at 1 ×  106 cells/well and maintained at 
37 °C for a day. Then media was replenished with fresh media and administered with 
the 5 and 10 µg/ml of ponicidin. The control cells were added only with growth medium 
and maintained for 24 and 48 h at 37 °C. Followed by the incubation, the levels of cell 
proliferation were monitored beneath the light microscope [27].

MTT Assay

The influence of ponicidin treatment on the MG-63 cells’ viability was scrutinized by 
MTT calorimetric test. For this, cells were cultured on the 96-well plate and incubated 
for 24 h at 37 °C. Then medium was reloaded with fresh media and administered with 
the 5 and 10 µg/ml of ponicidin for 24 and 48 h at 37 °C. After that, 10 μl of MTT rea-
gent was mixed to every well, and then plate was sustained at 37 °C for 4 h to develop 
insoluble formazan crystals. Then, 100 μl of DMSO was administered to wells to liq-
uefy the formazan sediments. After that, cell viability was scrutinized by taking absorb-
ance at 570 nm.

Measurement of Osteocalcin, Collagen, and ALP Contents

The contents of osteocalcin and collagen, and ALP activity in the ponicidin-sup-
plemented MG-63 cells were assessed using kits as per the instructions provided by 
manufacturer (Thermo Fisher, USA). Shortly, the osteoblast-like MG-cells were supple-
mented with the 5 and 10 µg/ml of ponicidin for 24 and 48 h. Then the cell supernatant 
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was prepared and utilized for the assessment of ALP activity and the contents of colla-
gen and osteocalcin using kits [28].

Assay of Calcium Mineralization

The influence of ponicidin treatment on the level of calcium deposition in the MG-63 cells 
was scrutinized by ARS staining technique. Shortly, MG-63 cells were grown on 12-well 
plate at 3 ×  104 cells per well population and then administered with the 5 and 10 µg/ml of 
ponicidin for 7 days. After that, the MG-63 cells were cleansed with chilled buffer solu-
tion and sustained with 70% ethanol for 1 h for the cell fixation. Then mM ARS stain was 
utilized to stain the cells at 37 °C for 10 min. After that, treated cells were de-stained for 
10 min using 10% of cetylpyridinium chloride and lastly the cells were monitored using 
microscope to assess the level of calcium deposition [28].

Statistical Analysis

The data were scrutinized with the help of SPSS software, and final outcome was repre-
sented as mean ± SD of triplicate examinations. All the results were assessed using one-
way ANOVA and Tukey’s post hoc assay, and p < 0.05 were fixed as significant.

Results

Effect of Ponicidin on the Proliferation of Osteoblast‑Like MG‑63 Cells

The impact of ponicidin treatment on the proliferation level of human osteoblast-like 
MG-63 cells was assessed, and data was represented in Fig.  1. The ponicidin treat-
ment remarkably improved the MG-63 cell proliferation than control. The MG-63 cells 

Fig. 1  Effect of ponicidin on the proliferation of osteoblast-like MG-63 cells. The 5 and 10 µg/ml of poni-
cidin treatment at 24 and 48 h time period demonstrated the increased cell proliferation of osteoblast-like 
MG-63 cells than the untreated control
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supplemented with the 5 and 10  µg/ml of ponicidin were demonstrated the appreciable 
increase in the proliferative level at 24 and 48 h time period than the untreated control cells 
(Fig. 1). These findings suggested that the ponicidin treatment appreciably improved the 
proliferation of MG-63 cells.

Effect of Ponicidin on the Viability of Osteoblast‑Like MG‑63 Cells

The influence of ponicidin treatment on the cell viability of MG-63 cells is depicted in 
Fig. 2. The findings exhibited that the ponicidin treatment did not affected the cell viabil-
ity, instead improved the MG-63 cells’ viability. When related with control cells, the 5 
and 10 µg/ml of ponicidin-supplemented cells displayed the increased cell viability, which 
proves the non-toxic nature of ponicidin against the MG-63 cells (Fig. 2). This finding wit-
nessed that the ponicidin treatment appreciably improved the MG-63 cell viability.

Effect of Ponicidin on the Level of Osteocalcin, Collagen, and ALP Activity 
in the Osteoblast‑Like MG‑63 Cells

The contents of osteocalcin, collagen, and ALP activity in the ponicidin-administered 
MG-63 cells are depicted in Fig. 3. The ponicidin appreciably improved the contents of 
osteocalcin, collagen, and ALP activity. The administration of 5 and 10 µg/ml of ponicidin 
to the MG-63 cells and 24 and 48 h demonstrated the appreciable elevation in the contents 
of osteocalcin, collagen, and ALP activity, when compared with control cells (Fig. 3

Effect of Ponicidin on the Calcium Deposition in the Osteoblast‑Like MG‑63 Cells

The level of calcium deposition in the ponicidin-supplemented MG-63 cells was assessed 
by ARS staining, and data were depicted in Fig. 4. Our findings witnessed that the ponici-
din treatment appreciably improved the calcium deposition in the MG-63 cells. The 5 and 
10  µg/ml of ponicidin-administered MG-63 cells displayed the remarkable improvement 
in the level of calcium mineralization than in the untreated control cells (Fig. 4). Hence, it 
was suggested that the ponicidin treatment can improve the mineralization in the MG-63 
cells.

Fig. 2  Effect of ponicidin on the cell viability of osteoblast-like MG-63 cells. The ponicidin treatment at the 
dose of 5 and 10 µg/ml did not affect the cell viability; instead, it improved the viability of the osteoblast-
like MG-63 cells. Each bar demonstrates the mean ± SD of triplicates assessed by one-way ANOVA and 
Tukey’s post hoc assay. The values do not share common superscript and statistically differ from control
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Discussion

Osteoporosis is a common bone disease characterized by decreased bone density and qual-
ity, elevated bone fragility, and fractures [24, 25]. It was already reported both women 
(33%) and men (20%) have a risk of osteoporosis, especially in the forearm, hip, and spine 
[26, 27]. Osteoporosis signifies the accumulative disproportion in bone remodeling, due to 
the re-absorptive osteoclasts of the bone and excessive generation of osteoblasts to rebuild 
the resorptive regions [28]. The irregular remodeling can distress both cortical and tra-
becular bone. The loss of cortical bones results in the fractures of long bones and loss of 
trabecular bones results in the fractures of hip and spinal bones [29]. A previous report 
highlighted that nearly 5 to 10% of bone fracture cases not healed properly [30].

Fig. 3  Effect of ponicidin on the level of osteocalcin, collagen, and ALP activity in the osteoblast-like 
MG-63 cells. The contents of osteocalcin, collagen, and ALP activity were found augmented in the 5 and 
10 µg/ml of ponicidin-treated osteoblast-like MG-63 cells. Each bar demonstrates the mean ± SD of tripli-
cates assessed by one-way ANOVA and Tukey’s post hoc assay. “*” represents the p < 0.05, and “#” repre-
sents the p < 0.01, which statistically differ from control

Fig. 4  Effect of ponicidin on the calcium deposition in the osteoblast-like MG-63 cells. The 5 and 10 µg/ml 
of ponicidin treatment appreciably improved the calcium deposition in the MG-63 cells, which is assessed 
by the ARS staining technique. Each bar demonstrates the mean ± SD of triplicates assessed by one-way 
ANOVA and Tukey’s post hoc assay. “*” represents the p < 0.05, and “#” represents the p < 0.01, which 
statistically differ from control
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The bone-associated complications like fracture, bone defect, and osteoporosis lead 
to a great burden on individuals as well as society. The important task to maintain the 
healthy bones is to acquire the ideal bone mass during growth and decrease the bone loss 
rate during adulthood [31]. The components of the bones were entirely substituted within 
3–10 years as a result of bone remodeling via bone development and resorption mecha-
nisms. This defines the regenerative ability of the bones like healing of injury, fractures, 
and wounds. The bone development and resorption were controlled by two distinct cell 
types, i.e., osteoblasts and osteoclasts, respectively [32]. MG-63 cells are primary osteosar-
coma cells, which is extensively utilized as a study model for bone regeneration researches 
[33–35].

Bone remodeling is an active mechanism coordinated by bone-developing osteoblasts 
and bone-resorbing osteoclast cells. The stimulation of several signaling pathways actively 
participates on the mechanism of bone development [36]. The disproportion on the activi-
ties of osteoclasts and osteoblasts may lead to the development of bone-related ailments. 
The maturation of osteoblast is a manifold process, comprising proliferation, differentia-
tion, and calcium deposition that were regulated by the connections of the several signaling 
pathways [37]. During the bone remodeling, an osteoblast, which is differentiated from the 
osteoprogenitors, is the vital player on the new bone development via producing new extra-
cellular matrix and promoting calcium mineralization [38]. Our findings from this study 
indicated that the ponicidin supplementation appreciably improved the calcium deposition 
in the MG-63 cells.

Osteoblasts are the most vital players of the development of bone matrix and controlling 
of bone resorption. The osteoblasts produce several mediators like osteopontin, osteocal-
cin, and ALP to modulate the activity of osteoclast [39]. The differentiation of osteoblasts 
is the foremost and complex biological mechanism, which is a hallmark of bone tissues 
[40]. Hence, the influence of sample drugs on the osteoblast differentiation and new bone 
development was examined by determining the mineralization by osteoblasts in vitro [41, 
42]. The differentiation of osteoblasts is characterized by three distinct stages, comprising 
proliferation, maturation, and mineralization [43]. The capacity to support the MG-63 cell 
differentiation was usually examined by measuring the activity of ALP, a potential bio-
marker of osteogenesis [44]. ALP is an imperative enzyme highly stimulated during ear-
lier maturation stage of osteoblasts, and the activity of ALP is regarded as a biomarker of 
osteoblast cell’s early differentiation [45]. ALP is highly essential to deliver the phosphate 
for bone mineralization [46]. In general, ALP is produced by the osteoblasts during early 
phase of differentiation and mediates the generation of collagen [47]. ALP is also partici-
pates in the re-organization of mineralization constituents in the extracellular matrix [47]. 
In this current exploration, we witnessed that the ALP activity was elevated remarkably on 
the ponicidin-supplemented osteoblast-like MG-63 cells in 24 and 48 h time period, which 
representing that the ponicidin treatment effectively triggered the early-stage osteoblast 
differentiation.

The bone development, metabolism, and regeneration are highly controlled by the 
osteocalcin and collagen that has the straight connections with availability of calcium. 
Osteocalcin is reported to conjugate with calcium, and hydroxyapatite is greatly activated 
in developing skeletal tissues assisting to mineralization and bone turnover mechanisms 
[48, 49]. After the completion of bone calcium mineralization, the level of deposition of 
calcium on the cells can be identified by numerous staining techniques. The mineralized 
bone matrix is primarily developed of collagen, osteopontin, osteocalcin, and inorganic 
hydroxyapatite. Hence, these bone-specific biomarkers are examined to assess the osteo-
blasts [50]. Collagen is an imperative ingredient of the extracellular matrix produced by the 
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osteoblasts. It gives a structural background to the extracellular matrix maturation [51, 52]. 
In similar manner, collagen is actively participated in mineralization during differentiation 
of bone cells [53].

It was already reported that the osteoblasts produce several proteins to make a bone, 
comprising collagen, a foremost protein in the bone matrix [54]. The remarkable elevation 
in the content of collagen indicates the maturation of osteoblasts. The osteocalcin are the 
foremost Gla-containing proteins in the bone [55]. Osteocalcin is a most critical non-col-
lagen component produced by the osteoblasts during calcium mineralization process. It is 
tightly connected with the hydroxyapatite in bone cells and contributes to the mediation of 
bone mineralization [56]. Osteocalcin is explicitly activated by bone developing osteoblasts 
and consists of three Gla residues that provide the capacity to osteocalcin for calcium bind-
ing to regulate the calcium metabolism via regulating its connection with hydroxyapatite. 
The bone resorption mechanism decreases osteocalcin’s affinity for hydroxyapatite, hence 
improving the discharge of osteocalcin into blood stream [57]. Additionally, a several pre-
vious research reports highlighted the functional roles of osteocalcin. Briefly, an osteoc-
alcin knockout mouse demonstrates the remarkable depletion of bone strength, calcium 
deposition, and its associated metabolic mechanisms [58, 59]. In our exploration, we found 
that the ponicidin administration remarkably improved the content of collagen in MG-63 
cells, which evidences that ponicidin treatment improves the maturation of osteoblasts.

Conclusion

In summary, our present results established that ponicidin increased the proliferation and 
calcium deposition in the osteoblast-like MG-63 cells. Ponicidin treatment effectively 
improved the contents of osteocalcin, collagen, and ALP activity in the MG-63 cells. It 
is recommended that ponicidin may have helpful roles on the new bone development as 
a hopeful therapeutic candidate for treating bone-related disease-like osteoporosis. Addi-
tional investigations on this background are needed in the future to clearly understand 
the underlying mechanism by which ponicidin triggers osteoblastic proliferation and 
differentiation.
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