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Background and Objectives: Morinda citrifolia (Noni), an important traditional medicinal plant still used in patients 
with bone fractures or dislocation to promote connective tissue repair and to reduce inflammation. However, the effects 
of Noni on bone metabolism and whether it influences the osteogenic differentiation is yet to be clarified. In this 
study, we investigated the effect of Morinda citrifolia (Noni) juice on the proliferation rate of rat bone marrow derived 
mesenchymal stem cells (BMSC) and the osteoblastic differentiation as shown by alkaline phosphatase (ALP), Runt-re-
lated transcription factor 2 (Runx2) and osteocalcin (OCN) mRNA expression in vitro. 
Methods and Results: Treatment with 200 μg/ml Noni juice enhanced the proliferation rate of the BMSC and also 
upregulated the osteogenic differentiation marker genes ALP and OCN, and Runx2 measured by RTPCR. Consistent 
with these results collagen scaffolds implanted in vivo, which were loaded with BMSC pre-exposed to Noni, showed 
increased bone density measured by computed tomography and histological analysis revealed neo-angiogenesis for bone 
formation. 
Conclusions: These results suggest that Noni stimulates osteoblastogenesis and can be used as adjuvant natural medi-
cine for bone diseases such as osteoporosis.
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Introduction 

  The global incidence of age-related diseases of bone, 
joint, and muscle is steadily rising, seriously affecting the 
health of millions of people across the world. According 

to the United Nations (UN) (1) and the World Health 
Organization (WHO) (2) musculoskeletal, rheumatic, and 
arthritic conditions are leading causes of morbidity and 
disability throughout the world, and result in enormous 
healthcare expenditure and loss of work (3). 
  Maintenance of healthy bone requires bone remodelling, 
governed by the interactions between osteocytes, osteo-
blasts and osteoclasts (4). Osteoblasts are specialised bone 
forming cells that derive from local mesenchymal progeni-
tors through multi-step commitment and maturation proc-
esses that are mainly mediated through the transcription 
factor Runx2 (5). It is often referred as the master switch 
of osteogenic differentiation. Thus Runx2 is crucial for the 
generation of a mineralized tissue (6) and it is expressed 
during the early phases of osteogenic differentiation. The 
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role of Runx2 on regulating bone phenotypic genes was 
demonstrated that Runx2 can upregulate the expression of 
osteocalcin (OCN), and also modulates other genes, such 
as alkaline phosphatase (ALP) (7, 8). ALP is the major 
organic component of bone extracellular matrix produced 
by osteoblasts (9). Both the mRNA and protein expression 
of ALP can be used to describe osteogenic differentiation 
progression. Furthermore, the constituent of the bone ex-
tracellular matrix, OCN, is also used as early marker of 
osteogenic differentiation and mineralization (10). 
  Morinda citrifolia, also known as Noni or Indian mul-
berry, an important traditional medicinal plant commonly 
used in treating the patients with bone fractures or dis-
location to promote connective tissue repair and to reduce 
inflammation (11). A number of major components essen-
tial for its medicinal property have been identified in the 
Noni plant (12-15). The antioxidant activity of Noni is 
due to polyphenols, anthraquinones, α-tocopherol and 
carotene. In cancer cells, phenolics, alkaloids, damnacan-
thal and flavonoids promote antioxidants (16). The fruit 
juice is in high demand in alternative medicine for differ-
ent kinds for illnesses such as arthritis, diabetes, AIDS, 
gastric ulcer, mental depression, and arteriosclerosis. 
Several studies have also demonstrated anti-inflammatory, 
antioxidant and apoptosis-inducing effects of Noni in vari-
ous cancers (17). Although different uses of noni have 
been investigated, the bone-healing properties have not 
been studied. In the present work, we first investigated the 
effect of noni juice on the osteogenic gene expression of 
Runx2, ALP and OCN in in vitro differentiation of BMSC; 
we then investigated whether Noni increases the bone re-
generative effect of BMSC in vivo.

Materials and Methods

Isolation and culture of BMSC
  All experimental protocols were reviewed and approved 
by the by CPCSEA (Committee for the Purpose of Control 
and Supervision on Experiments on Animals) and the 
Institutional Animal Ethics Committee (Approval 
no.VIT/IEAC/9th/July 26th/No.26). The femur and tibia 
from male Wistar rats (80∼100 gm) were excised and 
bone marrow cells were slowly flushed out from the mar-
row cavity using DMEM (Life Technologies) prior to seed-
ing into a 75 cm2 culture flask containing DMEM with 
10% inactivated FBS 2 mM L-glutamine, 100 U/ml pen-
icillin and streptomycin at 37oC in a humidified tissue 
culture incubator containing 5% CO2 and 95% air. 
Non-adherent cells were removed after 24 h. Cultured rat 
BMSC were observed under an inverted microscope.

Noni Juice
  The Noni Juice or original Divine noni Gold (Noni 
Biotech Private Ltd, India) was utilized in this study as 
it supplies the noni fruit as a puree with no chemical fill-
ers, thickeners, or preservatives (18). 

MTT Cell Viability Assay
  Cell viability of BMSC with or without Noni treatment 
was assessed via the MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 
5-diphenylte-trazolium bromide) assay (Sigma Aldrich), 
which measures the ability of cells to reduce MTT to 
formazan. After acid isopropanol extraction, formazan ab-
sorbance was quantified at 570 nm with a reference wave-
length of 630 nm (ELx-800 biotek absorbance reader).

Determining the growth curve
  The BMSC were seeded into well plates at a density of 
5000 cells/well. Cell counts were carried out at days 2, 3, 
4, 5 and 6 after seeding. Cells from 3 wells were used to 
determine each cell count and mean values were used to 
determine the growth curve.

Induction of osteogenic differentiation
  The femur and tibia from a male Wistar rat (80∼100 
gm) were excised and bone marrow cells were slowly flush-
ed out from the marrow cavity using DMEM (Life tech-
nologies) prior to seeding into a 75 cm2 culture flask con-
taining DMEM with 10% inactivated FBS, 0.1 μM dex-
amethasone (Sigma Aldrich), 10 mM β-glycerophosphate 
(Sigma Aldrich), 50 mg/ml L-ascorbic acid (Sigma 
Aldrich) and with or without Noni (200 μg). Cells were 
then incubated at 37oC in a humidified tissue culture in-
cubator containing 5% CO2 and 95% air. The medium was 
replaced every 3 days. On day 7 cells were collected for 
RT-PCR analysis. Triplicate tests were conducted in each 
experiment.

RNA Extraction and RT-PCR Analysis
  Semiquantitative Polymerase Chain Reaction: For re-
verse transcription polymerase chain reaction (RT-PCR) 
analysis, total RNA was extracted from the cells using 
TRIzol reagent (Sigma Aldrich) following the manu-
facturer’s instructions with some modifications and quan-
titated by spectrophotometric measurement of absorbance 
at 260 nm and analyzed on a 1% agarose gel for quality. 
Total RNA was reverse transcribed into cDNA with verso 
cDNA Synthesis Kit (Thermo scientific) according to the 
manufacturer’s recommendations. The expression of ALP, 
OCN and Runx2 were analysed by standard PCR, using 
2 μl of cDNA per reaction. Primers for ALP, OCN and 
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Fig. 1. Rat BMSC where cultured with varying doses of Noni (50, 
75, 100, 125, 150, 175, 200 and 250 μg/ml) for 24 h. Noni at 
a concentration of 200μg/ml significantly increased the pro-
liferation of BMSC. MTT assay was performed to measure the cell 
proliferation as described in Materials and Methods. The data are 
mean±SD, n=6. *p＜0.01 and #p＜0.001 as compared with 
BMSC (BMSC-bone marrow derived mesenchymal stem cells).

Runx2 were synthesized by sigma Aldrich. The primers 
used are as follows: ALP 5’-AACGTGGCCAAGAA-
CATCATCA-3’, 5’-TGTCCATCTCCAGCCGTGTC-3’, os-
teocalcin 5’-AAAGCCCAGCGACTCT-3’, 5’-CTAAACG-
GTGGTGCCATAGAT-3’; r Runx2, 5’-GCTTCTCCAAC-
CCACGAATG-3’, 5’-GAACTGATAGGACGCTGACGA-3’, 
GAPDH forward, 5’-TATGACTCTACCCACGGCAA-3’ and 
reverse, 5’-ATACTCAGCACCAGCATCACC-3’. Total RNA 
was reverse transcribed into cDNA with verso cDNA 
Synthesis Kit (Bio-Rad Laboratories). The PCR protocol 
consisted of optimized 38cycles of denaturation at 95oC for 
30 seconds, annealing for 30 seconds at 58oC, and ex-
tension at 72oC for 30 seconds performed in MyCycler 
(Bio-Rad Laboratories). The amplified products were re-
solved by electrophoresis in 1.5% agarose gels and vi-
sualized by gel-red staining and photographed using Gel 
Doc-It Imaging System. GAPDH was used as an internal 
control to normalize the signal from genes of interest.
  Real-time PCR: Total RNA was purified from cells by 
TRIzol extraction. A total of 100 ng of RNA was used for 
each real-time PCR. It was amplified by Light Cycler real 
time PCR machine (Bio-Rad) using SYBR green I master 
mix (Sigma). Gene expression was calculated relative to 
GAPDH levels by the comparative ΔCT values method.
  Loading of Scaffolds with Cells: The type I collagen 
scaffolds (5 mm×5 mm) were incubated with 3 ml BMSC 
expanded in monolayer culture (treated with or without 
Noni), containing 5×106 cells on a roller for 1.5 hours. 
Then, the scaffolds were put into a sterile 6-well plate and 
the cell suspension was centrifuged at 470× g for 5 min 
to recover the remaining BMSCs. The cell pellet was re-
suspended in 70 μl culture medium and pipetted onto the 
scaffolds immediately before transplantation (19). To eval-
uate the seeding efficiency the cells that did not adhere 
to the scaffold were counted on the culture dish on day 
1 after harvesting the scaffold. To assess cell penetration 
into the collagen, representative slices of the upper, the 
lower (200 μm below the surface) and the middle of the 
scaffold were selected for evaluation. These slices were 
randomly examined with regard to the number of cells per 
view field in a 10X magnification. The average cell num-
ber of 3 random fields was calculated. A seeding efficacy 
of more than 85% for both scaffolds was measured with 
this technique (20). 
  Transplantation of the scaffold loaded with BMSC 
pre-exposed to Noni into bone defects of rat: All ani-
mals will be cared according to the policies and principles 
established by the VIT University ethical clearance for an-
imal study. Six to three-month-old male Wistar rats (250∼
300 gm) were evenly divided into two groups of five each: 

(a) BMSC and (b) BMSC with noni. Animals were anes-
thetized with a combination of i.p. ketamine (140 mg/kg 
of body weight) and i.p. xylazine (7 mg/kg of body 
weight). Midline incisions approximately 1 cm in length 
were made on the femur. An incision was made on the 
ventral surface of the rat femur. The collagen scaffolds 
which have been cultured with BMSC (treated with or 
without noni) were implanted into the defect. The ablated 
periosteum and skin were repositioned and sutured 
respectively. The animals were sacrificed after 6weeks 
postoperatively and femur was harvested. The tissues were 
immersed in 4% paraformaldehyde in 0.1 M PBS (pH 7.4) 
for the tissue fixation and kept overnight at 4oC.
  Computed Tomography: For femur healing, a com-
puted tomographic evaluation was obtained after 6 weeks. 
One millimeter coronal sections of defect regions were ob-
tained 6 weeks after surgery. These defects were outlined 
using the Image J program. The outline of 1-mm coronal 
sections of the alveolar defect was used to determine the 
preoperative defect, postoperative defect, and volume of 
bone fill obtained by Image Pro software.
  Histology Staining: The tissues will be fixed with 4% 
phosphate-buffered formalin freshly prepared from Para 
formaldehyde. After an overnight fixation at 4oC, the tis-
sues were suspended in phosphate-buffered saline. The 
specimens will be completely demineralised in buffered 
10% EDTA prior to embedding, whereas the remainder 
is to be left mineralized for decalcification processing. The 
decalcified tissues will be embedded in paraffin so that 
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Fig. 2. Effect of Noni (200 μg/ml) on rat bone marrow derived stem cells after 5 days and before inducing with osteogenesis media. 
Morphology of cells (A) without and with (B) Noni on the fifth day (40× objectives). (C) Transcriptional analysis for the expression of 
mesenchymal stem cell marker genes CD 44 and CD 90 generated from 5 independent experiments that were normalized with β actin. 
(D) Growth curve of rat BMSC through 6 days. At day 1, 2, 3, 4, 5, 6 first passage BMSCs in DMEM with or without noni were plated 
in each well of a 96-well plate; cell number was then evaluated at different times via Thiazolyl blue (MTT) staining. Noni at a concentration 
of 200 μg/ml showed a significant increase in BMSC proliferation from 2nd through 5th day. MTT results are reported as percentages 
(BMSC-bone marrow derived mesenchymal stem cells).

their largest cut surfaces were sectioned; the sections were 
deparaffinised, hydrated, and stained with hematoxylin 
and eosin. Separate unstained slides, incorporating 5-
μm-thick sections, were prepared for in-situ hybrid-
ization, described below. The undecalcified tissues were 
dehydrated in ethanol and embedded in methyl meth-
acrylate; 5-μm-thick sections were obtained and stained 
with Goldner’s modified trichrome or left to be unstained.
  Statistical Analysis: Data are expressed as the 
mean±standard deviation (SD). In all figures, vertical er-
ror bars denote the SD. The significance of changes was 
evaluated by analysis of variance (ANOVA), with student’s 
t- test when comparing two groups. A p-value of less than 
0.05 was considered statistically significant.

Results 

  Mesenchymal stem cells have been considered to be an 
ideal source of stem cells for regenerative medicine and 
transplantation therapy. The initial culture of the isolated 
MSCs contained a heterogeneous population of cells with 
both round and fibroblastic cells till 5th day of isolation 
after which the cells attained typical fibroblastic morphol-
ogy and confluency with time. When checked for BMSC 
markers, the isolated cells showed positive expression of 
CD90 and CD44 genes (Fig. 2A-C).

Effect of Noni on the proliferation of BMSC
  We determined the effect of Noni on proliferation of 
BMSC by MTT assay. As shown in Fig. 1, BMSC were 
exposed to various concentrations of Noni (50, 75, 100, 
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Fig. 3. Transcriptional analysis for the expression of osteogenic marker genes in bone marrow derived stem cells after 7 days of differentiation 
in the presence of Noni (200 μg/ml). (A) Semiquantitative RT-PCR detection of ALP, runx2 and OCN mRNA expression in cells treated 
with and without Noni. Sample loading was normalized with GAPDH internal control. (B) A significant increase in ALP, Runx2 and OCN 
was observed by real-time analysis. The data are mean±SD. Results of 3 to 5 experiments are shown. *p＜0.01 when compared with 
BMSC (BMSC-bone marrow derived mesenchymal stem cells).

125, 150, 175, 200, 250 μg) for 48 h. As compared to con-
trol group (cells without Noni treatment) Noni sig-
nificantly increased the cell viability by 117.93% (p＜0.05) 
and 154.61% (p＜0.01) at 175 and 200 μg/ml respectively. 
But with subsequent increase in concentration the pro-
liferation dropped. At a concentration of 250μg/ml it was 
102% when compared with control group (100%). No dose 
dependent effect of Noni on BMSC could be observed. 200
μg/ml Noni increased cell viability by about 0.5 fold (Fig. 
1). Thus, 200 μg/ml Noni was chosen for further experi-
ments with BMSC. 

Growth curve of BMSCs
  Fig. 2D shows the growth curve of original passage 
BMSC with and without Noni treatment. On day 1, cells 
were in the latent period; on days 2∼4, cell proliferation 
accelerated; on day 5, cell growth was maximum (cell den-
sity reached 70∼80% confluency) and on day 6 cell 
growth gradually decelerated and began to decline. 24 h 
after cell seeding, a small number of cells were observed 
growing on the flask surface with extensions stretched out. 
Other cells with around, bright appearance, in absence of 
adhesion to the surface, were also observed. With in-
creased culture time, cells gradually stretched to become 
more elongated and the colony quantity increased. On day 
3 of culture, the density of elongated cells and cell colony 
number was further increased. By day 5 of culture, the 
cell volume was expanded, colonies were linked and con-
fluence was about 70%∼85%. The concentration 200μ
g/ml of Noni enhanced the cell proliferation, moreover 
Noni showed a more dense appearance with increased 

number of cells (88% on day 5) (Fig. 2B) as compared 
to control (75% on day 5) (Fig. 2A). 

Expression patterns of osteoblast differentiation maker 
genes in response to Noni
  To evaluate the effects of Noni on osteoblast differ-
entiation, we evaluated whether Noni induced osteogenic 
commitment of BMSC by controlling the transcriptional 
program. Using real time PCR analysis, the master os-
teo-lineage transcription factor Runx2 and its downstream 
target gene OCN and ALP were analysed. As cleared from 
results (Fig. 3A and B), 200 μg/ml of Noni significantly 
elevated the Runx2, ALP and OCN by 0.4 fold expression 
in BMSC as compared to non-treated control cells (p＜0.05). 
All the experiments were repeated at least three times and 
showed similar effects. Expression ALP described the ear-
ly cell differentiation of osteoblastic cells (21). As observed 
from numerical data (Fig. 3B), 200 μg/ml of Noni in-
duced ALP level by 0.5 fold (p＜0.05) significantly as 
compared to control. The mRNA expression of Runx2 (0.3 
fold) and OCN (0.4 fold) also showed significant (0.3 fold; 
p＜0.05) increase with addition of 200 μg/ml of Noni.

Noni treated BMSC Led to Vascularization and bone 
formation than BMSC Alone
  We then sought to investigate whether Noni would have 
any effect in the ability of BMSC to enhance bone for-
mation in the femur of rat. Loading collagen scaffolds 
with BMSC exposed to Noni lead to neo-vascularization 
(Fig. 4A) as compared to BMSC alone loaded controls 
which showed normal bone healing with single harvesian 
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Fig. 4. Histological appearance of 
bone regeneration by implanting 
BMSC with Noni (200 μg/ml). 
Surgical specimens 6 weeks after im-
plantation of (A) Type I collagen 
with BMSC shows normal bone 
healing with single harvesian system. 
(B) Type I collagen with BMSC and 
Noni, arrow showing neo-vasculari-
zation with additional blood vessels 
and increased bone density. (C) His-
togram shown the new bone formation 
6 weeks after implantation of type I 
collagen with BMSC and Noni (n=6). 
The data are mean±SD. *p＜0.01 
when compared with type I collagen 
and BMSC group (BMSC-bone mar-
row derived mesenchymal stem cells).

system (Fig. 4B). 
  CT scan confirmed the influence of BMSC exposed to 
Noni on the bone regeneration capacity in the scaffolds 
(Fig. 4C). Noni treated BMSCs led to a significant in-
crease of bone formation (p＜0.05) (Fig. 4C). Interestingly, 
there was also significant increase (p＜0.001) (Fig. 4C) in 
defect area bone density in Noni with BMSCs as com-
pared with BMSC alone. 

Discussion

  In this study we observed that Noni could induce osteo-
genesis of BMSC. Our results demonstrate a novel action 
of Noni in which osteogenesis of BMSC was promoted 
through activating the master osteogenic transcription fac-
tor Runx2 gene transcription. We first observed that Noni 
can increase proliferation and promote osteogenesis of 
BMSC by enhancing the activity of the osteogenic marker 
ALP and OCN (Fig. 3B). The proliferative effect of Noni 
may be due to polyphenol contents (22) which promote 
BMSC proliferation. An earlier report showed that poly-
phenols block reactive oxygen species production, reduces 
apoptotic cell death and maintains BMSC cell viability (23).

  Runx2 is the early and master transcription factor ini-
tiating the osteogenic lineage transcriptional program, 
which leads to upregulation of various bone-related genes 
and markers such as ALP and OCN, a bone-formation 
marker responsive to construct bone matrix (24). The re-
sults suggest that Noni induced osteogenesis may be due 
to controlling the lineage specific transcriptional program 
on the basis of inducing Runx2. Runx2 have been demon-
strated to bind to the osteoblast-specific cis-acting element 
2 (OSE2) of the OCN promoter region and regulate OCN 
expression (25). Hence, it is reasonable to speculate that 
Noni could have acted in a manner to induce mRNA ex-
pression of ALP, OCN and consequently increased Runx2 
gene expression in BMSC. Furthermore, flavonoids have 
also been shown to increase the expression of Runx2 (23). 
Thus, flavonoids present in Noni might be responsible for 
the increased expression of Runx2. These results indicate 
that Noni induces osteoblast differentiation as a function 
of dose might be due to the presence of flavonoids cat-
echin and epicatechin (26). Recent evidence indicates that 
flavanols like epigallocatechin and catechin (27) show 
prominent osteogenic activities both in vitro and in vivo.
  Our data demonstrate that the Noni combined with 
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BMSC boosted osteogenesis. Bone healing influenced not 
only by the BMSC seeded on a scaffold or addition of 
Noni, but the scaffold itself is a very important 
component. Collagen, the most abundant protein in the 
animal body is an excellent and potential biomaterial scaf-
fold for various tissue engineering applications. In bio-
logical systems, it provides room for cell attachment, dif-
ferentiation, regeneration, and repair (28). The enhanced 
osteogenesis in Noni exposed BMSC, might be caused by 
alteration of the biological microenvironment. The major 
problem with cell replacement therapy is the loss of trans-
planted BMSC at the site of graft. Reactive oxygen species 
(ROS) and non-specific inflammation generated at the in-
jured site have been found to be the culprit (29). In such 
an unwanted scenario, Noni’s anti-inflammatory (30) and 
antioxidant (31) activity might be able to protect BMSC 
and achieve an effective and high-density cell population 
within three-dimensional biodegradable collagen scaffolds. 
It has been used for its antibacterial properties and cur-
rently there has been studies done on different compo-
nents of noni which attributes to the specific anti-bacterial 
property (32). As far as use of Noni for bone regeneration 
is concerned this anti-bacterial property may have an ef-
fect in preventing secondary bacterial infection of the site 
thereby promoting better wound healing.
  Furthermore, Computed tomographic imaging and his-
tological analyses showed more, better quality bone in the 
femur that received the BMSC exposed to Noni transplant 
compared with the control femur that received BMSC 
alone. Noni had a positive effect on vascularization. These 
results provide pre-clinical evidence that BMSC exposed 
to Noni transplantation promotes bone regeneration and 
suggest the approach could be used in a clinical setting 
to enhance bone regeneration and healing in patients with 
poor quality bone.
  A large number of beneficial effects have been claimed 
for Noni. Fruit juice of Noni has been approved as a 
Novel Food by the European Commission in 2003. One 
article reviewed current knowledge on the phytochemistry, 
pharmacology, safety aspects of Noni fruit and Noni-de-
rived products, and health-related claims and benefits 
(33). The knowledge on the chemical composition of Noni 
fruit has considerably increased over recent years. A num-
ber of in vitro and, to a certain extent, in vivo studies 
demonstrated a range of potentially beneficial effects. One 
class of active phytochemicals in noni is the iridoids, 
which has anticancer, antioxidant, anti-inflammatory, and 
immunomodulating properties (34). 
  However, as many components of noni juice have been 
identified which may have beneficial effects (18), the use 

of noni fruit puree allows the influence of additive and 
possible synergistic actions of these components versus re-
ductionism to isolated components which are unlikely to 
have the full benefits of the fruit. Noni juice also contains 
a small percentage of grape juice (11%) to enhance palat-
ability and could add or synergize with the noni juice. 
However, in a clinical trial using grape juice as a placebo, 
only noni puree resulted in the beneficial reduction of lip-
id peroxidation and reactive oxygen species (35). 
Therefore, the small percentage of other juices may not 
be responsible for the induction of osteogenesis in rat; 
however, as different outcomes were investigated, these 
juices may still have a partial role in osteogenesis. This 
is the first study to show that Noni juice is a promising 
osteoinductive agent for bone regeneration. To what extent 
the findings from experimental pharmacological studies 
are of potential clinical relevance is not clear at present.
  Thus, the results from this study suggest that Noni in-
creases proliferation, osteoblast differentiation of BMSC 
and plays an important role in regeneration of the bone, 
which indicated that it may be one of the anti-osteoporotic 
herbal candidate free from side effects. This preliminary 
in vitro and in vivo work warrants further detailed analy-
sis at cellular and molecular levels to exactly designate 
Noni for future use in the cure and management of bone 
metabolism disorders.
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