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Efficiency of Moringa oleifera Leaves Extract on Osteogenic Differentiation
of Porcine Bone Marrow Derived Mesenchymal Stem Cells

using response surface methodology
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ABSTRACT: The experiment was conducted to study the efficiency of Moringa oleifera leaf (MOL)
extract on osteogenic differentiation of porcine bone marrow derived mesenchymal stem cells (pBM-
MSCs). pPBM-MSCs were isolated and cultured in completed medium or osteogenic differentiation
medium (OstDiff medium) containing 0 (control group), 100, 200, and 300 pg/ml water or ethanolic
extract of MOL to explore the osteogenic differentiation ability. The degree of osteogenic differentiation
after MOL extract treatment was assessed by alkaline phosphatase (ALP) expression and ALP activity.
The results of MOL extract supplementation in osteogenic differentiation demonstrated that pBM-MSCs
were increase in all groups of MOL supplementation when compared to the control group (P<0.05).
The present study suggested that water and ethanolic extract of MOL promotes osteogenic differentiation
of pPBM-MSC:s.

Keywords: Moringa oleifera leaves extract, porcine bone marrow derived mesenchymal stem cells,
osteogenic differentiation
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wnlihwng La”ﬂ\ﬂuﬂﬁﬁudayﬂ\ilfﬂ@ﬁ Tmﬂﬁmmum
LLummwmmw 1x105 LAR/ANINLIURLNAT L@m
FagevnsiaeamadTiin completed medium i
Dulbecco, s Modified Eagle, s Medium-Low glucose
(DMEM) (Invitrogen, USA) ﬁwmm 10% Fetal bovine
serum (FBS) (Invitrogen, USA) uaz 100 gils/Aaaans

pennicillin/ streptomycin (Invitrogen, USA) alliaias
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HAnuvululszsnEanas 80 AsnnIaLiuLien
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Nz pauaunsaluniaasywan lhiluse s

nIzan LATITAR b1 (Friedenstein et al., 1974)

- nMsuansaanuadlianauuRLIaan
FUN1ZABY pBM-MSC #2838 flow cytometry

1 pBM-MSC (passage 13-5) MU 1x105 LTAR

NWNNIRRRANAIE anti-CD45-FITC (Biolegend, USA),
anti-CD90-FITC (Biolegend, USA) L8 anti-CD105-PE
(BD Pharmingen, USA) lazinuainssinalag 14
\Faa4 FACS calibur™ flow cytometer fnaldsunsu
CellQuest™ software (Becton Dickinson, USA) (ARLLLIAY
91N Rho et al., 2009)
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1% pBM-MSC (passage m 3-5) mmu 5x103
AR/ TURIIRT LN RIS RETAR
Hm osteogenic differentiation medium [Dulbecco’s
Modified Eagle’s Medium (DMEM; GibcoBRL, USA)
containing 10% fetal bovine serum (FBS; Invitrogen,
USA), 100 giilm/ladans pennicillin/streptomycin,
100 W1 tulua dexamethasone (Sigma-Aldrich, USA),
10 lulasTua B—glyoerophosphate (Sigma-Aldrich,
USA), 50 lulasniu/miaaans Ascorbic acid (Sigma-
Aldrich, USA) ﬁqmmﬁ 37 avAniai@ad luussannia
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phosphatase; ALP) Imel 1 5-Bromo-4-chloro-3-indolyl
phosphate/nitro blue tetrazolium (NBT/BCIP; Sigma,
USA) 1y substrate nausinlilmnsaagausiae
ﬂﬁ'ﬂn@mﬁ‘ﬂﬁ’nﬁm inverted microscope (Nikon
TS100, Japan) ANadene 10 win (Aaudagann Rho
et al., 2009)
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GibcoBRL, USA) containing 10% fetal bovine serum
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(Sigma-Aldrich, USA), 1 lalaslua dexamethasone
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microscope (Nikon TS100, Japan) n1ad1eg
20 W1 (Aawdasann Rho et al., 2009)
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zAEe PBM-MSC i 8 neumanauiiuingn
3,7 uae 14 fuanniiudsinemadalE & sk PBS
uazyinliipean ngiag 4% paraformaldehyde 1l
nagaun1saseiaulad ALP Sae BCIP®/NBT® Liquid
substrate (Sigma-Aldrich, USA) mmmwm L‘ﬂu
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Vinnsmsagatnsinauaeaulad ALP Tnaldgn
nsaadaudniagl Sensolyte® pNPP alkaline
phosphatase assay kit (AnaSpec, USA) 1AA1N13
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reader (BioTex, USA) v lE LN A anmnANNg
sinaumeaeulssd ALP sietsanauldsiuieanii 1
MNNNINAGRLERERT Bradford assay (Bio-Rad, USA)
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AUNNZa MSCs 1&un CD44, CD29, CDI0 uaz

g;’c

-

231

D105 uslaifinsuanseenuesluanauuiagadi
Sunzsamadiiaden Wenininmieniin pBM-
MSCs MWiimuiluaadnazgn Tneinanmzass
lu@’mwlﬁ”ﬂw}mﬁmﬁm osteogenic differentiation
medium fuaan 14 $u levimadsananannasa
geunsainaeulmd ALP wudn Hnsnevudiiasinana
RT3 pBM-MSCs Tiueinl& lunnadnmnafananuns
Wy liiflusadnszanli (Figure 1C) was
Tt pBM-MSCs Winmundumadludu Ine
mAziaeelue v siAe s Tadain adipogenic
differentiation medium e 21 41 e ntiumsaa
aaumNann lun sy lifluse s ladu
Taeinnstiand Oil Red O HNNsARALASTILEIRNL lipid
droplet #1471 pBM-MSCs Auen 1§ lunnsinmaia
ﬁymmmL@?ﬁgﬁmuﬂmﬂumm‘hﬁu (Figure 1D)
AMNANHNLE WAZATUANLIATBY PBM-MSCs Fuen'ly
annlanszgngnanudn AamaniRdwAe Uiy
MSC Tuenldannlanszgnuysd A fgireadneg
nazane Banizianguy dnsuanseanaasluiana
ULATaETA Iy asnsosyan iU e
nseAn UALIIAR [ (Deans and Moseley, 2000
Was Le Blanc, and Ringden, 2006)

Figure 1 Morphology of porcine mesenchymal stem cells derived from bone marrow (pBM-MSCs). A:
Round-shaped cells at day 1 after the initial seeding; B: Spindle-shaped cells at day 7. C: Osteogenic
differentiation of pPBM-MSCs was evidenced by the formation of alkaline phosphatase-positive aggregate
in cytoplasm after induction with osteogenic differentiation medium for 14 days. D: The positive for ol
red-O staining in pBM-MSCs after adipogenic induction for 21 days.
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Figure 2 Flow cytometric analysis of surface marker expression on pBM-MSCs. The green line showed
the profile of negative control. The data shown were representative of those obtained in three different

experiments.
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Figure 3 Cell viability percentage of pBM-MSCs exposed to different concentration of Moringa oleifera

leaf extract.
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200 uaz 100 lulasnsi/aadans musd Wemny
el PBM-MSCs Tuenvnsiaeimadaiin osteogenic
differentiation medium a1ATL 14 J14 AZNLIN pBM-
MSCs luenvnsiaeainadiiiansaiadutiizes MOL
300 lulasn3ufiaRans Hnzneudsine-tihaa Faiu
ﬁa;m wansliiiudn arsafpdutinzes MOL 300
Tulasniu/aadansainnsnnszsunisias eyl
dusadnszgnues pBM-MSCs (Figure 4)

200 pg/mi

300 pg/ml

Figure 4 The expression of alkaline phosphatase in pBM-MSCs after treated with 100, 200, and 300 pg/ml

water extract or ethanolic extract of MOL for 14 days
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Table 1 Alkaline phosphatase activity (ng/mg protein) of MOL extract induced osteogenic differentiation

WAUINEAT 46 (2) 1 227-236 (2561).

of pBM-MSCs.
Group Day (s)
3 7 14
Complete medium 1.75+0.13 4.36 + 0.32 542 +0.43
OstDiff medium (control) 2.51+0.21 5.32+0.45 7.05+0.38
OstDiff + water extract of MOL (ug/ml)
+100 3.43+0.25 8.25% + 0.57 14.53* + 0.58
+ 200 4.58*+0.57 11.54*+0.76 17.98* + 0.39
+ 300 5.30* £ 0.36 14.92* + 0.59 19.24* + 0.87
OstDiff + ethanolic extract of MOL (ug/ml)
+ 100 2.90 £ 0.33 7.47* +0.31 12.39+£0.89
+ 200 3.82*+0.34 8.54* + 0.53 15.32* £ 0.42
+ 300 4.53*+ (042 13.64* + 0.87 17.43* + 0.73

Values are presented as mean + SEM. (n = 27)

*P < 0.05 in comparison to osteogenic differentiation medium (OstDiff medium).
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Figure 5 Alkaline phosphatase activity of MOL extract induced osteogenic differentiation of pPBM-MSCs.
Data are expressed as mean + SEM. * P < 0.05: significant difference in comparison to MSCs cultured in

osteogenic differentiation medium.
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