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SUMMARY 
 

 
The purpose of the study was to elucidate the mechanisms by which polyunsaturated 

fatty acids (PUFAs) prevent bone loss. MG-63 human osteoblasts and MC3T3-E1 

murine osteoblasts were exposed to the n-6 PUFA arachidonic acid (AA) and the  

n-3 PUFA docosahexaenoic acid (DHA) as well as oestrogen (E2) and parathyroid 

hormone (PTH) and the effects thereof tested on a variety of biological parameters 

characteristic of osteoblasts.  These parameters included prostaglandin E2 (PGE2) 

synthesis, proliferation, differentiation to mature mineralising osteoblasts as well as 

osteoprotegerin (OPG) and receptor activator of nuclear factor κB ligand (RANKL) 

secretion.  

 

Results showed that AA stimulates PGE2 production significantly in both cell lines.  

Stimulated PGE2 production by MC3T3-E1 cells however, was significantly higher, 

which might be attributed to auto-amplification by PGE2 itself in this cell line.  Pre-

incubation of the MG-63 cells with cyclo-oxygenase (COX)-blockers inhibited PGE2 

production significantly, suggesting that both COX enzymes were involved in PGE2 

synthesis.  

 

The number of functional osteoblasts is important for bone formation therefore in vitro 

osteoblastic cell proliferation was investigated.  In contrast to the hormones E2 and 

PTH, both AA and DHA inhibited proliferation significantly.  The AA-mediated anti-

proliferative effect is possibly independent of PGE2 production, as PGE2 per se had 

little effect on proliferation.  DHA inhibited proliferation of MG-63 cells more severely, 

which might be attributed to the osteosarcoma nature of the MG-63 cells.  The anti-

proliferative effect of these PUFAs might be attributed to modulation of cell cycle 

progression or anti-mitotic effects of PUFA peroxidation products.  Morphological 

studies showed apoptotic cells after DHA exposure in MG-63 cells.  

 

There is a reciprocal relationship between reduced proliferation and the subsequent 

induction of cell differentiation in vitro.  High basal levels of alkaline phosphatase (ALP) 

activity, a marker of the mature mineralising osteoblastic phenotype, were detected in 

MC3T3-E1 cells.  Long-term exposure to AA inhibited ALP activity in these cells. This 

process might be PGE2-mediated.  Exposure to PUFAs, however, did not compromise 

the ability of the MC3T3-E1 cells to differentiate to mature mineralising osteoblasts.  
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In contrast with MC3T3-E1 cells, MG-63 cells demonstrated low basal ALP activity and 

were unable to differentiate to mature mineralising osteoblasts.  In the absence of 

osteogenic-inducing supplements, PUFAs induced adipocyte-like features that might 

be due to the expression of high levels of PPARγ in this cell line.  Lipid-filled vacuoles 

were absent in the MC3T3-E1 cells suggesting that the MC3T3-E1 cell line may not 

express PPARγ mRNA. 

 

The study furthermore demonstrated that PUFAs are able to modulate OPG and 

RANKL secretion in osteoblasts.  AA inhibited OPG secretion dose-dependently in both 

cell lines, this could be PGE2-mediated.  AA dose-dependently stimulated soluble 

RANKL (sRANKL) secretion in MC3T3-E1 cells thereby affecting the OPG/RANKL ratio 

in a negative way, supporting various reports that AA and PGE2 do cause bone 

resorption.  No sRANKL could be detected after exposing the MC3T3-E1 cells to DHA 

suggesting that DHA could be protective to bone.   

 
In conclusion, contrary to in vivo evidence, this in vitro study could not indisputably 

demonstrate protective effects of PUFAs on the osteoblastic cell lines tested.  
 

 

KEY WORDS: 
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mineralisation, transdifferentiation, osteoprotegerin (OPG), receptor activator of nuclear 

factor κB ligand (RANKL). 
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OPSOMMING 
 
 
Die doel van die studie was om die meganismes waardeur poli-onversadigde vetsure 

(POVS) beenverlies voorkom te verklaar. MG-63 menslike osteoblaste en MC3T3-E1 

muis-osteoblaste is blootgestel aan die n-6 POVS aragidoonsuur (AS) en die  

n-3 POVS dokosaheksaenoësuur (DHS) sowel as estrogeen (E2) en 

paratiroïedhormoon (PTH) en die effekte daarvan op ‘n verskeidenheid biologiese 

parameters kenmerkend aan osteoblaste getoets. Hierdie parameters sluit in 

prostaglandien E2 (PGE2) sintese, proliferasie, differensiasie na volwasse 

mineraliserende osteoblaste sowel as osteoprotegerien (OPG) en reseptor aktiveerder 

van nukluêre faktor κB ligand (RANKL) sekresie. 

 

AS het PGE2-produksie in beide sellyne betekenisvol gestimuleer. Gestimuleerde 

PGE2-produksie was aansienlik hoër by die MC3T3-E1-selle wat moontlik toegeskryf 

kan word aan outoversterking deur PGE2 in hierdie sellyn.  Voorafblootstelling van die 

MG-63-selle aan sikloöksegenase (SO)-blokkers het PGE2-produksie betekenisvol 

geïnhibeer, wat op die betrokkenheid van beide SO-ensieme by PGE2-sintese kan dui.  

 

Aangesien die aantal funksionele osteoblaste belangrik vir beenvorming is, is die in 

vitro proliferasie van osteoblaste bestudeer.  In kontras met die hormone E2 en PTH, 

het beide AS en DHS proliferasie betekenisvol geïnhibeer.  Die inhiberende effek van 

AS op selproliferasie is waarskynlik onafhanklik van PGE2-produksie, aangesien PGE2 

op sigself min effek op selproliferasie gehad het.  DHS het proliferasie van MG-63-selle 

meer geïnhibeer as dié van die MC3T3-E1-selle, wat moontlik aan die tumorigeniese 

aard van die MG-63-selle toegeskryf kan word.  Die anti-proliferatiewe effekte van 

POVS kan moontlik aan modulering van selsiklusprogressie, of andersins aan 

antimitotiese effekte van POVS-peroksidasieprodukte toegeskryf word.  Morfologiese 

studies het die teenwoordigheid van apoptotiese selle na DHS-blootstelling by  

MG-63-selle aangetoon.  

 

Daar bestaan ‘n omgekeerde verwantskap tussen ‘n afname in proliferasie en die 

daaropeenvolgende induksie van seldifferensiasie in vitro.  Hoë basaalvlakke van 

alkaliese fosfatase (ALF)-aktiwiteit, ‘n merker vir die volwasse mineraliserende 

osteoblastiese fenotipe, is by die MC3T3-E1-selle waargeneem. Langdurige 

blootstelling aan AS het ALF-aktiwiteit in hierdie selle geïnhibeer, wat moontlik  

PGE2-gemedieerd kan wees.  Die vermoë van die MC3T3-E1-selle om na volwasse 
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mineraliserende osteoblaste te differensieer, is egter nie deur blootstelling aan POVS 

benadeel nie.  

 

In teenstelling met die MC3T3-E1-selle het die MG-63-selle lae basaalvlakke vir  

ALF-aktiwiteit getoon en hulle was nie in staat om na na volwasse mineraliserende 

osteoblaste te differensieer nie.  In die afwesigheid van osteogenese-induserende 

supplemente het POVS adiposiet-agtige eienskappe geïnduseer, wat moontlik aan die 

uitdrukking van hoë PPARγ-vlakke in hierdie selle toegeskryf kan word.  Die 

afwesigheid van lipiedvakuole by die MC3T3-E1-selle dui daarop dat hierdie sellyn 

moontlik nie PPARγ bRNS uitdruk nie.  

 

Die studie het verder getoon dat POVS daartoe in staat is om OPG en RANKL- 

sekresie in osteoblaste te moduleer.  AS het OPG-sekresie in beide sellyne op  

‘n dosisafhanklik wyse geïnhibeer wat moontlik PGE2-gemedieerd kan wees.  AS het 

verder op ‘n dosisafhanklike wyse die sekresie van oplosbare RANKL (oRANKL) in 

MC3T3-E1-selle gestimuleer en dus die OPG/RANKL verhouding negatief beïnvloed. 

Hierdie bevinding ondersteun verslae dat AS en PGE2 beenresorpsie kan veroorsaak.  

Geen oRANKL is na DHS-blootstelling aan MC3T3-E1-selle waargeneem nie wat 

daarop kan dui dat DHS moontlik beskerming aan been kan bied.    

 

Opsommend, in teenstelling met in vivo studies, kon hierdie in vitro studie nie bo alle 

twyfel beskermende effekte van POVS op die osteoblastiese sellyne soos getoets, 

aantoon nie. 

 
 

 

SLEUTELWOORDE: 
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mineralisasie, transdifferensiasie, osteoprotegerien (OPG), reseptor aktiveerder van 

nukluêre faktor κB ligand (RANKL). 
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