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Effect of Folate Deficiency on Bone Mass in Mice

Shuhei EBara, Misa OcusHr and Toshiaki WATANABE
School of Human Science and Environment, University of Hyogo

Summary
Folate is a water soluble B-group vitamin, which is an essential nutrient for human health. It has been reported that

hyperhomocysteinemia, which folate deficiency is one of the main causes, is an independent risk factor for osteoporotic

fractures. This study was conducted to examine the influence of folate deficiency on bone mass and bone mineral con-

tents in mice. Four-week-old male ICR mice were fed a control diet based on AIN93G or a folate deficient diet for 10

weeks. The plasma and erythrocyte levels of folate in the deficient mice were significantly lower than those in the con-

trol mice. The concentration of plasma homocysteine in the deficient mice was higher but not significantly different from

controls. In the deficient mice, we observed a significant decrease in the bone mass, bone mineral content and bone

length of the right femur even though the body weight and major tissue weights were not significantly different between

the two groups. These results suggest that folate deficiency influences the process of bone formation.
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Fig. 1 Body weight change of folate deficient mice. Results are
presented as the means + SD(n=7).
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Fig. 2 Plasma and erythrocyte folate in the folate deficient mice.
Results are presented as the means + SD(n=7). *p <0.05
-statistically significant differences in comparison with
control.
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Fig. 3 Plasma homocysteine concentration in the folate deficient
mice. Results are presented as the means + SD(n=7).
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Fig. 4 Body weight and femoral bone mass of experimental
mice. Results are presented as the means * SD(n=7).
*p <0.05-statistically significant differences in compari-
son with control.

WTIREHICEVWIR SN G- /2, PHEIZOW
THRMDORHRTH o7z BRIERZHOHVEL, HE
FENRD LN Lo T, REERTIE 4 BEO~ T R
Z 10 AR ZEFCHT LA, EBORKZIZE-T,
FERIEELTWL EEZ SNz, ERIE—REHAR
WREMBEL, X7 LAF FOABKICEY L, Mo
WCEETH D, L723> T, FHME~DGML - B
B 5N, b L IXEFMEE BEMRo T AR H R
L72OFOREEETIZRI L2 EZON5,

R LB X7 L DOBRIZOVT, AFLUF RS
FuERRcEEE (MTHFR) @ C677T #Efx 1% HH» 5
s Twb, MTHFRIZ5, 10-2AFL ¥ F Sk Fa
WA A FVEBRNRICT BETH L. HRBELMEICS
WTTTH o BT, FEERAHTD T < Bke
T, MPREZATA VP EAL, BHYAZbEWI L

PHESINTWDY, FREVATA A a5 —4 0 O4HE
BEOBRICEFEZ 6L, BHoH Lz &SR TE
WEENTWE Y, SE ORI B W TEHOEREEIZDO W
TITME L T 2Wnds, MET2LENHLEEZEZHLNL,
INETTORET, EWELsy IV Ber 12HMRZ
STy MIBWT, MEEFREI AT L3INL T
WER, FR#~Y— I —THrFATEF ANV, THIa
S—FVHREC-TuRTF FICEBE oz v #
wWRHBY, —h, AFFZ VA STEAEYATFA
VIMEE o727 v MIZBWT, eFuxyryuy)r, 1
Bas5—42 YN - FaX7F R3HmL, +A57% %
VY YHET Lz w55, 5% IS0
DVWTHMHAIRLETHLEEZOND,

SEXM

1) Lindenbaum J, Allen RH (1995) Clinical spectrum and
diagnosis of folate deficiency. in Folate in health and
disease, ed. by Bailey LB, Marcel Dekker, New York:
pp. 43-74.

2) Butterworth CE Jr., Bendich A (1996) Folic acid and
the prevention of birth defects. Annu Rev Nutr 16:
73-97.

3) Choi SW, Mason JB (2002) Folate status: effects on
pathways of colorectal carcinogenesis. ] Nutr 132:
24135-2418S.

4) Bailey LB, Rampersaud GC, Kauwell GP (2003) Folic
acid supplements and fortification affect the risk for
neural tube defects, vascular disease and cancer:
evolving science. ] Nutr 133: 1961S-1968S.

5) Maron BA, Loscalzo ] (2009) The treatment of hy-
perhomocysteinemia. Annu Rev Med 60: 39-54.

6) McCully KS (2007) Homocysteine, vitamins, and vas-
cular disease prevention. Am J Clin Nutr 86:
1563S-1568S.

Table 1 Effect of folate deficiency on bone mass, bone mineral and bone length

Control Folate deficient
Body weight (2) 416 = 4.3 439 = 438
Femur
Fresh (mg) 1169 = 10.0 1032 = 73"
Dry (mg) 706 = 7.3 611 = 61°
Ash (mg) 462 = 46 397 = 39*
Bone density (%) 655 = 1.8 650 = 14
(ash wt/dry wt)
Ca (mg) 170 = 1.8 143 = 13™
(mg/g ash wt) 3685 = 48 362.1 = 15.3
P (mg) 85+ 08 72+ 07
(mg/g ash wt) 1840 = 20 1815 = 65
Bone length  (mm) 171 £ 06 164 = 03~

Results are presented as the means +=SD (n=7). *p<0.05 *p<0.01-statistically significant differences in

comparison with control.



7)

8)

9)

10)

Van Meurs JB, Dhonukshe-Rutten RA, Pluijm SM,
Van der Klift M, De Jonge R, Lindemans J, De Groot
LC, Hofman A, Witteman JC, Van Leeuwen JP, Breteler
MM, Lips P, Pols HA, Uitterlinden AG (2004) Homo-
cysteine levels and the risk of osteoporotic fracture.
N Engl ] Med 350: 2033-2041.

McLean RR, Jacques PF, Selhub J, Tucker KL,
Samelson EJ, Broe KE, Hannan MT, Cupples LA,
Kiel DP (2004) Homocysteine as a predictive factor
for hip fracture in older persons. N Engl ] Med 350:
2042-2049.

Ubbink ]JB, Hayward Vermaak W], Bissbort S (1991)
Rapid high-performance liquid chromatographic as-
say for total homocysteine levels in human serum. J
Chromatogr 565: 441-446.

Shiraki M, Urano T, Kuroda T, Saito M, Tanaka S,
Miyao-Koshizuka M, Inoue S (2008) The synergistic
effect of bone mineral density and methylenetetrahy-
drofolate reductase (MTHEFR) polymorphism (C677T)

11)

12)

13)

14)

on fractures. ] Bone Miner Metab 26: 595-602.

Saito M, Marumo K (2010) Collagen cross-links as a
determinant of bone quality: a possible explanation
for bone fragility in aging, osteoporosis, and diabetes
mellitus. Osteoporos Int 21: 195-214.

Saito M, Fujii K, Soshi S, Tanaka T (2006) Reduc-
tions in degree of mineralization and enzymatic col-
lagen cross-links and increases in glycation-induced
pentosidine in the femoral neck cortex in cases of
femoral neck fracture. Osteoporos Int 17: 986-995.
Herrmann M, Wildemann B, Wagner A, Wolny M,
Schorr H, Taban-Shomal O, Umanskaya N, Ross S,
Garcia P, Hubner U, Herrmann W (2009) Experimen-
tal folate and vitamin B12 deficiency does not alter
bone quality in rats. ] Bone Miner Res 24: 589-596.
Ozdem S, Samanci S, Tasatargil A, Yildiz A, Sadan
G, Donmez L, Herrmann M (2007) Experimental hy-
perhomocysteinemia disturbs bone metabolism in
rats. Scand J Clin Lab Invest 67: 748-756.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 100
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


