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Effects of Dietary Rice Bran Oil on Mitochondrial Respiration in
M2-induced Bone Marrow-derived Macrophages

Sojung Lee and Wooki Kim*
Graduate School of Biotehnology, Kyung Hee University

Abstract

Previous studies have suggested that rice bran oil (RBO), an edible oil from the byproducts of rice milling, has anti-
inflammatory effects in inflammation inducing macrophages, known as M1 subsets. Yet the effects of RBO on the
counterpart M2 subsets, the “healing” macrophages, were poorly investigated to date. In this regard, recent studies on
the molecular/cellular anti-inflammatory mechanisms of dietary components have demonstrated that mitochondrial res-
piration contributes to macrophage functioning. Therefore, the current study examined whether RBO regulates cytokine
secretion by modulating mitochondrial metabolism in wound healing M2 subsets. Palm oil (PO), enriched with
medium-chain fatty acids, served as a positive control. C57BL/6 mice were fed a diet containing either corn oil (CO),
PO or RBO for 4 weeks, followed by purification of bone marrow-derived macrophages (BMDM) from their tibias and
femurs. Cells were further polarized to M2-BMDM, and the expression of M2 marker (CD206) on cellular surfaces
were not affected by dietary intervention. In addition, the secretion of anti-inflammatory cytokine (IL-10) in the culture
supernatant was not affected by dietary lipids. Oxygen consumption rate, the indicator of mitochondrial respiration in
M2-BMDM was not regulated by RBO intervention and PO treatment. Taken together, this study imply that RBO did
not intervene both the regulation of inflammatory responses and mitochondrial respiration in M2 macrophages.
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Bio)g A&ty A8 717k 7H F, FA9IE 3 1
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Table 1. Experimental diet composition

. Composition (g/100g)
Ingredients

coV PO RBO
Casein 200 200 200
DL-methionine 3 3 3
Sucrose 499.99 499.99 499.99
Corn starch 150 150 150
Corn oil 50 - -
Palm oil - 50 -
Rice bran oil - - 50
Cellulose 50 50 50
Mineral mix, AIN-76 35 35 35
Vitamin mix, AIN-76A 10 10 10
Choline bitartrate 2 2 2
Ethoxyquin, antioxidant 0.01 0.01 0.01

"The AIN-76A semi-purified rodent diet was modified with different
edible oils. (CO, corn oil; PO, palm oil; RBO, rice bran oil)

37°C, 5% CO, 7oA 747F v st thaAlze] &

ols F=st & 7Y Ao, AIEES 10% FBS9F 10 ng/mL
IL-4 (Thermo Fisher Scientific)”} 3 71E IMDMO 2 244
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A EEA7E 01%“5‘}04 ) st v

S A EE SE7F AAEZ(300xg)3E T, Fe region?] H]E
AE 7] Y3t 1 mgmLE%E2] anti-mouse
CD16/CD32 mAbs (BD Biosciences, San Jose, CA, USA)
E 4°CoA 1027 A stsdth o] F PE &Fo] 24
anti-mouse CD206 (BD Biosciences), FITC & o] F2%
anti-mouse F4/80 (BD Biosciences), PerCP-Cyanine5.5 3%
o] ¥2l= anti-mouse CD11b (BD Biosciences)S A 3ol
4CoA 1027 A2 sttt A2 (300xg)= BIF-2F &
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Fig. 1. Expression of activation markers on the surface of M2
BMDM following dietary intervention with an AIN-76A-based
diet containing either CO, PO, or RBO for 4 wks. (A) Isolated
macrophages were gated with typical macrophage markers, F4/80
and CD11b and (B) expression of CD206 was quantified. Data are
presented as meantSEM (n=7-8) of arbitrary units of mean
fluorescence intensity (MFI). (CO, corm oil; PO, palm oil; RBO,
rice bran oil).
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7}1Ql IL-109] ¥-H]ZFo] Z7}shrh(Makita et al., 2015).
mEba, 2o]F A9 ZFo]7F M2 subsets®] IL-10 EH] <]l
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Fig. 2. IL-10 production by M0 (black bars) and M2-BMDM
(grey bars) following dietary interventions. Data are presented as
meantSEM (n=7-8). CO, corm oil; PO, palm oil; RBO, rice bran oil.
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Fig. 2. IL-10 production by M0 (black bars) and M2-BMDM
(grey bars) following dietary interventions. Data are presented as
meantSEM (n=7-8). CO, corm oil; PO, palm oil; RBO, rice bran oil.
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HATHFig. 4). 22iv}, St Anlfe A2 79
A Apol7t glo] We e RO RM, el o Ak
2Rl Z7PF mEZEoM 5714 & 58 249
F74E A7 obd 71A2A Y] FAEAYE BT

2 £
e =4 Foll AR AANA FEeW 715 Arlfr
= Ag) Aol A M1 oA 2etaL 23] A5 A Al



o] M2 tidAlszle] 357

A) 80
&) a [ co
Z o = prO
E Il RBO
Z
=}
g a
& a
) b
© |I| b b Il‘ b
SIS
Basal Maximal ATP  Spare respiratory
respiration respiration production  capacity
(B) 8o
3 co
a
E 6of T = pro
£ E RBO
£
£ b a
& b
:z b a
2 i b
b H
|l| = [ |
Basal Maximal ATP  Spare respiratory

respiration respiration production  capacity

Fig. 4. Quantification of OCR for basal respiration, maximal
respiration, ATP production, and spare respiratory capacity of
either (A) M0 or (B) M2-BMDM from experimental diet-fed
mice. CO, corm oil; PO, palm oil; RBO, rice bran oil).

ol BYF T2 AT SeHTh 2o A6
EAZ el Agshe BAREH AYES B
3 FUEA Rtk 2 AF PR BAYEsLe g
9% 713l @ AFEe mESE} W Fol U4
AL 7o) G VAT W v ek ek, B

AN E A5l Ao et thAAE Hel A v EE
=elolel ouA i 2 EU $AEE Aol
oIS Wk dohign. SO Al 0

5 HWELOE ARS8t CSTBL6 WHy-2ol St
T, AvlfrE 2T Aol 8 457 AeFa sl 45
F S @ ¥ 25 /8 MRS st M22
w3tste] CD2060] WAFS ST 2 o174 Aol
Z Ho Z] oLoLq_ /(ﬂjL_HHO ol IL 10«] }\g}\—]\j,]: 1:1:5]. }\]
ols7kell FAH AolE Hel 1 BTh Yok, RIEEE

o} U] 3389] A H{Ql AAAH|Eo] tF 0] T80 H]

S Sl dEbtE o2 FalA drlfrt M2 T Al el
Me B Wk =4 5’&04“6‘}11 WL, P EZEo}e]

= melr},

of ERE FEUEH AU wol FYH A7

(PJ012795).

References

Asadullah K. 2003. Interleukin-10 therapy-Review of a new
approach. Pharmacol. Rev. 55: 241-269.

Brennan FM, Mclnnes IB. 2008. Evidence that cytokines play a
role in rheumatoid arthritis. J. Clin. Invest. 118: 3537-3545.

Cicero AFG, Gaddi A. 2001. Rice bran oil and y-oryzanol in the
treatment of hyperlipoproteinaemias and other conditions.
Phyther. Res. 15: 277-289.

Dunster JL. 2016. The macrophage and its role in inflammation
and tissue repair: Mathematical and systems biology approaches.
Wiley Interdiscip. Rev. Syst. Biol. Med. 8: 87-99.

Galvan-Pefia S, O’Neill LAJ. 2014. Metabolic reprogramming in
macrophage polarization. Front. Immunol. 5: 420.

Hara T, Kashihara A, Ichimura A, Kimura I, Tsyjimoto G, Hira-
sawa A. 2014. Role of free fatty acid receptors in the regulation
of energy metabolism. Biochim. Biophys. Acta - Mol. Cell Biol.
Lipids 1841: 1292-1300.

Jin HS, Seo H, Kim S, Jo E. 2017. Mitochondrial control of
innate immunity and inflammation. Immune Netw. 17: 77-88.
Ley K. 2017. M1 means kill; M2 means heal. J. Immunol. 199:

2191-2193.

Makita N, Hizukuri Y, Yamashiro K, Murakawa M, Hayashi Y.
2015. IL-10 enhances the phenotype of M2 macrophages
induced by IL-4 and confers the ability to increase eosinophil
migration. Int. Immunol. 27: 131-141.

Martinez FO, Gordon S. 2014. The M1 and M2 paradigm of mac-
rophage activation: time for reassessment. F1000Prime Rep. 6: 13.

Mehta MM, Weinberg SE, Chandel NS. 2017. Mitochondrial con-
trol of immunity: Beyond ATP. Nat. Rev. Immunol. 17: 608-620.

Morrissette N, Cold E, Aderem A. 1999. The macrophage - A cell
for all seasons. Trends Cell Biol. 9: 199-201.

Nagendra Prasad MN, Sanjay KR, Shravya Khatokar M, Vismaya
MN, Nanjunda Swamy S. 2011. Health benefits of rice bran- A
review. J. Nutr. Food Sci. 01: 108.

Nawaz A et al. 2017. CD206+M2-like macrophages regulate sys-
temic glucose metabolism by inhibiting proliferation of adipo-
cyte progenitors. Nat. Commun. 8: 286.

Nelson RW, Cohen JL. 1976. Plasma and erythrocyte kinetic con-
siderations in lithium therapy. Am. J. Hosp. Pharm. 33: 658-664.

Park HY, Lee KW, Choi HD. 2017. Rice bran constituents: immu-
nomodulatory and therapeutic activities. Food Funct. 8: 935-943.

Siddiqui S, Rashid Khan M, Siddiqui WA. 2010. Comparative
hypoglycemic and nephroprotective effects of tocotrienol rich
fraction (TRF) from palm oil and rice bran oil against hypergly-
cemia induced nephropathy in type 1 diabetic rats. Chem. Biol.
Interact. 188: 651-658.

Singh U, Singh N, Murphy E, Price R, Fayad R, Nagarkatti M,
Nagarkatti P. 2016. Chemokine and cytokine levels in inflamma-
tory bowel disease patients. Cytokine 77: 44-49.

Van den Bossche J, Baardman J, de Winther MPJ. 2015. Meta-
bolic characterization of polarized M1 and M2 bone marrow-
derived macrophages using real-time extracellular flux analysis.
J. Vis. Exp. 105: 1-7.

Yadav N, Sadashivaiah R, Acharya P, Belur L, Talahalli R. 2016.
Sesame oil and rice bran oil ameliorates adjuvant-induced arthri-
tis in rats: Distinguishing the role of minor components and
fatty acids. Lipids 51: 1385-1395.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


