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Preventive Effects of Whole Grain Cereals on Sarcopenic Obesity in
High-fat Diet-induced Obese Mice
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Abstract

Whole grain cereal (WGC)-rich diets provide macronutrients that are important for the regulation of energy metab-
olism. The current study evaluated whether WGCs had a preventive effect on sarcopenic obesity in high-fat diet
(HFD)-induced obese mice. C57BL/6N mice were fed a normal diet (ND), ND+WGC, HFD, and HFD+WGC for
12 weeks. WGCs significantly reduced body weight gain, food efficiency ratio, fat mass, and adipocyte size in
HFD-induced obese mice. WGCs attenuated HFD-induced nonalcoholic fatty liver disease by decreasing liver weight
and hepatic fat accumulation. In addition, WGCs increased muscle strength and muscle mass in HFD-induced obese
mice as well as in ND mice. Taken together, WGCs can be employed as functional food materials for the prevention
of sarcopenic obesity by inhibiting fat accumulation and increasing muscle mass.
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2018). HRFo & <13 ZFAFS PFA Alo|EF}S
(inflammatory cytokine)¥} =t}
Fo| =2 B AA = _Jrzéloﬂ o}y
AAAT L Z& FAE
=8 2489 49} 3_7]
EZs=gol Vs
58l =Y A
w2} HRE A7 A

g 2 )
=

E

)

(<]
S

ofN O,
ko rz fo 2 M

1
rlo

2 NAst= 715A
I“/]-(Chung et al., 2014).
J mjv ]%L, A, BlER 2 7]E
) &7 (phytochemicals) ¥t o}z thak

2l tH(Marventano et al.,

>,

1> ol

o
b

o
AC)

et
O_u

(macronutnents)% [N



o}&|7}A] Wtz Hgko 2 Q8 ZAZS FAl - s}

S350 7|54 e A7 2ol RIEXA] gt
AP ZA W2 ] (high-fat diet, HFD)Z Y] W3} 2
2Zo] on frE FE RdS o]&sle] 53E AlE
(Whole grain cereal, WGC)o| Z744d vlTE oA &3
R or ALET B THLee et al., 2018b).
ATl E WGC7F g% HFDE A4 vkg-2=of A
o R WGC7F 274 vRtel] mX|= 3k o
Hell A 7}ttt

Aol i 2w Y rfrorr

ME 2w

1z

o] M=
2 AFollA A8-E WGCE @Y P (Seoul, Korea)2
ZRE Ao Al WGC A 2 Jd 24
ol Ao AFEE A U3 TH(Lee et al., 2018b).
7VeFEAl, WGCE BEl(30%), Ar(11%), S1(4%), <5
F(5%), TF(1%)Z o] Fo7 51%F5FES T3l Jo
o, U FAL BFEHE 65.71%, 2 E 17.14%, ZA
W 2.86%, 2101 11.43%, 3% 2.86%= -4 53Ut}
232 ol(normal diet, ND)= 10% AW HFS {3k
D12450B2] ©](Unifaith Inc., Seoul, Korea)S AF&-3}%10mH,
HFD+= H|9HS fxsl7] 93l 45% AW 2% i3t
D124512] ] (Unifaith Inc.)S AFE3FITE Lee et al. (2018b)
o] AAIE el wek ND Well 59.5% WGC7F gHr=%
5 2o]& Azt 1HFsHA, 59.5% WGCE ©rsh=

=
39.1%, ZTWE 102%, ZAW 1.7%, 2oldf2F 3&
8.5%% FAEY 7] wiEel, ND| e S5 A
(corn starch) 19.56%, <3 Z2x(sucrose) 19.56% THAI

WGCY 9= BF3E2, 7119 10.2% thale]l WGCo
AeE XEMARZ 1.7% 3715 tilel] WGCe Je 2A
WO 2 855% AEE 2 (cellulose) Al WGC =
2o] Aot Bt o= 742t thA|ste] 2ol & Az on,
o] 9lo] & AR5 FFE T3 A S, o]
A Aol A AREE 2o} U sHA HFD 59.5% WGC
7t EREEE 2olE AU TH(Lee et al, 2018b). &
Ao AHEE EE 2ol ZAReef UL FFS IY
EAEE Aadt] Sl 2 =AU

%71 C57BL/6N (DBL, Umsung, Korea)s <%
2542°C, AHEE 55+5%, 12417F W &3 7](light/dark
cycle)®] 2715 zheE AAMH e A3 -5EAFAH (Yonsei
Laboratory Animal Research Center; YLARC, Seoul, Korea)
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oA AT 1507 37 AN F, phpaE
G ok F 4RoR BRI 4ol GEZND),

=

BdAol+EE ANEY FAZNDTWGC), LA 2] o]
Z=w(HFD), LA ol+5 =& Algd Fo(HFD+
WGC)L.& ro] 1277 258} Aol AFEA A3
S AEE FFEAL AT L Ho] HFFe o
of 23] ZAslAct A¥ FE ¥, 7H v, A%, Fars
A W (epididymal fat), 1AW (perirenal fat) 2 3|3} =] 1)
(subcutaneous fat)yS 2&3ste] FAE S48tk T3, vt
$-29] fgE] Z5oA A HA] Z(gastrocnemius muscle,
Gastro), g X]=(soleus), 77 ZZ(tibialis anterior muscle,
TA)Z AR 4l Z(extensor digitorum longus muscle, EDL)<
7}zy ZFElate] FAE SASAT e FEAEAE S
Aty FE=H4T 22939 Institutional Animal
Care and Use Committee (JACUC) %91S & F(ACUC
number: 201602-144-01) 18 &}31 T},

O0|M|EEEZE>S (Micro-computed tomography) A|AEIE O]
oAU XY A 25 7Ol 5

v] M| 5299 % X] (micro-computed tomography; Micro-
CT, Siemens, Munich, Germany)Z &% 3 A}7-& Inveon
Research Workplace software (Siemens)E ©]-&-&}o] wp-¢-2=
o] AW A 2 Ay 25 FIE S48

28 XA XE A Vs XE 24

-2~ HE A FH e BAE 4,000xgol A 1587 LA E
gste] TS 3|t A6 @Y A AR
ol A A 9 (triglyceride), & @] 2~H| ZS(total cholesterol),
AE s A A Ze) 2~H Z(low density lipoprotein
cholesterol, LDL-cholesterol), U &= |12 thull 2 Z2 2~ H]
Z(high density lipoprotein cholesterol, HDL-cholesterol)
I 775 AEQD ofATEAL obn] 7] Y| A (aspartate
aminotransferase, AST), &t o}v|=7]d 2 & 2~ (alanine
aminotransferase, ALT)E ¥ A& 4] 7](Mindray,
Nanshan, Shenzhen, China)E ©]-&-3}o] =733t}

FEISIK HA
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A%y
)
Y

fiber cross-sectional area)e ¥23}7] 9135k
10% Z=24H fAHoZ JA3 T paraffin block slideE
TSIt B %4 9] paraffin block slide hematoxylin3}
eosin (H&E) 99241 % Zhdl2l7F &= Eclipse TE2000U
Inverted Microscope (Nikon, Tokyo, Japan)= ©]-& 3}
WA ST Farsk A o] AW AlE A7) 8 AHA 2o
24 @S Imagel software (version 1.47; National
Institutes of Health, Bethesda, MD, USA)E ©]|&3}o] =
ettt



360 ARl - ool - 7138] - Al

22 5%

Chatillon Force Measurement System (Columbus Instru-
ment, Columbus, OH, USA)Z o]&-3le] nmle-2o] Z28€S
2430), PFAE grip bar AT 9IS @ F v}
$27} ervte] e SvhelE o] 88e] grip barg oW
grip bar ¥ W14 vpe-se) Welg gpobgAck 2
3o @ vk 53 W 24 F, ke Tekch

A =4

AP AFHE Ha+REH K (meantSE)E  UERH AT,
SPSS B# 21.0 (SPSS Inc., Chicago, IL, USA)S o] &
o A £ Ak 74 A3 as7ke] Abele
AEAHE2 (one way ANOVA)O!l €18 Duncan T 7
AAGE T pgre] 0.05 v o §-28-S FAISHA T

oxl Mo ok

tlo

Ao % nE
WGCe| HE % A0|lg&2 &x 21t

B Ao BB AF D Ao|ag g adE
oto}r 7] 9)3ke] CSTBL/ON RS = 47))9] 2o 1}

B Ao AFS NDE 36.58+1.43 g, ND+WGC
32.77£1.17 g, HFD<* 45.38+2.53 g, HFD+WGC+- 4191+
143 g2, ND+WGC ¥ HFD+WGColA 7}7} ND
2 HFDo Hl8] A50] 104% 2 7.64%= FlskA 7+
233 tH(Table 1). A5 S7FFS HFDwo] 7 =7 &
ZE WbH | ND+WGC 2 HFD+WGCS zHzF ND3%
HFDol M]3l fold oz v yepgth 238717 52t
o] o] 4% #(food intake)S ND+WGC % HFD+WGC
oA Z}zF ND#3F HFD# 3 H]wsle] 7+43k30th. Lee
et al. (2018b) H|¥ho] F ¥ ml¢-2ollA WGCE 3]
T Be o] AHFE AT SUHFSE o] AlLket
2] o] & (food efficiency ratio)e] 7r4el oJgt ZAo=w By
sttt ol ATt rpRTIA R, B AFeA Aoja g
HFDolA 718 =kem| HED+WGCT-S HFDol| H]
8 FelshAl 2kt weEkbA, WGC Tl o3t AT T
7V e olage] fae ot Ao wetE,
FFEL ZA(bran), =24 8] & (starchy endosperm)3}
Hjok(germ)Z =] glom, Aoz K, A, 7

g, 57, AT FF, FF Tl 3= x3d
(Borneo & Leon, 2012; Lee et al., 2018b). S=&2] A
£ olAlof] 3%t o]=H (inulin), ¥EFEFTH(B-glucan) 52
2ol ol H&E 3F3E(phenolic compounds),
7} 2 H| = 0] = (carotenoids) 52| A& g SHELS T
& 3t 9l UK(Schaffer-Lequart et al., 2017; Lee et al.,
2018b). 3k, B3E0] 51% o2l AFo| thsjr= v+
2] 9] 2F=(US Food and Drug Administration, FDA)A]
E A% Az FAE S8R e HHE A
15132 9 THKoh-Banerjee et al., 2004; Lee et al., 2018b).

t}
%

A
o] A F7kel AWk Maze] =7] F7HE A o] Etk(Song
et al., 2016; Lee et al, 2018a). Micro-CTE ©]&-3}o] A
o] AW FEE g1t A3}, HFD oA Fst AW ¢
g Aol Aol WA EExEo] 3oy, HFD+WGC
o A= HFD el Blsl] A Awe] S2 o] AAE A
S FEEATHFig. 1A). ZF AP A W3
ND 2 HFD+Eo] ZHzZF 15,500.2+769.4, 24,435.7+1,954.3
mm’E UEFE O™, ND+WGC## HFD+WGC-ol| Al &=
7}7} 11,250.5+1,335.9, 19,570.142,831.5 mm’E WGC %
Ao A AW 2ol fol A o2 At Farsk A,
et A 9 HA Awke] FAE =43 A3, HFDel
H|3] HFD+WGCll A zFzhe] Awke] FA7F 12.5%,
27.1% 2 16.7% A3t thFig. 1B). 3, ND+WGCH
S ND-3 ¥|aste] 2E AWk FAI7E 20% ©18 7
shATh Fargk koA A Az o] A7) WEtE 574
7] 918 H&E 94 & AW Alxe] mofg A#33tt
A Mae] A71E SA¢ A3, NDtell Hls| HFD-ol
A A AEL A7) 74.1% F A FrE o,
HFD+WGC£ol A= HFD<ol|l Hl3 57.7%, ND+WGCH
o= ND ol Hl8] 19.7% A3 thFig. 1C). °]&=
WGC T2 A FA 74 AW Ax =719 74
of ot AL omgitt. wEhr, WGCE AW FA 2
A A E A7) F7HE JA S IR olof 2] A
9] F7HE AT o= IA WA o] 2 FEH HYF upg-

2:0] e AHAD 5 9]

o

Table 1. Effect of whole grain cereal on metabolic parameters in high-fat diet-fed obese mice

Parameter ND ND+WGC HFD HFD+WGC
Initial weight (g) 19.46+0.72° 19.010.96" 17.78+2.53 19.010.96"
Final weight (g) 36.58+1.43¢ 32.77+1.17¢ 45384253 41.9141.43°
Weight gain (g/day) 0.204+0.054¢ 0.16420.059° 0.329+0.131° 0.273+0.077°
Feed intake (g-day™'-mouse™) 2.70+0.09 2.38+0.06 2.78+0.15 2.54+0.07
Food efficiency ratio 0.08+0.004¢ 0.07+0.002¢ 0.12+0.009° 0.11£0.004°
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Fig. 1. Effect of WGC on fats. (A) Micro-CT images and volume of abdominal fat of mice. (B) Weight of the epididymal, subcutaneous,
and perirenal fat pads. (C) Histological analysis of epididymal adipose tissue (magnification, x100) and quantitation of the epididymal
adipocyte size by Imagel analysis. Data are presented as the mean+SD of 7 animals per group. *“Values are significantly different at p <

0.05 by Duncan’s multiple range test.

WGCe| HI2EN X7t o S XHE
A7) @ X HHE v 2

4 WA EF
29 P, I DZF, DAY 2 VIDBY AL FES

L= T e B A e S B B
3 =gk Ak
Kim et al., 2017a). 7+ %3
HG 449 A F2 o] ¥]vhS §X23F HFD oA &3
HAKFig. 2). 7+ 249 FA = HFDE©] NDzol| Hl3|
21.5% Z7V8t9 2, HFD+WGColA] HED+3 | aL&}

o] 22.4% 7FAskATh 3 ND+WGC 2 HFD+WGCH
oA Z}zF ND3} HFD-oll Hlsf] 7+ Al el A v
o] A7|7F AAEA T, v 2 A 2F ] 1A
= ND+ % HFD+3 H]wdte] fo]23] 2po]E HolX]|
ookt o3 st Azl WGC7F 7F Al U9 AW =4S
AAA71AL 7F 279 FAS FAaAoZH HLTHEA
A7 NAAH S 9 nl gt

7+ AA grtE 2483t

e
. T
FAAE = 23 DHEI} FHol AHKim et al,
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Fig. 2. Effects of WGC on tissue weight and histological
analysis in liver tissue. (A) Liver, spleen, and kidney weight in
mice. (B) Histological analysis of liver tissue in mice (magnifi-
cation, x100). Data are presented as the mean+SD of 7 animals per
group. ““Values are significantly different p < 0.05 by Duncan’s
multiple range test.

20172). @5 A& FH cxel FAAAW, FZHY AHEF,
I AT A ZY 2 S, AL e vh 2 =y

st A3= Fig. 39 YeElich 83
ZAAure] ke NDEdl| HE] A Aol E A FH 3§
HFDZ- A 19.0% 7189y WGCHFHZE <18 HFD+
WGCHoNA 16.5% 7F4asth SZd2HE, 18 E A
WA T A Sy 28 2 AL e X abdehl 2 Z g A E g

[e]

2o ND## H]wste] HFDOA folaH Z71sk e
U, HFD 3 ¥l wale] HFD+HWGCTol A Z+2; 27.9%,
16.6%, 29.9% 7=tk 3 v U s X HbE chel ) 2y
2 Z/EFZ Y 2H 29| H]&-& HFDZ H]&] HFD+WGC
oA Z7tel o™, NDHWGCA A = NDF H] w3}
H)5=sk 43S YERATh ol gt 3=, WGC7H 85 A
2 9 ZHZHE FFS FaAA HRk oJF] R 2

APZL PAAALS o)u)dit}h T3k WGC Fofo] 9] 3t
% ¥z FaE 7 24 WX 2HEE A4 ¥
T2 a2 LIS AWzke] ws oA A
A%< vian

FRES Y A 28 P 2 A¥H FES Mshe

¢

850 e Aoz ByHE uvF UtHCho et al, 2013;
Albertson et al. 2016; Marventano et al., 2017). Seo et
al. 2015y BFE9] F4EA Bld sl e F
v} 2K coumaric acid)Z} ¥ EH4H(ferulic acid)S A Al
E o] A FHE AT a35 B T3,
Lee et al. (2015)2 ] A2 F2E 4 o|9 FoAw<
EF(tricin)e] A AIE E3fol] Aofshs T8 FHRR]
o] W& AN F 0 ZM 3T3-L1 A A A 3 (preadipocyte)
o] B3} oA a3E RIEAh Choi et al. (2010)2 H

el AMEA S AR AL AL AL FARE 24
A G AUt AN a9E #AEEen, <l
AsHGA A Ad Ao 24 ded A3
'94E Yepdta Bis) i

L B A= (y-oryzanol)> AW ML)
¥ EEge] F54E F0AZHung et al, 2015). E3
Ar] FEES A Akt FAE 2] T 9 &
S w2l A T Y] AW S4 A a5 ER
ATHFelix et al,, 2017). ©]2]gt A BIE FHHO=E
I ), B AT AREE WGCS] A A AL A
7= WGC Woll EAllste bkt AEs0] B3

2188 Ao 9.

o] F8 4E<l
1=
i

g B FAsE 25 AFHAY Al E(muscle satellite
cells)e] 2l FFES v zlthe=
(Szczesniak et al., 2016). H=3F, dnjoA AL = WEFA]
EZ2H E(B-sitosterol)o] =& THE A Foisl= 57
2ke] g XAt A A7 HEE A TH(Naji et
al,, 2014). L&y} H|REo 2 Q3] f=H ATl g
BTFE 7154 A= wHl s

Micro-CTE o|-&st Sty <59 HAS A% 4
7}, HFD+WGC(664.6£34.9 mm®)ol| 4] HFD(564.0+19.0
mm’)E ot 259 Fu7t foHow Frksll e, ND+
WGC(676.5821.2 mm*)o| A1 & ND%(634.2+24.4 mm®)©]]
Hls)| 259 H3)7F S7FsEAthFig. 4A). WGCE] &5 5
7 B A 25 FA SRS FAAE el
HFD+WGC-S HFDol| Hls] Aax], x|, A3=
= 2 A2 ZHzt 52%, 12.0%, 84% 2 13.9% =
75k tHFig. 4B). T3F, ND+WGCTol| A= NDell B3}
AZREZE AL BF 25| FolHe= Frtetinth
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Fig. 3. Effects of WGC on the serum lipid profiles and hepatotoxicity markers. (A) Serum levels of total cholesterol, HDL cholesterol,
and LDL cholesterol. (B) HDL cholesterol/total cholesterol ratio. (C) Serum level of triglyceride. (D) Serum levels of AST and ALT. Data
are presented as the mean+SD of 7 animals per group. ““Values are significantly different p < 0.05 by Duncan’s multiple range test.

FA/AF2] B8 HFDo A NDw2oll vls)] 74431
U, WGCe] HF el 28] HFD+WGCT-olA #2382
Z718F9 2, ND+WGCTolA = NDol| H]al f-2] %]
2 B]&o] Z7}5thFig. 4C). ZHAZS H&E 94
2EH S =43 A2}, HFD+WGCTol A 2eH 4 o]
HFDol Hl3) 37.1% S718FA2™, ND+WGC oA =
ND+o| Hlal 20.9% Z7}3F thFig. 4D). °l& WGCel
ojgt It A9 F/F 25 FAE F/MIFHTE AE
ojmgit}, & AFdX = 28 SH7E o83t mhex
=73t A3}, HFDw9] &+8-2 NDw-oll Hl&) 7+
of, HFD+WGC+¢] <¥-2 HFDTET /9%
3 tH(Fig. 4E). ND+WGCZ A % ND+el H]
o] fo¥ oz F71sIAthFig. 4E). ol&lg A=
WGC7} ¥Rk 2 fed 27438 /IAAZ Bk oy
g Az slXE 25 A 9 28 S7E
U om|gith

H|hof] 9]

Ly
o 1
T -

o
E=
o

A

S o xR

o

2 jo P Lo
M
(g flo

g MR gy
18 ofN
N

=
teasome systemS A A Z]
#ddd" F2 AA AFE mammalian target of rapamycin
(mTOR)®] &3E& FXXFoH, HFH o7 259 44
2189 tH(Lee et al., 2018b). A2 02 WGCO 2
g HRE o g3be FES AR S3 A,
< @ g Belo] #3 FX 2 WGC AA9] &
S S7F a7 E@R o8 283 Ao R s Er

o
i

2

F3E AlElY(Whole grain cereal, WGC)°] &2 2]0]
oA Al Aol Fagh Ty A (macronutrients)
Azt & A7= AW o] (high-fat diet, HFD)=
U WY vl 2E o] &-5te] WGCe| A HITE o
I a3l tis] H7Fsksith CSTBLGN vhg-2=of g Ak o]
(normal diet, ND), ND+WGC, HFD, HFD+WGCE 125
e AlFskath. WGCE AF, Aolad, AA 2 A

2ot rlr

s
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Fig. 4. Effects of WGC on muscle mass. (A) Micro-CT images
and volume of hind-limb skeletal muscle. (B) Gastrocnemius
(Gastro), soleus, tibialis anterior (TA), extensor digitorum longus
(EDL), and total muscle weight. (C) Skeletal muscle weight/body
weight ratio. (D) Representative images (magnification, x100) and
quantitation of the muscle fiber cross-sectional area of Gastro
muscle tissue. The images of the stained Gastro muscle per group
were captured. The fiber cross sectional area of Gastro muscle from
the captured images was measured using the Image J software. (E)
Grip strength test of fore/hindlimb and fore-limb. Data are
presented as the mean+SD of 7 animals per group. ““Values are
significantly different p < 0.05 by Duncan’s multiple range test.
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