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The purpose of this study was to determine the effect of Pueraria lobate-root based combination sup-
plementation containing Rehmannia glutinosa and exercise on histone modification in ovariectomized
rat hindlimb skeletal muscle. Sixty rats were fed with high fat diet and randomly assigned into the
following groups for 8 weeks: 1)HSV; High fat+Sedentary+Vehicle, 2)HSP; High fat+Sedentary+PR,
3)HSH; High fat+Sedentary+Estradiol, 4)HEV; High fat+Ex+Vehicle, 5)HEP; High fat+Ex+PR, 6)HEH;
High fat+Ex+Estradiol. Exercise consisted of low intensity treadmill exercise(1-4th wk:15 m/min for
30 min, 5-8th wk: 18 m/min for 40 min, 5 times/week). The result of this study showed that exercise
and Pueraria and Rehmannia glutinosa intake suppressed weight gain. Furthermore, exercise and
Pueraria and Rehmannia glutinosa intake increased muscle mass. This study observed H3K9 acetylation
and demethylation in plantaris muscle in exercised group, but no difference in soleus muscle. To test
whether the decrease in HDAC4, HDAC5 and G9%2 mRNA levels after exercise and Pueraria/Rehmannia
glutinosa intake, HDAC4, HDAC5 and G912 mRNA levels were determined by real-time PCR. Only ex-
ercise induced HDAC5 and G92 mRNA reduction in plantaris muscle, but not in soleus muscle. In
conclusion, these data demonstrates that exercise and Pueraria/Rehmannia glutinosa intake effect on
body compositions. These changes are regulated by epigenetic modifications, such as histone acetyla-
tion and methylation. Future studies should focus on gene-specific epigenetics and other epigenetic

mechanism for Pueraria/Rehmannia glutinosa intake.
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Al 8 2F H39 Kool A 9 wlE s}t o] 2 444 (heterochro-
matin) 725 A8t FHA HF(silent) S FE3 HAE
AA A TH26]. 8| 2 oA EE = AR vt 8-S 8
8] 2 F oFA 9 7 o] & A& (histone acetyltransferases: HATS)
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304, 5-8FE 18 m/min £EZ 4083 AA AT
MO FZ|5H5HA M (Immunohistochemistry)

H 2K 23 £42)9 498 E 4~5 mm 7
2 Z} tissue processer 7] Aol @1 €% (dehydration), ¥
(clearing), +2}¥ # % (paraffin infiltration) ¥4 & AX H,
70CE =2l et o g 245 Xvj(embedding) 3tATH =
o & ¥4 7] (cutting machine)oll A 5 ym FAZ vhA e 24|
AE edol=o &2 37T ddolA A2AZG of &
& 112} 9 (deparaffinization), 34~ (hydration)E % % 0.02
%9 tritonX-1002 3+ PBSTE 1557 permiabilization 7}
A& AR H, 5% BSAZ 302 &< blocking 3%t} o ¥
H3K9 acetylation polyclonal rabbit antibody, H3K9 di-meth-
ylation polyclonal rabbit antibody (Cell Signaling Technol-
ogy, USA)E 5% BSA°l| 150022 34 3 5 4Tl A 1247
At At 1 %, alexa 488, 568-conjugated goat anti-rabbit
IgG secondary antibody (Invitrogen Life Technologies,
Carlsbad, CA)E 5% BSA°l| 1:2500.2 8|4 a}a] 4294 60
£ ¥HE Al ¥ 4 6-diamidino-2phenylinodole (DAPI)Z
2027 & A A gtk AzlE digital imaging system
o] 2371 Axiovert 200 fluorescence microscope (Carl Zeiss,
Germany)=2 & 93ttt

&

RNA & 2 cDNA &1} quantitative RT-PCR anal-

A2 50 mgd 1 ml, 7HA] 2 25 mg B 05 ml9] trizole
o] 228 B35ttt o] % 1:59 H&9 chloroform 3

7hel 1523 &% 5, 4T A 13,000 rpm o2 15583 U4

8 F, &d5de £t 11 ¥l& 9 isopropanole 4 o]
12,000 rpm &2 1083 4TAA LA & sttt d4 &

H A59E Wi 329 RNA pellets DEPC watere] =2l

Table 1. Primer sequences for real-time RT-PCR in this study

5 65Tl A 1587} heat-inactivation 3}, ice®] 1087+ A 2]
3t Ao, NanophotometerE ©] 83t RNA F5& Z4 343
1, 28" EE A% 1 ug/ule RNAE cDNA master
mix (Invitrogen Life Technologies, Carlsbad, CA)9} £33t
25T 104, 42T 60, 9T 582 272 & polymerase chain
reaction (PCR)e A @35t DNAE T4 3t

HDAC4, HDAC5¢} G9a9] mRNA #¥8& ZA3}7] 93k
2X SYBR Green qPCR master mix (Kapa Biosystems, USA)E
o] 83} quantitative RT-PCR (ABI prism 7700 system) 4]
< AAEAY. SARY AHE A RE AES 23 W=
A% H, glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
of o HX FAAY mRNA T EFE BASAT.
AH&-E primerg&& EF Macrogen (Macrogen, KOREA)l| A
AZetHor, 2+ 329 primer sequence Table 1¢1 A
Askai.

R=2A2|
B AFNME 87 HA &+
9] u] 9} Real-time PCRS £3

7 4ol Ao gg 24
HDAC4, HDAC5, G9a2| Ao

% mRNA HolE} ol sl 212he] o] U244 (Two-Way
ANOVA)E AA3H], 22/A% 2289l 439 250 v
A B2 BAY FO4Z 4TS BHE F9 SF 005
& 71202 BFHUL U8 T AT 2L Tukey PHE
A,
Z 1
A3

8Fite] EHEY 5% /AR EE A AT
A% AsHE Table 29 20k A A 7t 259 AFel= #2
3 Aol 7k A AATHp=0709), 873t EHEY 53 4/

Gene Forward primer (5'->3) Reverse primer (5'->3")
HDAC4 CACCGTGCCCAGCACTCCAG- GGCCTGTGACAAGGGGCGTC
HDAC5 TTCTTCAACTCCGTAGCC TCCCATTGTCGTAGCG

GY% CAAGGATGGTGAGGTCTACTGC GCTCTTGATATCCCAGAACCG
GAPDH ATGACAATGAATACGGCTACAGCAA GCAGCGAACTTTATTGATGGTATT

Table 2. Body and hind limb muscle and relative muscle weight

Body weight (g)

Muscle mass (mg)

Muscle mass/Body weight (mg/g)

Baseline 8-weeks Soleus Plantaris Soleus Plantaris
HSV 206.10 £2.25 384.74 £12.96 119.956 + 4.137 343.400 £ 11.207 0.313 £ 0.010 0.896 +0.029
HSP 205.53 + 2.80 325.23 £9.86 120.511 £ 3.791 324.478 + 8.815 0.372 £ 0.013 1.000 + 0.026
HSH 208.87 £ 1.97 315.18 £ 3.57 114.422 + 3.205 312.011 £ 8.872 0.363 + 0.010 0.990 + 0.024
HEV 206.83 £ 2.34 353.75 £ 12.58 118.622 + 4.858 340.200 + 9.467 0.336 + 0.010 0.967 +0.026
HEP 209.155 + 1.41 308.17 £ 6.28 123.167 £ 2.919 336.566 * 6.611 0402 +0.014 1.096 +0.033
HEH 209.20 £ 2.37 309.03 £+ 9.64 122.825 + 3.648 324925 +1.429 0.400 + 0.015 1.058 +0.030
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Fig. 1. Immunohistochemistry image of H3K9AC (red) and dapi
(blue) staining with skeletal muscle crosssections of
soleus.
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UEREA] kT (p=0.860). AHFA A, Z2/AS HH 1
53 estradiol 43 1F ZF & A3 253 ¢ Ao
7F A (p=0000), A2 /A8 A3 153 estradiol 43 1

& ol fFo3 2fol7b BAAAE]'(p—0851) EAZTAME 22
/Zl %, estradlolﬂr E A3 &7 9 gk zpo| 7} LERS
I(p=.000), & EHE 26t ‘/}E}”‘:}(FOOOD A%
A% A3 Z2/A3 HFH 15 estradiol A3 1F ZF
EAA 2539 Fo3 Aolrt 01911(]1<05) a/A% A
# 15 estradiol 47 1F elle FY3 Aol7) Stk
(¢=0.380).

kX022 (Soleus)OflAf H3K9 OFM|E =it HE S}

ZpAE 2o A 8FY] EH AE/AF AFHA g
H3K9 ot g ste}l WEs)l MslE #&ar] 98 Bz 3
St S AASte] @rF o R RAS AL &FS A &
1, B8 A#HT HSV 2594 8153 v wdyS v H3K9
o o e (F2A)7E A B AeZ #F HAoh 28y
H3K9 WgstE #&3 23 2F 7 Aol7h sl th(Fig. 1, 2).

H3K9me DAPI

Merge

HSV
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HSH
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HEP

HEH

Fig. 2. Immunohistochemistry image of H3KOME (green) and
dapi (blue) staining with skeletal muscle crosssections
of soleus.
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ZXZ(Plantaris) I H3K9 OWIE'E}Q} HE s}

EAZAA 53]
A A Q] H3K9 F-£eo Wﬂ%i}ﬂ -401 A(FS
H& =9l vt &3 255 Hld 5 oA ¢ 1F
£9 H3K9 "WEs}(=A)7t & ﬂg = A th(Fig. 3, 4).

=)

Nad

7tXt0|Z2(Soleus)0flAf HDAC4 mRNA 28

7hAv 2ol 4 HDAC49] mRNA 3 oks #2317 ¢
& Real-time PCRS E3 12d dgo]g Ztol g o] ¥
24 (Two-way ANOVA)= AA8IE . 1 23 85 5¢9
23/ A%, estradiol? =9 AFHS} &5 BEF YT 2347}
UERGA 29k 3 (p>0.05), &5 /A3 AH 9 Fa48
E3= YeEA 49k th(p=0.984) (Fig. 5A).

EFXNZ2(Plantaris)lA{ HDAC4 mRNA s

ZA A X 8579 /A H, estradiol? & Ao o
HDAC4¢] mRNA @ o] {93 Aol& HGow
(p=0.040), A4S A, estradiol 43 1FF & 43F 1F

H3K9ac

DAPI Merge

HSV

HSP

HSH

HEV

HEP

HEH

Fig. 3. Immunohistochemistry image of H3K9AC (red) and dapi
(blue) staining with skeletal muscle crosssections of

plantaris.

79 frof gk kol vk e THp=0.037). &5 9] a3
A F9kom(p=0.826), F 2909 FoF H5%E B
YehgA] 29 th(p=0.524) (Fig. 6A).

tH Lo
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rok

_(rbl_
il

bot r1r

7kXt0|2(Soleus)0flAf HDAC5 mRNA s

ZpApu 2o A 857k 2/ A3, estradiol? E9] A3 9
+% EF HDAC5 mRNA #dofo] 23 a35 v xX
A (p>005), &5 AZ/AG 4 35484 aF4E Y
BhtA) ekotth(p=0.623) (Fig. 5B).

EX2(Plantaris)flIAl HDAC5 mRNA &3

Zx1 2 A 8F719 7‘%3/7‘]% estradiol® &9 AF 1&
7t HDAC5 mRNA 2@ o= 93 2o)7h A 14(;0—
0.153), &5l w2 Fogt ZPOW YeR o (p=0.007). &%
42 /A% 49 AadE e dErdA S3tp= 0.852)
(Fig. 6B).

H3K9me DAPI Merge

- .. .
- -. .
- .. .

Fig. 4. Immunohistochemistry image of H3KOIME (green) and
dapi (blue) staining with skeletal muscle crosssections
of plantaris.
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(Fold Induction)
HDAC5 mRNA
(Fold Induction)

0.5 1

e
W

HSV HSP HSH HEV HEP HEH

HSV HSP HSH HEV HEP HEH

[

G9a mRNA
(Fold Induction)

o
in

HSV HSP HSH HEV HEP HEH

Fig. 5. Target mRNA levels determined by real-time RT-PCR in soleus muscle. HDAC4 (A), HDAC5 (B), G9a (C). Target mRNA
values are shown normalized to the GAPDH mRNA level for each sample. Samples were analyzed in duplicate in parallel
with GAPDH. Values are means + SE from nine independent experiments. *p<0.05 vs. control.

A 2 B 2 (o3 2
* *
<= < 2151 = 15
=}

0T | g T
E_'g Eé 1 é'ﬁ 1
o= S| ol
<= <= ]
a3 a2 03
T = T = 05 = 05

0 4 0 A

HSV HSP HSH HEV HEP HEH

HSV HSP HSH HEV HEP HEH

HSV HSP HSH HEV HEP HEH

Fig. 6. Target mRNA levels determined by real-time RT-PCR in plantaris muscle. HDAC4 (A), HDAC5 (B), G9a (C). Target mRNA
values are shown normalized to the GAPDH mRNA level for each sample. Samples were analyzed in duplicate in parallel
with GAPDH. Values are means + SE from nine independent experiments. *p<0.05 vs. control.

1xH|Z(Soleus)tlAf G9a mRNA &8

7hAm) 2ol A 85719 ?4_'3/7‘]@ estradiol? &9] 4% ¢}
&5 % G mRNA 28-S F3HA HaA 714 Z3tgth
(p>005). &% 22/A% *M«l s Z3E JERYA
%9kt (p=0.510) (Fig. 5C).

EXZ(Plantaris)lAf G9a mRNA £
ZA 2 M 85719 22/ A&, estradiold &9 HHE
G9% mRNA HdFS F93tA M3 714 £33 (p=0.153),
R ICE %.ﬁ; Aol g B (p=0.007). &3 Z/A
G AFHY BsAE G YeuA Gkt (p=0.852) (Fig.
6C).
o
S AFES A 2FIA GAE 2435
= 43 A7tk AMPK7E @43 5 A4t A
s} 9 GLUT47} F7kgttt. o8& 714

L ugoz 95
TAZNA A g g Fro el F8YE S A
2 U4, 11, 12, 30]. 94 T2EQ Ad2EZAT §A
7€ sty A 2 A2H AFY T2 FHES F

g FeE B s &g,
e Aow 4HA AT, 10, 17]. 1Y &5
A 8o AlA| Aute] H X FAAQA Az
T Aso] RIHI 5ol
A7} 0§35, $4 f47
b B ATl HE Ya AA FEL
T FHollA nAH A5 A A7IHA, 733/1]% A4
g £F5o] AA 24 Wstel] dFe vA=A BEE L, ol
3 I F43 7] AL B3 3

g
=
b
oyl
[
12
B
lo
2 o N
rJ r‘_o,l', l"Ll Jr‘
ot @ N2 o

_1}‘4_,
ofo o
N
[

& W3yt B4 FHAA | )
ot vz st 1 A AA, 85 +5S T 1

gz vl AFol F3tA #FAsAT. Z22/A%s A
3 15E AFo| YA 45A A, estradiol A3 1F
I FAG H4E JEIY &5 22/A% 4HY s
A& adE YegUA AT 7 28 EF AF A Eﬂr
g Yt o8 A= *453 AFEANA AANE &

o a3, SFAL YA AT A As Sbe o 754
2 E T AT 13 14, 32] =7 2T B AFo] oY TEL
A 2ERAF fA 715 S o], J2ERAY V5o
HugolgEs & ZY2HE 714, 38 A 2F
GLUT4 57k A% 71 d4A9 75< she AL
F ATH17, 25, 27, 34].
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=4, HEAA A Z(slow-twitch muscle)? &2 (fast- HDAC family 243 HDAC5®] $7t& <lal GLUT4 44
twitch muscle)$! 7bAte| 23 A2 Fdjd AddFS 42 o] S| 2EAM BopAEErt dojdtte A AT A
Hla g 43, 8 3 &5 A4 15 A S SA42 4 AFHE20], & AFANA AT S5 9F HDAC5 mRNA

T o

FRE 25 A ¢ aFd v FosiA /s, B Zae AR A 715S AAANTE Z1- e )l
Z2/AFE AT 1% d2To W) A2 Z4 250 $2% 229 AN FE Adet & & AT
o9 deFo] BF FYsHA F7} A, estradiol A3 IF ol7} HDAC49 HDACSE 24T £3 2 dXo 52839
I g a32 eyt $53 22/48 429 43 H&-& 3= MEF2 (myocyte enhancer factor2)®] €55 A
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