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Effect of DHEA Administration Alone or Fxercise combined with DHEA before
Steroid Treatment on Rat Hindlimb Muscles

Choe, Myoung-Ae' - An, Gyeong-Ju?
'Professor, College of Nursing, Seoul National University, Seoul
*Assistant Professor, Department of Nursing, Catholic University of Daegu, Daegu, Korea

Purpose: The purpose of this study was to determine the effect of Dehydroepiandrosterone (DHEA) administration alone
or exercise combined with DHEA before steroid treatment on rat hindlimb muscles. Methods: Male Sprague-Dawley rats
were assigned to one of three groups: a steroid group (S, n=10) that had no treatment for 7 days before steroid treatment;
a DHEA-steroid group (DS, n=8) that had 0.34 mmol/kg/day DHEA injection once a day for 7 days before steroid treat-
ment and an exercise+DHEA-steroid group (EDS, n=9) that ran on the treadmill combined with 0.34 mmol/kg/day DHEA
injection for 7 days before steroid treatment. At 15 days all rats were anesthetized and soleus, plantaris and gastrocne-
mius muscles were dissected. Body weight, food intake, muscle weight, myofibillar protein content and cross-sectional
area of the dissected muscles were determined. Results: The DS group showed significant increases (p<.05) as com-
pared to the steroid group in body weight, and muscle weight of gastrocnemius muscles. The EDS group showed signifi-
cant increases (p<.05) as compared to the S group in body weight, muscle weight, myofibrillar protein content, and Type Il
fiber cross-sectional area of soleus, plantaris and gastrocnemius muscles. Conclusion: Exercise combined with DHEA
administration before steroid treatment prevents steroid induced muscle atrophy, with exercise combined with DHEA
administration being more effective than DHEA administration alone in preventing muscle atrophy.
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TR QIR 9150l HE F5lo] gttt Abdo] Choe®t
An (2007)9] Aol A= g st3ict,

o[zt AH|Zo|= FHM Z95S s st gt et s
7P ol A5t Aol &5 FAolTh AE|RO|EE Foidh=
717 F 29150l AL Gl T 5% Folsto] 295
S ZAHAIFI(Choe, 1998; Choe, Choi, & Shin, 1997; Park,
Lee, & Kim, 1999) AH|Z0|E A& & 90| fate ASf
oA &E= Fotete] 2915 dEa SHUAFTHChoe, Shin,
An, Choi, & Lee, 2002).
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DHEA+ & 714} I (insulin-like growth factor

I, IGF-D3} BlAE2EH2S 27t 57HA)7] AW (Dhatariya, Bi—
gelow, & Nair, 2005) YSFIIZE|F0|E IS 71 A
o2 BIES O T 2(Apostolova, Schweizer, Balazs, Kos—
tadinova, & Odermatt, 2005; Araneo & Daynes, 1995), H]
= DHEA Foi7} &-50] A2 AbEolA &5 dd= StA
A Bt B RS 50 Wt Aol ek
sFeIth(Villareal & Holloszy, 2006). 1&1} DHEAS} 252
A GOl i A7 Fjel o & 7 9] o] R0 %] eIk
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amethasones Fo7] A 747 DHEAS Fofqke olu
EDSw2 dexamethasoned FoJ4t7] A 747t DHEA £
o 52 Aol A8 FLolthFigure 1), Al o 5= A
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200-220 g9] male Sprague—Dawley ratZ HAC.2 DS
T} EDSTEO® Uro] Z)F Fhofl 10mte] A vy skglet, U7

= A fI8l 12417k HaL 1241k o5 A BHe =
Astlon i} Ak nREt 2 A sklch AF
oA 2uke], EDSHllA] 1mte) 7} Huh o5 =e
AL ZFAH oz AT dide DS 8utel, EDST 9t
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1) DHEA £04

Ethanol 5 mL&}t medium—chain triglycerides (MCT) oil
45 mLE 1:99] v]-&2 £33t 8-olo] DHEA (5-androsten—
38-01-17-one, Sigma, St. Louis, MO, USA) 1.25 g= &3l
AA FAtd e R gk & AT 0.34 mmol/kg (100 mg/kg
of body weight)®] 852 2(Kwak et al., 2000) 13]/¥, ¥4
St @ ATl 747 £ W SAHintraperitoneal injection)
skoitt, o] 852 A% 100 g9 0.4 mLE $Hibsto] wjd =
e 719 Aol whet ALt o] @7 104]0] Fofshgit,

Steroid *

S (n=10) O e A q
0 day 7 days 14 days

DHEA Steroid *

DS (n=8) bmmm A q
0 day 7 days 14 days

Exercise+DHEA Steroid x

EDS (n=9) b A q
0 day 7 days 14 days

Figure 1. Experimental design.
*Muscle dissection.
S=steroid; DS=DHEA-steroid; EDS=exercise+DHEA-steroid.

2) 255512t DHEA &0

27 25 Aol DHEAS Folshaith. 258 &= BAE
Z244 4 9)= rodent animal treadmilloll A A8 5%
A

Dexamethasones A& kgd 5 mge] 8502 19 13 o
43t 27 10A]of) 7L T]3} AR

Y FURt @4 9l BE 9] AlFE rat digital bal—
ance (Dae Jong Instrument Co,, Seoul, Korea)g ©]-8-5}¢]

SAstlon, 2584 A= Age Sk

A58 5 A AT ARFAIR A FIehaL g AR R A

2 249 F, AT ARFAN HHHT G AR FAS
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6) 7tAt0|IZ2, EAZ Y HIEZ Al 2854 &3

7} 39 555 pentobarbital sodium (50 mg/kg i.p)<
TFHAR 3 oF Sk ol A 7EAb] ) SA T 9 HlETS A
Alskar AejA Faez AAsh, A2 24 225 A5
A Z=RH  microbalance (Mettler PE160, Columbus, USA)
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Choe®} An (2007)9] Aol AAIE ol whef Thyd
ke B354 A (spectrophotometer, UV1601, SHIMADZU,
Tokyo, Japan)& 45191 Serva Blue G dye”} &% Bio—Rad
(Bio—Rad Laboratories, Hercules, CA, USA) 1 mLE Brad-
ford assay HHoE 45130 & 3 LHT(bovine serum
albumin)y& 8N O2 o] g5to] FFFLA oA et &
= (absorbance, Ass) 52 (ug/mL)E o] ST 52 Ty
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& 2R S P83 (BH-2, Olympus, Tokyo, Japan)2S&
Hol o} FA Hols T4H= Type [, BA| Hol= 24d0+= Type
1= 5319t 4439 @3-S microscopic image ana—
lyzer (LECO 2001 Image Analysis System)& ©]-8-3}4] 100
ulj o] ui&-stol| 2|43k 50719 A5 785k Type I, T
Ao F3H A ARSI THKIm & Kim, 1991).

4. Xz 24 4y

7% A7 SPSS WIN 12,0 Z271 |8ske] &4
By

7y 0] A1, Aol A, &5 FA, Type [, I 244 2
WA g A T Sheke] Harat 23 WAE ARSI
o} Al AoldF, &% 77, Type I, I 4+ o4,
TS T FRF ol ZF 2 7holl Alol7} =7 ANOVA
2

o
E4%E 5 /\]'—.L B8 Scheffe testE o]-&5fo] 2451 ch
Z O

TEL p<.0501A A EsEGITE,
A Zat

1. A8 AE Al MBSz 2SHA 2Xe| MBS

S+, DS, EDSw2] A# AlZF A A5 (pre-weight) 2 15
AR AA 2] A% (post—weight)}S Table 1914] K= ule} 2o},

A AIZE A9 AlF Al o 7l elgh ztel 7t glglar,
SAA AH AT Al 7ol 23t Zfol7t Y Ao 1
Eptt, DSwF EDSw] 5 AAA A A5 Swtell vlal #
oJalA #H.om(p=.001), EDST2] L3 AAZA AFo0] DS
of sl & Aoz Yehdth(p=015).

Table 1. Body Weight and Total Amount of Diet Intake among St-
eroid (S), DHEA-steroid (DS), and Exercise+DHEA-steroid (EDS)
Rats

Preweight (g) Postweight (g) Total diet intake (g)

Group
Mean=+SD

S (n=10)T 214.61£5.71 180.60+9.07° 195.84+22.17°
DS (n=8) 211.05+4.82 193.82+4.4%° 209.37 £13.48°
EDS (n=9) 213.90+1.52 207.55+11.272  288.25+37.78°
F(p) 2.617 (.091) 15.479 (.001)* 31.967 (.001)*
Scheffe a>b>c a>b, a>c
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2. T A=lFE

Table 19 AAJE vk} o] ST, DS, EDSw9] & AbaAd
RS 721 195,84£22.17 g, 209.37+13.48 g, 288.25+37.78
g & Al i 78] zfo| 7} folgt A o & yeRgtt EDSwe] &
AR STt DSl BlEl §-9)sHA| @etth(p=.001).
3. 2=

S+, DS+, EDSw Al w9 55 AE vt A3t Table
20l AIAIH Bie} Zro] Zxpu| BA|, HHT A, wEL
Aol F-2J5tk ZFol 7} QI¢iet, DS SwHo] 5 FAIE vl
St A3}, DSw] 7Rt £ FAIE STt 2kol7h ¢l
O} HjET BAl= St Hlsl f-o5HA| & Ao E verkitt
(p=.020). EDSw2} S92 &5 FA1E vlwgt 23 EDS9
7HARa|E S A (p=.028), S FA|(p=.010), B8 FA(p=
.001)7} Swtofl vlal] 25| & A2 Ebtt,

EDS#7} DS+ 7H] 57 AIE vl 23 Al 45 25

oA 23t 2fo] 7} UreftA] okt

S+, DS+, EDSH All 749 7RAhu|E, S22, vlELe] 2
A T SRS vlagh A7t Table 3ol AA =] Qlet,
Al < 70 71, SAE, HE] U T ke
rofRt kel 7k 2ASAet.

EDSw2 Swtol| Blal] 7k (p=.001), F&(p=.001), H]
E(p=.024)2] L did o] 22t folsHA| 2 A
2 Yehtal EDST] 7HARr]H(p=.001), £&2(p=.023)°] DS
o Blsf folstA & Ao Uepon BlELoA= fofgt
2ol 7k §li= A o= UEkTh(p=.070).

Table 2. Muscle Weight of Steroid (S), DHEA-steroid (DS), and Ex-
ercise+DHEA-steroid (EDS) Rats

Soleus (mg) Plantaris (mg)  Gastrocnemius (mg)

Group
Mean+SD

S (r1=10)T 109.80+7.69° 183.80+37.68° 898.50+77.68°
DS (n=8) 118.25+3.77 202.00+16.02  1,033.00+57.68°
EDS (n=9) 121.77+12.81° 226.22+21.28* 1,089.66+ 128.23¢
F(p) 4.457 (.023)* 5.632 (.010)* 10.555 (.001)*
Scheffe a>b a>b a>c, b>c

*p<.05; "Data previously published in Choe and An (2007).
n=number of animals.
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*p<.05; "Data previously published in Choe and An (2007).
n=number of animals.



AH|Z0|E X2 ™ DHEA H=F0{2F DHEARO2t 252 SAIRZ0| AHZ0|E REY 2= oLl 0lxl= Zat 325

7P|, S22 9 vlEe] Type I, 11 2444 Feus]

Table 42} Figure 201 AA1Ef e},

1) 7Ixtol2

7FA] 9] Type I 4 FEHAE 3 7ol 5203t Ao
7F o™, Type IT A AL 33 Tholl §-9J3F Ao]
7} &= Aoz Yehytty EDSwe] 7| Type I 245
A2 SiH(p=.016)T DSwH(p=.012)°] vl3] H-2JakA &
Aoz ettt
2) &N

219 Type [ 435 A2 3 7holl f-23t zjol7}
ot Type 1T 435 FTHHA2 37 7holl §-2Jgk &fo]7h
U= Ao eyt

EDS9] £A< Type II 4+ FHHA-L SoH(p=.008)2
DSTH(p=.010)°]] B3} G-2laHA] & Ao & vepydtt,

Table 3. Myodfibrillar Protein Content of the Hindlimb Muscles in St-
eroid (S), DHEA-steroid (DS), and Exercise+DHEA-steroid (EDS)
Rats

Soleus (mg/g) Plantaris (mg/g) Gastrocnemius (mg/g)

Group

Mean=+SD
S (n=10)T 14.64+2.04° 19.38+3.49° 39.62+5.80°
DS (n=8) 15.22+1.07° 21.02+2.01° 40.66+4.72
EDS (n=9) 19.49+2.50° 25.55+3.50° 47.55+6.64°
F(p) 17.405 (.001)* 9.615 (.001)* 5.013(.015)*
Scheffe a>b, a>c a>b, a>c a>b

*p<.05; "Data previously published in Choe and An (2007).
n=number of animals.

3) HlEZ

vl 529 Type I 24+
S92, Type 1T 435 S22 33 kol -2lgk xfo]7} 9l
= A0 R eyt

EDS#9] HlE<E Type 11 43 JTHA-2 Stte] H]s)
ofatA| & A2 YEREIL(p=.033), DSwtol| HlsAl= frolet
Zol7t Gl AR UErsiTt,

= 9
# AP AP ROER QIs) SEE 29153 o]

3t A= DHEA ©557099} DHEA F019} 2-52] 541489
ato] thel| g3k

1

Figure 2. Cross-section of soleus, plantaris and gastrocnemius mu-
scles in S (left), DS (middle) and EDS (right) rats.

The first line is soleus, the second line is plantaris, and the third line
is gastrocnemius in S, DS and EDS rats. Cross-section of the soleus,
the plantaris and the gastrocnemius muscles in S rats was adapt-
ed from a study by Choe & An (2007).

S=steroid; DS=DHEA-steroid; EDS=Exercise+DHEA-steroid; Dark=
Type | fiber; light=Type Il fiber (ATPase staining, 100 x ).

Table 4. Cross-Sectional Area of the Hindlimb Muscles in Steroid (S), DHEA-steroid (DS), and Exercise+DHEA-steroid (EDS) Rats

Soleus (#m?)

Plantaris (£m?)

Gastrocnemius (#m?)

Group Mean+SD Mean+SD Mean+SD

Type | Type Il Type | Type Il Type | Type I
S (n=10)r 4,306.0+901.1 3,202.7+£1,239.3°  1,880.1+£270.0 2,650.8+637.9° 5,738.2+067.7 6,017.5+703.2°
DS (n=8) 4,510.1+325.1 3,308.2+575.1° 1,971.5+378.0 2,664.7 +=458.5° 5,805.0+622.9 6,079.0+548.1
EDS (n=9) 4,588.0+632.3 4,414.2+4451 2,190.3+310.4 3,497.0£511.2* 6,211.6+701.9 6,789.7 £596.9*
F (o) 0.483 (.622) 6.926 (.004)* 2.279(.122) 7.435 (.003)* 0.974 (.390) 4.800 (.016)*
Scheffe a>b, a>c a>b, a>c a>b

*p<.05; "Data previously published in Choe and An (2007).
n=number of animals.
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DSv-2 Sutofl Hl8) vl 5] SSFAZE & A SR Yesar
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Type I, IT 245 Fdd A= o8t bt gl 222 4

El} DHEAS] & thildl 3Hd 2hgo] AF|=ol=
Al UEhbA] 982 Ao s & 4= ik

olof| Hlal] AH|Ro|E Fof %1 7U7FS] DHEAF o9} &5
Al 28]t EDSwto] 2| 2ol = Fojtel Sutof vlsl 7kAt
o, SAL, B2 Fs7A, 7R v B A
Fretad ok, 7hbn| 2t £330 Type I 24 2EHA]
o] FsHA & ALE YEht | Zo|= Fof Hof] DHEAF
ole} &85 SOl A&sh= Aol ZH5E dRNE & Us
Hojgle},

DHEAE FAOA ZHHe 228 5
LHZO|E TR0 2 A IGF-19] 45 A6t s
A S FANTIAY, Hl2ELEH Rz Aeks B3
5 T o8-S Fit DHEA F017|7b} o] 2 0#?
©F k=A% Brown 5(1999)] AtolAl= A4 4491 107
iAo 2 85:7F DHEA 1% 50 mg?] §%& 3+ —‘%016}01
% androstenedione®] == 251 S7FI oW HAE
2HET AERA FEE G WA e A0 e
o}, 2 A723} Brown 5(1999)2] A Ak 4 el
A DHEAS Fofshd 5 thild oM 2l-go] # o] yehtx]
A= AR

Hhdo] DHEAS 67197t =QloflA| Fojsto] 2257k o
0] AgdAtolA] B skgiet, lelE thee =2 6711447 DHEA
£ Folsto] BAAIGH o] SUlellSS Baskiict
(Morales, Haubrich, Hwang, Asakura, & Yen, 1998; Vil-
lareal, Holloszy, & Kohrt, 2000). Villareal 5-(2000)= &
4 =9197] DHEA 50 mg/dayS 671 €7t Folste] E5 IGF-
[} Bl AR w57t S718H AL FAAIS 0] B/ 0.5 kg,
/3 1.2 kg F718FR kL 8191t} Morales 5-(1998)<] Aol
AE ol giAto 2 DHEA 100 mge 67147 2844 &
% DHEA-S®} IGF-19] s=7} £7)skal 43 o| S7= et
B 18}9tt, Kostka 5(2000)9] Aol A% 5378<] wkglofA|
DHEAE Foj3t & &4 DHEA-S, IGF-1, HAEAHE 5%
2 Z4stol T by S4 ke et

olefat ATEIE B w5t Qla) A4143A| DHEA %
=7} A3telo] gl ARfollA] DHEAS Solshel 25l 3
AR RS S < ek £ ) s
4o DHEAS Fofsto] 2ejo] 37182 B ushsirkSu-

Fof Ao

]_XL u]—o] isﬂﬁg]b
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gino et al., 1998). Sugino 5(1998)2 -1 ] Y5 (myo—
tonic dystrophy) kAol Al 8527F DHEA 200 mg/day< 5
Slo] W EEFol SHIE AL FEo] FTlskgl o 2%
#AaEAtt . B usktt Tsuji, Furutama, Tagami®)
Ohsawa (1999} 717+d o] 95 $A=2] %4 DHEA-S
FA7E QI Wom 2o DHEA 2% §-917F Slck
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A DHEA7} HIAEAE|EC R AgEl= Zo] 1.8%%US
X313 Brown 5-(1999)9] A2} DHEA F£¢| A] DHEA-SY]
FE7t ool A 3u FTFsHAAIRE E ol A= Wk E §ig
+ Villareal@} Holloszy (2006)2] X.a1o] A3k & A9
AFttiAre] 70|l e ng DHEAS HAEAHZC 29 A
gk a7} HS nl s Uehd Ao Helok 2 d4t Ao}
=95 53 2EHRo|E A7 A DHEA9| THefole 22
olt fHMY 915 ool fofdt At gl A st}
, L 71 A& in vitro AF7F o 2hA] AlEZ ol A
T SRR A4 ZAS AHEjollAl= DHEAS] Tz ?’d
§3’Jr7]' FrolatA] ghth= AMA S AIAISHT
olo] H|s| AH|RZo|& Fo] M 7YU7H9| &5} DHEAFOIE
A 283 EDSEo] AH| 20| & Fojitl Sttof vl 7]
, SR, BlE2 LA, 7R BlEEe) A
2] ohe, 7R S29] Type I 4 o2 o]
OJetA & ALz Lt & A Aibe AF o= Fol A
| @52 DHEA £o15 SAlo Washk= Zlo] 2952 o
T o Eo% )J\E]-
Ai=, DHEA®} 55 §A1 483 7] place—
bo%t 5= A G dEtt Lat T &2o] SRt
Ao =2 B3t Villareal® Holloszy (2006)2] $+- HilojA|
AXZE HEeE o] DHEAZ} 2-5¢l §Eg-ato] &5 et 49

l

o Ob fru ml

k
m?L' 32

i
o

S rp of
) Flﬂ

2

2 0]0
T T

ol} 2

ol
o

i

rlo m
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FTUHE SX6k= 280l oS HAISkL Qi

“12{8 2 DHEA Fo9 5= FAlol A-85k= %%, DHEA
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t}. o= DHEA Fo& IGF-1& 377 e s 5
3lakgo] Z7E T, &% A| 240l 9 S = 5= mechano—
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