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Effect of Dehydroepiandrosterone on Affected and Unaffected Hindlimb
Muscles in Rats with Neuropathic Pain Induced by Unilateral
Peripheral Nerve Injury
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Purpose: The purpose of this study was to examine the effect of DHEA (Dehydroepiandrosterone) on muscle weight
and Type | and Il fiber cross-sectional area of affected and unaffected hindlimb muscles in rats with neuropathic pain indu-
ced by unilateral peripheral nerve injury. Methods: Neuropathic pain was induced by ligation and cutting of the left L5 spinal
nerve. Adult male Sprague-Dawley rats were randomly assigned to one of two groups: The DHEA group (n=10) had DHEA
injections daily for 14 days, and the Vehicle group (n=10) had vehicle injections daily for 14 days. Withdrawal threshold,
body weight, food intake and activity were measured every day. At 15 days all rats were anesthetized and soleus, plan-
taris and gastrocnemius muscles were dissected from the both hindlimbs. Body weight, food intake, activity, muscle weight
and Type |, Il fiber cross-sectional area of the dissected muscles were measured. Results: The DHEA group showed sig-
nificant increases (p<.05), as compared to the vehicle group for muscle weight of the unaffected plantaris, and in Type Il
fiber cross-sectional area of the gastrocnemius muscle. The DHEA group demonstrated a higher pain threshold than the
vehicle group whereas total diet intake and activity score were not significantly different between the two groups. Conclu-
sion: DHEA administration for 14 days attenuates unaffected plantaris and gastrocnemius muscle atrophy.
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DHEA F0{7t Y&4 HEMY 2401 ololf FLE MAHEHE S5 F2

3438l (Luciano, Pardo, & McArthur, 2003; Schmader,
2002), @71 heAre] TR SAlRE AFESA $50
HuEY QL ol WAMIAE S-2 Slekx|=o ofsf f
HeHVielhaber & Portenoy, 2002).
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Perl, 1991).

AHESE 55 24 FolA AEHSE S5EAENA Y

BRE FAT AR BEY F3E

e
MJ
&%

S e HolH of2e e e AR5 3

H37] = shhLeem et al., 2000).

olo} o] we BEol A4 F5S AHskn glout

et 5 A AR 817] of 7 HrthLee & Choe,

Choe, Kim, An, Lee®} Choi (2008)2] A1tojlA] whrzA17
S T 1A A Tl dsl ElEel FEE e
o o]t &S AL ofel SF R QT SEA
okt JFEHTATE o RS & AR e Choe
5(2008)¢] Aol oJobH WAl £Fo® fUE TS
Aol ofgt SEAstet S AstE Ielso] WAyt
the W8H ZAE AAISHL Qlem g i FgolA AW
/8 TR 2915 Aol IS 7HAAL o & osfiof
Eopar 2R Bt Qlok, 2eu gl AEHEA T
02 Qe == 5ol talid= A ol vhe] Y= 1t
FEIL o]F A7 E= == glo] o] tigt Aadrt
A9 gl= oItk A EHolA AEHSA 55 S =
A Y&EEAl AL 2 2w Flsol el 23
AL Sl Aol g BlEAgto] dAgE|o] ¢Y7|gto] ZojA |,
Y £ 7154 59 Aol AL BHske A7I7F =
ojzlct,

o e
o
oo
3

d
B
22
o),
o

& =
RAHEH B30l o3l 291%0] Zegitk Aol

hoe 5(2008)°l 2Jsff #& W & of& A 2¢l SA7}

i
o

™
rd
a

=1 YdE ACk2l2o) 0ikls I 633

A-gH A7F A9 gl Aol A DHEA -85 defsl=
oItk 53] ozt 9] A R4 DHEAS SAIsHs 3
Q1 P450c170] FAlolA] 2u]=)4] 7] wiiol|(Kibaly, Meyer,
Patte—Mensah, & Mensah—Nyagan, 2008) <3t DHEA
Sojo] HI1Z 7)ol i,
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e]22o] | x|t e Tyt gk
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AAE At 3 Agsto] AFHSA 55 FEAHoH,
1 % DHEAT-S 1447t DHEAES F9{3F #£0]1 Vehiclewt

2 vehicle?] medium chain triglycerides (MCT)—oil?H

1497 Fofgt Zoltt, T 2 BF AFAARRE 159A]
PP, EAT, v)E2g AR,

2. S7 he
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IRE: 22+2C, &t 45~

1) MEHEN S5 /Y
AFHSY T2 U8k Y8 Kim¥ Chung (1992)9]
WS ol gsto] RS 5 S ARt FlAl

pentobarbital sodiume 50 mg/kg? §FLE BT
2 oA & Bok9|2 g8ttt -3 (lumbosacral)
Qo] 9% w RS HFwo R st I ko] Q3R T8
T AEZEE 9% k0.5 cm M-S T FFHo R Afet

T 252 A% off 2 A3 o] ZLRES Follo] 5 Al
6¥ 8539 Y5715 =E2AFT 1 oS vl stellA] =
71E Z2ALHA AASIL 25 A4, 585417 RS w53
T 5 AHE 1 ee A 270E ol8-sto] Eej3t F Alsa44l
Be g AN 6-002 o188 2 mm 7HS T &S
Sk A2t & 11 Afo] BOIE wAIZFIR ATt 4
&ol Tt & 183} o HE skt
2) DHEA E04

Ethanol 5 mLe} MCT oil 45 mLE 1:99] H[&2 &3t
| Mol DHEA (Sigma, St. Louis, MO, USA) 1.25 g& &3)
AlA FALHOZ THE & () 34 mmol/kg?| SO 2 13]/¢,

1497+ DHEAZOIA B2 u=Alstle), of2{3t W2 A1)
#H(An & Choe, 2002)8 &3l <915 A3 237t 45 W
Holct,
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Vehicle7*l| A Ethanol 5 mL2} MCT oil 45 mLE 1:99]
H& 2 &3kt 898 0,34 mmol/kg?] &30 2 13)/Y, 14
7

ouf oHL B g
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DHEA F0{7t Y&4 HEMY 2401 ololf FLE MAHEHE S5 F2

& AAIStY] microbalance (Mettler PE160, Columbus,

OH, USA)lIA #AE S35t

6) Type |, Il Z2e72| SHA =73
Choe 5:(2004)%] -l A AAIE ol whet 2415 FH
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—e— Vehicle (i.p. n=10)
—O—  DHEA (i.p. n=10)

Withdrawal threshold (g)

Pre 1 2 3 4 5 6 7 14 Days

Figure 1. Time course of changes in withdrawal threshold.
*1p<.05; Pre=pre-op.

b EME ACk2|20l 0jxls BE 635
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1. £3 %l

Figure 1] YePd 5592 GARET AE 394 E458 4l
BT TS 7Y T DHEAE T3t oA 55927t &

(¢}
olal & Ao et vh A17H54 504 5 Vehi-

3T

cles FARE FolA S5 AA7F EA UeRdT
2. M5

Vehiclex*?} DHEATS] A% Al&F Al Al5(preweight) 2t
L5 A9 AlF(postweight)S Table 1014 Hi= vk}
o], Ad AlEF A9 A2 F o 7kl frolgt 2ol 7t ¢lgict.
DHEA+#} Vehiclew2] 544 A4 AFe 93k Zfol7}
gl A o= vehylh

3. & ANRYFE

T 9] & AFRA FERS Table 19 AIAE Ble} 2o},

DHEA-#} Vehiclew2] & AR A3 = 712t 232,52+ 16,05
g, 243.87+24.70 gO & = i 719] 2jo|7F Folak] o2 A
O & LR,

(@]

+0.25), Vehiclext9] 7%- 47.01£5.60 (Mean 3.35=+0.40)
2 U = & 7o) 523t 2ol 7} ¢llthTable 2).

Table 1. Body Weight and Total Diet Intake of DHEA and Vehicle
Rats

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

Group

Mean=+SD Mean=+SD Mean=+SD
DHEA (n=10) 232.81+413 276.15+13.35 232.52+16.05
Vehicle (n=10) 23321+£347 27527+1355 243.87+24.70
t(p) 0.334 (.740) 0.213(.832) 1.809 (.078)

DHEA=dehydroepiandrosterone; n=number of animals.
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5. 2=

T 0] &5 FAE vt 217} Table 300 A= o] Qirt,

7+e] DHEA Fof 3= 2%1s17] 9|8 DHEAT 2} Ve
hicle?*®] 5515 BlaLgt A3}, DHEATS] 345 H22
T 308.40+25.98 mge Vehiclew2] 290.34+22.17 mg
of vl fofstA & AL® ek on(t=2.459, p=.018), 7L
Q]9] &2 5 I 7ol fofgt Aol 7t §lolct,

DHEA9| &9 IS5AE Hlﬂﬂ Az} HAE 7]
T8 129.04£12.56 mge ¥ 7R 285 A 71.78
+27.02 mgoll v} 525 Ztht=7.977, p=.001). ZA=
ZAL 874 308,40+ 25,98 mge T FH L 18T
223.73+67.32 mgell Bl oJskAl #1aL(t=4.491, p=.001),
A wlEL 285 1,510.91+ 118,72 mg = H|EL
285 893.214+251.73 mgoll W] G5 £ Aoz
ERTH(t=9.543, p=.001).

Vehiclet] #$- L85 A|1S v w3t 21} ZAE 7]
TE5A 134.20%13.13 mgo] 25 7HAu]E 55 67.76
+23.87 mgell B3 525 ZItht=11.717, p=.001). ZA=
ZH T 2877 290.34+22.17 mge 3= ZHT T
232.50%65.22 mgol| H3l FelatAl %107 (t=4.956, p=. 001)
AAFZ vl B 2817 1 571 80+ 118,05 mge S H|E
857 934.20%234.24 mgol| HIE] o5 2 Aoz L}

Table 2. Total Activity Score of DHEA and Vehicle Rats

Total activity score

Group

Mean=+SD
DHEA (n=10) 44714361
Vehicle (n=10) 47.01£5.60
t(p) 1.064 (.301)

DHEA=dehydroepiandrosterone; n=number of animals.

Table 3. Muscle Weight of DHEA and Vehicle Rats

ﬂ
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ERgdth(t=11.741, p=.001).

6. Type |, || 2M7 STHHY

Figure 2] 7 9] =3} b= 7pAto| 2, 22 9 vl
0] ko] 7 ko) Af FHHA2 Table 4004 K= vh

9} 7t} DHEAT T Vehiclew-2] AANE B8 Type 1T 24
f JohH AL v w3t A3 DHEATS] 9

-3

91.2+1,576.9 ym’

)

Figure 2. Cross-section of the hindlimb muscles in DHEA and vehi-
clerats.

The first line is affected soleus (left), plantaris (middle) and gastroc-
nemius muscle (right) in DHEA rats. The second line is unaffected
soleus (left), plantaris (middle) and gastrocnemius muscle (right)
in DHEA rats. The third line is affected soleus (left), plantaris (mid-
dle) and gastrocnemius muscle (right) in Vehicle rats. The fourth
line is unaffected soleus (left), plantaris (middle) and gastrocnemius
muscle (right) in Vehicle rats.

Dark=Type | muscle fiber, light=Type Il muscle fiber (Myosin ATPase
straining, 100 x).

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

Group Left Right Left Right Left Right

t(p) t(p) t(p)
Mean=+SD Mean=+SD Mean=+SD

DHEA 71.78+27.02 129.04+1256 7.977 223.73+£67.32 308.40+2598 4.491 893.21+251.73 1,51091+£118.72 9.543
(n=10) (.001) (.001) (.001)
Vehicle 67.75+£23.87 1342+13.13 11.717 23250+£65.22 290.34+22.17 4956 934.20+234.24 1,571.80+118.05 11.741
(n=10) (.001) (.001) (.001)

t(p) 0.515 1.314 0.432 2.459 0.550 1.682

(.609) (.196) (.668) (.018) (.585) (.100)

DHEA=dehydroepiandrosterone; n=number of animals.
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Table 4. Cross-Sectional Area of the Hindlimb Muscles in DHEA and Vehicle Rats

DHEA (n=10) Vehicle (n=10)
S —— t(p)
Mean=+SD Mean=+SD
Soleus (uzm?) Type | Left 2,973.8+£1,993.8 2,435.3+1,293.7 0.629 (.540)
Right 4,970.9+1,269.6 5,024.6+1,472.8 0.071 (.944)
t(p) 1.686 (.153) 3.193 (.015)
Type I Left 2,904.9+1,268.6 2,397.1£1,457.2 0.714 (.488)
Right 6,036.2+1,584.0 4,257.5+2,123.1 1.718 (.111)
t(p) 4.835 (.005) 1.703 (.132)
Plantaris (zm?) Type | Left 2,726.8+1,083.8 3,247.0+488.4 1.227 (.241)
Right 3,078.2+571.2 3,715.9+973.4 1.516 (.154)
t(p) 0.781(.465) 1.538(.168)
Type Il Left 2,901.9+1,853.9 3,481.3+737.0 0.817 (.429)
Right 4,915.6+1,159.6 4,456.7+953.2 0.842 (.415)
t(p) 2.725(.034) 2.353 (.051)
Gastrocne-mius (zm2) Type | Left 5,997.1+2,502.4 4,903.6+1,093.5 1.124 (.281)
Right 7,052.0+1,005.9 7,315.0+£1,494.5 0.393 (.700)
t(p) 1.117 (.307) 3.684 (.008)
Type Il Left 6,913.1£2,794.8 5,760.5+1,766.1 0.969 (.350)
Right 9,791.2+1,576.9 7,579.2+1,063.2 3.225 (.007)
t(p) 2.211(.069) 2.006 (.085)
DHEA=dehydroepiandrosterone; n=number of animals.
2 Vehiclew+2] 7,579.2+1,063.2 ym?]| B3] F-2J5H4] 2 A o] Type II T4 AL 25T} S 2holl §-203 2}
.2 YeRdrh(t=3.225, p=.007). 7 2l] THIAE Type oI/ giie,
1 24 Fere] o7t = 2 7] folaA) eote.
DHEA-9] 2 44 ﬂo%uda% e vk Ay = 9

7EaIe] Type I 45
gk ztol7t glglovt, B Type —Eﬁ%
1,584.0 ym*& ?}’2‘ Type 11 T4 B4 2,904.941,268.6
p’ol] Il F-oJ5HA| 2 Ao YEridTh(t=4.835, p=.005).
2 29] Type | T4 A2 $&a A4S 7ol 23t
2ol 7k il ot A Type 1T 4G T3] 4915 6+
1,159.6 ym*& B Type 11 46 Sd 2] 2,901.941,853.9
pme]l Blal] f-oJakA & AoR UeRTHt=2.725, p=.034).

H[E10] Ao Type [, [T 741G A oA 823} 4
&5 7ol frofgh Aol 7k UrebA] ket

Vehiclew2] #-¢- 41§ JTHAS 15HE vlagh At
7P o) 42 Type I 4 4 5,024.6+1,472.8
pmo] g T%ype I 245 3ehd A 2 435.3+1,293.7 pm?l|
vl3f) F-osHA] & A SR YeRO1H(t=3.193, p=.015), 7FAH]
<9 Type I & é. FAHd2 5T A4S bl fefgt
Zro|7t gigleh. £&e et A4S 7 Type [ T 24+
A FoJt o7t Gl AR Ueiith BlE1Y
ol = A5 Type I A F9HA 7,315.0+1,494.5 pm”
Typ BehH A 4903.6+1,093.5 gm?o]| H]
Eiza LFER O U (t=3.684, p=.008), H]E
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2 A0 e}, o] 140719] DHEA S0l 4AH%0)4
Type II 2492 72 PAE 433} sjuto] 28 34 &
247} S-S AN, olelat 2k DHEA Fol/t 228
w34 A 9Lom] 1 S B3] Type [T 24H40] £
ofgt 117} Ik ATt A¥HAn & Choe, 2002; Brown
et al., 199909} YA]gtct DHEA: FAlA Hulsl= 2 5
7V wo] gAEE A Ro|lE T2RORA IGF-T (In-
sulin-like growth factor—-1)2] &S A}=ste] 48 oA
e SAA7IAY, HEEAHEC 2 Aok Fo <=
o Sokag-2 jith

et 2591 25 Scke]-& DHEAW2} Vehicle ZFl
OfRE 2ol 7k ehA] o), #5-2 AR AR A& 9
P2 W Ftol7] wizell S S5 FATE dA6] 4
of Gl FEO2 DHEA Fol7h A544S
o] e F7) 9 A0 hehteh, olefat Ak
DHEA7} 417 %5 2-g-0] Zoitt= ofe] AdA+-27HGude-
mez et al., 2002; Wojtal, Trojnar, & Czuczwar, 2006)2}
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A2)3}A] ok= Aufo|tt, DHEAE ARAE &4 5 7450l
o Al W < % grolro] mlEZ oY) 75& Hojtow
S AAISI= H Y (Kaasik, Safiulina, Kalda,
& Zharkovsky, 200392 ET|2, & dLoA AlA&ArE 3
2o DHEA7} 935 Fleejet Azt 4= glovk fofgt 2
I7F VrehA] ekt whebA] DHEA Fo17]7to|ut 852
7HA 271 A9 S B vt qlokar AZgi
DHEA<2¥} Vehiclewtoll Al 7HAfu|, S22, vl S5
A7t g50] A5l vlsl G5k dad Ao yehd 4
e 2 Aol A ARE A EA B5 do] 25 Alsar
EFAF7] 2ol 55 AAEEYC R 55 ,—__LSH?,—OI
e ot #HEAAe F4dske Albasa
£ S]]l F-& 2417 (partial denervatlon)g &

3tH(Chapman, Suzuki, &Dickenson, 1998), 7FAw|,

it

olN

on.
mlo

TN o R 0
)
ol

HlE L Wl 2220 Zz]X(plantar flexor muscle) 22 X-&
A7 of| A BA)5F HZA17 (tibial nerve)] A|ujE Hto g %}
= Ab oAl 4ol osf) Fake W2 Ao R Bz &
WA S0l o AAHSA T5oE IAS7HA 2 E
e AlARICE

4% g0 AT A0 Leht ATk MY w24 &
AHe W 2R 1A 9S8 D8] DHEA &
o7} Ak S-S FT = Qlck

ol 2H2A7A &4 F A5l A YA DHEA 5271 A
3= 0|23 DHEA: A2 AgS %?‘g{s}o:] == 27

e TAR & o, & AolA T@M DHEA&= xﬂ59. A7
EFo R Qg ARWTA 55 AU AE 28-S 5t
Fom 2 AoA DHEATS] §59 A7} Vehiclewtol H]3
RO FeE AR A7e 4 D} DHEA7} 4173354
5% GAE STt Aike YN O R AR B
o] XEAR & 2w A gh=rtil A ¢17] wzell(Kibaly

tal, 2008) BT TS FUTH A7} oloiAof & Ao
B2he el Sl dasd BEel F7hsh AR
Ao 37K A0 2 st ot B T AT 3 B
F AR T 2 7ol Hol7t glo] DHEAZOIA 53
FE Q13 Bl HHF F71H ek gt
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DHEAw-#} Vehiclew 7toll A5-9] 2po]e} - AbaAd 3ol
gt po|7t glis AR Yehd A=, 2 AolA F
BE AEHEE S50l AU Fo)7] wiZell Choe 5(2008)
o] Aol A FFEEIRe] T5o] AlERAE FstaL(Mor—
ley & Kraenzle, 1994), 2184418 28319 (Long & Greco,
2000) FHAFE ASHAIZIER 2 o)A 1447t Bt F
AlEAl o] Vehiclewt 243.87 g, DHEA 232,52 go&
Eh} Choe 5(2008)9] Aol Ut tizo] 747 A
FAHF 152.4 goll vlal AlRAdFH ol oS & 4=k A
YA (An & Choe, 2002; Brown et al., 1999)°]| 2|5} DHEA
£ A8l G FA AU T2 A7 |= AR YEE
t}, wfeba] B Ao A% DHEAT-S 4180 #i3l7} §1917] o
ol Vehiclew ¥} H]528h AbR A s HSlckar Azieich,

E3 S| A= DHEAT T Vehicle 7Hol| 23t #}o]
7} YehA] ¢k3kth, ol Choe 5-(2008)2] WA £4F
ol A Lhehd upel o] 2 AollA] o B WRAIA
ol ot AABEFE F5 Hdol7] el ﬁﬁ%ﬂi%’%
o7 gEao] AR Hog B 2ot et B
DHEA9| 5 A7} =otiA 35 A=7} %‘E.El‘?i &%
o] S71ek A o8 7R AA| EEd F7FsHA] (ol
o]t A3 DHEAYY] 55 A&7t SHEQE ke thA

TEE AU U 4 az% WA 71710l gol Aag Ao

BT Tl 55 S
oFal =AW =
Qlth(Taiwo & Levine, 1990). ©]2|st G54 ulf
7H§ 42 prostaglandin H|538}9] bradykinin, serotonin,
interleukin 50| %3l Itk B417 (denervation)® 74t
] ZLof| A prostaglandin E22] %7} 319% %715kl w2
EES B IR T Befa-e ST o] 29150l
=]l 2w (Turinsky, 1986), 522 Q&) 28 3t
Ol 0% #4=8al -5 2 E7F dofup 53] Type IT A2 9]
0] FEZA 2(Demoulin, Crielaard, & Vanderthommen,
2007) COX~-2 pathway”’} <45 44782 283th= (Bon-
desen, Mills, & Pavlath, 2006) AMS EO|Z2 & of, Oix— o
24 0) prostaglandin 2712 A Bajrh 2719
122 & & Qlt}, & A4 prostaglandin F=5 &% o}

| ok 2 amdel 1793 $3 98 A4 55

o
2

O

2
8‘11
20

§



DHEA 07} 2Z ZEAZ A40] Ol RLE NPHEY £5

SHHE219] prostaglandin®] Z7}1E]o] QI Taiwo} Levine
(1990)2] Ha1o] &Jaf £ AL A% prostaglandin®] Z7}E
o] Qloglal =} 4= glong B QrATlol|x] BZ 7taR
AR AR A7 AE e Az sATE 5 R
=729 prostadlandin®] Tl EelS ZAXZITHL & 4
Ao, e Eefofl Y% F= prostadlandin®| 28]
A= o} =gho] who B 2 (Hagsselgren, Zamir, James,
& Fischer, 1990) o] 22 & o W2 A|&2]Q1 ¢47F e
517] wizoll 2 A+ Axt iAol ASE 7|shoF & Ao A
Z3tet,

O'Leary$€} Hood (2008)= Al Al $4fo] dojubd A
9] cytochrome—C oxidase®| 0] 7taE o] njEZEzo}
7} 22k, gAksbaelel MnSOD7F AskeE]7] wiie] F7
9] MEAEAL =4 (apoptotic susceptibility)©] &7Hd
ChaL F8kSITh & A7 &4do] WA E Y s =249 Al
AFEARZE A 9170 oI}, 2| Atol| o5t DHEA

7} A ZAVE & T anti—apoptotic effect)”} Y22 HgH

H} 1tHCharalampopoulos, Margioris, & Gravanis, 2008).
DHEA= A2 W) cAMPE 7417121 QATSE & 2743t
A7 M| ZAFBARS Bhe 282 Sths Zolt, & dAtollA

IEI_J—E/]\J. i O o
AL Al =29 in vitro A¥ SYshA| ot HotAlow

ol Ay ztsict,
Z DHEA+= o8 7HA] 9] ASAGAHAE o]-838= neuros—
teroid= 35 FAAA7] L FAZAEAL 2H8-5 S48k &

o o&w ‘o 102

S G 9P F AR T 5 gout FFA
ey

N

¢

2T AL JAAINO synthetase inhibitor)7} A4
T A2t QIS Baskyal o] AlstdA A ARl
FRAE oFet ulaRlol digt gxlE S oAet
bl A A dthLeem et al., 2000). wekA] o]

W% BEAAYZ R Fo ALY

£
ol

b eE Sck2l2ol Olxls Fg 639

2 AT A ARHEY FEOE FUE 29152 o
W3 4 9SS AR Qon ThAl AAEEY 55
o8 29jz0] fuelo] YA BE] ARHS W iR
Sol] DHEAZ oldto] 29152 opyatozn 144 7]
5 FAAD 4 9he Aol

1447te] DHEA Foi7} 454 w2Al &4 osff +2
HAFHSA T2 A% 85 TS0l = FA X
St FdSlM SAE A HlE Type 1T &5
HAZ S7HIA A5 SATT v 2915e darE
- e AAIsT:

AL EL FAAIE Foistol T2AE &de E°I
i1 F5e &0 85 259 A apt lerke tEtke
FATE AR

REFERENCES

An, G.J., & Choe, M. A. (2002). Effect of DHEA on type I and II
muscles in a focal cerebral ischemia model rat. Journal of Korean
Biological Nursing Science, 42), 19-42.

Backonja, M. M. (2003). Defining neuropathic pain. Anesthesia &
Analgesia, 97, 785-790.

Bondesen, B. A., Mills, S. T., & Pavlath, G. K. (2006). The COX-2
pathway regulates growth of atrophied muscle via multiple mech-
anisms. American Journal of Physiology 8 Cell Physiology, 290,
C1651-C1659.

Brown, G. A., Vukovich, M. D., Sharp, R. L., Reifenrath, T. A., Par-
sons, K. A., & King, D. S. (1999). Effect of oral DHEA on serum
testosterone and adaptations to resistance training in young men.
Journal of Applied Physiology, 87, 2274-2283.

Chaplan, S. R., Bach, F. W., Pogrel, J. W., Chung, J. M., & Yaksh,
T. L. (1994). Quantitative assessment of tactile allodynia in the
rat paw. Journal of Neuroscience Methods, 53, 55-63.

Chapman, V., Suzuki, R., & Dickenson, A. H. (1998). Electrophysi-
ological characterization of spinal neuronal response properties
in anesthetized rats after ligation of spinal nerves L5-L6. Journal
of Physiology, 507(Pt 3), 881-894.

Charalampopoulos, I., Margioris, A. N., & Gravanis, A. (2008). Neu-
rosteroid dehydroepiandrosterone exerts anti-apoptotic effects
by membrane-mediated, integrated genomic and non-genomic
pro-survival signaling pathways. Journal of Neurochemistry, 107,
1457-1469.

Choe, M. A,, An, G. ]., Lee, Y. K., Im, J. H., Choi-Kwon, S., & Heit-
kemper, M. (2004). Effect of inactivity and undernutrition after

JKorean Acad Nurs 39(5), 20094 10&



640

acute ischemic stroke in a rat hindlimb muscle model. Nursing
Research, 53, 283-292.

Choe, M. A, Kim, K. H,, An, G. ], Lee, K. S., & Choi, J. A. (2008).
Hindlimb muscle atrophy of rat induced by neuropathic pain.
Journal of Korean Biological Nursing Science, 10, 88-95.

Demoulin, C., Crielaard, J., & Vanderthommen, M. (2007). Spinal
muscle evaluation in healthy individuals and low-back-pain pati-
ents: A literature review. Joint Bone Spine, 74, 9-13.

Dixon, W. J. (1980). Efficient analysis of experimental observations.
Annual Review of Pharmacology & Toxicology, 22, 441-462.
Gudemez, E., Ozer, K., Cunningham, B., Sieminow, K., Browne,
E., & Siemionow, M. (2002). Dehydroepiandreosterone as an
enhancer of functional recovery following crush injury to rat sci-

atic nerve. Microsurgery, 22, 234-241.

Hasselgren, P. O., Zamir, O., James, J. H., & Fischer, J. E. (1990).
Prostaglandin E2 does not regulate total or myofibrillar protein
breakdown in incubated skeletal muscle from normal or septic
rats. Biochemistry Journal, 270, 45-50.

Kaasik, A., Safiulina, D., Kalda, A., & Zharkovsky, A. (2003). Dehy-
droepiandrosterone with other neurosteroids preserve neuronal
mitochondria from calcium overload. Journal of Steroid Biochem-
istry & Molecular Biology, 87, 97-103.

Kibaly, C., Meyer, L., Patte-Mensah, C., & Mensah-Nyagan, A. G.
(2008). Biochemical and functional evidence for the control of
pain mechanism by dehydroepiandrosterone endogenously syn-
thesized in the spinal cord. The FASEB Journal, 22, 93-104.

Kim, J. Y. (2005). Effects of short-term undernutrition on type I and II
muscles in rat. Unpublished master’s thesis, Seoul National Uni-
versity, Seoul.

Kim, S. H., & Chung, J. M. (1992). An experimental model for peri-
pheral neuropathy produced by segmental spinal nerve ligation
in the rat. Pain, 50, 355-363.

Lee, E. O., & Choe, M. A. (1996). Pain-theory and intervention.
Seoul: Sin-kwang Publishing Company.

Leem, J. W., Gwak, Y. S., Chung, S. S., Lee, K. R., Yoon, D. M., &
Nam, D. S. (2000). Effects of NO Synthase inhibitor on respon-
siveness of dorsal horn neurons in neuropathic pain animal model.
Journal of the Korean Pain Society, 13, 19-30.

Long, J. P., & Greco, S. C. (2000). The effect of propofol adminis-
tered intravenously on appetite stimulation in dogs. Conzempo-
rary Topics in Laboratory Animal Science, 3%6), 43-46.

JKorean Acad Nurs 39(5), 20094 10€

Luciano, C. A., Pardo, C. A., & McArthur, J. C. (2003). Recent de-
velopments in the HIV neuropathies. Current Opinion of Neu-
rology, 16, 403-409.

Mensah-Nyagan, A. G., Kibaly, C., Schaeffer, V., Venard, L., Meyer,
L., & Patte-Mensah, C. (2008). Endogenous steroid production
in the spinal cord and potential involvement in neuropathic pain
modulation. Journal of Steroid Biochemistry and Molecular Biok
ogy, 109, 286-293.

Mortley, J. E., & Kraenzle, D. (1994). Causes of weight loss in a com-
munity nursing home. Journal of American Geriatric Society, 42,
583-585.

O’Leary, M. F., & Hood, D. A. (2008). Effect of prior chronic con-
tractile activity on mitochondrial function and apoptotic protein
expression in denervated muscle. Journal of Applied Physiology,
105, 114-120.

Sato, J., & Perl, E. R. (1991). Adrenergic excitation of cutaneous
pain receptors induced by peripheral nerve injury. Science, 25,
1608-1610.

Schmader, K. E. (2002). Epidemiology and impact on quality of life
of postherpetic neuralgia and painful diabetic neuropathy. Clini-
cal Journal of Pain, 18, 350-354.

Taiwo, Y. O., & Levine, J. D. (1990). Effects of cyclooxygenae prod-
ucts of arachidonic acid metabolism on cutaneous nociceptive
threshold in the rat. Brain Research, 537, 372-374.

Trifilecti, R. R. (1992). Neuroprotective effects of NG-nitro-L-argj-
nine in focal stroke in the 7-day old rat. Eurgpean Journal of Phar-
macology, 218, 197-198.

Turinsky, J. (1986). Phospholipids, prostaglandin E2, and proteol-
ysis in denervated muscle. American Journal of Physiology, 251,
165-173.

Vielhaber, A., & Portenoy, R. K. (2002). Advances in cancer pain
management. Hematology Oncology Clinics of North America, 16,
527-541.

Wojtal, K., Trojnar, M. K., & Czuczwar, S. J. (2006). Endogenous
neuroprotective factors: Neurosteroids. Pharmacological Reports,
58, 335-340.

Ziegler, D., Gries, F. A., Spuler, M., & Lessmann, F. (1992). Dia-
betic cardiovascular autonomic neuropathy multicenter study
group. The epidemiology of diabetic neuropathy. Journal of Dia-
betes Complications, 6, 48-57.



