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Effect of Anorexia and Neuropathic Pain Induced by
Cisplatin on Hindlimb Muscles of Rat
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Purpose: The purpose of this study was to examine the effect of anorexia and neuropathic pain induced by cisplatin on
hindlimb muscles of rats. Methods: Adult male Sprague-Dawley rats were divided into two groups, a cisplatin-treated group
(n=10) and a control group (n=10). In the cisplatin-treated group, cisplatin at a dose of 2 mg/kg was injected intraperitoneally
two times a week up to a cumulative dose of 20 mg/kg over 5 weeks, and in the control group saline (0.9% NaCl) was injected
intraperitoneally at the same dose and duration as the cisplatin-treated group. At 34 days all rats were anesthetized, after
which the soleus and plantaris muscles were dissected. Withdrawal threshold, body weight, food intake, activity, muscle
weight, Type | and |l fiber cross-sectional areas and myofibrillar protein content of the dissected muscles were determined.
Results: Compared with the control group, the cisplatin-treated group showed significant decreases (p<.05) in withdrawal
threshold, activity, food intake, body weight, Type | and Il fiber cross-sectional areas, myofibrillar protein content and weight of
the soleus and plantaris muscles. Conclusion: Muscular atrophy in hindlimb occurs due to anorexia and neuropathic pain in-
duced by the cisplatin treatment.
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Table 1 Experimental Procedures

A= Type LB & o A AJ8F9LE. Kolmogorov-Smirnov testE &-af <=k Ak= 7} 4
5 (2} AR 2] §ojsk o] 005
Aol S A3S] R s

Treatment and
measurement

Procedures

Timing

1 Cisplatin injection

2 Withdrawal threshold

3 Body weight and food
intake

4 Activity score

5 Muscle weight

6 Myofibrillar protein content

7 Cross-sectional area
Typeland |l fibers

Cisplatin was administered intraperitoneally at a dose of 2 mg/kg (cumulative
dose: 20 mg/kg).

After placing rats on a grid covered by a transparent box, they were allowed
15 min to adapt to the change in environment, after which the withdrawal
response was evaluated by pricking the left hindpaw using a von Frey fila-
ment projected through the grid at a 5-6 second intervals using the up-
down testing method.

Body weight was measured using a rat digital balance, and amount of food
was weighed before and after feeding.

Two research assistants were blinded to the group assignment.

The two observers assessed the activity of rats one by one in front of each
rat’s individual cage.

Physical movement was scored 1, grooming 2, and inactivity 3.

Each rat was observed every 15 seconds for 5 min (fotal 20 observations).

Rats were anesthetized intraperitoneally with sodium pentobarbital at a dose
of 50 mg/kg on the last day of experimental duration.

The soleus and plantaris muscles were excised bilaterally and rinsed with
normal saline.

The weights of dissected individual muscles were measured using a mi-
crobalance after fat and connective tissue were timmed.

Following centrifugation and removal of supernatant, the remaining pellet
was analyzed by the Bradford assay method as described by Choe and An
(2011), using a spectrophotometer, myofibrillar protein content (ug/mL) was
calculated.

With frozen soleus and plantaris, myosin ATPase reactions were performed
on serial sections and fibers were classified as Type | (slow-twitch) or Type I
(fast-twitch) as described in Choe et al. (2008).

Fiber cross-sectional area was calculated from tracings of 50-100 muscle
fibers at 100 x magnification by a microscopic image analyzer.

Twice a week (Monday and thursday) for
5 weeks

Performed on the first day as baseline
and then measured every 7 days for 5
weeks

Measured body weight and food intake
dalily at the fixed time

Performed once a week (on the 5th,
12th, 18th, 25th and 32nd days of the
experimental duration)

On the dissection day

After the dissection of hindlimb

After the dissection of hindlimb
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Figure 1. Changes of withdrawal thresholds in the control and cispla-
tin groups.
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Table 2. Experimental Results in the Control and Cisplatin Groups
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Control group (n=10)

Cisplatin group (n=10)

Variables Categories t(p
M+ SD M+ SD
Activity score Before the occurrence of NP 26.80+8.89 30.25+10.99 1.09 (.282)
After the occurrence of NP 40.77 £12.77 32.23+12.89 -2.58"(.013)
Food intake (g) Days 1-15 346.89 + 28.73 216.56 + 6.32 -7.71* (<.001)
Days 16-34 409.97 + 36.36 120.56 + 21.24 -22.19%(<.001)
Total Intake 734.30 £ 56.72 338.57 £39.34 -11.79* (<.001)
Pre-and postexperimental Pre 219.57 £8.80 216.56 £ 6.32 -0.88(.391)
weights (9) Days 15 306.75 + 16.31 247.07 £13.28 -8.98*(<.001)
Post 390.52 +£27.32 185.91+19.57 -19.25% (<.001)
Muscle weight (mg) Soleus 160.80+ 19.10 95.60+9.30 -9.70" (<.001)
Plantaris 420.20+41.40 194.80+ 40.30 -12.33* (<.001)
Myofibrillar protein content Soleus 84.20+5.10 71.90+£6.82 -4,60" (<.001)
(Mg/mL) Plantaris 93.50 + 1.61 86.50+4.43 -4,68" (<.001)
Cross-sectional areas Type | in soleus 3,359.47 + 427.63 2,573.08+588.19 -3.11*(.007)
(Lm?) Type llin soleus 3,823.11+1,138.77 1,504.50 + 689.48 -5.15* (<.001)
Type |in plantaris 2,489.19+784.20 1,575.35+ 482.70 -3.10%(.007)
Type Il'in plantaris 3,178.10 + 641.32 1,268.42 + 396.58 -7.91% (<.001)

NP =Neuropathic pain; *Significantly different between the control and cisplatin groups (p<.05).

www.kan.or.kr

http://dx.doi.org/10.4040/jkan.2013.43.3.361



(2003)2] AT 0] 2%
che 2o} e 4179 2k o —;L:wﬂl oz

a4l

AT AT eI A7) Ty LI 24 JREAL
Aol folsp] 2aat A0 2 Lhebyde Zbbl o)A Type
Algto] Tz ol u]a 234% 7HAEH Hha Type [T 7241
G 60.6% AT 7o 2 YR, 22 Lof| A= Type | 2407
36.7% 3343+ HHA Type I T84+ 60.1% 748 710 2 LEeRT]

2014 B Typell 2415:2] o] BAa 2818 S
o 4 9zt ofefeh iz 2 o] Ake] gekF Afsit 52 ol
O] A0 & Type [ 50| 22 $155] 31(Almurshed & Grunewald,
2000), FFH A8E Al Type T 4157 Type I 24001 H]8f
A FEFE ot Type I T4 FHHA 0] 742 E|H(McLoughlin
etal, 2000), ZFA k= Type [l -1} Type | 75 T $I=
AlZ1ch= AT885-3 (Carrieri- Kohlman, Lindsey, & West, 2003)2- E]
2 D Asp GURAT 7|2 £ 9ol o u
S oJFFL 22918 AHolekal AzFstc) 2| LA-S(slow-twitch fiber)¢1
Type I T-3-F+ myoglobiny} A3kd 4 =7} =31, 1495
(fast-twitch fiber)Q1 Type Il 4=

O

FUH
i)
oy
rg
fi'%.
Ml
b
1o
%
H

7} =9 B 2 (Houston, 2001) FFF] A= |74 Bl 42
SYES Eo] Typell 246 950] JFLS ulHS A0 Bry
e ABo) Pl aah £ 200 2946 B Begel &
_,] A W& A0 2 LERSTE Holecek (2001)2 205 ASIA] 7| =
©.60] 0]% AbslE 4 0] B 27} vhilE Bal|y) 7h&slEct

} a1, Adachi 5-2006)2 F] Aol 4] Aol dHE
A2 E] AF2HE< oxysterolo] F715H = AMEE W =T ox-
ysterol& A| ZE5A)S 71 11 thelE 941G Whalaly| wj o] ook
A5t e S AR AR AR 4 9)
(19952 7917} 7 FIc}e] S H-43t0] S-S AR Ak 24
9] 2w 9ol 4 51‘218—%% $oi9 25 5
S Thilo s} 22
Z7 A 71tk Lieu et al,, 1993)11 6} 0. B &2 H ofSLo] £ all
2 o] 101t A QPO 5 A5} F agle] e

3198 oleka Azt

=
)
ol
L
u=
;]

A
o
g

Ir

O.

ok
.—&

Type LI 4 R, L T d ko] frefshAl g4
A0 2 e 7t £ Aol 295 ekl

http://dx.doi.org/10.4040/jkan.2013.43.3.361

ICt2| 2ol O|Rl= FE& 367
SR ofefet 915 Wlo| A WS/ S5 A8 5o 9
S ARI7EE eIl | Qlel E Aot JFE = St A
WL AsHE Ao = Ueh Al AEeRE Folof ofRh 915 A
S A BRI AR S 5ol Qg AUS Eld = ik
2 i 20} o) SRkl o folab v
S A0 2 e I2A 54 O 2 Qlef A5 T5ol
HA2S glsl =t A8 HA-1(Authier et al., 2003; Vera et al,,

2011)0| A= 015 7]A1A o] A& (mechanical allodynia)o |2}l 5141
ck Q%‘/\]ﬂ lodAo]l Age] Sut-g A7 frefsHAl oAl
el SRS rlod

oX
i
olN
-
o
ik
jubut}
o
>
>
_O|L
rlr
fin}
oo,
ox
2
>
__)_‘é
=
>

[> 1o

iy ok

>

o,

o

o
=)
3
2
ol
o
=
N
N
n
oZ
ol
ol

I3
e o
L oox
=
N o
Ho
e i
ol it
o rlo
Peid
1 H m[o
aiss o2
T LB
Ir
1=
T oo B
0 ﬂ% Jor
o &
oo

ich
~
o>
P‘L
)
o
<,
N,
o
u)
u
s
1o
ot
By
ich
2
rE}
o7
—d
[
rlr
oN,
o2t

P

53
b 1‘1_% m
to rlo rl
oo > il oM

ﬁ>i
o
é
E :
o
Ei
_g
o)
U
> Ay
s
m{n:
H,
rsL'
%
it
o
o rE
lo
N
ﬁ“L

_A_: m
rot
>

Vera et al., 2006; Vera et al., 2011 OII/H Xﬂ*] 8Tt Aol 8 /\}
3}k 28y Kohn, Wixson, White2} Benson (1997)2 A|ghs] &
Az} ol o= elme)e 5L 242 B AT 9 A
o $5& olvlalnt ol mafe] Ao} el A 2
55 Uehii F40le 11 o0z BaagE A
ofuet AlAEThel o] 9ol Tt =/ o2t ApA|of o=
L 7]o3S Ao 2 A7

43 4 9

ko

Hé4m4mm
i lo 0 o

o2

e~ :(O
T
e
re
£
g
=
a
o
”_.
l\)
()
S
9
&
b
o3
‘”._
l\)
=
5
>~

14 el
[~
il
)
MU

50 EL?ﬂ Es
o 2SOl A3

Sl ol (G485 mg/kg)

© 2 B A 5844148 2%
U171 Ao A Allo) tjzto] vl
1 w9FeH(Choe etal, 2008). o2}t 85 23}
QT oA ] 24 o

=
] Oﬂzslcﬂ HPo i=h=1 _1’1%0]

_?L
o]-m—\i
>,

fr =2 40 ox o\

e 2 o o
ot
)

1&‘
r off

==

>
X
o X
o |o
fru
rlr i

i
N

k2
e

0
)
jule

© o 4o

ox
o
dr 4>
:oé
Jl-)*
£ ol
ﬂ'l "
ofr
)
_(?L

R
Lo

www.kan.or.kr



A FofAl7 )= ubiquiting F7HAIA 5 Tl A
WIS} 4= 9)tH(Taillandier et al,, 1996).

2 A AT AT Ao dHH-E ti kol vlsl f-2JskA| &
& A0 &2 UEPst=d] Choe 5(2008) 41754 5522 9%
A7 A ¢ S RO BLR of= A S 9
HAAEEA T ol AT AT 5 S AL

et A ey Aol A A SA Bl skl &
Apo TR A IZF A 12- 1620013, 55 4] Uzht
7)Ao AL A0 Aot glglo n e 2] oF 177
o] Aol ol AZEA B3 aglo] Hofic 1]

ot
ofo} Zo FEHIALTof| gk TH ARl SO0 2 A8 XA 5
o]AZ-o] FHE T 519] 0 B 2 (Vera etal, 2006) A|AF T Fo
of &J5t AloJAd 3] AslrF AlEF 7ol ok A 0 & Ay Zet 4
AT 5ol HAE 1644 o] ol = Aol thx A

S2AIRIEO) 30% AEE A1315HE 202 Lhetd] o) 270

WA A8 0] A A g
o] 8320 2 2L §5h517] v olek A2k A Zek Fof

o iz

=
o T
of oI5t Ao 37| frolRt = Vera 520112 Axpe} 7.5}

Jejal & Aol A Al AZetEE Fo e o
Aol IRl B3] sttt 2-3ol| A Ak
FFol vehk=t] of2fdt Aif= AlAETE Fofr
o o) HHF =2 SRS o= A Al

llel
e

>,
i)
Hd
1o

L

ol

o

QJ il
N

ot

ol

Jo 4

_;H

o

_|~
0
oA

T

e M e

=

> AL
o
5
i)
rl
4 )
Ay

e
e
o o M
off
%
ul
N
)
FU ]
>
[
il
)
-
ot
o
=
-
2
2

g
o
> o
ol
o\
ox
ofN
T
o
2
=2
s
i)

o
s
o
2
10
rk

N op Lo

o

lo

fru

22

o,

ol

ox o0
i2d
bl
=)

off
olN
o

©
T
=2
rlr
olN
=2
1o
ok
of
0%
12
Do
2
P"l"
1o
(o
i)
ﬁ.rl.', e}
N
-1\N(|
N

Bon
2
@ o rlo
ot
pay
-
& i
O
g
>
[>
il
)
T

=
3

i
4o
>y
ot o
o
= }‘N'
o &
j‘g rﬂ Ol-l'l'I
rx =
< [
re S
- mﬁ
i Eo\.
>
e
o &
M
L3
o
.-
A
o 4
1T
—{N: ﬁ

(=
o,
(BT L 1}

oft
ol

>,
do

o g
wu rlo
-z
)
2]
o,
ot
olN
ox
offl
olN
[
i
=
rid
4o
A
()
1o
>

z 2

f
e R
re
ox
filo
_1 0
rO
:?:lg‘
[
o
o
i)
o
oX,
o
30
T

fr oo &
[e3

)

i)
g

rH
4o
A
Sl
é
=2
r =
jaad
o
A
X,
it
£
2

www.kan.or.kr

Wsl7] $le 1A Aok 8 Zleck

o rg
I3
i
n_%

@ 1o

pou)
i
> o B
gﬁimz
FUfot

ol 2 o X
e
%{v
Jo
1o
ol
=
rli o
2 w F
o
it
T
I
L
I Lo

il

o 1
_O1L

2

=

olN

oX
off

ofN

Lo &
rH
Ho
i)
L
>
2y
:>‘~l:!4
ol
flo
u)
N
el
=2
e
%\4
o
1o
_?L
X
Bl
5\;0
K

>
ool

=
o] 5A|, Type I, I £-438- S eha =z} 29
of wls ol skA| 23k

2HE o) A2 A] 4182710 9
E=
o O

¢

N
_‘>i
=)
:
Y
Y
rl

ot

Hor

ox
Jo
Ay
=

N

o
o
1
reon

e =
BN
g

[
s}

-+ o

Al

s
)
©
o
bl
of
2
ol
ol
m[‘]
iV
>
oM.
It
o,
Ho

i

11
>,

~
ol

|2 Aol 9150 2es]

;

U
_}i_l
X

d

215 9 Alo] 43 A
oo

olefgt 2R Erj2 QARAA A2 Be YA S
E g oR Agat

%
o] .2 S}olsta 2915 0]

- L
F71HAAPE Y Z5ofelE e ¢ s A At

Aprsiotol g At

REFERENCES

Adachi, ], Kudo, R., Asano, M., Ueno, Y, Hunter, R, Rajendram, R, et al.
(2006). Skeletal muscle and liver oxysterols during fasting and alcohol
exposure. Metabolism Clinical and Experimental, 55(1), 119-127.
http://dx.doi.org/10.1016/j.metabol.2005.08.003

Ahn, D. W, Kim, S. R., Ha, D. H,, & Kim, S. H. (2007). Mechanism of ame-
lioration of cisplatin nephrotoxicity by procaine treatment in mice. Ko-
rean Journal of Anesthesiology, 52(3), 318-327. http://dx.doi.org/10.40
97/kjae.2007.52.3.318

Almurshed, K, & Grunewald, K. (2000). The effects of dietary energy re-
striction on overloaded skeletal muscle in rats. British Journal of Nutri-
tion, 84(5), 697-704.

Authier, N., Gillet, J. P, Fialip, ], Eschalier, A., & Coudore, E (2003). An ani-
mal model of nociceptive peripheral neuropathy following repeated
cisplatin injections. Experimental Neurology, 182(1), 12-20. http://
dx.doi.org/10.1016/50014-4886(03)00003-7

Carrieri-Kohlman, V, Lindsey, A. M., & West, C. M. (Eds.). (2003).
Pathophysiological phenomena in nursing: Human response to illness (3rd

http://dx.doi.org/10.4040/jkan.2013.43.3.361



AAZ2IE A0 Sfoh FU=l=

ed.). Philadelphia, PA: Saunders.

Choe, M. A, & An, G.]. (2011). Effects of nitric oxide synthase inhibitor on
hindlimb muscles in rats with neuropathic pain induced by unilateral
peripheral nerve injury. Journal of Korean Academy of Nursing, 41(4),
520-527. http://dx.doi.org/10.4040/jkan.2011.41.4.520

Choe, M. A, Ji, ]. K, & Kim, E. H. (1995). Effect of intermittent low-inten-
sity, short duration exercise on Type I muscle of suspended rats. The
Journal of Nurses Academic Society, 25(2), 193-209.

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(1), 88-95.

Demark-Wahnefried, W, Peterson, B. L., Winer, E. P, Marks, L., Aziz, N,
Marcom, P K., etal. (2001). Changes in weight, body composition, and
factors influencing energy balance among premenopausal breast can-
cer patients receiving adjuvant chemotherapy. Journal of Clinical Oncol-
ogy, 19(9), 2381-2389.

Gandara, D. R, Perez, E. A., Phillips, W. A, Lawrence, H. J., & DeGregorio,
M. (1989). Evaluation of cisplatin dose intensity: Current status and
future prospects. Anticancer Research, 9(4), 1121-1128.

Holecek, M. (2001). Effect of starvation on branched - chain alpha-keto
acid dehydrogenase activity in rat heart and skeletal muscle. Physiologi-
cal Research, 50(1), 19-24.

Houston, M. E. (2001). Biochemistry primer for exercise science (2nd ed.).
Champaign, IL: Human Kinetics.

Kang, Y. H. (Ed.). (2008). Encyclopedia of life science. Seoul: Academybook.

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

Kim, T. K, Kim, Y. S,, Yoon, J. R, Han, L. S, Kim, J. S., & Lee, C. W. (2004).
The effect of an intraperitoneal injection of ketamine and ketorolac on
mechanical allodynia in rats with spinal nerve ligation. Korean Journal
of Anesthesiology, 46(6), 719-723.

Kim, Y. B, & Choe, M. A. (2010). Effect of decreased locomotor activity on
hindlimb muscles in a rat model of Parkinson’s disease. Journal of Ko-
rean Academy of Nursing 40(4), 580-588. http://dx.doi.org/10.4040/
jkan.2010.40.4.580

Kohn, D. E, Wixson, S. K., White, W. ], & Benson, G. J. (1997). Anesthesia
and analgesia in laboratory animals. San Diego, CA: Academic Press.

Krarup-Hansen, A., Helweg-Larsen, S., Schmalbruch, H., Roth, M., &
Krarup, C. (2007). Neuronal involvement in cisplatin neuropathy:
Prospective clinical and neurophysiological studies. Brain, 130(Pt 4),
1076~ 1088. http://dx.doi.org/10.1093/brain/awl356

Lee, D. H. (2003). The clinical neurology II. Seoul: Korea University Press.

Lieu, E K., Powers, S. K., Herb, R. A, Criswell, D, Martin, D, Wood, C,, et
al. (1993). Exercise and glucocorticoid-induced diaphragmatic myo-

http://dx.doi.org/10.4040/jkan.2013.43.3.361

=lC|

t2l2oil 0jxl= F&

369

pathy. Journal of Applied Physiology, 75(2), 763-771.

McLoughlin, D. M., Wassif, W.S., Morton, J., Spargo, E., Peters, T. ], & Rus-
sell, G. E (2000). Metabolic abnormalities associated with skeletal myo-
pathy in severe anorexia nervosa. Nutrition, 16(3), 192-196.

Nicolao, P, & Giometto, B. (2003). Neurological toxicity of ifosfamide. On-
cology, 65(Suppl 2), 11-16. http://dx.doi.org/73352

Park, Y, & Kim, Y. H. (2009). Chemotherapy related oral and gastrointesti-
nal mucositis. Journal of the Korean Medical Association, 52(9), 897~
906 hitp://dx.doi.org/10.5124/jkma 2009.52.9.897

Prado, C. M., Baracos, V. E., McCargar, L. ], Mourtzakis, M., Mulder, K. E,,
Reiman, T, et al. (2007). Body composition as an independent deter-
minant of 5-fluorouracil-based chemotherapy toxicity. Clinical Can-
cer Research, 13(11), 3264-3268. http://dx.doi.org/10.1158/1078-
0432.ccr-06-3067

Prado, C. M., Lieffers, J. R., McCargar, L. J., Reiman, T, Sawyer, M. B., Mar-
tin, L., et al. (2008). Prevalence and clinical implications of sarcopenic
obesity in patients with solid tumours of the respiratory and gastroin-
testinal tracts: A population-based study. Lancet Oncology, 9(7), 629-
635. http://dx.doi.org/10.1016/s1470~-2045(08)70153-0

Sweeney, C. W.(2002). Understanding peripheral neuropathy in patients with
cancer: Background and patient assessment. Clinical Journal of Oncology
Nursing 6(3), 163~ 166. http://dx.doi.org/10.1188/02.cjon.163- 166

Taillandier, D., Aurousseau, E., Meynial-Denis, D., Bechet, D., Ferrara, M.,
Cottin, P, etal. (1996). Coordinate activation of lysosomal, Ca 2 £ ac-
tivated and ATP-ubiquitin-dependent proteinases in the unweighted
rat soleus muscle. Biochemical Journal, 316(Pt 1), 65-72.

Vera, G, Castillo, M., Cabezos, P A., Chiarlone, A., Martin, M. L, Gori, A,,
etal. (2011). Enteric neuropathy evoked by repeated cisplatin in the rat.
Neurogastroenterology and Motility, 23(4), 370~-¢163. http://dx.doi.
org/10.1111/j.1365-2982.2011.01674.x

Vera, G., Chiarlone, A, Martin, M. L, & Abalo, R. (2006). Altered feeding
behaviour induced by long-term cisplatin in rats. Autonomic Neurosci-
ence, 126-127,81-92. http://dx.dot.org/10.1016/j.autneu.2006.02.011

Windebank, A. ., & Grisold, W. (2008). Chemotherapy-induced neuropa-
thy. Journal of the Peripheral Nervous System, 13(1), 27-46. http://
dx.doiorg/10.1111/1.1529-8027.2008.00156.x

Yakabi, K., Sadakane, C., Noguchi, M., Ohno, S., Ro, S., Chinen, K., et al.
(2010). Reduced ghrelin secretion in the hypothalamus of rats due to
cisplatin-induced anorexia. Endocrinology, 151(8), 3773-3782. http://
dx.doi.org/10.1210/en.2010-0061

Yang, Y. H. (2004). Anorexia, nausea and vomiting, and food intake pat-
terns in patients on chemotherapy. Journal of Korean Academy of Fun-
damentals of Nursing, 11(2), 177-185.

www.kan.or.kr



