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Melatonin®] Cisplatin®] &% A3 FAd v 9k

Agietn ostdet gAY o ¥ Nasstd dTHE’, AFAFLT oetn’

ey dgsn o 2aEt o soEe T Yuy!
Majee T amae Togese oy T

(2 eF)

B ¥ Cisplatin® 42 e AMEsh} BHMAE A4t 48 7% &4 §2 73
£o] gl Aoz dad siar AHE F4EAld melatonind cisplatine] 218 AAEAE
Z2d F & ZHelrh Cisplatinel 218k 2% EA) 8t melatonin®] Wol E3#E ¢olr
oz} sk,

¥ AFTE 2 A 1F, cisplatin F97¢l Al 27 2 cisplatin® melatoning
FA3 A 3ToE v £ A% 2o gogd wsel oiEe] AstA &ibd e 478
el o #aE44 malondialdehyde B 338t E A9 FAEE FA39

Z 3}: ¥% BUN (p<0.001), creatinine ¥% (p<0.001) R Age] #itapss Y47
A 1o wsh A 29telA Erbstda, A 23] HlEl A 3Tl E gaEdew, gHMLE
9% &4 ®xA2 malondialdehyde FE% #& A& BN Creatinine F4e A
179 vd A 23olM 7AE By, A 23] vis) A 3Telre FrbEAh 2% super-
oxide dismutase $4%E A 1A A 23] Hls] AT catalase B EE A 179
g Al 2@elA FrrEden, A 22l uE Al 3FAME Y& F7HEATE Glutathione
peroxidasey EA &3 o 2o ¢l WMEs AUvh = #8 @A 2HE B A 279
AL A M Eolgh Wl glled, 39 F& AEE A AxE Jehlida, A 37y 2
9 F& APl FBEY HAE hehliglen A 2FET A WEE 2o

# B : Cisplatin® A& A superoxide dismutase BHE F719 catalased) BHEE
A A A AAE FEde AF S48 fdElE ZeEZ AZE™, melatonind
superoxide dismutase 4% Z7+9l catalase $HE F7HE HE3HA cisplatined 28
W A EE Fol: Aoi 4zEch

2 geA it ele]@ cisplatinel &¢ 28 F

M B A 71s &4 718e cisplatine] @442 E A4

stol zefete A'Ves guA Uk
Cisplating Z}% o 53 18, 4%, HEH ol Aol 1%, Hel F4FRe fAEE S
g AREEE Aol A s% &4 AR d A 7o) A7|e] $£3HME melatonin  (N-acetyl-5-
of, FF Aol AR ol 5o gl = A V0 methoxytryptamine)& ®8|8tH melatonin® HZE
B dye gEuaA vxels aTME AdAddesn & el 5-wl B4k} N-opAsbe] 23 FAdrt
A9 8 (R13-2002-028-01003-0 (2002)). 42 Melatonin® 7)%5& & 4#x X ggork
P
Aeistin olzhohst ahet a3 ok §3 HE oM iEAs a8l
Tel : 053)250~7786, Fax : (053)252-1605 o BYALT A VA E4e dUsHAL Ba

E-mail ! mun@dsmc.or.kr
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AF F den dde BE 43 HEY 4 3
AAA A FuabA 7hed 7 Zest ¥n g8
At} Melatonin® safrole®} #& Wb 3ehE-3o)
o5 DNA &4, WAtde] 9%k &4 9 paraquatt}h
A2l lipopolysaccharides] 2]% =& #4atst 54
A e ggdae o3 Wy ¥4 oA Hew
e Aoz gEA U, olst el AHY was
Az dEld melatonin® L3 F4E ALY BA
€ 3742 B9 ole £33 radical® AAYS
v ZAe® HuH1 9oRE cisplatine] o3 &4
WAE = 98 Reg By,

o] d7E 4%A hormone?! melatonin®] cis-
platinol] 28 ANF &4E o= X g F A
E YolB3 1 714E o#Elr] st HFd A
cisplatin® melatoning $oi8 F @444 e
WEH B dv)7 @del distd zabstact

tlo 1

HE ¥ we
1. & ¥ XA

TEE 45 ol FE 2PeE ASE AF 320-
360 go] =& Sprague-Dawley %9 4 A& A¢
dHew gy gol F 37og UrUch Ry
(A 1T, n=6)2 1227+ F4Az2] & 5% ethanolic
saline &< 4 mLet A AdS | mL& 2% U=
FH8 9. Cisplatin %97 (4 22, n=11)2 Ry-
bak §'9) wye] wat A 1243 SN2 ¥ 5%
ethanolic saline 8% 4 mL3, A& kg 9 16 mge
cisplatin (Sigma, St. Louis, MO, USA)& Algl 4
49 1 mLe] 5o B3 Uiz ey Cisplatin
% melatonin® FH9% melatonin F4F (4 33,
n=10)& 1243t F4A2 & Floreani 5 9 ol
w2}t 5% ethanolic saline ¥ 4 mlLel melatonin
(Sigma, St. Louis, MO, USA)% A5 kg % 5 mg
o] FYFHEE =9 g B ) FAlstm, AF kg
F 16 mg9 cisplating A4 gs 1| mLo ¥ B
2 2 FAbergv

Hz FAF AT F, oA 139 A 28 5%
ethanolic saline £9 4 mL& FAsln A 37
5% ethanolic saline &% 4 mL9 melatoning 3
kg ¢ 5 mgol FYUHEE %9 A& A B Fa}
At Hxe FA 6d F HE HAAYNA AL F

28 F AHFY AFE 4F 34 NER AgIg
4 d9Te N By fEsaen 49 A5 o
A 23M g3 At& (%A, Korea)® AHR
o] FH#38HTh

2. AMRMH

Hx FAF 69 F ether rlFdlelM BRUYSHo
EXREH 4498 A FAE 484 Avln AL
HEstdrh AEI AL HeolA 3087 WA w
F 3,000 rpmo2 1087 4 Feldld "3e Qo
BUN 9 creatinine %44 A82 Abgslgrt 13
I HE A ¥ WER FFE st A
ol dob ld Helg 7M5E 3 2E AAG F =
Al 2-4TE W49 F 35 MolM d¥es wEn
Easte] gwiEkel 025 M sucrosed] S HWe& o&
teflon pestle glass homogenizer (Wheaton Scien-
tific, Milville, NJ, USA)Z 10% (w/v)e} 414 &3
AE HEA o] FAYY URE Fetd FilaS
& %%, malondialdehyde %%, catalase 4% =
A8 MNRR AMEEAT A% FdY Yox) gRe
10,000 < goll A 147 9488 slod e AHAE
superoxide dismutase 4% 9 glutathione per-
oxidase B4%E &4 AER AHgsig

3. BUN %@ creatinine®| &5 &3

BUN % creatinine®) #&%4& SigmaAl (St. Louis,
MO, USA)¢] kit& AR&3ch

4, Creatinine &4 (clearance) &S

HE MY B8 FEN F U4AY LWL tde}
creatinine®] FEE& ZFAHEATL Creatinine 34 el
Atk ‘8 F creatinine FEX LH/HEH F creat
inine ¥X'9} WY oz Aisdrh

5. Hehaeaol B &3

HAslyhel ZH L ferrous oo AR o)
M Fatgkeae] ols ferric ol®el ® F xylenol
orange$t AF3te) AAEE AFESR 560 nmelA
&3 xylenol orange hydrogen peroxide 3%

V& AHgE Fgsdh
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6. Malondialdehyde®l &% &%

Malondialdehyde &% %%£ malondialdehyde
7} thiobarbituric acide} ¥H&% o vehts & 4
€ 535 nmol* =48H= thiobarbituric acid assay
¥ olstgth. &, AlEE 025 N gatel 0.375%
9] thiobarhituric acid®t 15% trichloroacetic acid&
gas Aoy Ehsla, Wl 100C 89 F
ol A 1587 WA F 3000xgolM 58 AHE
o] A& AEAE 535 nmel4] HAsHTh AlE F
malondialdehyde % 5% #2F F3A4 1.56x105
M-1 cm~1%& ARgstel AlLbatg{ch

7. Superoxide dismuotase?| @ME &3

Superoxide dismutase #AE &AL xanthine
oxidase® superoxide anion WA systemQE AlE-
3te] nitroblue tetrazolium& YA 4E& S
s Sun %9 e AbgstEen o &b 1
unitE E49E €A @i -89 F9] nitroblue te-
trazolium® #9& 50% Hlshy: fbe] doz A
7=

8. Catalasef| @MT &3

Catalase A %0 &x& alglyag 7|88 A
£38la 25T A 30% WHEAIZ)E E4bol 240 nm
oAl AR A7E SelHo] gashs FUEEA
H4 BAEE 2HEE Nelson?t Kiesow''?) 44
o] gflom FA AR 99t 1E 1 mg
Guld o | mLe dHo] wgde @A I
s gog vl

9. Glutathione peroxidase? ®Mdx &3

Glutathione peroxidased] #A4% FH& #4949
glutathione, #4t8s4 2 NADPHE 7|H& AL
&3l glutathione reductase® Fwia 3o AR g3
7 25T A 58 HEATE Fdol B4E glu-
tathionee] #4t8hpao] 28 4Hs}d glutathione .
& ®t} o]Re] glutathione reductase® NADPH
os] #4938 glutathionee® #9¥E = NADPHE
ArgtEn] o] NADPHZF NADP+ & Atgss 4=8
340 nm TN A time scang &< NADPHY ¥4
EBA4 (E340 nm=622 mM-1 cm-D)& °©] &35t

49 BHEE AE8E Pagliash Valentineel
o ottt o] A4 FAEY Gy 180 1 mg
o 9E EL 1 mLe "Ao wrEdted ¥
NADP+ #eoe 2 velisiv.

10, FEd0IY @At
BN A A% Aave HEd 8479

AAe 10% T4 TEEH ngsn g5 ¥ Y5
e AR sebde] Eoigk ¥ 5 yme] wHEAEE
2tEo] hematoxylin-eosin WM& dhef HFetdn| Ao
2 gEash

11, B By

4 AE F9 @93 AL 0.5 mol/L perchlo-
ric acid®} methanol-ether &%} (3:1)e 8 o3
& AAE F biurety o8 A Gt

12. 45 #3

Az W REAAE FASA, dET Aeld
BjilE Student’s t-test® s ew EASH Fo4
& patel 0.05 veter &gk

#@ &
1. 83 BUNS 8%

A 1delA BUN9 ¥ & & 21511747 mg/dLel]
gom, A 27 4749317033 mg/dlLE A 1)
vzt fo% F748E UERIIT (p<0.001). Al 3T
o X 3406811696 mg/dLE = 17 HlEA e
folg Z7HE vEhglet (p<o00) Al 2ol M
A= Fold tihE ERIRIY (p<0.05) (Table
1)

2. §3 creatinine9| B&

Al 17e1A creatinine? ¥E+ 0.6610.20 mg/dL
olgen, A 27 21301778 mg/dLE A 1)
Hated fFod F2485 vehdAdT (p<0.001). A 3
M E 13071921 mg/dLE A 13 HHME
@ 2718 Jehiley (p<001) A 2de] ulajA
= fog s vehidY (p<0.05) (Table 1),
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Table 1. Parameters for Kidney Function

... Creatinine

BUN Creatinine clearance

Group 1 2151 %747 066020 025+0.04
Group 2 47493+70337  21.30+7.78"  0.08+0.06"

Group 3 340.68+1696" " 1307+921"" 014+0.13

Group 1 (n=6): normal control group, Group 2 (n=
11): cisplatin (16 mg/kg, ip) treated group;
Group 3 (n=10) . cisplatin(16 mg/kg, ip.) and mela-
tonin (10 mg/kg, ip.) treated group, ip. - intraperi-
toneal injection

"p<0.01 vs. group 1. "p<QO01 vs. group 1. "p<0.05
vs. group 2

3. Creatinine ¥

Al 1ol A creatinine A% 0251004 mL/min
old.on, A 22 0.08+0.06 ml/min2& A 17|
vl&le] 28 Aag v (p<0.001). A 3T
A& 0142013 mL/mine® A 1¥ 2 A 27
v#) frejgt Wakrh gl (Table 1).

4. AF TEANM HotsteLo| BE

A 17l Fashead] FEE 6261090 nmol
H:0o/mg proteine]$ien] Al 272 7.53%2.6] nmol
H:0x/mg protein@.2 A 1o} wjsf Frlsigart
BATAQA Fode YA A 3PE 567+221
nmol HeO»mg protein22 # 27 vl&ll ozt
28tg ey BATEH fFol4de gAt (Fig. 1.

5. AlE FAYM Malondialdehyde B%

Al 1itolA malondialdehyde®] %%+ 1.39£0.10
nmol/mg proteinelg 2w, A 2L 251%054
nmol/mg protein®® A 1o wisted F943% F7}
E Y (p<0.001). & 37 1.99%0.41 nmol/
mg protein® & & 1ie] vigHe feld 718 K
Ao} (p<.01), A 27l HEME Fod FAE
BAT} (p<0.05) (Fig. 2).

6. M3 MEZOIM superoxide dismutase2|
fHE

A 179l M superoxide dismutase 84 %= 0.89*
0.07 unit/min/mg protein®lg 2w, Al 27 1.24T
0.13 unit/min/mg protein©.2 # 1ol ¥l5le {9
3 2718 JEIT (p<0.001). Al 37€ 1.35+0.09

21
1]
o

Group 1

nmol H,0,/mg protein

Group 2 Group 3

Fig. 1. Hydrogen peroxide levels. Group 1 (n=6):
normal control group: group 2 (n=11) ! cis-
platin (16 mg/kg, ip.) treated group, group
3 (n=10): cisplatin (16 mg/kg, ip) and
melatonin (10 mgskg, ip.). treated group.
i.p. . intraperitonedl injection.

4 -
£
2
2
Q
[
2 3
©
=
E‘ v
3 2
©
g
5 —
«
g 1
k=)
= !
S :

i
0+ ’ >
Group 1 Group 2 Group 3

Fig. 2. Malondialdehyde levels. Group 1 (n=6):
normal control group, Group 2 (n=11):
cisplatin (16 mg/kg, ip.) treated group,
group 3 (n=10): cisplatin (16 mg/kg, ip)
and melatonin (10 mg/kg, ip) treated
group. Lp. ' intraperitoneal injection. p<0.0]
vs. group 1; 'p<000l vs group 1 'p<0.05
vs. group 2.

unit/min/mg protein®.® A 17 (p<0.001) 2 A 2

T (p<0.05)el HE zhzk el F7bE opERALS
(Fig. 3).

7. ME BENMM catalaseR HHE

A 1FAA catalase A EE 343211223 ymol
HxO»/min/mg proteinel ey, & 27%& 15881581
pmol HoOy/min/mg protein® 8 & litol H|8ty &
9% 7ZHAE JERT (p<0.01). A 37 2232
815 umol H:Ox/min/mg protein® @ A 1o 8]
Fo 8 ZAE JdEpeu (p<0.05), A 23 u)8)
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)
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unit/min/mg protein
L]
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w

i
Group 1

o
=
i

Group 2 Group 3

Fig. 3. Superoxide dismutase activity. Group 1 (n=
6) - normal control group, group 2 (n=11):
cisplatin (16 mg/kg, ip.) treated group;
group 3 (n=10): cisplatin (16 mg/kg, ip.)
and melatonin (10 mg/kg, ip.) treated
group. ip. - intraperitoneal  injection. p<
0.001 vs group I: 'p<0.05 vs. group 2.

50 4

45 4
20/
35 1

30
251
20 4

umol H,O,/min/mg protein

10 1

Group 3

Group 1 Group 2

Fig. 4. Catalase activity. Group 1 (n=6):normal
control group;, group 2 (n=11). cisplatin
(16 mg/kg, ip) treated group, group 3
(n=10) : cisplatin (16 mg/kg, ip.) and me-
latonin (10 mg/kg, ip.) treated group. Lp.:
zntraperttaneal injection. 'p<0.05 vs. group
1 'p<001 vs. group 1.

e fo%
8. AE MEBMAM glutathione peroxidase®]
L

Hate JebiA @kt (Fig. 4).

A 13} glutathione peroxidase B4 %
19.81£2.65 nmol NADP+/min/mg protein®) Q.2.™,
A 27 21.68+3.13 nmol NADP+/min/mg pro-
tein, A 37& 20.19:4.09 nmol NADP+/min/mg
protein®. 2 A 1T 2 A4 27 wls] el WEE
el A g9kt (Fig. 5).

-
30

25 4

20 L

nmol NADP*/min/mg protein
o

Group 3

Group 1 Group 2‘

Fig. 5. Glutathione peroxidase activity. Group 1
(n=6): normal control group;, group 2 (n=
11) ! cisplatin (16 mg/kg, ip) treated
group, group 3 (n=10): cisplatin (16 mg/
kg, ip.) and melatonin (10 mg/kg, ip.)
treated group. Lp. ' intraperitoneal injection.

9. #EOH oA

A 1ol Ae] AREAl (glomerulus) ¥ 3¢ HE
A (proximal convoluted tubule)® Eol3 W&
eERAX] gttt A 2@ AlE ARFAE Boldh Wa)
7F e, &9 F& e 4% fAE Ve
u} A 3L AFTAE Bold WMEh) figlen, 24

aE AfeE FEEY JAHE JHehiles A 23R
\3} A% Walg vt (Fig. 6).

] a

A4k ofg 4] oiEle QI H R #AA
Ao UG AdEr] 9§ ZF ko] AEHL 5]
& W b g7t ki gl vitamin
£ A8E Ago) #gaidAm den™ ) calcium
0}2 AA Q) verapamil& calcium ©]-&2 AFR
9] o]%% Awdle] xanthine dehydrogenased] A
xanthine oxidaseZ¢] HEE Aasied A4 @
g EYor o olgdEt ARE A =
% allopurinol® xanthine oxidase?] #4& #3}
v Aoz d8A )& o|&sty @44k WS F
olale: w&d'"w g a gtk HIoE melato-
nine] BA4kAE AH HYIHA i g4AE
g4¢ AFeGs 1wzt Qo] o g ojga AF" “”
E Aldsa gl

7% ool | AMgEE 99 cisplatin® 4l
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Fig. 6. Light microscopic findings in the each group. Group 1 (n=6):normal control
group, group 2 (n= 11):cisplatin (16 mg/kg, ip.) treated group; group 3 (n=
10) : cisplatin (16 mg/kg, ip.) and melatonin (10 mg/kg, ip.) treated group. iLp.:
intraperitoneal injection. Group 1:Well preserved renal tubules and glomeruli
are noted; group 2:The glomerulus was well preserved. Proximal convoluted
tubules exhibit severe tubular necrosis; group 3: Mild tubular necrosis was seen
within the proximal tubules (hematoxylin-eosin, X400).

F 7 &4 AR Fel, 25 Aol E AR o
So Rargoe] = Aoz gEid A Y. e
cisplatine] 2|3t H#2Hg, §3] 4% 715 &L cis
platinell &§ @4k A 7|Adte Ao gy
A Al mets 2 A7E 3484490 melatonin
o] cisplatinel 2§ AF28S ALY F Ade=A
2 olu7] 91t F3siglrt

A% 7154 dgsl= 834 BUN, creatinine Tk
9 creatinine H4 APAd}, A 12 vs) Al 27
M A% 750 Fadel e A 3FelME
A 23 BlEl A% 715 A A= Hvk g4
A0 sl IAkslgA A BANLE A
£4 EAAI] malondialdehyde FEE Al 230l A
A 1ol wlE ZUhEdm A 3FPelME 2 gEol
AaH A

Superoxide dismutase A== A 1o H]E)
A 2@l A F7hE AL, catalase BAEE Al 1wt ]
3 Al 2@olH FAHAT Ichikawa TV waw
superoxide dismutase®] BAE F7he= 2bslgis

9] 75 fusleE Aor glA Aok webd A 2
o] superoxide dismutase 4% F7F} cata-
lased] 4 Aste #itsbrie] F7HE s o]
Z 8 3 £4o] xes= AR Azt A 3
oA superoxide dismutase?] THEE A 2|
Hla] Z71EY catalases] BAE FVHE FNHEACH
ol Al 3TdA EAMAR Q¥ &AL Fole d
el ggle] szlglk Azhgck 123l melatonin©]
superoxide dismutase$} catalase® B4E& A3k
Ao delA e BF A 3TNA olE Ei9
FAHE ZF7ke] 48 202 melatonine] 7]90E Ao
2 Azteick 3E s HE mae] Fukl
glutathione peroxidase ¥4 %=+= ¥W37t fll=dl,
ofel & AF 2 superoxide dismutase®} catalase
AW Ee Ao diF d7E F§F BRF Ao
Azhgict,

=9 BerEe A AAE BE A 2FdME AR
= 5olg wslzh gllod, o9 W A A
ALE Yepgda, Al 3w 39 e AR T%

PR

b
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9 IrE dehldlen A 2zEd AF AE
Bt ol cisplatin®® Q8] AA AHule] HAA
Bk ohlE AT Fasipad 2e @4
o Aol Frbslo} olz Q1% AARAEY EA) A
(marker)$! malondialdehyde?t Z71%la, o)y A4
Ao ojojx BUNT ¥% creatinine 5%9 %
7v9k creatinine %9 #FAE FUEe Hesty W
312 olojm Reg AztgEr) Cisplatin® melatonin
< FAPE W oy Witsol AANHAY 7
28 Ao R ¥A melatonin cisplatind] 2§ &
4e E2Y 7 e Aer gty

ol BHA ndd HY HAR #FH B o
cisplatin® A1l A superoxide dismutase 84 2
7tet catalase®] AL ABAA HiEeie YA
& frEdtd A3 &48 fustes ez 47y,
melatonin< superoxide dismutase$} catalase®] &
4 F7V8 RESY cisplatinol 9@ fud B44
aol o A7 &4E S0l AR 444

= Abstract =

Protective Effect of Melatonin on the
Nephrotoxicity by Cisplatin

Hye-Jung Choi, M.S." !, Young-Ho Shin, M.D.” !
Kyo-Cheol Mun, M.D.” ', Dae-Kyu Song, M.D." '
In-Cheol Kim', Sang-Hyuck Seo, M.D." '
Chun-Sik Kwak, Ph.D." '

Eun-Ju Chang, Ph.D.”
and Hyun-Chul Kim, M.D.> !

Chronic Disease Research Center’, Dong San
Kidney Institute ! Medical School Student ",
Keimyung University School of Medicine,
Taegu, Korea

Background : Cisplatin (CP), an antitumor agent
widely used in the treatment of cancers, has nephro-
toxicity. This side effect is closely related to oxida-
tive stress. In the present study, we attempted to
reduce CP-induced nephrotoxicity in rats by admin-
istering melatonin, an antioxidant,

Methods : Male Sprague-Dawley rats were divid-
ed into different groups and were treated as follows:
(1) saline controli (2) CP (16 mg/kg, ip) (3) CP
plus melatonin (10 mg/kg, i.p.). The rats were sacri-
ficed at the 6th day after CP treatment. To evaluate
renal damage, BUN, serum creatinine, creatinine
clearance and microscopic examination were done.
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Hydrogen peroxide which is one of the oxygen free
radicals, and malondialdehyde which is known as a
marker of the oxygen free radical mediated injury,
and the activities of the antioxidant enzymes such
as superoxied dismutase, catalase, and glutathione
peroxidase were also measured.

Results : CP-treated rats showed the increase of
BUN, serum creatinine, malondialdehyde, hydrogen
peroxide and superoxide dismutase (SOD) in kidney.
And CP-treated rats also showed the decrease of
creatinine clearance and catalase levels. CP-treated
rats showed severe tubular necrosis in proximal con-
voluted tubules under the light microscopic examina-
tion. The light microscopic finding and all of the pa-
rameters except SOD were restored in the rats in-
jected with CP plus melatonin than those with CP
alone. SOD level was higher in the rats injected
with CP plus melatonin than that with CP alone.

Conclusion : These results suggest that melato-
nin suppresses CP-induced nephrotoxicity by sup-
pressing the production of reactive oxygen species
via the activation of SOD and catalase, (Korean J
Nephrol 2004;23(2):205-212)

Key Words : Melatonin, Nephrotoxicity, Cisplatin,
Oxidative stress
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