3lA |4 Streptozotocinel] &3] G5% Wizre]] gk
Melatonin®] &3}

Effect of Melatonin on the Diabetes Mellitus Induced by Streptozotocin in Rats

Ri-Ra Lee, You-Hee Kim, Chun-Sik Kwak, Mi-Young Yeo, Kyo-Cheol Mun
Department of Biochemistry, Keimyung University School of Medicine, Taegu, Korea

- Abstract -

Background: Oxygen free radicals are related to the pathogenesis and develop-
ment of diabetes mellitus. The effect of melatonin, a known powerful anfioxidant,
was studied diabetes mellitus induced by streptozotocin in male Sprague-Dawley
rats.

Methods: Diabetes was induced by the infraperitoneal injection of streptozotocin
at 65 mg per kg of body weight. To know the effects of melatonin, two doses of
10 mg of melatonin per kg of body weight were administered intraperitoneally,
the first simulfaneously with the sfreptozotocin, and the second after a further 72
hours. The rats were then sacrificed at the 7th day after the first injection. The
parameters including the levels of blood glucose, hemoglobin A1C, malondi-
aldehyde and antioxidant enzymes were analysed to evaluate the diabetic state
and the degree of lipid peroxidation by oxygen free radicals.

Results: The injection of streptozotocin caused significant increases in the levels of
blood glucose, hemoglobin ATC and malondialdehyde. The injection of melatonin
significantly reduced the levels of blood glucose and malondialdehyde.
Conclusion: These results suggest melatonin may have a protective effect on the
oxidative damage in the diabetes induced by streptozotocin (J Kor Diabetes Asso
26:357~365, 2002).

Key Words: Diabetes Mellitus, Streptozotocin, Melatonin, Oxygen free radicals
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Ho o ofel 714 Agle] Agelt Ao A

Qgele] Aol e gy 290 4w EAAE
o2 QgAY Z7lell €l Agle] A At
Soll ofal R, olefdt WS wE oy
A% F b 2 WES At ATARIE Q)
To] 6~79%7} i Bz el et el
Wols olitsly] Q3F wbHog FHolA| strepto-
31 E tﬂ-/q;r]‘— Hl—u‘j.g‘ 43_
skar . FollA] 03t streptozotocine #|Ake]
beta A|EE o]F3t ¥ AlZle] v|EZEeobs 4
sl o] Z 3l mEZEglole] ATP FH4do] AAE]
Wl ol ADPE] 7t 2Rk,
o|gA] beta A|ZollA F7HE ADPE olslabloflA]
hypoxanthine¥} xanthine© 2 Z3k=]w] }A]
beta A|¥Eol| TEE 2 ZAs|= xanthine oxidase2] &
o] uric acid®} superoxide So]o] F}?. sk
streptozotocin< 2| © & xanthine oxidaseS 4]
SRRZI7IE 817] wjiol] 32°5-52] xanthine oxidase+
1 ZFoflso] A5E]31 wl2lA] superoxide So]-2] AJ
Ao e A5, = streptozotocindl] 2)3F Win
o] b olehrk dzie] el ok AdE
superoxide So]2o] 2 32 thAlx|o] beta Aol
A ForA B ekl Bt ez g
A gt
gl ¥959] 4314 hormone?l melatoninS- 2+
Al A4 F peroxyl radicald} 7P wlRgAlo] Zksk
Ralfehs Aos delA glom™,
7%l LA g IS B s AVow
vz FE-S w9l Melatoning safrolex} 7+
Miohy $FHEe] Sd DNA <4, WAel <J3t <=
Ab 4l paraquatt} A2 lipopolysaccharideol] 2]k
A7 B 5 WAkl Bl oldt wia
WA ol AEE g Ao A dop. weba
streptozotocino]] o]t whirlo] fHlof] A A4}
IAE|=E, o]= melatoninel] 23] WAE 4 S
Zolet

zotocinS Fslo]

hydroxyl radical<

o] Al¥2 £ hormone?l melatonin®] strepto-
zotocinel] o3k B ik o]= AE vk = e
Ag BRIslar 1 71AE olslisly] flsted 2F ol
streptozotocing Fo33}3L melatoninS Fofdl = &
o} o) 93} Walke] % AR 2 Eel malon-
dialdehyde” =9} gHike} wate] A= 240

Ak

Chet 2

X

=T

gl

4% ol 2 ZACE A3 Al 280~320 gol
%]+ Sprague-DawleyZ2] &= 31HE Agslgi o t}
L3} 7o) 3702 et =TS & sulelz F
E 12417 F2A)171 & 5% ethanolic saline 8-<H 4
mL2} 1 mM citric acid <=8 (pH 4.5) 1 mLS &7}
WE FJskar 72X)17F 3 5% ethanolic saline -£-°H-&-
TR 4 mLE FARE ¥, H220] A £ 150 AE
SAAA AN & 7 4 AlER ALsIv:
Streptozotocin oIt (A] 1)L & 6njB|2 HE

A7+ FAA]7] 3 5% ethanolic saline -§-94-2 4 mL%},
AZ kg 65 mg2] streptozotocinS- 1 mM citric acid
S5l (pH4.5) 1 mLell o] E7hie FARslgich
FHzx FAF & 7247}l THA] 5% ethanolic saline -£-<Y
4mLE FABIlen, Hxo| FA ¥ 15U HE
SAAA A = 7 4 AlER ALsIvh
Sreptozotocin®} melatonin §-03&} melatonin Foi-
AR F TEIR HE 1247 AR F
Floreani <"2] ¥ol] vz} 5% ethanolic saline 54
4 mLo]] melatoning A& kg 5mgo] FYEEE
3ol e BhH P AF ked 65mgd)
streptozotocing 1 mM citric acid 2= (pH 4.5) 1
mLol| o] B0 FAelgih Hx P4 & 127
of] t}A] 5% ethanolic saline 228 4 mLo]] melatonin
2 A% ke Smgol FYHES %Q) AL hA] &
7 Ak, 2o A4 F 176 AE A
oA 7 S AR ASKE 7 AR
o Y Fel sgelglen] Ay Aol YA 27
o AR, ARE ARERs HoERAAE 4
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34 AEQ AR 42T B3t A Aol ¥
=% algick

2. B35l A& (glucose tolerance test)

Streptozotocin F-oigol|A] WiiHo] & SEE|9=
A dolR7] &l LS streptozotocin E-2 citrate
bufferE Foi3h 3 6ol THAI9 5 (2 gkg)&
Stefell I3 F 303 9 12030] mele] TS A}
SA 3t Hes Al I ghe] WskE st

!
= Bk AldE AR ®i S HlEgick

o

A Bele] QR -3AL EDTAZ G40

malondialdehyde 3! A3} G459 A8 A|5&
AHgsisich g9 9l AlEAlS] F42 24 GLzyme
1) Uropaper 7 (Eiken Chemical Co., Ltd., Tokyo,
Japan)S ARg3l9ct @3l €4 DiaSTAT (Bio-
Rad, Hercules, California, USA)E- Alg3lo] =43
tt. €% malondialdehyde9t2] 232 malondial-
dehyde7} thiobarbituric acid®} W8k uf] Yeh= &
2 S 535nmol|x] ZA¥]= thiobarbituric acid
assay WPl ofeigitt &, &S 025N odAlel
0.375%2] thiobarbituric acid®} 15% trichloroacetic
acid Sk A1} EIIL, WSS 100 T 54
o ZollAl 1537k WA % 3,000 g% 5 2k RAkel
of e AZag S35mmoldl ZAsilch ARE
malondialdehyde £+ 2a} 3 A4 1.56 X 10°
M-1cm-15 ARgslo] ANslgdcl &< superoxide
dismutase?] AT Z4L  xanthine oxidaseE
superoxide anion BHY system © 2 Ag5}o] nitroblue
tetrazoliumo] FYE)= kS =Asl= Sun =7 v}k
We Agalglon] o] A 1 units HANE WA ¢k
L "2 oHZ9] pitroblue tetrazolium A 50% 1A
of 3ie] so gelglrk

FZ catalase AL AL I 48 71E

2 Agslo] 25CellA 30% HRSAZ|E £kl 240

nm oA} ISt 4t SIElo] sl FE
=24 34 FATE =231 Nelsond} Kiesow'2)
el ejglom] Fa A O] ghele 147l 1 mg
of Bhpo] M-Sele] BUA) A SAT mol
Uehgiet

= glutathione peroxidase?] AT =42 3}

A
¥ glutathione, I3} <7=4- 3] NADPHE- 7|A & A&
slaL glutathione reductaseE- Zvl| 2 s}o glutathione
peroxidase &4 A8} A 25 CAlA] 557 HESA]
71 &3l 314 glutathioneo] ZHik3} Saizel] 2]
A3}E glutathione &2 ¥|31, o]|Zlo] glutatione
reductase?} NADPHo]| 2Js}] 3143 glutathione & &
3195 ul) NADPHE AB3}=]n] o] NADPH7} NADP+
2 ARl E AEE 340 nm I}AolA] time scang- &}o]
NADPH®] Ex}&334|5= (E340 cm = 6.22m-lem-1)Z
olgelo] 3io] BAES Aol whHl Pagliadh
Valentine'V2] Wel] SJaigic). o] FA LA o] wlgl=
17kl 1mLe] ¥Ho] vE3sle] 4} NADP+E
nmol 2 JehNgich

2o 59 9 AEAS] 74 Uropaper 7
(Eiken Chemical Co., Ltd., Tokyo, Japan)-g A8}
ek

4. SA

e H 37 AXE ebiRa, 2] vlae
Student’s t-testS ARE3}9l o™ pzlo] 0.05 o3} &
o oz sk

z

7+ Ao ¥F e $EE Fig. 13 vk 5,
zgolA 84 I =5 134+10 mg/dLo|)

om, streptozotocin FolFol|AE 524499 mg/dLE
o] Eg ol uls) fela 271E vehilg)
t}(p < 0.001). Melatonin Foigol|4] Trd 55+
350 + 137 mg/dL 2 tz7-9] £E% 59 134+10
mg/dLel] v]3ll S71=]9)o1} (p < 0.01), streptozotocin
R e
t} (p < 0.05).
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Fig. 1. Effect of melatonin on the glucose levels in rats.
Significantly different from control* (b, p<0.01; c,
p<0.001), and from group 1** (d, p<0.05). Experi-
mental groups are described in Table 1 and text.
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Control Group 1 Group 2

Fig. 2. Effect of melatonin on the glycosylated hemoglobin
levels in rats.
Significantly different from control* (b, P<0.01; c,
p<0.001) and from group 1** (d, P<0.05). Experi-
mental groups are described in Table 1 and text.

©m, streptozotocin Fojgol = 4.11
0ar ezl sl $o9 274 ksl

(p < 0.001). Melatonin SFoiglA+ @3} M4 55

=336 +0.73% 2 tlETe] 93t Sk vl bl
SoJelA] =7kl o) (p < 0.01), streptozotocin o3
TR fel8k S VERIE (p < 0.05).

41 N Te**

nmol malondialdehyde /mL

Control Group 1 Group 2

Fig. 3. Effect of melatonin on the malondialdehyde levels
in rats.
Significantly different from control* (c, p<0.001)
and from group 1** (e, p<0.05). Experimental
groups are described in Table 1 and text.

300
T [ o
200 A
= l
S
=
c
=
< 100
»
0
Control Group1  Group 2

Fig. 4. Effect of melatonin on the superoxide dismutase
activity(SDA) in rats.
Significantly different from control* (a, p<0.05)
and from group 1** (e, p<0.01). Experimental
groups are described in Figure 1 and text. One
unit of superoxide dismutase activity was defined
as the amount which inhibited the reduction of
cytochrome ¢ by 50%. Experimental groups are
described in Table 1 and text.

Z} AgFoll4] = malondialdehyde 5% W%
F1g 33} 7} tjz7ollA % malondialdehyde 5
+ 3.6010.24 nmol/mLo|g} 2™, streptozotocin
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Fig. 5. Effect of melatonin on the catalase activity in rats.
Significantly different from control* (a, p <0.05).
Experimental groups are described in Table 1 and
text.

o] FollAl= 4.8140.46 nmol/mLE thzgol] Hlsl &
ot =715 Bt} (p <0.001). Melatonin F-oi-o]]
A+ malondialdehyde FE+ 3.61 + 0.55 nmol/mL
2 =7} vs3t AakE 29l o) streptozotocin
Sol 7k 7219iet (p < 0.01),

7} AgGol|A] &= superoxide dismutase 24w
52 Fig. 49} Al thzdolx EHH superoxide
dismutase AT 226 + 42 unit/min/mLo|} 0w,
streptozotocin §-o3g-ol|4]+= 161 =+ 30 unit/min/mLE
izl wlel frelst Z4aE vehiIC (p < 0.05).
Melatonin §-oollA+= 230 =+ 50 unit/min/mLEZ i
zg3 vlsl AdE Jehlglen, streptozotocin
Sol7urks Z75iet (p < 0.01),

7k Agol| A EF catalase TAE #HF-S Fig. 5
o} 7). izl EA catalase FAEE 341+
1.34 ymol H,0,/min/mLo]%} 2, streptozotocin -]
ToAE 13.82 +9.47 iimol H,Oo/min/mLE. thZgol|
Hlal] o3k k45 vEhHRIE (p < 0.05). Melatonin
EolFolA+ 5.57 +2.71 umol H,0,/min/mLE thz
Tl HlsAE k7 ZE|9lan streptozotocin T
THrhs Zasigiont A ool qldek

Z} AglFoll4] IF glutathione peroxidase AT

WX Fig 67} 2t} tizTollA I glutathione
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Fig. 6. Effect of melatonin on the glutathione peroxidase activity
(GPA) in rats.
Significantly ~ different from control* (b, p<0.01).
Experimental groups are described in Table 1 and text.

peroxidase ST+ 13.50 + 11.23 nmol NADP+/
min/mLo]gl o™, streptozotocin FolgolA = 63.77
+29.57 nmol NADP+/min/mLE thzl vl §-2]
3t Z71= vehNit} (p < 0.01). Melatonin F-oito]]
A& 55.12 +25.14 nmol NADP+/min/mLE tzZg-
o mlAE feldt F71E vERIY oL (p < 0.01),
streptozotocin FoiTT= T X7} §igich

zrtollA] amge] T =7 fAolg e,
streptozotocin ol EFolA 4% OFA] (++++,
2,000 mg/dL)-8- JJeRHgl 2™, melatonin ool 4]
© % 76 F 6cllollA] 4% S 1odlollA] SAS
ERAIc) (Table 1).

g5 AleAde iz 5ol Erollx 84 42
el o), streptozotocing FolgollAlE & 64
% 3eflollA] 1= o (+, 5~40 mg/dL), leflel}A] 91%k
A vehlew 2dleile 54 vERAICE
Melatonin FoiollX= F 7ol 1ollolA] 152 4,
20f|ollA] QJoFA (£, 2~5 mg/dL), 4oflollAE 2S4S
eI} (Table 1).

2HFe] AEAlE tzTelie B S4019e
1}, streptozotocin SFoigolAE 64l 3|4 2%
A (++, 40~100mg/dL)o]od o, VA= BF &
A< FERARIEE Melatonin FoiollA= T6llE 14|




Table 1. Parameters Related to Diabetes Mellitus

Groups Control Group 1 Group 2
Parameters (n=5) (n=6) (n=7)
1) Urine glucose
Negative (-) 5 0 1
Four positive (++++, 0 6 6
2,000mg/dL)
2) Serum ketone bodies
Negative (-) 5 2 4
False positive (=, 1 2
2~5mg/dL)
One positive (+, 0 3 1
5~40mg/dL)
3) Urine ketone bodies
Negative (-) 5 3 6
Two positive (++, 3 1
40~100mg/dL)

Control; Control group, Group 1; The group which received only streptozotocin.

Group 2; The group which received melatonin with streptozotocin.

oA 25 k& RNl en WAl B SA4E
vERHACE (Table 1).

ek

il

A ALA- (oxygen free radical)©= -5 o]FA] ¢
© A= 7R FAEA S8l a2 eludA] B4 3,
A AR oA 3 Bl e AAE Bl #Sl
o] AR}, azuE o)F glol dliAE A
SALE et AFAE F B o} Al
ezl 33t SAE AR F3heh e &4 A4
= HhgAdo] ol Al AR =8 lse W
SHAA AlAlell £ 71X ofe] 71A] AWe de
71 Hdos #g3} . ofefdt o] FAlEA]
¥ 4 o) AL 44 ko) Aslo] a3,
2 7“—_1.6‘_}16’17), 03%14)’ %]_14,18,19) 5) L:ﬂm,zo,zl) =9
o Zlom Sl Sick R Sk Qb
10 ) shatle] 715 gl ofshs 2 Mo,
dHA JAek

A AkA F superoixde Solo] 7FA wix] A

o o> §

hu ofl

E]+=tl), o] superoxide 2-0]-2-& superoxide dismutase
o] 2Rg-& Hio} IS} vt F AL o] I} e
5 0|29 AHg-3 wol A4 Ak T 7P whgAdel
78t hydroxyl radicalS HAlsHAl =, olzigt
hydroxyl radical S APl e ded7] melatonin®”
o] streptozotocinel] 2]t Wi fHMS- ojw A% =t
& & A I 1 AL olslelr] Sletol
R Pk

o] Aglel|A] streptozotocing Fofails v I
5 9 93} Pk whe A dizdl vlsl fo
3 74 Vbl e, oluldt 2k vl Js} d4Y
4 =59 Z7= melatonin®] Fol& {293t 7HAE
etk 2|3l streptozotocing Fo38]3-S ol
g 55 9 e Pl FEE Zhao 5o A9}
HISsigick w3k I vl oF AlEAY] 28 BEe
melatonin FoiFol|A & streptozotocing THE FFofs}
Qe Wl Hrob e vEhE AR 94 Aglen
45 bl vl 23]8] STk olust
ZA3}tE & ul] melatonin®] Fod+&= streptozotocinel] 2]

o g FBE PP T S LA foleh
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A ] 4252 Aaflehs Frke Uiehick A7

a4 Aol o3k e Uehike AEE A8
= malondialdehyde £%%% streptozotocin 50]7ol]
A= izl H]gl] Z71=]9 21} melatonin®} strep-
tozotocing | Fofdt (AR streptozotocin
nhe Fofdh el vlal o3k s veRHSIch o]
= melatonin F-oJ & streptozotocinel] 2]t A3}A &=
Ao) 7HA3S VeRiicka A7

Streptozotocing Foidl Fol|A] AR} g 450l
superoxide dismutase?] AT  Zrrslglom,
Ichikawa S77]] w}2m superoxide dismutase®] 24
Aok superoxide Sl €] T AAE obrlsio]
superoxide go]-2ell &3t £ T7MIZIvkAL 4
Z] Q= "HE, streptozotocind Fo&l Tol|A] super-
oxide dismutase?] T 74 streptozotocino]] 2]
) AT superoxide Sol£.8] T} Sdzo] A3
+ Akl s ZHelAl =i whebA strepto-
zotocin®]] 28t £=4kS Z7}A1A malondialdehyde 34
o] 248 2ol Ao A7 Melatonin Fol
T-ol|4] superoxide dismutase?] 22 Z7|=|Qdc) o]
= Reiter 2] B9} A3k} o]2l3t melatonine]]
9J&} superoxde dismutase A= E3}} A A4 A
o) B} 44 oR AHgelo] 94 Aol Sl £
e 2 Ao Az,

Streptozotocin  F-oi7ol|A] catalase®} glutathione
peroxidase?] FAErx= Z7l%]9jr}l. o]= superoxide
dismutase2] AT 7HA4E <l s A A4
of] o3k &4 HAsly] 913t Zleg Az 2
gk o]froll thslodl= 9 F7EE Agsiolol & Ze
2 A7k=lc). Melatonin §0970l|4]+&= catalase+= 3H4]
o] Ao g 3F|Ex]9lor} glutathione peroxidase?)
AL A-s] 7k delE A=) Catalase 2]
L4 4w melatonin FoI 2 A Ahizel] oJ3F 54
o] Zo]E ZA3}E Holu, glutathione peroxidase2]
A7t izl vlsl ofds] FrkEle] e A
Reiter S°Y2] Ha10)|4] ¥1&]7) ul9} 7+o] melatonino]
glutathione peroxidase2] A4S A=F7] wiol|g}
A7,

ol4e] ZH3E  Hol melatonin® superoxide

dismutase S A}=3F0 24 streptozotcinel] 23l Ak}t
2 =3 WAsl] streptozotcinol] 2J3F i)
WS ol Ax WAlse A3E VeRE ZleE A
7+

o (o]
RS =

OAITHA: Streptozotocin Fodol] QJaf =l dix
FollA st Aol Qirke Zleg dHRl
melatonin®] EIE Fobi7] flsle] o] AFS Y
sh3ick

Hit: Sprague-DawleyZ &= 2lF oA AlF kg@
65 mg2] streptozotocin- g3 7MY Fosle] @i
g fuksleitt. Melatonin®] Fod streptozotocin
o] A9} streptozotocin Fof X 72A|7ll] 2k A5
kg@ 5 mg2] melatoning 57} Fodslgict FHx oF
= 7o 3790l FE AT F I w59 33t
dagel vy AF Il 2#Q] malondial-
dehyde®] 55 Bl 3MB} a4 4% 55 Sk

A1} Streptozotocin Fo] FrollAlE thzgol| vl
g oot 5, 93} EM4 55 9 malondial-
dehyde 5+ foJ3t Z71= vehlgl o1} superoxide
dismutase2] AT 7445 vehlglc) Melatonin
Eo]Fol|A & streptozotocin Foltol] H]&l] = T
2 E%¢ malondialdehyde w57} Yolom
suerpxode dismutase®] A E= GgoZ FEE=QIL

ZAE: Streptozotocinel] oJ3l =l Wi Fol|A]
melatoninS A3FH £4RS- BERJslo] streptozotcinol]
o8 Gie] RS ol AT WA AR A
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