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Effects of the Antioxidants on the Diabetic Complications

Jin-young Kim, Byeong-han Lee and Byung-hyun Chung'
College of Veterinary Medicine, Konkuk University, Seoul, 142-701, Korea

Abstract : These studies were performed to investigate the effect of antioxidants, melatonin (MLT) and ascorbic acid (AA),
on the diabetic complications. In the experiment, twenty-four Sprague Dawley rats were divided into four groups; Group 1:
no treatment (control) (n=6), Group 2: Streptozotocin (STZ; 65 mg/kg b.w. ip) treatment (n =6), Group 3: MLT (10 mg/
kg b.w. ip) treatment (n = 6), Group 4: ascorbic acid (AA: 40 mg/kg b.w. ip) treatment (n = 6). Rats were sacrificed and collected
designated samples (blood, kidney, pancreas) at the 21 days after antioxidant treatment (the 8th week after STZ injection).
There was no significant change of body weight during the cxperiment period in the all groups. The concentration of blood
glucose was decreased below 200 mg/dl in MLT. The concentration of HbA ¢ level was decreased significantly in MLT (7.3
10.66%) compared with STZ (15.111.58%) (p<0.01). No significant change of SOD activity in the RBC and kidney was
found in the all groups. In the pancreas, MLT (1.421+0.17 U/ml) and AA (1.65%£0.16 U/ml) decreased SOD activity compared
with 8TZ (4.10£0.27 U/ml). However, there was no significant difference among MLT and AA. The level of malondialdehyde
(MDA) as an indicator of lipid peroxydation was decreased in MLT compared with STZ in the plasma, kidney and parncreas
(p<0.01). These findings suggest that melatonin could prevent the complications of diabetes mellitus.
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Table 1. Changes in body weight during the treatment periods of antioxidants after 4 weeks for diabetics-induced period by

streptozotocin injection

Treatment periods of antioxidants

Groups Base(0 wk) Start(5 wk) Tst wk(6 WK) 2nd wk(7 wk) 3rd wk(8 wk)
CONT 355.2526.9 395228 1 4006278 4233£259
STZONLY V5443 2177+ 62 2168+ 7.5 2138+ 47 2007+ 13
MLT ' 2174%12.5 291,44 13.1 20594143 23724152
AA 220.1+14.0 207.6%15.5 230.8+16.4 22934228

CONT: control group, STZONLY: sireptozotocin only injected group, MLT: melatonin treated group, AA: ascorbic acid treated group. Val-

ues are expressed as MEAN £ SE (gram)(n = 6).
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Fig 1. Glucose concentration in 4 groups at the 21 days afier
antioxidant treatment (the 8th week after STZ injection). Val-
ues are expressed as MEAN*SE (n = 6). 'Significant di-
fference from STZONLY: p<0.01. Other abbreviation as in
Table 1.
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Fig 2. Glycosylated hemoglobin (HbAlc) in 4 groups at the
21 days after antioxidant treatment (the 8th week afier STZ
injection). Values are expressed as MEANZISE (n=6).
'Significant difference from STZONLY: p<0.01. Other abbre-
viation as in Table 1.
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SOD ACTIVITY (RBC)
(U/mb)

0

CONT STZONLY MLT AA

Fig 3. Total SOD activity of erythrocyte in 4 groups at the 21
days after antioxidant treatment (the 8th week after STZ
injection). Values are expressed as MEAN=ZSE (n=6).
"Significant difference from STZONLY: p<0.01. Other abbre-
viation as in Table 1.
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Fig 4. Total SOD activity of kidney in 4 groups at the 21 days
after antioxidant treatment (the §th week after STZ injection).
Values are expressed as MEANZ SE (n = 6). "Significant dif-
ference from STZONLY: p<0.01. Other abbreviation as in
Table 1.
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Superoxide dismutase(SOD) ZHM

HYF: g T)A2) SOD L Fig 33 2] A7)
27, FAAGET, MITFAT, AARZ] A4 1.07+
0.24, 1.66%0.15, 1.40£0.08, 1.27£0.15U/mS EHch
A8 e] SOD &4 MLTY AAF ZlA FAAG
o) HsiMe B 7S Vepilen AddiaEEch
2L FEZ JERT
el EEEe o gt FREeEN 1
W0 ZRE EAJikart ST, o] A A &AL
220 AAHE Yste W AL SoDZt E495lETH. Reiter
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Fig 5. Total SOD activity of pancreas in 4 groups at the 21
days after antioxidant treatment (the 8th week after STZ injec-
tion). Values are expressed as MEANZSE (n=6).
"Significant difference from STZONLY: p<0.01. Other abbre-
viation as in Table 1.
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Fig 6. Lipid peroxidation (MDA) of plasma in 4 groups at the
21 days after antioxidant treatment (the 8th week after STZ
injection). Values are expressed as MEANZESE (1= 6).
"Significant difference from STZONLY: p<0.01. Other abbre-
viation as in Table 1.

Al A4 9] SOD BA-L Fig 49} o] AJUEE,
RAAG L, MLTFAE, AATCF] Zh2t 1.09+0.12,
251£0.15, 1.85+0.17, 245+£0.17 UmtZ YERHT:. MLT
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P X Gerd AAFY TR e FgE et

A #AANAL SOD A4S Fig 59 720 FAURT,
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9 SOD e & viAE FEolfek. MLTFHTH
AATSIT Alolel] ZAEA Fo)xle g, #AT 32
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Fig 7. Lipid peroxidation (MDA) of kidney in 4 groups at the
21 days after antioxidant treatment (the 8th week after STZ
injection). Values are expressed as MEANZLSE (n=6).
"Significant difference from STZONLY: p<0.01. Other abbre-
viation as in Table 1.
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Fig 8. Lipid peroxidation (MDA) of pancreas in 4 groups at
the 21 days after antioxidant treatment (the 8th week after
STZ injection). Values are expressed as MEAN+SE (n = 6).
'Significant difference from STZONLY: p<0.01. Other abbre-
viation as in Table 1.

A Eet, THA G ?, MLTRSZ, AAFSE] 242 372
+0.50, 8.98+0.49, 4.37:0.83, 8.01i0.20 umol/LE &}
A= MLT—ErO#:“’ TR FeEd AATT Bl @A 5
A W2 MDA FF2 WERITHp<0.01).

fdia}. A A €] MDAE Fig 73 72bo] AAtET, T4
AFed, MLTFSE, AAFSTo] 22 3.79+0.64, 19.30
+1.38, 5.2740.37, 10.30+£0.83 umol/LE- vehich AgE
227t AN FaE) @484 w2 MDA £EE B3
thp<0.01). MLTF#& zgzgcﬁia_q Tl 7]'77}“:1: 3
& MDA FF& WPt

#7: Fdo) A1) MDAE Fig 83 Zko] AAUNZEF, T4
A, MLISSE, AATSTe] 22 3.83£0.56, 11.29
+0.72, 6.78£0.33, 9.972£0.27 umolLE WERATE. MLTH
A2 AATAT Wrh FHAPEET Hlwsid yE MDA
T e

%lﬁ&zﬂ,ﬂ A A H4k3) o]
melatonin®] scavenging3hc:

F L peroxyl radical 2
Sg9 g A7 Bo) ofF

oA Qupils pejed %= melatonin, tocoperol, ascorbic
acid 223 reduced glutathione(GSHYE tHA 22 peroxyl
radicale #AsHE S#e] zpo]Z ¥|ZE Z3 melatonin,
GSH, ascorbic acid, tocoperol 082 F3rt & Aoz U
EPdtia stuch Fdel is dEdaelA Be vkl 2o,
MDAY] =& HE foae ¢lgovt MLTRYZ, AAT
o] $AME peroxyl radicald AAskE FHo] Zad A
o= Ught gy §UHE Yoz g 2 IFdMx

S TT=ETIE
Peieri £%0) B 73l melatonin®] &A= Qs 4 9t

Rasmussen 572 melatonin®] A7 EF °ﬂ)‘] AR THA}
2 zdsh AR ol doie =8k A B2 A
wadel WA Aed oAL k3o FHFA
melatonin®] EHj7k4 <] 7‘1& Z=glo] P B
He =71g B7h) A¥Ee melatoning £ E o9 =

X852 4 9dokr B3 EF Conti®l Maestroni3
nonobese diabetic mice™NODYE ©]8%F melatonin®] T3}
Z Ve Axt mela[oninO] A A7PEE 2 e
wehg golErly Bt o) 2L AARE T
2 o] gaksbA B35 melatoning FxEHA TEET o
2 AR5E *r]‘fﬂ AHEsiE sy FsS A AR
A7V EA7E Yo AR

mnru

4

=

%‘?M?% dG717E RAAZL FHell
z} SRR st %‘htﬁ*é S st A8 i &
;g |stgen, 7 A%E aoksiy vhEst 7t
. A7) 7hﬂ Aol Wale felAE JAEA adtEt

. 1:1-“& MLTTO%ZMW ok7ke] 7} AL VeRlith

2. HbAc& gluscosed] Walet ¥]5:dt 2SS vellle
¥ FHA D (15.1£1.58%)] ¥3kd MLIF(7.3+
0.66%)y a2 A ZH4AFHTHp<0.01).

3. HAAe] SOD T4 MLTFeZo| 1.42+0.17 U/ml,

I3 AATAZe] 1.65£0.16 UmlE FAXF=e] 4.10
+0.27 U/mle]] ¥5te] @A3] 748190t (p<0.01). 28
HET7e] SOD 24 HAxZ7re] Aelrt AFHA] a2k

4. Lipid peroxidation® MDAZ #48}e] Wagt @3’—}
g A%, HF ZF MLTTRSZAA 8A4F ZF4E
BAHp<0.01).

de) ATE FYH 2
wia E5 o 2 Asel A TuEe
AL AZATIE B3t Yok AR

uf) ghatalA 55 me]atomn-— o

A

o
o
ot

il

1. Baynes JW. Role of oxidative stress in development of
complications in diabetes. Diabetes 1991; 40: 405-412.



-3

10.

11.

16.

17.

. Ceniello A. Giugliano D, Quatraro A et al. Vitamine E

reduction of protein glycosylation in diabetes. Diabetes Care
1991; 14: 68-72.

. Conti A, Maestroni GIM. Melatonin rhythms in mice: role in

autoimmune and lymphoproliferative diseases. Ann N'Y Acad
Sci 1998; 840: 395-410.

. Esterbauer H, Cheeseman KH. Determination of aldehydic

lipid peroxidation products: malonaldehyde and 4-
hydroxynonenal. Methods Enzymol 1990: 186: 407-421,

. Fridrich R. On postoperative irradiation of breast cancer with

roentgen-telecobalt. Radiol Austriaca 1964; 15: 219-24.

. Giugliano D, Ceriello A, Paoulisso G. Oxidative stress and

diabetic vascular complications. Diabetic care 1996; 19: 257-
267.

. Guardiola, Lemaitte B. Toxicology of melatonin. J Biol

Rhythms 1997; 12: 697-706.

. Iberg N, Fluckiger R. Nenenzymatic glycation of albumin in

vivo (identification of multiple glycosylated site). J Biol Chem
1986; 261: 13542-13545.

. Jennings PE, Chirico S, Jones AF, Lunec J, Barnett AH.

Vitamin C metabolites and microangiopathy in diabetes
mellitus. Diabetes Res 1987; 6: 151-154.

Jones AF, Winkles JW, Jennings PE, Florkowski CM, Lunec
J, Barnett AH. Serum antioxidant activity in diabetes mellitus.
Diabetes Res 1988; 7: 89-92.

Kubisch HM, Wang J, Bray TM, Phillips JP. Targeted
overexpression of Cu/Zn superoxide dismutase protects
pancreatic £ -cells against oxidative stress. Diabetes 1997; 46:
1563-1566.

. McCord JM, Fridovich 1. Super oxide dismutase. An

enzymatic function for erythrocuprein (hemocuprein). J Biol
Chem 1969; 244: 6049-55.

. Maxwell SRJ. Prospects for the use of antioxidant therapies.

Drugs 1995; 49: 345-361.

. Melchiom D, Reiter RJ, Chen LD, Sewerynek E, Nistico G,

Melatonin affords protection against Kainate-induced in vitro
lipid peroxidation in brain. Eur J Phamaco 1996; 305: 239-
242,

. Nebot C, Moutet M, Huet P, Xu JZ, Yadan JC, Chaudiere J.

Spectrophotommetric assay of superoxide dismutase activity
based on the activated autoxidation of a tetracyclic catechol.
Anal Biochem 1993; 214: 442-451.

Lung CC, Pinnas JL, Yahaya MD, Meinke GC, Mooradian
AD. Malondialdehide modified protein and their antibodies in
the plasma of conirol and streptozotocin induced diabetic rats.
Life Sciences 1992; 52: 329-337.

Pablos MI, Reiter RI, Chuang JI, Ortiz GG, Guerrero IM,

18.

19.

21.

[
(8]

23.

24.

25.

26.

27.

28,

30.

379

Sewerynek E, Agapito MT, Melchiorri D, Lawrence R, Dneke
SM. Acute administered melatonin reduces oxidative damage
in lung and brain induced by hyperbaric oxygen. J
Appl.Physiol 1997; 83: 354-358.

Peieri C, Marra M, Moroni F, Recchioni R, Marcheselli F.
Melatonin: a peroxyl radical scavenger more effective than
vitamin E. Life Sci 1994; 55: PL271-276.

Petent GN. Protective effect of melatonin on in vivo paraquat-
induced oxidative damage in rats. Life Sciences 1995; 56: 83-
89,

. Pierretich G, Topall G, Courboin G, henriet I., Laborit H.

Antloxidant activity of melatonin in mice. Res Commun
Chem Pathol Pharmacol 1993; 80: 211-223.

Rasmussen DD, Boldt BM, Wilkinson CW, Yellon SM,
Matsumoto AM. Daily melatonin administration at middle
age suppresses male rat visceral fat, plasma leptin. and plasma
insulin to youthful levels. Endocrinology 1999; 140: 1009-
1012.

. Reiter RI, Tan DX, Poeggeler B, Menendez-Pelacz A, Chen

LD, Saarela S. Melatonin as a free radical scavenger:
implications for aging and age-related discases. Ann NY Acad
Sci 1994; 719: 1-12.

Reiter RJ. Functional pleiotropy of the neurchormone
melatonin: antioxidant protection and neuroendocrine
regulation. Frontiers in Neuroendocrinol 1995; 16: 383-415.
Reiter RJ, Mechiorm D, Sewerynek E, Poeggeler B, Barlow-
Walden L, Chuang J. Ortiz GG, Acuna-Castroviejo D. A
review of the evidence supporting melatonin's role as an
antioxidant. J Pineal Res 1995; 18: 1-11.

Shima T, Chun SJ, Niijima A, Bizot-Espiard JG, Guardiola-
Lemaitre B, Hosokawa M, Nagai K. Melatonin suppresses
hyperglycemia caused by intracerebroventricular injection of
2-deoxy-D-glucose in rats. Neurosci Lett 1997; 226: 119-122.
Turk J, Corbett JA, Rhamadham S, Bohrer A, McDaniel ML.
Biochemical evidence for mitric oxide formation from
streptozotocin in isolated pancreatic islets. Biochem Biophys
Res Commun 1993; 197: 1458-64.

Urano S, Hoshi-Hashizume M, Tochigi N, Matsuo M, Shiraki
M., Ito H. Vitamine E and the susceptibility of erythrocytes
and reconstituted liposomes to oxidative stress in aged
diabetics. Lipid 1991; 26: 58-61.

Wohaieb SA, Godin DV. Alterations in free radical tissue-
defense mechanisms in streptozotocin-induced diabetes in rat.
Effects of insulin treatment. Diabetes 1987; 36(9): 1014-1018.

CBNLCEARER. MR 7N -7 P AL & SRRL BERT O SR ).

EEIEREE 1996; 40: 176-180.
B EE LS L SOD. BRBE 1996; 40: 123-124.



