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ABSTRACT

The present study investigated the effect of sopgigation of vitamin E on streptozotocin (STZ)-oetl diabetic
rats by measuring blood glucose, changes in bodghtiefood and water intake, lipid profile, serumea and
creatinine level, and antioxidant enzyme activitiale Wistar rats were divided into four groups: th rats (Gl);
rats receiving vitamin E (Gll); STZ-induced dialoetats (Glll) and STZ-induced diabetic rats treateith vitamin E
(GIV). Vitamin E reduced (p<0.05) blood glucose amda, improved the lipid profile (decreased theuselevels of
total cholesterol, LDL cholesterol, VLDL cholesteand triacylglycerols, and increased HDL cholestgrand
increased total protein in STZ-induced diabeticsr&BIV). Vitamin prevented changes in the actieitysOD and
GSH-Px and in the concentration of lipid hydropédex These results suggested that vitamin E improve
hyperglycaemia and dyslipidaemia while inhibititng tprogression of oxidative stress in STZ-indudeldedic rats.

Key words: vitamin E, lipid profile, oxidative stress, STZ.

The World Health Organization (WHO) hasdecline in antioxidant defense systems (Baydas et
predicted that the number of patients with diabetesl. 2002; Young et al. 1995; Fakher et al. 2007).
worldwide will double by the year 2025, from theln this context, experimental data have suggested
current number of approximately 150 million tothat chronic high blood glucose levels contributed
300 million (Coskun et al. 2005). Diabetesto the formation of ROS, through several
mellitus (DM) is associated with the production ofmechanisms such as glucose autoxidation, the
reactive oxygen species (ROS) and consequentbxidation of protein (Bonnefont-Rousselot et al.
oxidative stress, which promotes not only ar2000; Maritim et al. 2002) and non-enzymatic
alteration in the cellular redox state (Coskunlet aglycation of protein (Szaleczky et al. 1998), thus
2005) in the presence of chronic hyperglycaemiasgxacerbating oxidative stress. Streptozotocin
but also reduces the ability of tissues to utilizénduces experimental insulin-dependent diabetes
carbohydrates, leading to disturbances in thenellitus (type 1) in animals through its cytotoxic
metabolism of fat and protein (Je et al. 2001) effects on beta-cells of the pancreasa a
Moreover, this aetiology is accompanied by ammechanism associated with the generation of ROS
imbalance between the oxidant and antioxidantPunitha et al. 2005; Evelson et al. 2005). It fead
status, i.e., increased production of ROS and/or
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to a deficiency of insulin, which acts as adiabetic rats and group IV (GIV): STZ-induced
diabetogenic agent (Szkudeslski 2001). diabetic rats treated with vitamin E.

Diabetes mellitus has been associated with a8treptozotocin (STZ — Sigma, St Louis MO, USA)
increased risk of mortality and prevalence ofdissolved in citrate - phosphate buffer at pH 4.5,
cardiovascular disease. Atherosclerotiovas administered in a single dose of 60 mg'kg
cardiovascular disease is the main source dfody weight; i.p. Hyperglycaemia was measured
morbidity and mortality in patients with diabetesusing a blood glucose (BG) monitor (Behringer
(Bray 2000). In addition, oxidative stress mayMannheim, Eli Lilly Ltd., S&o Paulo, Brazil), 48 h
occur as a consequence of abnormalities in glucosdter STZ injection. STZ-treated rats with fasting
and lipid metabolism, which favour blood glucose > 250 mg.dLwere regarded as
hyperglycaemia and dyslipidaemia. Thesaliabetic and selected for this experiment.
phenomena are associated with the development ©hree days after STZ administration, vitamine& (

atherosclerosis and cardiovascular complication®copherol acetate - Sigma T-1157) was
in diabetic patients (Bray 2000; Chertow andadministered intragastrically (gavage) once a
Edwards 2004). week, at the dose of 440 IURgbody weight

Since numerous studies have indicated thdequivalent to 440 mg.Kgbody weight) for 30
hyperglycaemia in diabetes contributes tadays (Konen et al. 2000). Food (g) and water (mL)
oxidative stress, it has been suggested that tlmtake were measured daily. Body weight (g) was
nutritional supplementation of antioxidants mightrecorded weekly. After the experimental period
reduce the oxidative stress, and hence prote(30 days), rats were deprived of food for 12 h,
tissues from ROS damage (Coskun et al. 200&naesthetized with 0.1 mL.100 pody weight of
Ramkumar et al. 2008; Sharma et al. 2000). SuctD% cetamin chloridrate and killed by decapitation
supplementation may have a protective role andnd blood was collected and centrifuged at 6000
has been correlated with a decrease in thgm for 15 min to separate the serum.
incidence of various degenerative diseases, such as
diabetes and its complications (Ramkumar et aMeasurement of glycaemia and dyslipidaemia
2008; Sharma et al. 2000). In this respectThe biochemical parameters were measured using
treatment with antioxidant vitamins, especiallyspectrophotometric methods with commercial
vitamin E, is of special interest, and given theenzymatic kits (CELM - Modern Laboratory
potential protective activity of antioxidants, Equipment Company, Sdo Paulo, Brazil). Serum
vitamin E consumption may prevent theglucose was quantified enzymatically using the
development of diabetes mellitus - type I1glucose oxidase and peroxidase method (Moura
(Bonnefont-Rousselot et al. 2000; Knekt et al1982)
1999; Matheus et al. 2008). The serum concentration of total cholesterol was
The aim of the present study was to evaluate thgetermined by enzymatic methods using
effects of vitamin E on oxidative stress, lipidcholesterol ester/oxidase. The serum high-density
profile, as well as the renal dysfunction bylipoprotein (HDL) content was determined in the
measuring urea and creatine level, in normal ansupernatant fraction after precipitation of theyver
streptozotocin-induced diabetic rats. low-density lipoproteins (VLDL) and low-density
lipoproteins (LDL) with phosphotungstic acid and
MgCl,. LDL-cholesterol and VLDL-cholesterol

MATERIAL AND METHODS values were calculated according to Friedewald’s
formula (Friedewald et al. 1972). The levels of
Experimental animals triacylglycerol in the serum were estimated

Adult male Wistar rats (200250 g) were house@nzymatically after hydrolysis by lipoprotein
at 25+3 °C and humidity of 55+2%, under a lipase in glycerol, then to glycerol phosphate and
constant 12 h light and dark cycle. Pellet foodhen to dihydroxyacetone phosphate angDid
(Purina Labina, Campinas — SP, Brazil) and watethich in the presence of peroxidase was converted
were availablead libitumThe rats were divided to aminophenazone. _ _
randomly between four experimental groupsg) The serum urea level was determined in the
as follows: group | (G|) control rats; group |l presence of urease, resultlng inMd ammonia.

(Gll): vitamin E; group Il (GlIl): STZ-induced The addition of phenol-hypochloride leads to an
indophenol-blue complex with absorbance at 600
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nm. Creatinine was assayed by reaction with picrigalue<0,05 (Zar 1996).

acid in alkaline buffer to form a yellow-orange

complex. The colour intensity, determined at 50@Ethics committee

nm, was proportional to the creatinineAll the experimental animals were treated
concentration in the sample. Total protein wasccording to a protocol approved by the Ethics

determined in the presence of biuret reagent. Committee for Conduct of Animal Studies at the
Institute of Biological Sciences, University of S&o
Estimation of oxidative stress markers Paulo State (UNESP), and conforming to the

Lipid hydroperoxide (HP) was estimated throughprinciples and guidelines of the Canadian Council
the oxidation of ferrous ion, which in the presence®n Animal Care as outlined in th&ulide to the

of xylenol orange led to the formation of ari®Fe  Care and Use of Experimental Animals”.

xylenol orange complex, which was measured at

560 nm (Jiang et al. 1991). Superoxide dismutase

(SOD, E.C.1.15,1.1) activity was assayed afRESULTS

described elsewhere (Crouch et al. 1981), through

the inhibition of the reduction of nitro blue Diabetic animals exhibited a significant (p<0.05)
tetrazolium (NBT) in the presence of reduceddecrease in body weight (Glll) when compared
nicotinamide adenine dinucleotide (NADH) andwith normal rats (Gl). Dietary vitamin E
phenazine. The amount of enzyme that gave 50%upplementation (GIV) led to a significant
inhibition of NBT reduction/mg protein was taken (p<0.05) increase in body weight. However,
as one unit of enzyme activity. vitamin E did not influence the body weight in
Glutathione peroxidase (GSH-Px, E.C. 1.11,1.9hormal rats (Gll) when compared to the control
activity was determined indirectly by measuringrats. Diabetic rats showed significantly (p<0.05)
the consumption of NADPH during the reductionhigher intake of food and water when compared
of oxidized glutathione (GSSG) in a reactionwith the control group. Food intake was
catalyzed by glutathione reductase, One unit dfignificantly decreased in group IV, along with
enzyme was defined as the amount required t@ater intake, when compared with group Il
oxidize 1pmole GSH/min, which corresponded to Serum glucose was significantly elevated (p<0.05)
0.5 umole NADPH oxidized/min (Nakamura et al. in diabetic rats compared with the normal control

1974), rats. Vitamin E, orally administered, also led to a
marked decrease (p<0.05) in the serum glucose of
Statistical analysis the diabetic rats (GIV) at the end of the study.

Data were expressed as means * standarbwever, supplementation with vitamin E in the
deviation (S.D.). Tukey’ analysis was used to testormal rats (GIl) did not have any significant
for differences among the means when analysis ¢p<0.05) effect on the fasting serum glucose level
variance (ANOVA) indicated a significanP  in this study.

Table 1 - Effect of supplementation with vitamin E on bodyighg, food intake, water intake and serum glucose
concentration in normal and STZ-induced diabetis, rafter 30 days of treatment.

Groups body weight food_lintak_? water_ilntak_el- glucose
(9) (g rat”day™) (mL rat"day™) (mmol/L)
Gl 404.40 +20.56 b 2356 +2.05a 33.22+091a 545041 a
Gll 440.64 £44.80 b 27.54+1.72b 37.81+38la 5.16 +0.45a
GllI 309.95+17.39 a 43.42+1.89d 180.55 + 2580 17.29 £2.18b
GIV 447.49+416b 35.22+051c 88.38+6.38b 345+ 0.47 a

Values are given as mean+SD for eight rats in egolp. Statistical evaluation was carried out usdidOVA followed by
Tukey. Values not sharing a common superscripgretiffer significantly ap<0.05. GI: Control; Gll: Vitamin E; GllI: Diabetic;
GIV: Diabetic + Vitamin E.

The changes in the lipid profile of normal andelevation in the levels of total cholesterol, LDL

diabetic rats are illustrated in Table 2. Untreatedholesterol, VLDL cholesterol and
diabetic rats were characterized by a significantriacylglycerols, compared with the normal
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animals. Diabetic rats treated with vitamin E(GIII). Significantly (p<0.05) decreased levels of
(GIV) showed near normal levels of totalserum HDL cholesterol were observed in diabetic
cholesterol, VLDL cholesterol and rats when compared with the non-diabetic rats
triacylglycerols. Dietary vitamin E caused a(Gl). Oral administration of vitamin E to diabetic
significant decrease in the serum level of LDLrats significantly increased serum HDL
cholesterol, when compared with diabetic ratgholesterol, when compared with diabetic rats.

Table 2 - Effect of supplementation with vitamin E on tig profile in normal and STZ- induced diabeticsradfter
30 days of treatment.

LDL- VLDL- triacyl- HDL-
G total cholesterol
roups (mmoliL) cholesterol cholesterol glycerols cholesterol
(mmaol/L) (mmaol/L) (mmol/L) (mmol/L)
Gl 2.66+0.25a 0.95+0.28a 0.40+0.04a 0.88+0.08a #D32A®bc
Gl 2.82+0.28a 0.80+0.26a 0.39+0.04a 0.85+0.08a 240624b
Gl 7.02+0.42b 5.67+0.42c 0.71+0.07b 1.5540.16b 64a0.12a
GIV 2.99+0.18a 1.48+0.16b 0.39+0.04a 0.86+0.09a 240116¢

Values are given as mean+SD for eight rats in emolp. Statistical evaluation was carried out ushiMOVA followed by
Tukey. Values not sharing a common superscripgreliffer significantly ap<0.05, Gl: Control; Gll: Vitamin E; GllI: Diabetic;
GIV: Diabetic + Vitamin E.

In diabetic rats, lipid hydroperoxide increasedactivity of GSH-Px or SOD (Table 3).

while the GSH-Px and SOD activity decreased’he serum urea and creatinine concentration was
significantly in comparison to normal control rats.significantly higher (p<0.05) in STZ-diabetic rats
The treatment of diabetic rats with vitamin E(GIIl). Diabetic animals administered vitamin E
(GIV) led to a significant decrease in serum level¢GIV) showed a significant decrease in the level of
of lipid hydroperoxide. However, the antioxidanturea and creatinine (Table 3). The total protein
enzyme activity was significantly higher in thelevel showed a marked reduction in the serum of
vitamin E-treated diabetic group (GIV) whendiabetic rats (Glll); a significant increase inatot
compared to the untreated diabetic rats. Vitamin [rotein content was observed after the treatment
administration to normal rats did not alter thewith vitamin E (GIV).

Table 3 - Effect of supplementation with vitamin E on lipiggdroperoxide (HP) concentration and glutathione
peroxidase (GSH-Px) and superoxide dismutase (S@yities in normal and STZ-induced diabetic rat$er 30
days of treatment.

Groups HP (nmol/mL) GSH-Px (U/mL) SOD (U/mg protein)
Gl 0.29+0.01a 142.22 +26.37 c 21.10+2.66b
Gl 0.29+0.01a 139.87 £ 20.78 ¢ 21.14+3.34b
Glll 0.61+0.03c 75.64 +18.15a 10.37+1.96 a
GIV 0.42+0.03b 97.99+20.47 b 21.25+250h

Values are given as mean+SD for eight rats in emolp. Statistical evaluation was carried out ushiMOVA followed by
Tukey. Values not sharing a common superscripgdeliffer significantly ap<0.05. GI: Control; Gll: Vitamin E; GllI: Diabetic;
GIV: Diabetic + Vitamin E.
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Table 4 - Effect of supplementation with vitamin E on sergoncentration of creatinina, urea and total pnoite
normal and STZ-induced diabetic rats, after 30 ddyseatment.

Groups Creatinine Urea Total Protein
(umol/L) (mmol/L) (g/L)
Gl 62.48 +8.8 a 8.84+1.77 a 73.0+8.0b
Gll 161.92+14.96 b 7.59 £0.92 a 71.0+800b
Glll 192.72 £19.36 ¢ 16.64+154b 43.0+x7.0a
GIV 176.00 + 16.72c 9.78+1.63 a 72.0+500b

Values are given as mean+SD for eight rats in egolp. Statistical evaluation was carried out usiidOVA followed by
Tukey. Values not sharing a common superscripgreliffer significantly ap<0.05. GI: Control; Gll: Vitamin E; GllI: Diabetic;
GIV: Diabetic + Vitamin E.

DISCUSSION body weight was restored in the presence of
vitamin E in STZ-induced diabetic rats,

The present study investigated the effects ofemonstrating its antidiabetogenic effect.The
treatment with vitamin E on the lipid profile, capacity of vitamin E to protect against the body
oxidative stress and renal outcome of STZ-induce#eight loss could be attributed to its ability to
diabetes in rats (Insulin dependent diabetekgduce hyperglycaemia. This may be achievied
mellitus — IDDM type 1).Characteristic symptomsthe suppression of hepatic gluconeogenesis and
in STZ-induced diabetic rats included excessiv@lucose output from the liver, which is associated
water intake (polydipsia), increased food intakaVith the inhibition of lipolysis in adipose tissue
(hyperphagia), hyperg|ycaemia, and severe loss &POStiC et al. 2004) These findings were consisten
body We|ght (Tab|e ]_) Increased water and fooMVlth the fact that vitamin E caused a reduction in
consumption are a direct result of thethe level of circulating glucagon in diabetic rats
accumulation of glucose in the blood and increase&Shamsi et al. 2006). It is essential to preserve
in the urinary excretion of glucose (Punithavathi eglucose homeostasis, as it is a key part of the
al. 2008). normal regulation of hepatic metabolic activities
The present data indicated that vitamin E reducedPostic et al. 2004) and maintenance of blood
the glycaemic index in diabetes, which wasglucose concentration within the normal range.
consistent with previous studies (Baydas et allhe increases in plasma triacylglycerol, total
2002; Bonnefont-Rousselot 2004). Vitamin E wagholesterol, very low-density lipoprotein (VLDL)
able to reduce the food and water intake in diabetcholesterol and low-density lipoprotein (LDL)
rats. This could be due to the correction ofholesterol, and the decrease in high density
glycaemia (Bonnefont-Rousselot et al. 2000)lipoprotein (HDL), shown in Table 2, indicated
which was associated with an improved metaboligignificant dyslipidaemia in untreated diabeticsrat
state in those animals. The reduction in bodyimilar results were obtained in several studies in
weight in untreated diabetic rats might be due t@nimal or experimental diabetes (Chertow and
the proteolytic breakdown of structural proteinEdwards 2004; Cullen et al. 1999; Solano and
(Kammlakkannan and Prince 2006; Franz et afSoldberg (2006). Sout (2005) considered diabetic
2002) into amino acids, which were then oxidizeddyslipidaemia and hyperglycaemia to be predictors
since the cells could not be bale to absorb bloo@f cardiovascular complications.

g|ucose for use as a metabolic energy Souroﬁeveral biochemical mechanisms have been
(Sekar et al. 2005). In addition, these amino acidgroposed as responsible for the
may be utilized as gluconeogenic precursors in th@ypertriglyceridaemia in diabetes. These include
liver (Postic et al. 2004). Moreover, @n increase in the activity of hormone-sensitive
g|ycogen0|ysis (mobi“zation of g|ycogen) and”pase, which Catalyses the mobilization of fatty
lypolysis (triacylglycerol hydrolysis in the adipps acids from triacyglycerols stored in adipocytes
tissue) might also contribute to the reduction ifCullen et al. 1999; Reynisdottir et al. 1997). $hu
weight gain by diabetic rats (Sekar et al. 2005). the greater quantities of fatty acids returninghte
Adipose tissue weight and hepatic glycogeriver are reassembled into triacylglycerols and
content decreased in the experimenta| STZSGCI'eted in VLDL. It has also been reported that
induced diabetes in rats (Ruperez et al. 2008). THge activity of lipoprotein lipase (an enzyme bound
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to endothelial cells, which catalyses the hydralysitissues to the liver and stimulate the production
of triacylglycerols in VLDL and chylomicrons and secretion of HDL for circulating (Mackness et
(Reynisdottir et al. 1997; Kondo et al. 2007) isal. 1993)

reduced in diabetes. This promotes diabetiSOD is involved in the direct elimination of ROS,
hypertryglyceridaemia. through dismutation of superoxide radicals
In the present study, rats with STZ-inducedPunitha et al. 2005).GSH-Px catalyzes the
diabetes that were treated with vitamin E showed eonversion of BED, to H,0 through the oxidation of
reduction in both VLDL, triacylglycerols and reduced glutathioneyia the glutathione redox
LDL, and an increase in HDL. This could becycle (Szkudeslski, 2001; Duarte et al. 2001).
attributed to improved glycaemic control by aUnder normal circumstances, sufficient amounts
mechanism involving enhanced insulin actionof reactive oxygen species are removed by the
promoted by the vitamin E (Baydas et al. 2002antioxidant defense systems. The excess formation
Jari et al. 1999). The supplementation with vitamirof ROS, due to a depleted endogenous antioxidant
E has previously been positively correlated withsystem (Baydas et al. 2002; Young et al. 1995), for
decreased total cholesterol and triacylglycerobxample, leads to a decrease in GSH-Px and SOD
concentrations (Jain et al. 1978; Hamilton et aland an increase in lipid peroxidation. It
2000; Merzouk et al. 2004). Baydas et al. 2002¢xacerbates oxidative stress, mediated mainly by
reported a negative association between vitamin Byperglycaemia (Koo et al. 2001).

and serum cholesterol and triacylycerol levels. In the present study, lipid hydroperoxide
The efficacy of vitamin E with regards reducingincreased, while GSH-Px and SOD activity
serum triacyglycerols and VLDL may be decreased in diabetic rats (Table 3). These results
attributed to its protection of membrane-boundvere consistent with other reports of an increase i
lipoprotein lipase against lipid peroxide (Mendedipid hydroperoxides in the plasma of diabetic
and Balderas 2001). The antihyperglycaemisubjects (Ahmed 2005; Kakkar et al. 1995) and in
effect of vitamin E and hence the improvedanimals with experimental diabetes (Desco et al.
diabetic state may lead to a reduction in th€002; Ramesh and Pugalendi 2005). The decrease
concentration of VLDL and consequently the LDLin antioxidant enzyme activity under diabetic
level, (Guo et al. 2002). conditions could be due to glycation of these
Bonnefont-Rousselot (Bonnefont-Rousselot et algenzyme, which occurred at persistently elevated
2000) demonstrated the beneficial effect of bettdnlood glucose levels (Taniguchi, 1992). Glycation
glycaemic control on the increase in oxidizedof SOD reduces its activity, leading to the
LDL, promoted by ROS in diabetes. The chronidnsufficient dismutation of superoxide anions%O
production of oxidized LDL induces foam cell (Taniguchi 1992; Majithiya and Balaram 2005;
formation, which results in atherosclerosis (PricdRavi et al. 2004), Studies by Young et al. (1995)
et al. 2001). demonstrated a correlation between improved
This study demonstrated that the administration ajlycaemic control and the inhibition of protein
vitamin E was able to prevent a reduction in HDLglycation, and hence an increase in SOD activity.
during the experimental period in STZ-inducedOxidative stress is the result of a redox imbalance
rats. Thus, vitamin E may be protective againsbetween the generation of ROS and the
atherosclerosis and cardiovascular disease. Sincempensatory response from the endogenous
there was a negative correlation betweemntioxidant network. There is no consensus
atherosclerotic cardiovascular disease and thmoncerning the changes in the activities of
plasma HDL level (Stephen 2004), the mechanisrantioxidant enzymes in diabetic rats. Although
could involve reverse cholesterol transport. some studies measuring the activities of SOD in
Oral administration of vitamin E increased serundiabetes mellitus showed reductions in the levels
HDL (Gll). One explanation for the associationof these enzymes (Coskun et al. 2005; Cho et al.
between the increased concentration of HDL and002; Sekeroglu et al. 2000), others reported
vitamin E could be that the antioxidant vitaminincreased activities in streptozotocin-induced
increased lecithin:cholesterol  acyltransferaseiabetic rats (Yilmaz et al. 2004; Sanders et al.
(LCAT) activity. Thus, raise the rate of cholestery 2001). The increase in SOD activity could be due
estertransfer for within of HDL lipoprotein. to its induction by increased production of
Furthermore, LCAT activity may increase thesuperoxide, and #, was reported to act as an
transport of cholesterol ester by from peripheral
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inducer of tissue SOD (Matkovics et al. 1977; Diaghe glycaemia, since diabetic hyperglycaemia led
et al. 2005). to renal dysfunction (Ceriello et al. 2000).

Lipid hydroperoxide, which has been used as aAlthough vitamin E reduced the occurrence of
indirect biomarker to evaluate the oxidative stresgglomerular membrane damage and prevented the
is increased in the serum of type 1 diabetiégncreases in serum creatinine level, animals of the
experimental models. This finding was consistenGll showed higher creatinie level. Mc Ginley et al.
with the hypothesis that elevated levels 0f2009) reported that vitamin E reduced creatine
hydroperoxide in the serum increased th&kinase activity, enzyme that catalyzed the
generation of ROS in diabetes mellitus (Merzoulconvertation the of creatinine in phosphoceratine.
et al. 2004). This resulted in increase of the serum creatine
In the present study vitamin E attenuated théevel. The ability of vitamin E to improve the
increase in lipid hydroperoxide, accompanied by glycaemic state might result in a reduction in
concomitant increase in the activities of GSH-Pxglyconeogenase. This would reduce protein
and SOD, which modulated the concentration obreakdown, correcting the level of protein
ROS. These data were consistent with studiesbserved in the serum of STZ-induced diabetic
reporting that vitamin E exerted a beneficial effecrats (GIV).

on the antioxidant enzyme activity in type 1In conclusion, the administration of vitamin E
diabetes (Varvarovska et al. 2004; Musalmah et ateduced food and water intake, and led to lower
2002). Indeed, antioxidant therapy could prevent areatinine and urea levels, ameliorated
disturbance in the mechanism of protection again$typerglycaemia and body weight, and promoted
the deleterious cellular and biomolecular effectshe correction of lipid metabolism disorders and
that led to alterations in the cell function. Sinceprotein levels in the STZ-induced diabetic rats.
diabetes is associated with increased oxidativEhe increases in the SOD and GSH-Px activity
stress as a consequence of persisteand reduced hydroperoxide levels could be due to
hyperglycaemia, supplementation with vitamin Ethe improvement of glycaemia promoted by
and thus regulation of glycaemia, could have aitamin E. Thus, the imbalance between the
protective effect against lipid peroxidation ingeneration of ROS and enzyme activity be
diabetes. controlled in diabetic rats.

The urea and creatinine levels, which have been

considered significant markers of diabetic

nephropathy, increased in the STZ-inducedACKNOWLEDGEMENTS

diabetic group (Table 3). The abnormally high

levels of serum creatinine and urea were consisteifihis research was supported by CNPq (Conselho
with the impaired kidney function (Ronco et al.Nacional de Desenvolvimento Cientifico e
2010). An increased urea concentration in diabeti€ecnoldgico).

rats is associated with greater protein catabolism.

Ceriello et al. (2000) demonstrated a positive

correlation between hyperglycaemia and théREFERENCES

development of nephropathy. It has been

demonstrated that the metabolic abnormalitie@hmed RG. The physiological and biochemical effects
observed in uncontrolled diabetes result in of diabetes on the balance between oxidative stress
gluconeogenesis (Punithavathi et al. 2008) andand antioxidant defense systemled. J. Islamic
consequently urea production, which are World Academy Sc2005; 15: 31-42.

substantially enhanced in diabetes (Unger and OrBiaydas G, Canatan H, Turkoglu A. (Comparative
1981). These results were consistent with the a_rt1aly_sis CI’Ef the proE[ecti}[/e eg‘fef:ts zf mzlat%nig ?”d
reduction in the total serum protein levels V'amin £ on . streptozotocin-nduced —diabetes
observed in STZ-induced diabetic rats (Table 3). . mellitus. J. Pineal Res.2002; 32: 225-230.

. . . . . onnefont-Rousselot D, Bastard JP, Jaudon MC,
The treatment of diabetic rats with vitamin E Delattre, J. Consequences of the diabetic statubeon

(GIV)_ _prevented increases in_the biomarkers oxidant/antioxidant balancdiabetes Metal.2000;
creatinine and urea, suggesting better renalog: 162-76.

function in this group. This could be due to itSBonnefont-Rousselot, D. The role of antioxidant
antioxidant property and also its ability to regala  Micronutrients in the Prevention of Diabetic
ComplicationsTreat. Endocrinol2004; 3: 41-52.

Braz. Arch. Biol. Technol. v.55 n.4: pp. 527-536lyJAug 2012



534 Almeida, D. A. T. et al.

Bray TM. Dietary Antioxidants and Assessment ofFriedewald WT, Levy RI, Fredrickson DS. Estimation
Oxidative StresdNutr., 2000, 16: 578-80. of the concentration of low-density lipoprotein
Ceriello A, Morocutti A, Franceschina M, Quaglidrp cholesterol in plasma, without use of the prepeeati
Moro M, Damante G, et al. Defective intracellular ultracentrifugeClin. Chem.1972: 18: 499-502.
Antioxidant Enzyme Production in Type 1 Diabetic Guo H, Saiga A, Sato M, Miyazawa |, Shibata M,
Patients With NephropathyAm. Diabetes Assoc. Takahata Y. Antihyperglycaemic and Antioxidant
2000; 49:; 2170-7. Effect of Rutin, a Polyphenolic Flavonoid, in
Chertow B, Edwards JC. Advances in Diabetes for the Streptozotocin-Induced Diabetic Rat¥he Nordic
Milennium: Vitamins and Oxidant Stress in Diabetes Pharmacol. Soc2006; 98: 97-103.
and Its ComplicationdVledscape General Med004; Hamilton IMJ, Gilmore WS, Benzie IFF, Mulholland
6: 1-10. CW, Strain JJ. Interactions between vitamins CE&nd
Cho SY, Park JY, Park EM, Choi MS, Lee MK, Jeon in human subject®r. J. Nutr.2000; 84: 261-67.
SM, et al. Alteration of hepatic antioxidant enzymeJain SK, Mcvic R, Jaramillo JJ The effect of modest

activities and lipid profile in streptozotocin-incked vitamin E supplementation on lipid peroxidation
diabetic rats by supplementation of dandelion water products and other cardiovascular risk factors in
extrct.Clin Chim Acta2002; 317: 109-17. diabetic patientd.ipids. 1978; 31: 87-90.

Coskun O, Kanter M, Korkmaz A, Oter S. Quercetin, alari AE, Karlstrom BE, Grangfeldt YE, Bjork I.E, As
flavonoi  antioxidant, prevents and protects NGL, Vessby BOH. Improved glycaemic control and

streptozotocin-induced oxidative stress apdtell lipid profile and normalised fibrinolytic activitgn a
damage in rat pancreaBharmacolRes. 2005; 51: low-glycaemic index diet in type 2 diabtic patients
117-23. Diabetes Care1999; 22: 10-8.

Crouch RK, Gandy SC, Kisey G. The inhibition okisl Je HD, Shin CY, Park HS, Huh IH, Sohn UD. The
superoxide dismutase by diabetogenic drugs. comparison of vitamin C and vitamin E on the protei
Diabetes1981;30: 235-41. oxidation of diabetic ratsl. Auton. Pharm2001; 21:

Cullen P, Eckardstein A, Souris S, Schulte H. Agsma  231-36.

G. Dyslipidaemia and cardiovascular risk in diabete Jiang ZY, Woolard ACS, Wolf SP. Lipid
Diabetes Obes. Metath999; 1: 189-98. hydroperoxide measurement by oxidation of’Fe

Desco M C, Asensi M, Marquez R. Martinez-Valls J, the presence of xylenol orange. Comparison with the
Vento M, Pallardo FV, et al. Xanthine oxidase is TBNAassay and an iodometric methdadpids. 1991;
involved in free radical production in type 1 ditdse 24: 861-69.
protection by allopurinolDiabetes,2002; 51: 1118- Kakkar R, Kaira J, Mantha SV, Prasad K.
24. Lipidperoxidation and activity of antioxidant

Dias AS, Porawski M, Alonso M, Morroni N, Collado enzymes in diabetic ratd4ol. Cell. Biochem1995;
PS, Gonzalez-Gallego J. Quercetin Decreases 151: 113-9.

Oxidative Stress, NF-B Activation, and iNOS Kammlakkannan N. Prince P.S.M. Antihyperglycaemic
Overexpression in Liver of Streptozotocin-Induced and antioxidant effect of rutin, a polyphenolic
Diabetic RatsJ. Nutr. 2005; 135: 2299-304. flavonoid, in streptozotocin-induced diabetic wista

Duarte J, Galisteo M. Ocete M A, Pérez-Vizcaino F. rats.The Nordic Pharmacol. So2006; 98: 97-103.
Zarzuelo A, Tamargo J. Effects of chronic quercetirKondo HU, Kiyose C, Ohmori R, Saito H. Tagughi C,
treatment on hepatic oxidative status of Kishimoto Y. Improves Lipoprotein Metabolism in
spontaneously hypertensive radi#ol. Cell. Biochem. Humans.J. Nutr. Sci. Vitaminol2007; 53: 345-8.
2001;221: 155-60. Konen JC, Summerson JH, Kirk JK. Measurement

Evelson P, Susemihl C, Villarreal |, Llesuy S, feasibility of advanced glycated end-products from
Rodriguez R, Peredo H, et al. Hepatic morphological skin samples after antioxidant vitamin
changes and oxidative stress in chronic supplementation in patients with type 2 diabetes. J
streptozotocin-diabetic ratdnnals Hepatol2005; 4: Nutr. Health Aging2000; 4: 81-4.

115-20. Koo JR, Oviesi F, Vaziri N D. Antioxidant therapy

Fakher SH, Djalali M, Tabei SMB, Zeraati H, Javdsj, potentiates anthihypertensive action of insulin in
Sadeghi M, et al. Effect of vitamins A, E, C and diabetes ratsAm. J. Hipertens2001;14: 53-5.
Omega-3 Fatty Acids on Lipid Peroxidation in Knekt P, Reunanen A, Marniemi J, Leino, A, Aromaa
Streptozotocin Induced Diabetic Ratkanian J. A. Low vitamin E status is a potential risk facfor
Publ. Health.2007; 36: 58-63. insulin-dependent diabetes mellituk. Intern. Med.

Franz MJ, Bantle J P, Beebe CA, Brunzell JD, Cloiass  1999; 245: 99-102.

JL, Grag A. et al. Wheeler M. Evidence-BasedMackness MI, Abbott, CA, Arrol S, Durrington PN.
Nutrition Principles and Recommendations for the The role of high-density lipoprotein and lipid-sble
Treatment and Prevention of Diabetes and Related antioxidant vitamins in inhibiting low-density
ComplicationsClin. Diabetes2002; 20: 53-64. lipoprotein oxidationBiochem J1993; 29: 829-34

Braz. Arch. Biol. Technol. v.55 n.4: pp. 527-536lyJAug 2012



Evaluation of Lipid Profile and Oxidative StressSiZ-Induced Rats 535

Majithiya JB, Balaraman R. Time-Dependent ChangefRamesh B, Pugalendi KV. Impact of umbelliferone on
in Antioxidant Enzumes and Vascular Reactivity of erythrocyte redox status in STZ-diabetic ratale J.
Aorta in Streptozotocin-Induced Diabetic Rats Biol. Med.2005; 78: 131-8.

Treated With Curcumind. Cardiovasc. Pharmacol. Ramkumar KM, Rajaguru P, Latha M., Ananthan, R.

2005; 46: 697-705. Effect of Gymnema montanum leaves on red blood
Matheus ASM, Cobas RA, Gomes MB. Dislipidemias cell resistence to oxidative stress in experimental
no diabetes melito tipo 1: abordagem atualq. diabetesCell Biol. Toxicol.2008; 24: 233-41.

Bras. Endocrinol. Metat2008; 52: 334-9. Ravi K, Ramachandran B. Subramanian S. Protective
Maritim AC, Sanders RA, Watkins JB. Diabetes, effect of Eugenia jambolana seed kernel on tissue
oxidative stress, and antioxidants: A Review. antioxidant in streptozotocin-induced diabetic .rats

Biochem. Moll. Toxicol2002;17: 24-38. Biol. Pharm.2004; 27: 1212-7.

McGinley C, Shafat A, Donnelly AE. Does antioxidant Reynisdottir S, Angelin B, Langin D, Lithell H,
vitamin supplementation protect against muscle Eriksson M, Holm C, et al Adipose tissue lipoprotei
damageBports Medicine2009; 39: 1011-32. lipase and hormone sensitive lipagg¢eriosclerosis,

Merzouk S, Hichami A, Sari A, Madani S, Merzouk H, Thrombosis Vasc. Biol997; 17: 2287-92.

Berrouiguet, YA, Lenoir-Rousseaux et al. ImpairedRonco C, Grammaticopoulos S, Rosner M, Decal M,
Oxidant/Antioxidant Status and LDL-fatty acid Soni, S, Lentini P, et al. Oliguria, creatinine arter
composition are associated with increased biomarkers of acute kidney injuryContributions
susceptibility to peroxidation of LDL in diabetic Nephrol.2010; 164: 118-27.

patients. Gen. PhysidRiophys.2004; 23: 387-99. Ruperez FJ, Garcia-Martinez D, Baena B. Maeso, N,

Mendez JD, Balderas F. Regulation of hyperglycemia Cifuentes A, Barbas C. Evolution of oxidative stres
and dyslipidemia by exogenous L-arginine in diabete parameters and response to oral vitamins E and C in
rats.Biochem2001; 83, 453-58. streptozotocin-induced diabetic ratsl. Pharm.

Matkovics B. Effect of plant and animal lesions on Pharmaco] 2008; 60: 871-8.
superoxide dismutase activities. In: McCord G,Sanders RA, Rausche FM, Watkins JB. Effects of
Michelson AM, Fridovich I, editors. Superoxide and quercetin on antioxidant defense in streptozotocin-
superoxide dismutase. New York: Academic Press, p. induced diabetic ratsl Biochem Mol Toxicol2001;

501-15. 15: 143-9.
Moura RA. Técnicas de Laboratérid; €d., Sdo apulo: Sekar SD, Sivagnanam K. Subramanian S. Antidiabetic
Atheneu, 1982. activity of Momordica charantia seeds on

Musalmah M, Fairuz A H, Gapor MT, Ngah WZW. streptozotocin induced diabetic ra8harm. 2005;
Effect of vitamin E on plasma malondialdehyde, 60: 383-87.
antioxidant enzyme levels and the rates of woundekeroglu MR, Sahin H, Dulger H. Algun E. The effec
closures during wound healing in normal and diabeti of dietary treatment on erythrocyte lipid peroxidat
rats.Asia Pacific J. Cli. Nutr2002; 11: 448-51. superoxide dismutase and glutathione peroxidask, an
Nakamura W, Hojoda S. Hayashi K. Purification and serum lipid peroxidation in patients with type 2
properties of rat liver glutatione peroxidaBéochim. diabetes mellitusClin. Biochem2000; 33: 669-74.
Biophys. Actal974; 358: 251-61. Shamsi M. Amin A. Adeghate E. Vitamin e decreases
Postic C, Dentin R Girard J. Role of the liver het the hyperglucagonemia of diabetic ratdnn. N.
control of carbohydrate and lipid homeostasis. Y.Acad. Sci2006;1084: 432-41.
Diabetes Metab2004; 30: 398-408. Sharma A, Kharb S, Chugh SN, Kakkar R, Singh, GP.
Price KD, Price CSC, Reynolds RD. Hyperglycemia- Evaluation of oxidative stress before and aftertradn
induced ascorbic acid deficiency promotes of glycemia and after vitamin E supplementation in
endothelial dysfunction and the development of diabetic patientdvietab.2000; 49: 160-2.
atherosclerosiAtherosclerosis2001; 158: 1-12. Solano MPMD, Goldberg RBMD. Management of
Punitha ISR, Rajendran K, Shirwaikar A, Shirwaikar dyslipidemia in diabetesCardiology in Review.
Alcoholic stem extract ofCoscinium fenestratum  2006; 14: 125-35.
regulates carbohydrate metabolism and improveSout RW. Diabetes and athoresclerosBiomed.
antioxidant status in streptozotocin-nicotinamide Pharmacother2005; 47: 1-2.
induced diabetic rat&CAM.2005; 2: 375-81. Stephen NJ. Relationship between LDL, HDL, blood
Punithavathi VR, Anuthama R, Prince PS. Combined pressure and atheroma progression in the coronaries
treatment with naringin and vitamin C ameliorates Curr. Opin. Lipidol.2004;20: 491-96.
streptozotocin-induced diabetes in male wistar. rats
J.Appl. Toxicol2008; 28: 806-13.

Braz. Arch. Biol. Technol. v.55 n.4: pp. 527-536lyJAug 2012



536 Almeida, D. A. T. et al.

Szaleczky E, Prechi J, Ruzicska E, Fehér J, Brayn, Varvarovskd J, Racek J, Stetina R, Sykora J,
Banhegyi A. Reduction of glycated hemoglobin Pomahacova R. Rusavy Z. et al. Apects of oxidative
levels by long term, high dose ascorbic acid stress in children with tpe 1 diabetes mellitus.
supplementation in healthy and diabetic patients. Biomed. Pharmacothet004; 58: 539-45.

Med. Sci. Monit1998; 4: 241-4. Yilmaz HR, Uz E, Yucel N, Altuntas I, Ozcelik N.
Szkudeslski T. The Mechanism of alloxan and Protective effect of caffeic acid phenethyl ester
streptozotocin action in B cells of the rat pansrea (CAPE) on lipid peroxidation and antioxidant
Physiol. Res2001; 50: 536-46. enzymes in diabetic rat lived. Biochem Mol Toxicol.

Taniguchi N. Clinical significance of superoxide 2004; 18:234-8.
dismutases: changes in aging, diabetes, ischemdia alvoung IS, Tate S, Lightbody JH, McMaster D. Trimble

cancerAdv. Clin. Chem1992; 29: 1-59. E.R. The effects of desferrioxamine and ascorbate o
Unger RH, Orci L. Glucagon and the cell. Il Physpf oxidative stress in the streptozotocin diabetic rat
and PathophysiologyN. Engl J. Med.1981; 304: Free Rad. Biol. Medl995; 18: 833-40.
1575-80. Zar JH. Biostatistical Analysis. New Jersey: Premti
Ltd.; 1996.

Received: March 28, 2011,
Revised: August 02, 2011;
Accepted: May 07, 2012.

Braz. Arch. Biol. Technol. v.55 n.4: pp. 527-536lyJAug 2012



