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Abstract: The study was designed to investigate the effects of combined antioxidants of vitamins C [L-ascorbic
acid] and E [DL-a-tocopherol] on endothelial inflammation biomarkers and oxidative stress in liver and kidney
in streptozotocin (an i.p. single 40 mg kg™ dose) induced diabetic rats. Concentrations of interleukin-6 (IL-6),
Tumor Necrosis Factor-¢ (TNF-2), intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion
molecule-1{VCAM-1), lipid peroxidation product, thiobarbituric acid reacting substance (TBARS) and activities
of glutathione peroxidase (GHP-Px), catalase (CAT) and superoxide dismutase (SOD) enzymes were compared
in 3 groups of 10 rats each: control nondiabetic rats [group I, untreated diabetic rats [group IT] and diabetic rats
treated with vitamins C (200 mg kg~ 'day ' ip.) and E (100 mg kg~ 'day ' i.p.) for four weeks [group III]). The
rats in groups 1T had significantly (p<<0.03) higher levels of blood glucose, Total Cholesterol (TC), triglycerides
(TG), IL-6, TNF-¢, ICAM, VCAM and TBARS than rats in group I. In addition, the rats m group II had
significantly (p<0.05) lower activities of GHP-Px, CAT and SOD than group I. The treatment with vitamins C and
E significantly (p<<0.05) lowered blood glucose, TC, TG, IL-6, TNF-g, ICAM and VCAM levels by 36, 48, 34, 23,
23, 22 and 14%, respectively. Also, lowered TBARS levels and increased the antioxidant enzyme levels near to
control values. The results verify the presence of oxidative stress in diabetes and suggest beneficial effects of
combination vitamins C and E in combating the oxidative stress in this disease.
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INTRODUCTION

In clinical and experimental research, more attention
has paid to study the role of antioxidant defense systems
in prevention of the human diseases such as cancer,
diabetes mellitus and cardiovascular  pathologies
(Vural et al., 2000). During the progression of these
diseases, oxidative stress events occur, free radicals and
Reactive Oxygen Species (ROS) are generated from the
molecular oxygen. These free radicals and ROS are
thought to contribute lipid peroxidation and protein
degradation (Aksoy et al, 2003). Host survival depends
on the cells and tissues ability to adapt or resist stresses
and repair or remove damaged molecules and cells.
Multiple enzymatic and non-enzymatic antioxidant
defense systems which present i cells lead to mactivate
those free radicals and reduce the amount of cellular
oxidative damage that caused by them. While, synthetic
antioxidants have potential health hazards. Now a days,
the search of natural radical scavengers (antioxidants) has
a great interest among the scientists (Bastianetto and
Quurion, 2002; Kaliora ef al., 2006).

Diabetic complications appear to be multifactorial in
ongin High levels of glucose react with amine residues on
proteins, lipids and nucleic acids to form Advanced
Glycated End Products (AGEs). The AGEs were
postulated to play a role in development of diabetic
complications (Goh and Cooper, 2008). In addition,
endothelial dysfunction accompanied by up regulation of
inflammatory mediators which act as a major contributing
factor in the pathogenesis  of diabetic vascular
complications (Nystrom et al., 2006; Sitia et af., 2010).

Many members of the immunoglobulin family of
adhesion molecules; Intercellular Adhesion Molecules
(Tcams) and Vascular Cell Adhesion Molecules (VCAMS)
are expressed i activated endothelium. Moreover,
ICAM-1 and VCAM-1 are important in the adhesion of
monoceytes, lymphocytes and neutrophils to activated
endothelium (Ulbrich et al, 2003). A previous study
found that soluble adhesion molecule levels in diabetic
patients were significantly higher than were those in
healthy controls (Glowinska et al., 2005). Tumour necrosis
factor-o (TNF-¢t) and interleukin-6 (I1.-6) are associated
with cardiovascular risk factors with prevalent coronary
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heart disease playing a role in triggering and perpetuation
of atherosclerosis  (Sowers and Melvin, 1999,
Haddy et al., 2003).

Streptozotocmn (STZ) 13 widely used to induce
diabetes in experimental animals by causing selective
destruction of pancreatic P-cells that secrete insulin
(Aksoy ef al., 2003). Hyperglycemia mn diabetes results in
excessive protein glycation and the production of reactive
oxidants which lead to oxidative damage in organs
(Brownlee, 2001 ). Shi and Vanhoutte (2009) found that the
elevated levels of oxygen derived free radicals are the
mnitial source of endothelial dysfunction in diabetes.

The main objective of this study was to evaluate the
effects of combined antioxidant vitamins C and E
supplementation on suppressing such damage caused by
hyperglycemia m diabetic rats.

MATERIALS AND METHODS

Animals: Thirty male albino rats, weighting between 170
and 200 g, were used in the study. The animals were
obtained from an animal house overseen by the Tanta
University Faculty of Medicine, handling of the animals
was approved by the local Ethical Committee for the Care
and Use of Laboratory Animals. The rats were housed
on 12 h light/dark cycle and were allowed free access to
tap water and rat chow. The ammals were divided into
three groups of ten rats each.

Experimental design: Diabetes Mellitus (DM) was
mduced by an intraperitoneal (1p.) mjection of
streptozotocin (40 mg kg™ in freshly prepared citrate
buffer pH 4.5) according to (Haidara ez al., 2009). Control
rats were myjected with velicle alone. The DM was
verified 48 h later by measuring blood glucose levels (after
an overmught fast) with the use of glucose oxidase reagent
strips (LifeScan, Milpitas, CA, TJSA). Rats with a blood
glucose level of >300 mg dL.™" were considered to be
diabetic.

The study period lasted for 4 weeks, a period which
has been proved to induce detectable diabetic
complications in kidney, skeletal muscles, cardiac muscles
and retina (Yechoor ef al., 2002; Knoll et al., 2005).

The studied groups were as follows:

¢+ Group I: Control non-diabetic rats

*  Group II: Streptozotocin (STZ)-induced, untreated
diabetic rats

¢  GroupIIl: The STZ-induced,
E-supplemented diabetic rats that were given
vitamms  daily by intraperitoneal imection
(200 mg/kg/day vitamin C and 100 mg/kg/day

vitamins C and

vitamin E) 3 days after STZ treatment for 4 weeks.
The optimal therapeutic dosage of vitamin C and E
has not been established (Abdo et al, 1986
Landwehr, 1991). Based on studies in rats
(Aksoy et al., 2005, Abbas and Sakr, 2013) we
used doses of (200 mg/kg/day vitamin C and
100 mg/kg/day vitamin E) (1.p.) 3 days after STZ
treatment for 4 weeks

Blood and organs sampling: At the end of 4 weeks, blood
samples of the fasted rats were collected from the medial
retro-orbital venous plexus immediately with heparinized
capillary tubes (Heparinized  Micro Hematocrit
Capillaries, Mucaps) under light ether anesthesia
(Sanford, 1954). Then the bleod was centrifuged at
3000 rpm for 15 min to separate plasma for different
biochemical assays. Then the animals were decapitated
under ether anaesthesia and tissue samples (liver and
kidney) were rapidly excised and stored at -20°C for
subsequent biochemical assays.

Biochemical assays: Plasma glucose levels were
measured using the oxidase method described by Trinder
(1969). Total Cholesterol (TC) and triglycernides (TGQ) levels
were determined using fully enzymatic techniques
(Wahlefeld, 1974; Borner and Klose, 1977) on a clinical
chemistry analyzer (HITACHI 737; Hitachy, Tokyo, Japan);
intra- and mter-assay CsV were, 1.0 and 2.1 for TC
measurement and 0.9 and 2.4 for TG measurement,
respectively.

Interleukin-6 (IL-6) was determined by using
commercially available ELISA lkits according to
manufacturers’” instructions (R and D Systems,
Minneapolis, MN, USA). The mtra- and inter-assay CsV
were 4.9 and 7.1%, respectively (Song and Kellum, 2005).
Tumour Necrosis Factor-¢ (TNF-¢) level was assessed by
using commercially available ELISA kits according to
manufacturer’s instructions (TiterZyme EIA kit, Assay
Designs, Inc., Ann Arbor, MI, USA). The mtra-assay CsV
were 4.5% for low and 3.6% for high concentration
samples whereas the inter-assay CsV were 6.0% for low
and 11.8% for high concentration samples (Zhang and
Tracey, 1988).

Ciurculating levels of ICAM-1 and VCAM-1 were
assessed by using commercially available ELISA kits
according to manufacturers instructions (R and D
Systems, Mimneapolis, MN, USA). The mtra- and
inter-assay  CsV  were <10% (Peter et al, 1999,
Witkowska and Borawska, 2004).

Thiobarbituric Acid Reactive Substances (TBARS) in
tissue was estimated by a method that described by
Ohkawa et al. (1979). The 0.2 mL of the tissue sample was
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added to 0.2 ml of 8.1% Sodium Dodecyl Sulfate (SDS),
1.5 mL of 20% acetic acid solution (pH 3.5) and 1.5 mL of
0.8% TBA. The mixture was made up to 4.0 mL with
distilled water and heated in a water bath at 90°C for
60 min. After cooling with tap water, 1.0 mL of distilled
water and 5.0 mL of n-butanol were added and shaken
vigorously then were centrifuged at 4000=g for 10 min.
The upper butanol layer was taken and its absorbance at
532 nm was read. TBARS level was expressed as
mM/100 g tissue.

Activity of glutathione peroxidase (GSH-Px) was
determined according to the method of Lawrence and
Burk (1976). The assay mixture consisted of 2.0 mI, of
75 mM phosphate buffer (pH 7.0), 50 mL of 60 mM
glutathione, 0.1 mlL of 30 units mL~ glutathione
reductase, 0.1 mL of 15 mM EDTA, 0.1 mL of 3 mM
NADPH and the appropriate amount of tissue supernatant
to a final volume of 3.0 mL.. The reaction was started by
the addition of 0.1 mI of 7.5 mM H,O,. The rate of change
of absorbance during the conversion of NADPH to
NADP® was recorded spectrophotometrically at 340 nm for
3 min. The GSH-Px activity for tissues was expressed as
umoles of NADPH oxidized toNADP' min~ mg™" protein.

Catalase (CAT) activity was measured according to
the method of Aebi (1984). One unit of CAT activity was
defined as the amount of enzyme required to decompose
1 pmol of H,O, in 1 min. In a cuvette containing 1.95 mL of
a 50 mM phosphate buffer (pH 7.0), 0.05 mL of tissue
supernatant was added. The reaction was started by the
addition of 1.0 mL of freshly prepared 30 mM H,0,. The
rate  of decomposition of H,O ,was measured
spectrophotometrically at 240 nm for 1 min. Using the
reaction time (At) of the absorbance (Al and AZ), the
following equation was generated to calculate the rate
constant (k):

1(X_Q.Z’;ch-g Al

AT A2

The enzyme activity was expressed as k mg™ protein.

Superoxide dismutase (SOD) activity was measured
by the inlubition of pyrogallol autoxidation at 420 nm for
10 min according to the method of Marklund and
Marklund (1974). The enzyme activity was expressed as
U mg~' protein, where 1U is the amount of enzyme
required to bring about 50% inlubition of the autoxidation
of pyrogallol. The assay mixture consisted of 1.8 mL
of 50mM Tris-HCI buffer (contaiming 10 mMEDTA),
0.1 mL of 6.0 mM pyrogallol and the diluted tissue
supernatant to a final volume of 2.0 mL. The reaction was
stopped by adding 0.05 mL of 1N HCL

Statistical analysis: Data are presented as MeantSD. The
determinations were performed on 10 ammals per group

and the differences were examined by the one-way
analysis of variance (ANOVA) followed by the Fisher test
(Stat View) and the significance was accepted at p<t0.05.

RESULTS

Effect of combined treatment with vitamins C and E on
plasma levels of glucose, total cholesterol (TC) and
triglyceride (TG) in STZ-induced diabetic rats: Table 1
shows that plasma levels of glucose, TC and TG were
significantly (p<0.05) mecreased m diabetic rats when
compared with normal control rats. However, treatment of
diabetic rats with combined vitamins C and E significantly
{(p=0.05) lowered plasma glucose (-36%), TC (-48%) and
TG (-34%) when compared with untreated diabetic rats.

Effect of combined treatment with vitamins C and E on
plasma levels of IL-6, TNF-¢¢, ICAM and VCAM in
STZ-induced diabetic rats: Table 2 shows that plasma
levels of IL-6, TNF-¢, ICAM and VCAM were
significantly (p<0.05) increased in diabetic rats when
compared with normal control rats. However, treatment of
diabetic rats with combined vitamins C and E significantly
(p=<0.05) lowered plasma T1.-6 (-23%), TNF- (-23%0), ICAM
(-24%) and VCAM (-14%) when compared with untreated
diabetic rats.

Effect of combined treatment with vitamins C and E on
TBARS levels and antioxidant enzyme activities in STZ-
induced diabetic rats: The STZ-induced diabetes showed
a significant (p<<0.05) increase of TBARS levels in the liver
and kidney tissues when compared with the control group
(Table 3). Combined treatment with vitamins C and E

Table 1: Effect of diabetes mellitus (DM) and combined vitamins C+E
supplementation on plasma levels of glucose, total cholesterol
(TC) and triglyceride (TG) in samples taken from the exp erimental
animals at the end of the experimental protocol

DM-+(Vitamin C
Parameaters Control DM and E)
Glucose (mg dL™) 89.304£3.10 398.72+£9.90" 254.57£5.201
Total cholesterol (mg dL™") 45.59+2.40  98.11+3.50"  50.04+2.90

Triglycerides (mg dl.”))  37.64+1.00 149.35:0.10°  98.73+4.801
Data are MeantSEM, *p<0.05 compared with the control group, Tp<0.05
compared with the diabetic untreated group

Table 2: Effect of diabetes mellitus (DM) and combined vitamins C+E
supplementation on plasma levels of pro-inflammatory cytokines
(I1.-6 and TNF-z) and adhesion molecules (TCAM-1 and
VCAM-1) in samples taken from the experimental animals at the
end of the experimental protocol

DM-+(Vitamin C
Parameters Control DM and E)
IL-6 (pg mL™Y) 159.74£9.30  251.37412.340"  192.87+11.80"
TNF-¢ (pg mL™) 81.514£3.70  131.87+10.90" 100.6945.501
ICAM-1 (ngmL™") 311304740 413.81+8.9¢" 322.64+7.601
VCAM-1 (ngmL™") 603.24+£7.80  710.53+10.20" 611.18+7.50"

Data are MeantSEM, *p<0.05 compared with the control group, Tp<0.05
compared with the diabetic untreated group
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Table 3: Effect of diabetes mellitus (DM) and combined witamin C+E
supplermnentation on tissue levels of TBARS and enzyme activities
of glutathione peroxidase (GSH-Px), catalase (CAT) and
superoxide dismutase (SOD) in liver and kidney from the
experimental animals at the end of the experimental protocol

DM+(Vitamin C

Parameters Control DM and E)

Liver

TBARS (nM mg ! protein)  1.34+0.10 3424040 1.47+£0.207
GSH-Px 460.04£10.30 301.67+12.90" 411.25¢16.30"
(Ufmg protein/min)

CAT (U/mg protein/min) 0.85+0.03 0.4440.03" 0.80+0.027
SOD (U/mg protein) 6.16+0.50 3.46+0.30° 5.08+0.307
Kidney

TBARS (nM/mg proteirn) 1.84:£0.08 4.52+0.18 2,070,091
GSH-Px 147.7711.40  97.60+9.70°  139.56+10.80"
(Ufmg protein/mimn)

CAT (U/mg protein/min) 0.61:0.04 0.25£0.020"  0.49+£0.031
SOD (U/mg protein) 4.54=+1.00 2.5140.40 4.03+0.20

Data are MeantSEM, *p<0.05 compared with the control group, 'p<0.05
cormpared with the diabetic untreated group

produced a sigmficant (p<0.05) decrease n lipid
peroxidation compared with the diabetic group (Table 3).
The STZ-induced diabetes also showed a significant
(p=<0.05) reduction of GSH-Px, CAT and SOD antioxidant
enzyme activities in the liver and kidney tissues when
compared with the control group (Table 3). In the
combined vitamms C and E-treated diabetic group, the
activities of GSH-Px, CAT and SOD were significantly
(p<0.05) increased compared with the diabetic group,
which reflects restoration of the antioxidant enzyme
systems to near-normal values (Table 3).

DISCUSSION

In the current study, we examined the effects of
combined admimstration of vitamins C and E on
endothelial inflammation biomarkers and oxidative stress
i STZ-mduced diabetic rats. Four-week treatment with
vitamin C (200 mg day™") combined with vitamin E
(100 mg day™') lead to decrease in plasma levels of
glucose, total cholesterol, triglyceride, proinflammatory
cytokines IL-6 and TNF-¢ and adhesion molecules
VCAM-1 and TICAM-1 in diabetic rats. Combined
antioxidant treatment also cause improvement of the
oxidative stress status through a sigmficant (p<0.05)
decrease in the oxidative stress marker TBARS and
increase in the of antioxidant enzymes GSH-Px, CAT and
SOD activities in the liver and kidney.

Previous studies of individual antioxidants C and E
in humans and ammals have shown inconsistent effects
on insulin sensitivity and glycemic control. Some of them
show improvements in diabetic treatment such as
(Paolisso et al, 1995, Abdel-Wahab et al, 2002,
Hamdy et al., 2009, Rafighi et al., 2013) and others didn’t
show any effect such as (Barbagallo er al., 1999).
Drawbacks of these studies are that antioxidants do not

worl optimally individually but they serve as part of an
antioxidant system where optimal protection against
disease processes occurs with several antioxidants
together as found in natural foods.

Regarding the antioxidants caused decrease in blood
glucose level, we propose that the antioxidants act at
several sites in the insulin metabolism pathways. For
example, vitamin C supplementation increases antioxidant
defenses in tissue (Sasazuki et al., 2008), nhibits insulin
glycation in pancreatic beta cells in obese hyperglycemic
rats (Abdel-Wahab et al., 2002), also it can potentiate
insulin action and improves glucose uptake in humans
(Paolisso et al., 1994). Furthermore, vitamin E protects
against oxidative modification of msulin metabolism-
mediating proteins such as glucose transporters and
insulin kinases (Moorthi et al., 2006). Inhibition of free
radical production and restoration of cell redox status with
vitaming C and E might preserve insulin receptor structure
and function and it can also improve msulin sensitivity in
diabetic rats (Maziere et al., 2004; Haidara et al., 2010).

The lipid profile, which is altered in diabetes state
(Betteridge, 1994; Giacco et al., 2010) 1s one of the main
significant factors in development of cardiovascular
diseases. Studies have shown that increase in plasma
triglyceride and cholesterol levels may be act as a risk
factor for the vascular disease (Shahar et al., 2003).
Furthermore, the oxidative modification of LDL 1s an
important step in the development of atherosclerosis
(Bhakdi et al., 2004). This oxidation is initiated and
propagated by free radicals where antioxidants become
depleted (Kaviarasan ef al., 2005). In this study, combined
vitamins C and E supplementation can significantly
{(p<0.05) reduce the total cholesterol and triglyceride in
diabetic rats when compared to untreated diabetic rats.
This improvement in lipid profile in the present study is
supported by previous studies done by Baydas et al
(2002), Ozkan et al. (2005), Alsaif (2009) and Badr et al.
{(2012). The possible explanations for that vitamins C and
E have hypocholesterolemic effects 1s firstly because they
can prevent LDL-cholesterol from oxidative damage and
help in degradation of cholesterol. Secondly, it has been
suggested that vitamin C is needed by the enzyme in
the first step of bile acid synthesis (cholesterol-7,
a-hydroxylase) by directing cholesterol towards bile acid
synthesis and consequently it reduces its level in serum
(White et al., 1994). Kaviarasan ef al. (2005) reported that
levels of total cholesterol, triglyceride, lipid peroxidation
and glucose mereased m hyperlipidemic patients with or
without DM whereas there was decreased plasma
concentrations of vitamin C, E and other antioxidants.
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As a result of the above evidences, we can suggest
that combined vitamins C and E supplementation
unproves the lipid profile n STZ-induced DM 1n rats by
acting through cholesterol-7, c-hydroxylase to direct
cholesterol into bile synthesis. Furthermore, scavenging
of the free radicals, leads to decrease the oxidative
damage to oxidized LDL-cholesterol.

The results of thus study showed that
proinflammatory cytokines I1.-6 and TNF-¢ and adhesion
molecules VCAM-1 and ICAM-1 were significantly
(p=<0.05) higher in diabetic than in control rats, mdicating
that diabetes causes overexpression of proinflammatory
cytokines and adhesion molecules which may
aggravate the inflammatory response and tissue
mjury (Ulbrich et al., 2003; Nolte et al., 2004). These
findings are consistent with a previous study that
ICAM-1 and VCAM-1 levels were elevated in diabetic
patients (Glowinska ez al., 2005).

Hyperglycema may trigger a generalized vascular
mflammatory process contributing to atherogenesis
(Haffner, 1998, Ceriello et al, 2004). This process may
involve increasing expression of proinflammatory
cytokines such as IL-1b, IL-6 and TNF-¢, possibly
through an increase 1n oxidative stress status
(Ceriello et al., 2004) or a decrease in antioxidant defense
systems (Carr et al., 2000). Proinflammatory cytokines
stimulate the expression of adhesion molecules such as
VCAM-1  and ICAM-1 on vascular endothelium
(Nystrom et al., 2006), which promote atherogenesis.

The effects of combined antioxidants vitamin C and
E on early disease biomarkers such as promflammatory
cytokines or endothelial adhesion molecules in diabetic
rats are not clear. We hypothesized that the antioxidants
may work synergistically to combat the stunulus of
diabetes-induced oxidative damage to the endothelium
and may indirectly suppress high levels of IL-6, TNF-q,
VCAM-1 and ICAM-1.

Previous studies in healthy adults (Van Dam et al.,
2003) have shown that vitamin E supplementation
suppresses VCAM-1 and ICAM-1 levels, whereas studies
of uncomplicated type 1 diabetes mellitus patients treated
with vitamin E did not show changes in VCAM-1
(Skyrme-Jones et al., 2001). Previous studies have shown
reductions i lipid peroxidation (estimate of oxidative
stress) and concurrent reductions in VCAM-1 (Neri et al.,
2005) and TCAM-1 (Tousoulis et «l, 2003) with
supplementation of mdividual or combined antioxidants.
Supplementation with antioxidants such as vitamins E, C,
or [P-carctene is purported directly to squench free
radicals such as superoxide within the endothelium; to
disrupt TNF-¢ intracellular signaling cascades or to
reduce oxidative modification of LDL-C. All of these

would otherwise initiate expression of endothelial
adhesion molecules (Frei, 1999; Devaraj and Jialal, 2000).

In the present study, we analyzed liver and kidney
TBARS level (as a marker of oxidative stress) and
activities of antioxidant enzymes as the liver 1s the main
metabolic organ and nephropathy is a common
complication in diabetic patients. Since, high blood
glucose 1s susceptible to oxidation, hyperglycemia causes
high ROS production and on the other hand leads to high
TBARS in tissues (Wolff and Dean, 1987; Brownle, 2001).
We suggest a possible mechamsm to explain why
combined vitamins C and E supplementation may have an
indirect effect in reducing TBARS level by their
hypoglycemic and direct radical scavenging activities.

As shown in results, activities of antioxidant
enzymes were deteriorated by STZ-induction. Combined
vitamins C and E supplementation m diabetic rats
protected to a certain degree, further deterioration of GSH-
Px and CAT in liver and kidney. The antioxidant enzymes
GPX, CAT and SOD are known to be inhibited in diabetes
mellitus as a result of non-enzymatic glycosylation and
oxidation (Kakkar et al, 1995). The positive impact of
treatment with combimed vitamms C and E on these
enzymes observed in the present study could be
explained by two possible mechanisms. First, the
antioxidative effect of combined vitamins C and E may
prevent further glycosylation and peroxidation of proteins
by interacting with free radicals and hence, minimizing
their noxious effects. Second, combined vitamins C and E
may induce the protein synthesis of these enzymes which
explains the observed elevated activity after treatment. In
support of this view 1s the observation of Pawlowska-
Goral et al. (2002) and Vimal and Devaki (2004), who found
that polyphenolic substances such as flavonoids and
vitaminsg increased the expression of SOD and GPX
enzymes at the transcriptional level.

CONCLUSION

Short-term combined admimstration of vitamins C
and E decreased plasma levels of glucose, total
cholesterol, triglyceride, proinflammatory cytokines 1L-6
and TNF-¢ and adhesion molecules VCAM-1 and
ICAM-1 in diabetic rats. Combined antioxidant treatment
also improved oxidative stress status through a
significant decrease m the oxidative stress marker TBARS
and an increase the activity of antioxidant enzymes
GSH-Px, CAT and SOD 1 the liver and kidney. Therefore,
this strategy may provide a therapeutic tool in cases of
oxidative stress-mnduced cellular damage mcluding
diabetes. In general, prophylaxis with vitamins C and E
may be valuable m reducing the risks of diabetes and its
complications.

3567



J. Applied Sci., 14 (24): 3563-3570, 2014

REFERENCES

Abbas, AM. and HF. Sakr, 2013. Simvastatin and vitamin
E effects on cardiac and hepatic oxidative stress in
rats fed on high fat diet. J. Physiol. Biochem.,
69: 737-750.

Abdel-Wahab, YHA.,, FPM OHarte, M.H. Mooney,
CR. Barnett and P.R. Flatt, 2002. Vitamin C
supplementation decreases msulin glycation and
improves  glucose  homeostasis in  obese
hyperglycemic (ob/ob) mice. Metabolism, 51: 514-517.

Abdo, K M., G. Rao, C.A. Montgomery, M. Dinowitz and
K. Kanagalingam, 1986. Thirteen-week toxicity
study of d-c-tocopheryl acetate (vitamin E) m
Fischer 344 rats. Food Chem. Toxicol., 24: 1043-1050.

Aeby, H., 1984. Catalase in vifro. Methods Enzymol,
105:121-126.

Aksoy, N., H. Vural, T. Sabuncu and S. Aksoy, 2003.
Effects of melatonin on oxidative-antioxidative status
of tissues in streptozotocin-induced diabetic rats.
Cell Biochem. Funct., 21: 121-125.

Aksoy, N., H. Vural, T. Sabuncu, O. Arslan and 5. Aksoy,
2005. Beneficial effects of vitamins C and E agamst
oxidative stress i diabetic rats. Nutr. Res.,
25: 625-630.

Alsaaf, M.A., 2009. Combined treatment of rutin and
vitamin C imnproves the antioxidant status in
streptozotocin-induced diabetic rats. J. Med. Sci,
9 1-9.

Badr, G., S. Bashandy, H. Ebaid, M. Mohany and
D. Sayed, 2012, Vitamin C supplementation
reconstitutes  polyfunctional T cells in
streptozotocm-mnduced diabetic rats. Eur. I. Nutr,,
51: 623-633,

Barbagallo, M., L.J. Dommguez, M.R. Taglamonte,
L .M. Resnick and G. Paolisso, 1999. Effects of vitamin
E and glutathione on glucose metabolism: Role of
magnesium. Hypertension, 34: 1002-1006.

Bastianetto, S. and R. Quirion, 2002. Natural extracts as
possible protective agents of brain aging. Neurobiol.
Aging, 23: 891-897.

Baydas, G., H Canatan and A Turkoglu, 2002.
Comparative analysis of the protective effects of
melatonin and vitamin E on streptozocin-induced
diabetes mellitus. J. Pineal Res., 32: 225-230.

Betteridge, D.J., 1994. Diabetic dyslipidemia. Am. 1. Med.,
96: 525-531.

Bhakdi, S., K.J. Lackner, SR Han, M. Torzewski and
M. Husmann, 2004, Beyond cholesterol: The enigma
of atherosclerosis revisited. Thromb. Haemostasis,
91: 639-645.

Borner, K. and 8. Klose, 1977. Enzymatische bestimmung
des gesamtcholesterins mit dem Gremer Selective
Analyzer (GSA-IT). I. Clin. Chem. Clin. Biochem.,
15:121-130.

Brownlee, M., 2001. Biochemistry and molecular cell
biology of  diabetic  complications. Nature,
414: 813-820.

Carr, AC., BZ. Zhu and B. Frei, 2000. Potential
antiatherogenic mechanisms of ascorbate (vitamin C)
and a-tocopherol (vitamin E). Circ. Res., 87: 349-354.

Cenello, A, L. Quagliaro, L. Picom, R. Assalomi and
R. Da Ros et al, 2004. Effect of postprandial
hypertriglyceridemia  and  hyperglycemia on
circulating adhesion molecules and oxidative stress
generation and the possible role of simvastatin
treatment. Diabetes, 53: 701-710.

Devaraj, S. and I. Jialal, 2000. Low-density lipoprotein
postsecretory modification, monocyte function and
circulating adhesion molecules in type 2 diabetic
patients with and without macrovascular
complications: The effect of P-tocopherol
supplementation. Circulation, 102: 191-196.

Frei, B., 1999. On the rele of vitamin ¢ and other
antioxidants in  atherogenesis and  vascular
dysfunction. Exp. Biol. Med., 222: 196-204.

Giacco, F., M. Brownlee and AM. Schmidt, 2010.
Oxidative stress and diabetic complications.
Cire. Res., 107: 1058-1070.

Glowimska, B., M. Urban, I. Peczynska and B. Florys, 2005.
Soluble adhesion molecules (sICAM-1, sVCAM-1)
and selectins (sE selectin, sP selectin, sI. selectin)
levels mn children and adolescents with obesity,
hypertension and diabetes. Metab. Clin. Exp.,
54:1020-1026.

Goh, S.Y. and M.E. Cooper, 2008. The role of advanced
glycation end products in progression and
complications of diabetes. J. Clin. Endocrinol.
Metab., 93: 1143-1152.

Haddy, N., C. Sass, S. Droesch, M. Zaiou and
(. Siest et af., 2003. IL-6, TNF-4a and atherosclerosis
risk indicators in a healthy family population: The
STANISLAS cohort. Atherosclerosis, 170: 277-283.

Haftner, S.M., 1998. The importance of hyperglycemia in
the nonfasting state to the development of
cardiovascular disease. Endocr. Rev., 19: 583-592.

Haidara, M.A., D P. Mikhailichs, M. A. Rateb, Z.A. Ahmed,
H.7Z. Yassm, I.M. Ibrahim and L.A. Rashed, 2009.
Evaluation of the effect of oxidative stress and
vitamin E supplementation on renal function in
rats with streptozotocin-nduced type 1 diabetes.
I. Drabetes Complications, 23: 130-136.

Haidara, AM., Z. Yassin, Z. Zakula, D.P. Mikhailidis and
R.E. Isenovic, 2010. Diabetes and antioxidants:
Myth or reality? Curr. Vasc. Pharmacol., 8: 661-672.

3568



J. Applied Sci., 14 (24): 3563-3570, 2014

Hamdy, N.M., SM. Suwailem and H.O. El-Mesallamy,
2009. Influence of vitamin E supplementation on
endothelial complications in type 2 diabetes mellitus
patients who underwent coronary artery bypass
graft. I. Diabetes Complic., 23: 167-173.

Kakkar, R., J. Kalra, 3.V. Mantha and K. Prasad, 1995.
Lipid peroxidation and activity of antioxidant
enzymes in diabetic rats. Mol. Cell. Biochem.,
151:113-119.

Kaliora, A.C., G.V. Dedoussis and H. Schmidt, 2006.
Dietary antioxidants in preventing atherogenesis.
Atherosclerosis, 187: 1-17.

Kaviarasan, K., M.M. Arjuna and K. V. Pugalendi, 2005.
Lipid profile, status  and
glycoprotein components in hyperlipidemic patients

oxidant-antioxidant

with/without diabetes. Chmea Chimica Acta,
362: 49-56.
Knoll, K.E., JL. Piettusz and M. Liang, 2005.

Tissue-specific transcriptome responses in rats with
early streptozotocin-induced diabetes. Physiol.
Genom., 21: 222-229,

Landwehr, R., 1991. The origin of the 42-year stonewall of
vitamin C. J. Orthomol. Med., 6: 99-103.

Lawrence, R.A. and RF. Buk, 1976. Glutathione
peroxidase activity in selenium-deficient rat liver.
Biochem. Biophys. Res. Commun., 71: 952-958.

Marklund, S. and G. Marklund, 1974. Involvement of the
superoxide amon radical m the autoxidation of
pyrogallol and a convement assay for superoxide
dismutase. Eur. J. Biochem., 47: 469-474.

Mazere, C., P. Morliere, R. Santus, V. Marcheux,
C. Louandre, M.A. Conte and J.C. Maziere, 2004.
Inhibition of msulin signaling by oxidized low
density lipoprotein: Protective effect of the
antioxidant vitamin E. Atherosclerosis, 175 23-33.

Moorthi, R.V., Z. Bobby, N. Selvaraj and M.G. Sridhar,
2006. Vitamin E protects the insulin sensitivity and
redox balance in rat L6 muscle cells exposed to
oxidative stress. Climca Clumica Acta, 6: 132-136.

Neri, S, S.8. Signorelli, B. Torrisi, D. Pulvirenti and
B. Mauceri et al, 2005. Effects of antioxidant
supplementation on postprandial oxidative stress
and endothelial dysfunction: A single-blind, 15-day
clinical trial in patients with untreated type 2
diabetes, subjects with impaired glucose tolerance
and healthy controls. Clin. Ther., 27: 1764-1773.

Nolte, D., W M. Kuebler, W.A. Muller, K.D. Wolff and
K. Messmer, 2004 Attenuation of leukocyte
sequestration by selective blockade of PECAM-1 or
VCAM-1 mmurine endotoxemia. Bur. Surg. Res.,
36: 331-337.

Nystrom, T., A. Nygren and A. Sjoholm, 2006. Increased
levels of tumour necrosis factor-a (TNF-a) in patients
with Type TI diabetes mellitus after myocardial
infarction are related to endothelial dysfunction.
Clin. Sci., 110: 673-681.

Ohkawa, H., N. Olishi and K. Yagi, 1979. Assay for lipid
peroxides in animal tissues by thiobarbituric acid
reaction. Anal. Biochem., 95: 351-358.

Ozkan, Y., O. Yilmaz, AI Ozturk and Y. Ersan, 2005.
Effects of triple antioxidant combination (vitamin E,
vitamin C and a-lipoic acid) with insulin on lipid and
cholesterol levels and fatty acid composition of brain
tissue in experimental diabetic and non-diabetic rats.
Cell Biol. Int., 29: 754-760.

Paolisso, G, A. D'Amore, V. Balbi, C. Volpe and
D. Galzerano et af., 1994. Plasma vitamin C affects
glucose homeostasis in healthy subjects and in
non-insulin-dependent diabetics. Am. J. Physiol,
266: E261-E268.

Paolisso, G., V. Balbi, C. Volpe, G. Varricchio and
A. Gambardella et al., 1995. Metabolic benefits
deriving from chronic vitamin C supplementation n
aged non-insulin dependent diabetics. J. Am. Coll.
Nutr., 14: 387-392.

Pawlowska-Goral, K., E. Kusz, M. Wardas, E. Adamek and
P. Wardas, 2002. The results of the interference of
nitrates and vitamin E in the metabolism in the
commective tissue of rat's liver. Exp. Toxicol. Pathol.,
54:147-150.

Peter, K., U. Weirich, T.X. Nordt, J. Ruef and C. Bode,
1999. Scluble Vascular Cell Adhesion Molecule-1
(VCAM-1) as potential marker of atherosclerosis.
Thromb. Haemostasis, 82: 38-43.

Rafighi, 7., A. Shiva, S. Arab and R. Mohd Yousof, 2013.
Association of dietary vitamin C and E intake and
antioxidant enzymes in type 2 diabetes mellitus
patients. Glob I. Health Sci., 5: 183-187.

Sanford, S., 1954. Methed for obtains vencus blood from
the orbital sinus of the rat or mouse. Science,
118: 100-100.

Sasaziki, 8., T. Hayashi, K. Nakachi, S. Sasaki and
Y. Tsubeno et al., 2008. Protective effect of vitamin
C on oxidative stress: A randomized controlled trial.
Int. J. Vitamin Nutr. Res., 78: 121-128.

Shahar, E., L.E. Chambless, W.D. Rosamond, L..L.. Boland,
C.M. Ballantyne, P.G. McGovern and A R. Sharrett,
2003. Plasma lipid profile and incident ischemic
stroke: The Atherosclerosis Risk m Communities
(ARIC) study. Stroke, 34: 623-631.

Shi, Y. and PM. Vanhoutte, 2009. Reactive
oxygen-derived free radicals are key to the
endothelial dysfunction of diabetes. J. Diabetes,
1: 151-162.

3560



J. Applied Sci., 14

Sitia, S., L. Tomasoni, F. Atzeni, G. Ambrosio and
C. Cordiano et al, 2010. From endothelial
dysfunction to atherosclerosis. Autoimmunity Rev.,
9: 830-834.

Skyrme-Jones, R., P. Andrew and I.T. Meredith, 2001.
Soluble adhesion molecules, endothelial function and
vitamin E in type 1 diabetes. Coronary Artery Dis.,
12: 69-75.

Song, M. and I.A. Kellum, 2005. Interleukin-6. Crit. Care
Med., 33: S463-5465.

Sowers, J. and A Melvin, 1999. Diabetes and
cardiovascular disease. Diabetes Care, 22: ¢14-¢20.

Tousoulis, D., C. Antomades, C. Tentolouris, C. Tsioufis,
M. Toutouza, P. Toutouzas and C. Stefanadis, 2003.
Effects of combined admimstration of vitamims C and
E on reactive hyperemia and inflammatory process in
chronic smokers. Atherosclerosis, 170: 261-267.

Trinder, P., 1969. Determination of blood glucose using
4-amino phenazone as oxygen acceptor. J. Clin.
Pathol., 22: 246-246.

Ulbrich, H.,, E.E. Eriksson and L. Lindbom, 2003.
Leukocyte and endothelial cell adhesion molecules

as targets for therapeutic mterventions 1
mflammatory disease. Trends Pharmacol. Seci,
24: 640-647.

Van Dam, B., V.W.M. van Hinsbergh, C.D.A. Stehouwer,
A. Versteilen and H. Dekker ef af., 2003. Vitamin E
whibits lipid peroxidation-induced adhesion molecule
expression in endothelial cells and decreases soluble
cell adhesion molecules in healthy subjects.
Cardiovasc. Res., 57: 563-571.

(24): 3563-3570, 2014

Vimal, V. and T. Devaki, 2004. Linear furanocoumarin
protects rat myocardium against lipidperoxidation

and membrane damage during experumnental
myocardial  iyury.  Biomed.  Pharmacother.,
58: 393-400.

Vural, H., N. Aksoy, 3.0. Arslan and M. Bozer, 2000.
Effects of vitamin E and selemum on lipid
peroxidation and antioxidant enzymes in colon of
methylazoxymethanol treated rats. Clin. Chem. Lab.
Med., 8: 1051-1053.

Wabhlefeld, W., 1974, Triglycerides Determimation after
Enzymatic Hydrolysis. In. Methods of Enzymatic
Analysis, Bermeyer, I1.U. (Ed.). 2nd Edn., Academic
Press, Inc., New York, pp: 18-31.

White, A., P. Handle, L. Smith, L. Hill and R. Lehman,
1994, Principles of Biochemistrty. 7th Edn,
McGraw-Hill, New York, pp: 619-630.

Witkowska, M. and H. Borawska, 2004. Soluble
intercellular adhesion molecule-1 (ICAM-1): An
overview. Eur. Cytokine Networl, 15: 91-98.

Woltf, SP. and R.T. Dean, 1987. Glucose autoxidation and
protein  modification. The potential of
autoxidative glycosylation in diabetes. Biochem. T,
245: 243-250.

Yechoor, V.K., M.E. Patti, R. Saccone and C.R. Kahn,
2002. Coordinated patterns of gene expression for
substrate and energy metabolism m skeletal
muscle of diabetic mice. Proc. Natl. Acad. Sci. USA.,
99: 10587-10592.

Zhang, M. and K. Tracey, 1988. The Cytokine Handbook.
3rd Edn., Academic Press, San Diego.

role

3570



	3563-3570_Page_1
	3563-3570_Page_2
	3563-3570_Page_3
	3563-3570_Page_4
	3563-3570_Page_5
	3563-3570_Page_6
	3563-3570_Page_7
	3563-3570_Page_8
	JAS.pdf
	Page 1


