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ABSTRACT: Although there are many studies showing chronic hyperglycemia in diabetes increases oxidative 
stress, those examining the influence of acute glucose increase are limited. The aim of this study was to 
investigate the effect of acute hyperglycemia on oxidative stress markers in non-treated and vitamin E pretreated 
healthy rabbits. Acute hyperglycemia was induced by oral glucose administration (1g/kg). Before and at 
different time points up to 180 minutes following the administration, blood samples were collected to measure 
malondialdehyde and glutathione spectrophotometrically as oxidative stress and antioxidant capacity markers 
respectively. Same markers were also determined in kidney and liver homogenates. There was no difference in 
glucose tolerance between non-treated and vitamin E pre-treated groups (p=0.10). Plasma malondialdehyde 
levels were increased after glucose administration in both groups. There was a positive-correlation between 
blood glucose and plasma malondialdehyde in non-treated (r=+0.447; p=0.008) but not in vitamin E pre-treated 
group (r=0.076; p=0.361). Plasma glutathione levels were higher in vitamin E pre-treated group at all-time points 
compared to non-treated group (p<0.05). There was a negative-correlation between blood glucose and plasma 
glutathione levels in non-treated (r=- 0.357; p=0.033) but not in vitamin E pre-treated group (r=0.007; p=0.485). 
According to our results acute hyperglycemia provokes oxidative stress which is partially prevented by vitamin 
E pretreatment. 
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 1.  INTRODUCTION 

Oxidative stress is one of the known deleterious consequences of hyperglycemia which is a 
serious complication of both type 1 and type 2 diabetes. Increased oxidative stress and impaired 
antioxidant mechanisms are shown in diabetes mellitus in various studies [1-3]. Furthermore, 
amelioration of oxidative stress by pharmacological treatment of diabetes has been attributed to 
reduction of hyperglycemia [1]. 

Oxidative stress occurs as a result of disturbed balance between production of reactive oxygen 
species (ROS) and antioxidant protective mechanisms in favor of the ROS and is now widely believed 
to be involved in the pathogenesis of major age-related diseases such as neurodegenerative diseases, 
cancer and a long list of several diseases- ischemia-reperfusion injuries, stroke, hypertension, rheumatic 
diseases, multiple sclerosis and diabetes. It is also known that the increasing oxidative stress lead to 
important damages in the vital organs such as kidney and liver [4, 5].  

Although there are many studies showing that chronic hyperglycemia in diabetes enhances 
oxidative stress, those examining the effects of acute glucose increase are limited. In preclinical studies, 
it was shown that circulating oxidative stress, measured as the concentration of 8-isoprostaglandin and 
malondialdehyde (MDA), increased in rats due to acute fluctuation of blood glucose concentration [6]. 
Studies showed that hyperglycemia in rats not only caused hepatic oxidative stress and antioxidant 
depletion [7] but also enhanced superoxide and MDA accumulation in heart [8]. In another study it was 
shown that acute hyperglycemia induced by single injection of 20% dextrose increased plasma MDA in 
mice [9].  
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There are few studies in humans confirming that acute hyperglycemia induces oxidative stress. 
A study conducted in healthy people as well as in diabetics showed that during oral glucose tolerance 
test (OGTT) some of the most important biological antioxidants in plasma and total plasma radical-
trapping activity were significantly decreased [10]. In blood samples collected during hyperglycemia 
crisis of diabetic patients, superoxide dismutase (SOD) and total antioxidant capacity were found lower 
while levels of MDA were higher than those of the control patients [11]. After a period of hyperglycemic 
clamp in type 1 diabetic patients, plasma oxidative stress measured as nitrotyrosine and plasma 8-iso 
prostaglandin F2 alpha levels were significantly increased compared with basal values [12]. In another 
study oxidative stress measured as plasma 3-nitrotyrosine concentrations was found increased after 75 
g glucose administration in obese participants [13].  

There are many clinical studies investigating whether vitamin use has beneficial effects on 
antioxidant status in diabetes [14]. These comprehensive clinical studies in diabetes have shown useful 
effects of vitamins B, C, D and E on oxidative stress variables such as glutathione peroxidase, MDA, 
thiobarbituric acid reactive substances (TBARS), SOD or on total antioxidant capacity [14]. Among them 
vitamin E was found as the most effective vitamin and its consumption was found beneficial for health 
by enhancing plasma antioxidant capacity and by reducing MDA and TBARS levels [14].  

There are numerous studies showing that chronic hyperglycemia in diabetes enhances 
oxidative stress which may cause diabetic complications. Studies examining the effects of acute glucose 
increase are a few and limited to the studies mentioned above. In the present work we aimed to examine 
the effect of OGTT-induced acute hyperglycemia on oxidative stress. Furthermore, we aimed to reveal 
whether pretreatment with vitamin E would have any impact on oxidative stress induced by acute 
hyperglycemia in heathy rabbits.  

2. RESULTS  

At baseline, blood glucose levels of rabbits were not different in non-treated and vitamin E pre-
treated groups (Figure 1A). Blood glucose levels started to increase after oral glucose administration 
and reached a peak at 60th minute in both groups. There were no differences between non-treated and 
vitamin E treated groups in the time-blood glucose lines (Figure 1A). Glucose tolerance of the two 
groups after OGTT as presented by area under curve (AUC; 0-120 minutes) were not different (Figure 
1B).  

 

Figure 1. Plasma glucose concentrations following 1 g/kg glucose administration by gavage (A) and area under 
curve (AUC) of two groups (B). Two-way ANOVA and post hoc Bonferonni test for glucose concentrations and 
Student’s t test for AUC comparison were used and n=6 for each group. * p<0.05; ** p<0.01; *** p<0.001 vs 0th min 
of related group. No significance between non-treated vs time matched vitamin E pre-treated group. AUC was 
calculated by Graphpad Prism5 software (n.s.: not significant). 
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Similarly, MDA levels in non-treated group were found increased almost at the same time points 
(Figure 2A). However, while there was not an apparent increase in MDA levels in vitamin E pre-treated 
group during the first 30 minutes, a clear rise was seen at 60th minute. Vitamin E pre-treatment 
provided significant reduction at the 30th and 120th minutes compared to non-treated group. The 
Pearson correlation analysis showed a significant positive correlation between the MDA and blood 
glucose levels of non-treated group (r=0.447, P=0.008) but not of vitamin E pre-treated group (r=0.076, 
P=0.361) (Figure 2B). 

 

Figure 2. Malondialdehyde (MDA) concentrations (uM/mg) in healthy rabbits following 1 g/kg glucose 
administration (A). Two-way ANOVA post hoc Bonferroni test was used and n=6 for each group. *; p<0.05; 
** p<0.01; vs 0th min of related group, #; p<0.05 vs time matched non-treated group. The correlation between 
blood glucose levels and MDA concentrations (n=6) (B). For non-treated group Pearson’s r=0.447; for 
vitamin E pre-treatment group r=0.076.  

Glutathione (GSH) as an antioxidant marker was measured in plasmas of rabbits at the same time 
points after OGTT. GSH levels were higher in vitamin E pre-treated group compared to non-treated 
group after OGTT at every time point (Figure 3A). The Pearson correlation analysis showed a significant 
negative correlation between the GSH and blood glucose levels of non-treated group (r= -0.357, P= 
0.033) but not of vitamin E pre-treated group (r= 0.007, P= 0.485) (Figure 3B). 
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Figure 3. Glutathion (GSH) concentrations (uM/mg) in healthy rabbits following 1 g/kg glucose 
administration (A) Two-way ANOVA post hoc Bonferroni test was used and n=6 for each group. # p<0.05 
vs time matched non-treated group. The correlation between blood glucose levels and GSH concentrations, 
(n=6) (B) For non-treated group Pearson’s r= -0.357; for vitamin E pre-treatment group r= 0.007.  

3: Rabbits were sacrificed at the 180th minute after OGTT and livers and kidneys were isolated. MDA 
levels in liver of non-treated rabbits was found increased compared to control group but this increase 
was not significantly different. The reduction that was provided by vitamin E pre-treatment was also 
not statistically significant. On the other side, MDA levels in kidney of non-treated rabbits were found 
increased compared to control. Although vitamin E pre-treatment slightly decreased the MDA levels, it 
was not statistically significant (Figure 4A, and 4B). 

 

Figure 4. Malondialdehyde (MDA) levels in liver (A) and kidney (B) of rabbits which were sacrificed at the 
180th minute of oral glucose tolerance test (n=6 for each group). Glutathione (GSH) levels in liver (C) and 
kidney (D) of rabbits which were sacrificed at the 180th minute of oral glucose tolerance test. One-way 
ANOVA post hoc Dunnet’s test was used and n=6 for each group. *; p<0.05; vs control group, #; p<0.05 vs. 
non-treated group. 
 

The GSH levels were significantly lower in non-treated group compared to control group both in 
liver and kidney. GSH levels of vitamin E pre-treated group were found significantly higher than non-
treated group in kidneys but not in livers of the rabbits (Figure 4C, and 4D) 

3. DISCUSSION 

Diabetes mellitus is characterized by hyperglycemia which has been proposed to be the reason 
for increased oxidative stress in diabetic patients. While many studies have demonstrated that chronic 
hyperglycemia in diabetes results in increased oxidative stress, there are a few examining the effects of 
acute condition on oxidative stress [6-9]. In the present study we examined the effect of acute 
hyperglycemia induced by oral glucose administration on oxidative stress and on antioxidant capacity 



Kazkayasi et al. 
Acute hyperglycemia causes oxidative stress 

Journal of Research in Pharmacy 
 Research Article 

 

 
 http://dx.doi.org/10.29228/jrp.150 

J Res Pharm 2022; 26(3): 534-542 
 

538 

measured as MDA and GSH levels respectively in non-treated and vitamin E pre-treated healthy 
rabbits.  

 
 
In order to generate acute hyperglycemia, we used oral glucose tolerance test (OGTT). After oral 

glucose administration, blood glucose levels were measured at different time points up to three hours 
in non-treated and vitamin E pre-treated rabbits. Although a slight reduction occurred in vitamin E 
group, it failed to reach to statistical significance at any time point. Glucose tolerance of the two groups 
as calculated by area under curve were not different showing that vitamin E pre-treatment did not 
necessarily change the extent of glucose tolerance. In support of this, there are reports demonstrating 
that vitamin E failed to change insulin and blood glucose levels in diabetic and healthy individuals [15, 
16]. On the contrary, in a study performed on diabetic subjects, the ability of chronically administered 
vitamin E in lowering blood sugar has been demonstrated [17]. This discrepancy could be due to the 
shorter treatment period with vitamin E and/or to the use of normoglycemic healthy rabbits in our 
experiments. Of course, a possible effect of vitamin E on secretion or on action of insulin should not be 
excluded. There are some publications showing that vitamin E alters insulin levels, especially under 
diabetic conditions [18, 19]. However, studies presenting a lack of relation between insulin level and 
vitamin E treatment in either diabetic or healthy subjects also exist in the literature [15, 16, 20, 21]. 
Consistently, failure of vitamin E to change the magnitude of AUC obtained after OGTT, leads us to 
suggest that influence of vitamin E on insulin resistance is of minor importance under our experimental 
conditions. Taken together, we think that the change in oxidative stress parameters induced by vitamin 
E is not because of a reduction in blood glucose level, but rather because of attenuation of oxidative 
stress status.  

After oral glucose administration, blood glucose levels started to increase rapidly with a peak at 
60th minute in both groups. Plasma MDA levels in non-treated animals displayed a pattern similar to 
blood glucose, suggesting that acute hyperglycemia might have led to an increase in oxidative stress. 
On the other hand, the less increased amount of MDA in vitamin E pre-treated group with respect to 
non-treated ones may indicate the preventive effect of vitamin E on blood sugar-induced elevation of 
plasma MDA. A marked increase was seen at 60th minute in vitamin E pre-treated group which was 
the same time point of the highest blood glucose level. This may be due to the limited protective capacity 
of vitamin E against a sharp rise in blood glucose. The significant positive correlation between MDA 
and blood glucose levels seen in non-treated group but not in vitamin E pre-treated group supports the 
idea that acutely elevated blood glucose levels has the potential to induce oxidative stress whereas 
vitamin E pre-treatment acts as a protective mechanism against it.  

As an antioxidant marker we measured GSH in plasmas of rabbits at the same time points 
following OGTT. GSH levels did not change at any time compared to starting point both in non-treated 
and vitamin E pre-treated groups suggesting that plasma GSH levels are not substantially influenced 
from acute blood glucose increments. However, the insignificant decreasing trend in GSH levels which 
exhibited a weak inverse correlation with the increase in blood glucose that was not observed in vitamin 
E pre-treated group, may indicate to the protective action of vitamin E. Interestingly, in OGTT; GSH 
levels in vitamin E pre-treated group were higher compared to non-treated group at each time point. 
Assuming that GSH levels measured at 0 min represent the effect of vitamin E by itself (prior to glucose 
administration), it seems likely that vitamin E pre-treatment might have set the basal levels of GSH up 
to a higher degree. This supports the view that vitamin E is an important agent for strengthening the 
antioxidant capacity of the body [22].  

At the 180th minute following oral glucose administration liver and kidney tissues of OGTT 
groups and also control group were isolated to measure MDA and GSH levels. The changes of MDA in 
the liver of rabbits were not different between the groups. However, the MDA levels were significantly 
higher in the kidneys of glucose treated group. The vitamin E pre-treatment reduced the MDA even 
though it was not significant. It is known that kidney is among the most intensively affected organs 
from hyperglycemia and it was suggested that this damage is associated with increased oxidative stress 
[23]. Even if blood MDA level returns to normal, the damage may take longer time in the kidney to 
decline. Hence, acute renal failure was found to be associated with increased MDA levels in the kidney 
[24] more dramatically [25]. GSH levels in liver and kidney of non-treated group were found 
significantly lower than control group. However, GSH levels in vitamin E pre-treated rabbits were 
higher especially in kidney compared to non-treated rabbits which may be attributed to protective 
effects of vitamin E pre-treatment in tissues as well. 
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Oxidative stress induced by hyperglycemia has an important role in the development of diabetic 

complications. To date, the studies of chronic hyperglycemia on oxidative stress have been underlined 
whereas the damage of acute hyperglycemia is neglected. To our knowledge, our study provides the 
first in vivo evidence that even acute hyperglycemia induces oxidative stress measured as plasma MDA 
that is prevented by vitamin E pretreatment in healthy rabbits.  

Even though some limitations such as the small sample size, our study points out a significant 
positive correlation between blood glucose levels and oxidative stress. Therefore, a suggestion for 
diabetic patients to avoid acute hyperglycemia by controlling their diet and by adhering to their 
treatment regimen to minimize glucose rises would be useful. 

The oxidative stress may develop in those individuals with impaired antioxidant defence. 
Supporting, our study demonstrated the protective effect of vitamin E on oxidative stress. In order to 
strengthen antioxidant defense; adding vitamins -especially vitamin E- to diabetes treatment regimen 
can be considered. A part from the diabetic patients, vitamin E pretreatment may also be considered for 
the healthy individuals who will be subjected to OGTT. It should be kept in mind that it is important to 
avoid acute hyperglycemia as well as chronic in order to avoid oxidative stress. 

4. CONCLUSION 

Our study provides the first in vivo evidence that acute hyperglycemia induces oxidative stress 
that is prevented by vitamin E pretreatment in healthy condition. The positive correlation between 
increased glucose level and MDA; negative correlation with GSH supported our hypothesis that 
hyperglycemia increases oxidative stress. Vitamin E pretreatment has protective impact on this acute 
hyperglycemia induced oxidative stress.  

5. MATERIALS AND METHODS 

5.1 Animals 

New Zealand adult white rabbits (3.00-3.50 kg) from both sexes were used. The rabbits were 
housed in a constant temperature-room (22 ± 1 °C) with 12h/12h light/dark cycle and fed with standart 
pellet diet. Animals were acclimatized for a week before experiments. Eighteen rabbits were used for 
the experiments. All experiments were approved by Kobay D.H.A A. Ş. Animal Experimentations Local 
Ethics Board (2019-249). All the procedures with animals were performed according the rules of “Guide 
for the Care and Use of Laboratory Animals”. 

5.2 Plasma and Tissue Collection 

Approximately 2 ml volume of blood from ear artery of rabbits was taken into heparinized tubes 
before (zero point) and at 15th, 30th, 60th, 120th and 180th minutes after oral administrations of glucose. 
The tubes were centrifuged for 10 min at 2000 g. Plasmas were separated, aliquoted and stored at -80 ° 
C for the analysis of MDA and GSH as oxidative stress and antioxidant capacity markers respectively. 
There are various parameters to measure oxidative stress and antioxidant situation. MDA and GSH 
parameters were chosen considering that they are the most measured markers in literature which makes 
them comparable, also they were suggested as standard measures before [14]. The same markers were 
also assessed in livers and kidneys of the rabbits. Control group was administered distilled water orally 
and sacrificed at the same time point (180th minute) with OGTT groups. For the assessments in tissues, 
control group was created in order to clarify the basal levels of MDA and GSH without any 
hyperglycemia induction. These basal levels of MDA and GSH in plasma were obtained by 
measurements at the 0th hour of OGTT. The tissues were isolated immediately after euthanasia in all 
groups. Euthanasia was done with intramuscularly ketamine-xylazine (70-10 mg/kg) injection). Each 
tissue was washed in saline and deionized water and was frozen immediately in liquid nitrogen, then 
separated into pieces and kept at -80°C. For the measurement of oxidative stress markers, tissues were 
homogenized with buffer (10 mM Tris/1 mM DTPA/1 mM PMSF) by using an ultrasonic homogenizer 
(Bandelin Sonopuls, Germany) and were centrifuged at 2000 g at 4°C for 10 minutes and the 
supernatants were stored at -80°C. Protein content of the samples was determined with using bovine 
serum albumin standards according to the protocol in the Pierce BCA Protein Assay Kit 
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(ThermoScientific, USA). The absorbance values of the samples were measured at 562 nm, and the 
results expressed as mg/mL. 
 

5.3 Treatment and Oral Glucose Tolerance Test (OGTT) 

In treatment group, animals were treated with 10 mg/kg vitamin E (DL-alpha tocopherol acetate, 
Evigen® amp, Aksu Farma, Istanbul, Turkey) for 4 days consecutively [26] and OGTT was performed 
2 hours after the last administration. Dose and treatment duration of vitamin E was chosen according 
to the study [26] which showed that vitamin E prophylactic treatment prevents the elevation of 
oxidative stress markers induced by lipopolysaccharide injection.  

In order to mimic the action of OGTT in humans, we administered glucose orally to rabbits. 
Following 18 hours fasting period, glucose solution (1 g/kg) was given to the rabbits with oral gavage. 
The blood glucose concentrations were measured with a glucose meter before (zero point) and at 15th, 
30th, 60th, 120th and 180th minutes after oral administrations (FreeStyle, Abbott, USA).  

5.4 Measurements of Malondialdyde (MDA) Levels 

The MDA levels were measured in plasmas at the time point given above and in livers and 
kidneys of the rabbits. Lipid peroxidation was assessed by a commercial TBARS assay kit (Cayman, 
USA). This kit measures the concentration of MDA, the naturally occurring product of lipid 
peroxidation. MDA forms a complex with thiobarbituric acid (TBA) under optimal conditions and the 
color intensity of MDA-TBA complex was measured at 530 nm spectrophotometrically. The amount of 
MDA was calculated by using MDA standards and the results were given as µM/mg protein. 

5.5 Measurements of Glutathion (GSH) Levels 

The GSH levels were also measured in plasmas at the same time points and in the liver and kidney 
of the rabbits by a spectrophotometric assay as described before [27, 28]. This assay is based on reducing 
Ellman's Reagent with sulfhydryl groups so as to give 1 mol of 2-nitro-5-mercaptobenzoic acid for 1 mol 
of sulfhydryl group. The nitromercaptobenzoic acid formed gave an intense yellow color that was 
measured spectrophotometrically at 412 nm. The results were expressed as µM/mg protein.  

5.6 Statistical Evaluation 

All data were presented as means ± standard error of means (SEM). Two-way ANOVA post hoc 
Bonferroni test was performed in the comparisons that have two variables. AUC’s of the groups were 
analysed with Student’s t test. One-way ANOVA post hoc Dunnet’s test was performed for group 
analysis with one variable. Pearson correlation was used to analyze the correlation between blood 
glucose and MDA or GSH levels (GraphPad Prism 5 software). Statistical significance was defined as P 
<0.05.   

 

Acknowledgements:  

Author contributions: Concept – İ.K., G.T.; Design – İ.K., G.T.; Supervision – S.U.; Resources – İ.K., G.T., B.A., 
S.U.; Materials – İ.K., G.T., B.A., Data Collection and/or Processing – İ.K., G.T., B.A.; Analysis and/or 
Interpretation – İ.K., G.T., B.A., S.U.; Literature Search – İ.K., G.T., Writing – İ.K., Critical Reviews – İ.K., G.T., 
B.A., S.U. 

Conflict of interest statement: The authors declared no conflict of interest. 

REFERENCES    

[1]  Choi SW, Benzie IF, Ma SW, Strain JJ, Hannigan BM. Acute hyperglycemia and oxidative stress: direct cause 
and effect? Free Radic Biol Med. 2008; 44(7): 1217-31. [CrossRef]   

[2]  Park CH, Noh JS, Kim JH, Tanaka T, Zhao Q, Matsumoto K, et al. Evaluation of Morroniside, Iridoid Glycoside 
from Corni Fructus, on Diabetes-Induced Alterations such as Oxidative Stress, Inflammation, and Apoptosis 
in the Liver of Type 2 Diabetic db/db Mice. Biol Pharm Bull. 2011; 34(10): 1559-65. [CrossRef]   

[3]  WHO Global report on diabetes 2016. https://www.who.int/publications/i/item/9789241565257, (accessed 
on 3 November 2021).  



Kazkayasi et al. 
Acute hyperglycemia causes oxidative stress 

Journal of Research in Pharmacy 
 Research Article 

 

 
 http://dx.doi.org/10.29228/jrp.150 

J Res Pharm 2022; 26(3): 534-542 
 

541 

[4]  Firuzi O, Miri R, Tavakkoli M, Saso L. Antioxidant therapy: current status and future prospects. Curr Med 
Chem. 2011; 18(25): 3871-88. [CrossRef]   

[5] Ghosh A, Sil PC. A protein from Cajanus indicus Spreng protects liver and kidney against mercuric chloride-
induced oxidative stress. Biol Pharm Bull. 2008; 31(9): 1651-8. [CrossRef]   

[6] Wu N, Shen H, Liu H, Wang Y, Bai Y, Han P. Acute blood glucose fluctuation enhances rat aorta endothelial 
cell apoptosis, oxidative stress and pro-inflammatory cytokine expression in vivo. Cardiovasc Diabetol. 2016; 
15(1): 109. [CrossRef] 

[7]  Ling PR, Smith RJ, Bistrian BR. Acute effects of hyperglycemia and hyperinsulinemia on hepatic oxidative 
stress and the systemic inflammatory response in rats. Crit Care Med. 2007; 35(2): 555-60. [CrossRef] 

[8] Su H, Ji L, Xing W, Zhang W, Zhou H, Qian X, et al. Acute hyperglycaemia enhances oxidative stress and 
aggravates myocardial ischaemia/reperfusion injury: role of thioredoxin-interacting protein. J Cell Mol Med. 
2013; 17(1): 181-91. [CrossRef] 

[9]  Yang Z, Laubach VE, French BA, Kron IL. Acute hyperglycemia enhances oxidative stress and exacerbates 
myocardial infarction by activating nicotinamide adenine dinucleotide phosphate oxidase during reperfusion. 
J Thorac Cardiovasc Surg. 2009; 137(3): 723-9. [CrossRef] 

[10] Ceriello A, Bortolotti N, Crescentini A, Motz E, Lizzio S, Russo A, et al. Antioxidant defences are reduced 
during the oral glucose tolerance test in normal and non-insulin-dependent diabetic subjects. Eur J Clin Invest. 
1998; 28(4): 329-33. [CrossRef] 

[11]  Shen XP, Li J, Zou S, Wu HJ, Zhang Y. The relationship between oxidative stress and the levels of serum 
circulating adhesion molecules in patients with hyperglycemia crises. J Diabetes Complications. 2012; 26(4): 
291-5. [CrossRef] 

[12]  Ceriello A, Novials A, Ortega E, Canivell S, La Sala L, Pujadas G, et al. Glucagon-like peptide 1 reduces 
endothelial dysfunction, inflammation, and oxidative stress induced by both hyperglycemia and 
hypoglycemia in type 1 diabetes. Diabetes Care. 2013; 36(8): 2346-50. [CrossRef] 

[13]  Ashor AW, Chowdhury S, Oggioni C, Qadir O, Brandt K, Ishaq A, Mathers JC, Saretzki G, Siervo M. Inorganic 
Nitrate Supplementation in Young and Old Obese Adults Does Not Affect Acute Glucose and Insulin 
Responses but Lowers Oxidative Stress. J Nutr. 2016; 146(11): 2224-32. [CrossRef] 

[14]  Balbi ME, Tonin FS, Mendes AM, Borba HH, Wiens A, Fernandez-Llimos F, Pontarolo R. Antioxidant effects 
of vitamins in type 2 diabetes: a meta-analysis of randomized controlled trials. Diabetol Metab Syndr. 2018; 
10: 18. [CrossRef] 

[15]  Picklo MJ, Thyfault JP. Vitamin E and vitamin C do not reduce insulin sensitivity but inhibit mitochondrial 
protein expression in exercising obese rats. Appl Physiol Nutr Metab. 2015; 40(4): 343-52. [CrossRef] 

[16]  Sanyal AJ, Kowdley KV, Neuschwander-Tetri BA, Brunt EM, McCullough AJ, Bass NM, Diehl AM, Unalp-
Arida A, Chalasani N. Relationship between adipose tissue insulin resistance and liver histology in 
nonalcoholic steatohepatitis: a pioglitazone versus vitamin E versus placebo for the treatment of nondiabetic 
patients with nonalcoholic steatohepatitis trial follow-up study. Hepatology. 2012; 56(4): 1311-8. [CrossRef] 

[17]  Wong SK, Chin KY, Suhaimi FH, Ahmad F, Ima-Nirwana S. Vitamin E As a Potential Interventional Treatment 
for Metabolic Syndrome: Evidence from Animal and Human Studies. Front Pharmacol. 2017; 8: 444. 
[CrossRef] 

[18]  Xu R, Zhang S, Tao A, Chen G, Zhang M. Influence of vitamin E supplementation on glycaemic control: a 
meta-analysis of randomised controlled trials. PLoS One. 2014; 9(4): e95008. [CrossRef]  

[19]  Polyzos SA, Kountouras J, Zafeiriadou E, Patsiaoura K, Katsiki E, Deretzi G, et al. Effect of spironolactone and 
vitamin E on serum metabolic parameters and insulin resistance in patients with nonalcoholic fatty liver 
disease. J Renin Angiotensin Aldosterone Syst. 2011; 12(4): 498-503. [CrossRef] 

[20] Ebtehal K Farrag  NSM, Amany S Maghraby, Iman M Mourad, Doaa S Foda, Sayed M Raw. Does the 
Simultaneous Use of Selenium and Vitamin E Improve Type 2 Diabetes Status? Int J Pharm Sci Rev Res. 2014; 
26(2): 129-35. 

[21]  Al Shamsi MS, Amin A, Adeghate E. Beneficial effect of vitamin E on the metabolic parameters of diabetic 
rats. Mol Cell Biochem. 2004; 261(1-2): 35-42. [CrossRef] 

[22]  van Haaften RI, Haenen GR, Evelo CT, Bast A. Effect of vitamin E on glutathione-dependent enzymes. Drug 
Metab Rev. 2003; 35(2-3): 215-53. [CrossRef] 

[23]  Yoshida M, Kimura H, Kyuki K, Ito M. Effect of combined vitamin E and insulin administration on renal 
damage in diabetic rats fed a high cholesterol diet. Biol Pharm Bull. 2005; 28(11): 2080-6. [CrossRef] 



Kazkayasi et al. 
Acute hyperglycemia causes oxidative stress 

Journal of Research in Pharmacy 
 Research Article 

 

 
 http://dx.doi.org/10.29228/jrp.150 

J Res Pharm 2022; 26(3): 534-542 
 

542 

[24]  Ferraz FF, Kos AG, Janino P, Homsi E. Effects of melatonin administration to rats with glycerol-induced acute 
renal failure. Ren Fail. 2002; 24(6): 735-46. [CrossRef] 

[25]  Karamalakova YD, Nikolova GD, Georgiev TK, Gadjeva VG, Tolekova AN. Hepatoprotective properties of 
Curcuma longa L. extract in bleomycin-induced chronic hepatotoxicity. Drug Discov Ther. 2019; 13(1): 9-16. 
[CrossRef] 

[26]  Yazar E, Konyalioglu S, Col R, Birdane YO, Bas AL, Elmas M. Effects of vitamin E and prednisolone on some 
oxidative stress markers in endotoxemic rabbits. Rev Med Vet-Toulouse. 2004; 155(11): 538-42. 

[27]  Sedlak J, Lindsay RH. Estimation of Total Protein-Bound and Nonprotein Sulfhydryl Groups in Tissue with 
Ellmans Reagent. Anal Biochem. 1968; 25(1-3): 192. [CrossRef] 

[28]  Baila B, Ohno Y, Nagamoto H, Kotosai K, Yabuuchi Y, Funaguchi N, Ito F, Endo J, Mori H, Takemura G, 
Fujiwara T, Fujiwara H, Minatoguchi S. Tetomilast Attenuates Elastase-Induced Pulmonary Emphysema 
through Inhibition of Oxidative Stress in Rabbits. Biol Pharm Bull. 2012; 35(4): 494-502. [CrossRef] 

This is an open access article which is publicly available on our journal’s website under Institutional Repository at 
http://dspace.marmara.edu.tr.      

 


