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Ascorbic Acid Improves Vascular Permeability 
in Experimental-Induced Diabetic Rats 
 
 

 
Abstract 
Background: The most devastating manifestations of diabetes 
mellitus are vascular complications. Although there are many 
factors involved in the pathogenesis of diabetic vasculopathy, 
many studies suggest a role for glucose–induced oxidative 
stress. Studies in animal models, have demonstrated that the 
administration of antioxidants restores normal endothelial 
functions. The study was designed to examine the possible 
beneficial effects of ascorbic acid, which have antioxidant 
properties, on vascular permeability in the duodenum of rats 
with streptozotocin-induced diabetes. 
 
Methods: Female adult rats were divided into two control and 
three diabetic groups. Diabetes was induced by a single injec-
tion of streptozotocin (55 mg/kg, ip). One control and two 
diabetic groups received ascorbic acid in drinking water (800 
mg/kg). Diabetic groups received ascorbic  acid either as 
therapeutic for 4 weeks, starting after the induction of diabetes 
or as combination therapy for 8 weeks starting 3-4 weeks be-
fore the induction of diabetes. Vascular permeability was es-
timated by measuring the extravasations of Evans blue dye 
and water content of duodenal tissue. 
 
Results: As compared to the control group, diabetic animals  
significantly increased both Evans blue extravasations and water 
content by 202%. Ascorbic acid, used as treatment or in combina-
tion therapy, similarly restored these two variables to normal level. 
 
Conclusion: The findings of this study suggest that ascorbic 
acid might have a role in restoring some dysfunctions of 
experimental diabetes. 
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Introduction 

iabetes mellitus (DM) is the syndrome of disturbed 
energy homeostasis, caused by an abnormal metabo-
lism of carbohydrates, proteins and fats. It is the most 

common endocrine-metabolic disorder of childhood and ado-
lescent with important consequences on physical and emo-
tional development.1 The most devastating complication of DM 
is vascular complications. Persistent hyperglycemia leads to 
deformation of specific glycoproteins, which may cause 
pathologic changes in the microvessels of vital organs.2
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Chronic vascular complications represent the 
main causes of morbidity and mortality in pa-
tients with DM, and occur in both micro and 
macrovasculatures.3 DM is also associated 
with premature microvascular disease compli-
cations such as retinopathy and nephropathy.4 
Diabetic nephropathy develops in about 35% 
type I DM patients that finally leads to chronic 
renal failure.5 

The pathogenesis of diabetic vasculopathy 
is complex and differences exist between dis-
eases affecting microvasculatures and those 
affecting macrovasculatures, and are primarily 
caused by hyperglycemia.6 Vascular pathology 
involves both functional and structural 
changes in the endothelial layers such as al-
tered endothelium dependent dilatation,7 and 
reduced endothelial cell proliferation.8 

Although various factors may engage in the 
pathogenesis of diabetic vasculopathy, nu-
merous studies suggest a role for glucose–
induced oxidative stress.9 Hyperglycemia may 
increase the generation of free radicals in 
many ways such as glucose autoxidation,10 
autoxidative glycosilation,11 activation of pro-
tein kinase C,12 and increased polyol pathway 
metabolism with subsequent pseudohypoxia.13 
Additionally, it has been reported that potential 
mechanisms that contributing in endothelial 
dysfunction is inactivation of nitric oxide by 
oxygen–derived free radicals. Studies done in 
animal models have also demonstrated that 
the administration of antioxidants restore nor-
mal endothelial activity.14,15 

Antioxidants which have been studied in 
clinical DM are glutathione, ascorbic acid, 
vitamin E and super-oxide dismutase. Ascor-
bic acid is a strong reducing agent acting as 
an antioxidant in vitro and in vivo.16 Ascorbic 
acid effectively prevents peroxidative dam-
age of human plasma lipids by scavenging 
oxygen-derived free radicals, and sparing 
other endogenous antioxidants from con-
sumption.17 The plasma and tissue concen-
tration of ascorbic acid have been reported 
to decrease in diabetic animals and hu-
mans.18 Thus the present study was planned 
to investigate the effects of ascorbic acid 
supplementation on permeability abnormali-
ties in duodenal capillaries of rats with strep-
tozotocin-induced diabetes. 
 
Materials and Methods 
 
The study was approved by the Ethical Commit-
tee on animal experimentation of the Rafsan-
jan University of Medical Sciences, Rasanjan, 
Iran. Adult female albino N. Mary rats weighing 
250-300 g were used for this study. Animals 
were divided into two normal (control) and 

three DM groups (n=8-10 for each group). 
They were housed in 12 hrs light/dark cycle 
and free access to food and water. 

Diabetes mellitus was induced by intraperi-
toneal injection (ip) of 55 mg/kg of streptozoto-
cin (STZ, Upjohn, Michigan; USA). The onset 
of diabetes was confirmed by measuring blood 
glucose three days after the injection of STZ.19 
Blood samples were collected from the tip of 
the tail for the measurement of insulin and glu-
cose. Animals with blood glucose levels of more 
than 17 mM were considered as diabetic. 
 
Experimental procedure 

Normal rats were randomly divided into 
control group (CNT, n=8) that received no Vit 
C in their drinking water, and control group Vit 
C treated group (CNT+Vit C, n=8) that re-
ceived ascorbic acid (160mg/kg; Sigma Co. 
UK) in drinking water for four weeks.9  

DM rats were also randomly divided into 
three groups and treated as the following. Con-
trol DM group (DM, n=8) did not receive ascor-
bic acid, whereas DM combination group 
(DM+8Vit C, n=8) received ascorbic acid 
(800mg/kg) in their drinking water for 8 weeks, 
four weeks before and four weeks after induc-
tion of diabetes as stated previously.19 DM rats 
of therapeutic group (DM+4Vit C) received the 
same amount of ascorbic acid in their drinking 
water but only four weeks after induction of DM. 

During the course of the study weekly body 
weights were recorded and the cumulative 
weight changes were reported. At the end of 
the experiment, blood samples were collected 
for the measurement of glucose and insulin 
using glucose oxidase and RIA (Insulin IRMA 
kit, Beckman Coulter Company, Prague, 
Czech Repulic) methods, respectively. 

At the end of the experiment an intravenous 
injection of Evans blue (EB, Sigma Co. UK) 
was done and after ten minutes the animal was 
killed, the abdominal cavity was opened to take 
duodenal specimens.20 Duodenum was dis-
sected, cleaned and half of it was used for the 
measurement of Evans blue, and the other half 
was used for obtaining its water content. 
 
Measurement of vascular permeability 

Changes in capillary permeability were ana-
lyzed using Evans blue dye extravasations and 
water content measurement. Albumin capillary 
permeability was measured using the EB ex-
travasations in animals anesthetized by ip in-
jection of pentobarbital (55 mg/kg; Biochemic; 
Germany) and were injected EB dye (20 
mg/kg) in the femoral vein 10 min before they 
were killed 20 Half of duodenum was placed in 
20 ml of acetone and sodium sulfate mixture 
and was shacked for 24 hrs. The concentration 
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of E.B. dye was measured by spectrophotometry 
(Spectronic 20D, Belgium) at 620 nm.21 The 
other half was dried at 65°C for 96 hours and 
water content was determined using the follow-
ing formula.22 

Statistic analysis 
Data, presented as Mean±SEM, were ana-

lyzed by Student’s t-test or one way analysis of 
variance followed by Tukey’s tests and p<0.05 
was considered as statistically significant. 
 
Results 
 
While weight gains of normal rats of control 
groups were significant during four weeks ex-
periment (+40.7±1.5 g), all rats of DM groups lost 
weight significantly (-52.8±0.7 g; P<0.001). Com-
pared to those rats of normal control groups, 
Blood glucose of all rats of three DM groups were 
significantly higher and the levels of their plasma 
insulin were significantly lower respectively. 
However, blood glucose and plasma insulin lev-
els of the three DM groups were not significantly 
different from each other (Table 1). 

EB extravasation and water content of duode-
nal tissue 

Extravasations of EB from duodenum of DM 
group was significantly increased (202%) in dia-
betic rats compared to the normal controls 
(P<0.001). Combination therapy and treatment 
with ascorbic acid significantly decreased EB 
extravasations (P<0.001). There was no signifi-
cant difference among water content and Evans 
blue extravasations of CNT and CNT Vit C groups 
(Fig 1). Whereas, in DM groups water content of 
duodenum was significantly higher as compared 
to normal control groups (P<0.001; Fig 2). 

 
Discussion 
 
Our results showed that the EB and fluid ex-
travasations significantly increased in STZ-
induced diabetic animals. This effect was 
restored by ascorbic acid supplementation ei-
ther in therapeutic or combination group. So, it 
is legitimate to suggest that ascorbic acid can 
restore vascular permeability alterations in dia-
betic rats. Molecular and fluid movement from 
the vascular compartment toward the inter-
stitium is dependent on two major physiological 
determinants. First, changes in the endothelial 
cells permeability per se through dilatation or 
contraction of these cells, which leads to the 
formation of intercellular spaces, facilitating 
fluid and solute movements across the capil-
lary wall. Second, alteration in the capillary hy-
drostatic pressure, determined by the differ-

Water content = (Wet weight-Dry weight) X 100 
                           Wet weight 

Table 1: Cumulative weight changes (CWC), blood 
glucose and concentrations of insulin. 
Groups 
(n=8) 

CWC  
(g) 

Glucose  
(mg/%) 

Insulin  
(µU/ml) 

CNT +40.7±1.5 171±9.3 14.2±1.4 
CNT+Vit C +37.1±2.5 165±7.5 13.1±1.9 
DM -52.8±0.7 * 477±69.9 * 2.1±0.8 * 
DM+8Vit C -48.6±1.5 * 408.2±88.2 * 2.3±0.07 * 
DM+4Vit C -42.4±0.9 * 382.1±25.6 * 2.9±0.01 * 

Data are presented as mean±SEM. 
+ and– signs shows increase or decrease of animals body 
weight at the end of study as compared to that of the begin-
ning of the experiment. CNT= normal control group CNT+ 
Vit C= CNT on ascorbic acid (Vit C) diet; DM= diabetic melli-
tus group; DM+ 8VitC= combination diet; DM+ 4Vit  
C= therapeutic diet. For more detail see text. 
*= the presented data are significantly different from control 
normal group at P<0.001. 
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Fig.1: Extavasation of Evans blue dye (µg/100mg tissue) in 
different groups. CNT= normal control group; CNT+Vit 
C= CNT on ascorbic acid (Vit C) diet; DM= diabetic group; 
DM+8VitC= combination diet; DM+4Vit C= therapeutic diet. 
*= Results of DM group are significantly different from 
other groups, P<0.001. 
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Fig.2. Water content (%) of duodenal tissues of different 
groups. for abbreviations see Fig 1. 
*= Results of DM group are significantly different from other 
groups, P<0.001. 
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ence between pre and post capillary vascular 
resistance.20 

The findings of the present study receive 
supports from a number of previous studies. 
The finding of Timimi and colleagues did indi-
cate that diabetes caused nitric oxide degrada-
tion leading to abnormal vascular reactivity in 
humans with diabetes mellitus.23 It was also 
reported that NO was quenched by advanced 
glycosylation end-products, which were ele-
vated in the conditions of sustained hypergly-
cemia such as diabetes mellitus.24 NO depletion 
has been postulated to be implicated in the in-
creased permeability observed in diabetes.20 

The level of body ascorbic acid depends on 
the interaction of dietary ascorbic acid intake 
and plasma concentrations of insulin and glu-
cose.  Insulin promotes the cellular uptake of 
ascorbic acid, whereas hyperglycemia inhibits 
its renal reabsorption. Therefore, in diabetes, 
an adequate dietary ascorbic acid intake is 
often associated with an unexpectedly low 
ascorbic acid status.25 Diabetes also impairs 
the metabolism of ascorbic acid,19 leading to 
the depletion of anti-oxidant defenses, which 
expose such patients to increased risk of car-
diovascular diseases, including microangiopa-
thy.26,27 Ascorbic acid  supplementation selec-
tively restores the impaired endothelium-
dependent vasodilation possibly by inhibition 
of NO degradation, which is induced by oxy-
gen derived free radicals in diabetes.28,29  It 
has been hypothesized, that glucose, under 
oxidative condition, reacts with proteins to 
form glycoproteins,25,30 which might be in-
volved in diabetic vasculopathy by damaging 
the vascular membrane proteins.9 Therefore, it 
might be possible to suggest that ascorbic acid 
prevents protein damage by inhibiting oxida-
tive stress, which consequently decrease vas-
culopathy.30 

Other possibility is that ascorbic acid  may 
decrease vascular permeability of DM rats and 
correct endothelial functions by decreasing the 
synthesis of cytokines such as TNF-α.31 This 
may occur by inhibiting the activity of mem-
brane neutral endopeptidase,32 or decreasing 
the production of vascular endothelial growth 
factors.33 The protective role of ascorbic  acid  
has also been related to chemical properties of 
its molecule and increasing plasma reduced 
glutathione by lowering GSSG/GSH ratio.27 An 
increase in plasma GSSG/GSH ratio might 
also contribute to the enhancement of lipid 
peroxidation, which might affect the integrity of 
plasma membrane microviscosity. The results 
of the present study might suggested that wa-
ter leaking from tissues was not 100%, but 
since the control and experiment groups had 
been treated under a similar condition, there-

fore the difference could be significant. The 
beneficial effects of ascorbic acid seems to pre-
vent protein and fluid leakage through vascular 
beds as shown in other conditions such as heat 
injuries,34 hypertension,35 and increased vascu-
lar permeability by arachidonic acid.36 

The findings of the present study are not in 
agreement with a study which showed that 
dietary ascorbic acid supplementation, al-
though reduced lipid peroxidation, failed to 
restore the impaired vascular function in small 
mesenteric artery of the STZ–diabetic rat.37 
The study showed that ascorbic acid was short 
of restoring Ach-induced endothelium-dependent 
relaxation in small arteries. 

Serum insulin and plasma glucose in 
normal control group was significantly higher 
and lower, respectively, than those from other 
groups. Relative to the control group, animals 
in the treatment group had significantly lower 
body weight. This finding is consistent with the 
study of Palmer et al.37 In normal rats, ascor-
bic acid supplementation had no effect on EB 
extravasations or water content in the duode-
num. This might suggest that increasing 
plasma ascorbic acid concentration to higher-
than-normal levels does not reduce the vascu-
lar permeability any further, and there is no 
oxidative stress in normal rats. 
 
Conclusion 
 
Dietary ascorbic acid supplementation seems to 
have some beneficial effects on capillary perme-
ability dysfunction in experimental-induced diabe-
tes rats. These findings may provide a new ap-
proach to examine the pathophysiology of diabetic 
vasculopathy and may open a new way of control-
ling the morbid consequence of capillary perme-
ability in patients with diabetes mellitus. 
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