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Background: Diabetes is associated with micro- and macro-vascular complications affecting several organs. Oxidative stress plays a 
crucial role in the etiology of vascular disease in diabetes.
Objectives: The present study aimed to investigate the beneficial effect of troxerutin on diabetes-induced histopathological damages in 
rat aorta with focusing on its antioxidative actions.
Materials and Methods: Male Wistar rats were randomly divided into four groups (n = 8/each): control, control plus troxerutin, diabetic 
and diabetic plus troxerutin. Diabetes was induced in rats by a single intraperitoneal injection of streptozotocin (50 mg/kg) and lasted for 
10 weeks. Troxerutin was administered orally in concentration of 150 mg/kg/daily for one month before killing rats. At the end of treatment 
period, thoracic aorta was isolated and divided into two parts; one part was immersed in 10% formalin for histopathological evaluations 
and the other was frozen by liquid nitrogen for assessment of malondialdehyde (MDA, the main product of lipid peroxidation), activity of 
antioxidant enzymes superoxide dismutase (SOD) and glutathione peroxidase (GPX).
Results: Lipid deposition in tunica intimae and media, thickening and structural deformity of vascular tissues as well as the level of 
plasma glucose and aortic tissue levels of lipid peroxidation were significantly increased in diabetic rats compared to control ones (P < 
0.05). Troxerutin significantly reduced the severity of all vascular histopathological damages in treated versus untreated diabetic rats. In 
addition, treatment of diabetic rats with troxerutin significantly decreased the levels of MDA (5.1 ± 0.3 vs. 9.3 ± 1.2 nmol/mL) (P < 0.01) and 
increased the activity of antioxidant enzyme GPX compared to untreated-diabetic groups.
Conclusions: Troxerutin may reduce the vascular complications and tissue injuries induced by chronic diabetes in rat aorta through 
increasing the activity of tissue antioxidant system and reducing the level of lipid peroxidation.
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1. Background
Diabetes is considered as an important risk factor for 

the development of cardiovascular complications and 
vascular diseases, which are considered as the leading 
cause of mortality in individuals with diabetes (1-3). It 
has been suggested that both conduit and resistance 
arteries such as aorta are not functional in diabetes and 
impairment of endothelial function underlies both mi-
cro- and macro-vascular complications of diabetes (4, 5). 
The underlying mechanisms of these complications are 
complex; however, it is believed that the production of 
reactive oxygen species (ROS) and oxidative stress play an 
important role (6-8). Lipid peroxidation and overproduc-
tion of ROS including O2

- and H2O2 have been reported 
in aorta of diabetic rats, leading to formation of cell 
membrane-damaging compounds and glycosylation of 
proteins which have been associated with vascular dys-
functions in diabetes (3, 5, 9).

Using new potent therapeutic regimens containing 
natural materials in the treatment of metabolic complica-
tions can be interesting because of their multipotent po-
tentials, safety and lower adverse effects (10). Troxerutin, 
also known as vitamin P4, is a tri-hydroxyethylated deriva-
tive of natural bioflavonoid rutins found in tea, coffee, ce-
reals, fruits and vegetables (11, 12). It can be easily absorbed 
by gastrointestinal system and has a variety of biological 
activities including anti-oxidative, anti-inflammatory and 
anti-thrombolytic properties (13, 14). Previous experiments 
confirmed tissue protective effect of troxerutin in kidney 
(15), liver (16) and brain (17, 18) injuries. Furthermore, this 
material is used in the treatment of varicose veins, chronic 
venous deficiency and edemas due to traumatic veins (19). 
However, to our knowledge, it has not yet been reported 
that troxerutin could attenuate vascular damage in dia-
betic models.
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2. Objectives
Regarding its potential effects in controlling cardiovas-

cular diseases and diabetes, and considering the antioxi-
dant potential of this material, the aim of this study was 
to evaluate whether troxerutin affect diabetes-induced 
aortic damages and to explore its mechanism of action. 
Therefore, we hypothesized that troxerutin might reduce 
aortic histopathological damages induced by diabetes 
through attenuating oxidative stress and suppressing 
lipid peroxidation.

3. Materials and Methods

3.1. Animals and Materials
Thirty-two adult male Wistar rats weighing 250-300 

grams were used in this study. Animals were kept in poly-
propylene cages and experienced a 12-hour light/12-hour 
dark, 50% humidity and temperature of 25°C and had free 
access to food and water. This study was performed in ac-
cordance with the Guide for the Care and Use of Labora-
tory Animals published by the US National Institutes of 
Health (NIH publication No 85-23, revised 1996) and was 
approved by the local university animal care committee. 
Troxerutin was purchased from Sigma (St. Louis, MO, USA) 
and all other chemicals and reagents were obtained from 
commercial sources in the highest quality available.

3.2. Experimental Design and Induction of Diabe-
tes

The animals were randomly divided into four groups (n 
= 8/each) as: group I: control (C), group II: control with 
troxerutin (C + TXR), group III: diabetic (D), and group IV: 
diabetic with troxerutin (D + TXR). Diabetes was induced 
by a single intraperitoneal (ip) injection of streptozoto-
cin (STZ; 50 mg/kg; dissolved in 0.1 molar citrate buffer 
with pH 4.5). The control rats were received the same 
amount of citrate buffer alone. Development of diabe-
tes was confirmed by measuring blood glucose levels, 
72 hours later. Animals with blood glucose levels higher 
than 16.65 mmol/L (300 mg/dL) were considered diabetic 
and those with blood glucose levels lower than this val-
ue were excluded from the experiment (20, 21). After six 
weeks of STZ injection, troxerutin (150 mg/kg/day) was 
administered orally, once daily for four weeks (22-24). Af-
ter 10 weeks of induction of diabetes, diabetic animals as 
well as the time-matched controls were killed and aortic 
samples were collected.

3.3. Sampling and Tissue Processing
After overnight food deprivation, blood glucose of rats 

was measured using a glucometer and then the animals 
were anesthetized with an intraperitoneal injection of 
ketamine/xylazine (60/10 mg/kg). The thoracic aorta was 
immediately removed and rinsed in a cold saline and 

weighed. The aortic tissue was divided into two parts; 
one part was frozen by liquid nitrogen and stored in a 
-80 °C refrigerator until biochemical assays and the other 
part was immersed in 10% formalin for histopathological 
evaluations.

3.4. Histopathological Assessment of the Aorta
For histopathological studies, some parts of the aortic 

tissue was isolated and placed in 10% formalin solution, 
dehydrated in ethanol and cleared in xylene and embed-
ded in paraffin. After tissue processing steps, several seri-
al sections of aorta (5 µm thicknesses) were prepared and 
stained by Hematoxylin & Eosin (H&E) for microscopic 
observations and studies. The thickness of media tunica 
was measured using Motic Images version 2.0 and light 
microscope. The stained sections were also evaluated by 
a blind histologist for subendothelial thickness, deposi-
tion of lipids in tunica intimae and media and morphol-
ogy, density of the smooth muscle cells and changes were 
quantified according to the 4-grade scoring schedules 
(Table 1).

3.5. Preparation of Tissue Homogenates
Aortic samples were homogenized in lysis buffer at pH 

7.4 in the presence of protease inhibitor cocktail (104 
mM AEBSF, 0.08 mM aprotinin, 2 mM leupeptin, 4 mM 
bestatin A and 1.4 mM E-64) (Sigma-Aldrich, St Louis, MO) 
with a Polytron PT-10/ST homogenizer. Then, the homoge-
nate was centrifuged at 10000 rpm for 10 minutes at 4 °C. 
The supernatants were removed from the homogenates 
and quickly frozen at -80 °C until determination of lipid 
peroxidation marker and anti-oxidative enzymes. Pro-
tein concentration of supernatant was estimated using 
the Bradford technique.

3.6. Lipid Peroxidation Measurement: Malondial-
dehyde

Lipid peroxides are unstable and decompose to form a 
series of compounds including reactive carbonyl com-
pounds. Polyunsaturated fatty acid peroxides generate 
malondialdehyde (MDA) and its measurement has been 
used as indicator of lipid peroxidation, which is analyzed 
by measuring thiobarbituric acid reactive substances 
(TBARS) in homogenates. Briefly, the samples (250 µL) 
were mixed with 1 mL 10% trichloroacetic acid (TCA) and 1 
mL of 0.67% thiobarbituric acid. Then samples were heat-
ed in a boiling water bath for 15 minutes and then n-butyl-
alcohol (2:1 v:v) was added to the solution. After centrifu-
gation (3500 g, 5 minutes) at room temperature, TBARS 
was determined from the absorbance at 535 nm, using 
a spectrophotometer (Pharmacia Biotech; England) and 
the values obtained were expressed as nmol per 100 mg 
tissue protein (25, 26). The intra- and inter-assay coeffi-
cients of variations on measurements performed on the 
same sample were less than 5% and 7%, respectively.
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3.7. Measurement of Superoxide Dismutase
Superoxide dismutase (SOD) activity was determined 

using a RANSOD kit (Randox Crumlin, UK). SOD activ-
ity was measured at 505 nm by a spectrophotometer. 
In this method, xanthine and xanthine oxidase were 
used to generate superoxide radicals able to react with 
2-[4-iodophenyl]-3-[4-nitrophenol]-5-phenyl tetrazolium 
chloride (ITN) to form a red formazan dye. Concentra-
tions of substrates were 0.05 mmol/L for xanthine and 
0.025 mmol/L for ITN. SOD activity was measured by the 
degree of inhibition of this reaction. After calculating the 
percent of inhibition using related formula, SOD activ-
ity was calculated by comparing with the standard curve 
and was expressed as U/mg protein (20, 27). The inter-
sample coefficient of variation and intra-assay variation 
were less than 8%.

3.8. Measurement of Glutathione Peroxidase
Glutathione peroxidase (GPX) activity was determined 

using a RANSEL kit (Randox Crumlin, UK). GPX catalyzes 
the oxidation of glutathione (at a concentration of 4 
mmol/L) by cumene hydroperoxide. In the presence of 
glutathione reductase (at a concentration ≥ 0.5 units/L) 
and 0.28 mmol/L of NADPH, oxidized glutathione is 
immediately converted to the reduced form with con-
comitant oxidation of NADPH to NAD+. The decrease in 
absorbance at 340 nm (37°C) was measured using a spec-
trophotometer, then GPX concentration was calculated 
and expressed as U/mg protein (20, 27). The coefficient of 
variation for intra-assay and inter-assay were 7% and 8%, 
respectively.

3.9. Statistical Analysis
All numerical data was reported as mean ± SD. The his-

topathological parameters were analyzed using non-
parametric Kruskal-Wallis and differences of biochemi-
cal parameters between the groups were analyzed using 
one-way ANOVA followed by Tukey’s test. P value less than 

0.05 was considered statistically significant.

4. Results

4.1. Histopathological Findings
Histopathological examination of the aortic sections in 

control group revealed some lesions in tunica intimae 
and tunica media. In tunica intimae, certain lipid deposi-
tion led to thickening of subendothelial layer along with 
endothelial denudation in some limited areas. Less lipid 
deposition and deformity of smooth muscle cells were 
visible in tunica media in control rats (Figure 1 A).

In aortic sections of control rats receiving troxerutin, 
the thickening of subendothelial layer and lipid deposi-
tion were lesser than those of control rats. The view of 
smooth muscle cells (SMCs) showed relatively normal 
morphology with normal arrangement of the fibers (Fig-
ure 1 B). Therefore, it seems that troxerutin may put some 
improving effects on the age-dependent aortic histologi-
cal alterations in control rats (Table 2).

On the other hand, there was a more severe injury in 
the aortic tissue of diabetic rats compared with other 
groups, so that the lipid deposition in tunica intimae 
was extensive and voluminous. In addition, infiltration 
of macrophages-monocytes and endothelial denuda-
tion were substantial in tunica intimae of diabetic rats. 
The histopathological findings in tunica media of dia-
betic aorta were consisted of excessive lipid deposition, 
increased thickening of media along with disruption of 
media structure and deformity of SMCs with appearance 
of cells swelling and nuclear pyknosis (Figure 1 C).

Finally, in diabetic rats receiving troxerutin, the sever-
ity of histopathological alterations was relatively less 
than those of diabetic rats. Lipid depositions in tunica 
intimae and tunica media were attenuated in troxeru-
tin-treated diabetic rats compared with untreated dia-
betic rats. Structural disarrangement and deformity of 
smooth  muscle cells in aortic tissue of troxerutin-treated 
diabetic rats were considerably lower than histology of

Table 1.  Grading Systems for Evaluation of Lipid Deposition in Intimae and Media Tunica and Evaluation of Density of Smooth 
Muscle Cells (SMCs) Nuclei

Grading Systems Evaluation Grade

Evaluation of lipid deposition in intimae and media

Less lipid existence in the artery + 1

Moderate lipid existence in the artery ++ 2

Existence of lipid in most part of artery +++ 3

Existence of lipid in all part of artery ++++ 4

Evaluation of density of SMCs nuclei

Mild density SMC nuclei in the artery + 1

Moderate density SMC nuclei in the artery ++ 2

Severe density SMC nuclei in most part of artery +++ 3

Extreme density SMC nuclei in all part of artery ++++ 4
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untreated diabetic aorta (Figure 1 D). Therefore, treat-
ment of diabetic rats with troxerutin significantly re-
duced diabetes-induced aortic injury (Table 2).

4.2. Effect of Troxerutin on Plasma Glucose Level
STZ administration in rats increased blood glucose levels 

significantly compared to control untreated rats. Orally 
administration of troxerutin in control rats had no sig-
nificant effect on lowering blood glucose level. Although 
there was a reduction in blood glucose level of troxerutin-
treated diabetic rats compared with untreated diabetic 
ones, this effect was not statistically significant (Figure 2).

4.3. Lipid Peroxidation Level in Experimental 
Groups

In assessment of MDA level as an index of lipid peroxida-
tion, MDA level in diabetic group was significantly higher 

than that of controls (P < 0.05) (Figure 3). Administration 
of troxerutin for four weeks to diabetic rats significantly 
reduced the level of MDA compared to that of untreated 
diabetic rats (P < 0.01).

4.4. Levels of Antioxidant Enzymes in Experimental 
Groups

The findings of antioxidant enzymes (GPX and SOD) lev-
els in four groups showed that administration of STZ in 
rats to induce diabetes could not significantly alter the 
levels of GPX (Figure 4 A) and SOD (Figure 4 B) in aortic tis-
sue compared with control group. In addition, treatment 
of control rats with troxerutin had no statistically signifi-
cant effect on these enzymes levels. However, administra-
tion of troxerutin in diabetic rats significantly increased 
the tissue level of antioxidant enzyme GPX compared 
with those of diabetic untreated rats (P < 0.1) (Figure 4).

Figure 1. Micrographs of Aortic Tissue Sections Stained With H&E in Diabetic and Control Rats

A, control group; B, control plus troxerutin group; C, diabetic group; D, diabetic plus troxerutin group. Red arrow indicates lipid deposition in tunica 
intimae; blue arrow indicates lipid deposition in tunica media and green arrow indicates macrophage infiltration in tunica intimae.
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Figure 2. Blood Glucose Level (mg/dL) in Diabetic and Control Rats and 
Effect of Troxerutin on It
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* P < 0.01 as compared with control group; C: control; D: diabetes; TXR: 
troxerutin.

Figure 3. The Alteration of MDA Level (nm/mg Protein) in Diabetic and 
Control Rats and Effect of Troxerutin on it
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* P < 0.05 as compared with control group; # P < 0.01 as compared with 
diabetic group; C: control; D: diabetes; TXR: troxerutin.

Figure 4. Alteration of A, Antioxidant Enzymes GPX and B, SOD Levels (U/
mg Protein) in Diabetic and Control Rats and Effect of Troxerutin on Them
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* P < 0.05 as compared with control group; # P < 0.01 as compared with 
diabetic group; C: control; D: diabetes; TXR: troxerutin.

Table 2.  Histopathological Parameters in Aortic Tissue of Dia-
betic and Control Rats and Effect of Troxerutin on Them a,b

Parameters Control C + TRX Diabetes D + TRX

Lipid deposition in 
intimae

2.4 ± 0.4 1.2 ± 0.2 c 4 ± 0.1 c 3 ± 0.03 d

Lipid deposition in 
media

2 ± 0.4 1.3 ± 0.2 3.6 ± 0.2 c 3 ± 0.3

SMCs density in 
media

2 ± 0.3 1 ± 0.2 c 3.2 ± 0.4 2.4 ± 0.2 d

Media thickness. µm 395 ± 19 362 ± 29 547 ± 18 c 422 ± 27 d
a  Abbreviations: C: control, D: diabetes, TXR: troxerutin, SMCs: smooth 
muscle cells.
b  Data are presented as Mean ± SD.
c  P < 0.05 as compared with control group.
d  P < 0.05 as compared with diabetic group.

5. Discussion
In this study, we investigated the effects of troxerutin 

administration on diabetic-induced aortic tissue injuries 
(as a macro-vasculature complication) along with its ef-
fects on oxidative stress levels. STZ-induced diabetes in-
creased aortic tissue damages indicated by higher lipid 
deposition, SMCs density and thickening of blood vessel 
wall, and marked increased oxidative stress and lipid per-
oxidation indicated by increased MDA levels. Treatment 
with troxerutin significantly reduced aortic pathological 
damages induced by diabetes and this effect of troxeru-
tin was accompanied with increased antioxidant enzyme 
(e.g. GPX) levels and reduced lipid peroxidation (MDA 
content) in aortic tissue of diabetic rats.

According to the findings of the present study, admin-
istration of troxerutin in dose of 150 mg/kg daily for four 
weeks could not significantly reduce blood glucose lev-
els in type I diabetic rats, which is in accordance with the 
report of Chung et al. on the effect of troxerutin in STZ-
induced diabetic retinopathy (28). On the other hand, 
Lu et al. found that troxerutin significantly reduced the 
level of blood glucose in type II diabetic rats induced by 
high cholesterol diet (18). Similarly, hypoglycemic effect 
of troxerutin (at the same dose) was recently reported by 
Geetha et al. in mice fed with high fat-fructose diet (22) 
and by Sampath et al. in sucrose-induced type II diabetic 
rats (23). This contrary possibly is related to the type of 
diabetic models used in different experiments. It can be 
supposed from these different findings that troxerutin 
may have no effect on pancreatic beta cells and insulin se-
cretion and subsequent changes in blood glucose levels 
in STZ-induced type I diabetic models. In our study, beta 
cells were destructed by STZ, which makes the cells less 
active leading to poor sensitivity of insulin for glucose 
uptake by tissues and results in chronic hyperglycemia 
(20). In type II diabetes, beta cells are intact and therefore 
troxerutin may facilitate insulin secretion and/or its sig-
naling leading to uptake of glucose from the blood; this 
represents the most important process to regulate glu-
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cose homeostasis (23). Evidence supporting this hypothe-
sis is that in type II diabetes, administration of troxerutin 
decreased the blood glucose level as a result of improved 
insulin sensitivity and activity of insulin signaling mole-
cules (22, 23). However, further studies are needed to get a 
precise and clear conclusion in this regard and about the 
underlying mechanisms related to insulin-sensitizing ef-
fect of troxerutin.

Although, troxerutin is used in the treatment of vari-
cose veins and chronic venous insufficiency (19), its pre-
cise effects and mechanisms on vascular complications 
have not been investigated thoroughly in both normal 
and diabetic conditions. In this study, we found the de-
velopment of vascular structural and pathological ab-
normalities in diabetic rat aorta. Nevertheless, troxerutin 
significantly reduced endothelial denudation and lipid 
deposition both in intimae and media of diabetic aorta, 
inhibited infiltration of inflammatory cells, appearance 
of tissue pyknotic nuclei and intercellular swelling and 
edema, and decreased deformity of vascular SMCs in the 
aorta of STZ-induced diabetic rats. It has been reported 
that troxerutin can improve vascular physiology through 
limiting abnormal leakage of varicose veins and attach-
ment of platelets in endothelial cells (15, 19), as well as 
restoring diabetes-induced alterations of capillary struc-
ture in retinal vasculature, along with normalizing the 
expression levels of vascular endothelial growth factor 
(28). These findings suggest that treatment with troxeru-
tin restores vascular structural and functional integrity 
and histopathological alterations in diabetic and other 
pathological conditions.

Development of oxidative stress is one of the major 
events for diabetic complications of vascular system and 
hyperglycemia has been suggested to be a key player in 
mediation of this oxidative stress effect on impairment 
of vascular integrity (3, 7). In mechanistic insight onto 
troxerutin effects, we showed that troxerutin reduced di-
abetes-associated marked increase in aortic lipid peroxi-
dation marker, TBARS (assayed by MDA) in diabetic aorta, 
demonstrating the antioxidative activity of this agent 
in diabetes. In agreement with these results, troxerutin 
significantly improved hepatic lipid homeostasis (24), 
suppressed heart lipid abnormalities (22), ameliorated 
nickel-induced oxidative stress in plasma (29) and pro-
tected D-galactose-induced kidney, liver and brain inju-
ries (15-18); all of them through its specific antioxidative 
potential and inhibiting the oxidative stress markers. 
Even though, we could not measure direct generation of 
ROS and oxidant anions such as O2

- or OH- radicals and 
this is one of the limitations of this study, instead, we 
assessed aortic levels of endogenous antioxidants SOD 
and GPX, which indirectly indicate the oxidation status. 
As mentioned above, MDA-lowering effect of troxerutin 
was associated with its influence on GPX level in diabetic 
aorta, supporting its antioxidation mechanism. Howev-
er, the levels of antioxidant enzymes remained approxi-
mately unchanged in diabetic rats compared to controls; 

this may be due to compensatory increase in the activity 
of defensive system in response to overproduction of ROS 
induced by hyperglycemia. Nevertheless, increased levels 
of MDA along with unchanged levels of enzymes suggest 
the imbalance between ROS generation and defensive an-
tioxidation system leading to peroxidative injury in dia-
betic aorta compared to controls.

Lipids in the plasma membranes of cells, mitochondria 
and endoplasmic reticulum as well as proteins and nu-
cleotide acids inside the cells are the main targets of ROS 
to generate peroxidation end products, which can be tox-
ic to cells (4, 30). Superoxide anion is a primary precur-
sor of ROS and can be converted to H2O2 by SOD (4). This 
enzyme along with GPX could reverse the endothelial 
dysfunction of diabetic artery. GPX converts H2O2 to wa-
ter and lipid peroxides to their corresponding alcohols 
(4, 7). Detoxification of secondary oxidation products is 
vital and GPX plays an important role in reducing lipid 
peroxides (4). However, some previous studies demon-
strated that SOD was ineffective (6, 31) and inhibition of 
hydroxyl radical formation would be more potent that 
SOD in mediation of aortic endothelial dysfunction in 
STZ-induced diabetic rats (32); these discrepancies might 
be attributed to differences in species and mechanisms 
of dysfunction in various vascular beds or variation in ex-
perimental conditions (6).

It is believed that lowering the blood glucose would 
inhibit the ROS injury and related vascular complica-
tions in diabetes (3, 4, 30). However, beneficial effects of 
troxerutin on aortic tissue were not associated with its 
effect on hyperglycemia in our model of STZ-induced 
diabetic rats; therefore, these are likely due to the effects 
other than a hypoglycemic mechanism. To support this 
finding, restoration of normoglycemia could not reduce 
upregulation of free radical generation and vascular dys-
function in diabetic mice and human endothelial cells (3, 
33). Indeed, hyperglycemia-induced tissue damages were 
shown to be mediated via several mechanisms, including 
increased formation of advanced glycation end-product 
(AGE), activation of PKC isoforms, endoplasmic reticu-
lum stress, mitochondrial dysfunction, apoptosis, as well 
as ROS formation (7, 30, 34). One of the main causes of 
ROS production and thereby structural and functional 
changes in vasculature in the setting of hyperglycemia 
is activation of PKC and its downstream targets such as 
NF-κB and vascular adhesion molecules (30-33). We did 
not investigate the mechanisms of troxerutin-induced 
reduction in oxidative stress, but it can be assumed that 
troxerutin may inhibit over-activation of PKC or its tar-
gets in diabetic aorta. Along these lines, troxerutin has 
been shown to reduce the production of AGEs, block the 
endoplasmic reticulum stress pathway and inhibit the 
activation of inflammatory pathway JNK1/IKKb/NF-κB 
in the hippocampus of mice fed a high-cholesterol diet 
(14, 18). On the other hand, inflammation is one of the 
mechanisms often associated with oxidative stress (15, 
35). Troxerutin has also blocked D-galactose-induced in-
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crease in the levels of inflammatory markers p65, COX2 
and iNOS in renal and hepatic tissues of diabetic rats (15, 
16). Therefore, one may attribute the beneficial effects of 
troxerutin observed in this study to its multimechanistic 
actions that are not directly related to its hypoglycemic 
or SOD-stimulating activities (16, 23).

Study limitations: we could not perform direct measure-
ment of ROS and oxidant anions generation instead of an-
tioxidative enzymes, did not investigate the mechanisms 
of troxerutin-induced reduction in oxidative stress and 
did not evaluate the expression levels of glucose trans-
porters in rat aorta. The results of all these might help us to 
better understanding and clear elucidation of troxerutin 
effects on diabetic aorta. Therefore, these remarks would 
be suggested as the targets of future investigations.

In conclusion, our study suggested that troxerutin has 
a therapeutic potential in preventing diabetic vascular 
abnormalities and pathological damages in rat aorta, 
which might be mediated partly through reduction in 
lipid peroxidation and improvement in endogenous an-
tioxidative activity and subsequent inhibition of oxida-
tive stress.
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