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Abstract The dysfunction and further damage of endo-

thelium play an important role in the development and

progression of diabetic vascular complications. Protein

tyrosine nitration is involved in endothelial cell injury

induced by high glucose. Little is known about protein

nitration in human umbilical vein endothelial cells

(ECV304) induced by high glucose. In the present article,

exposure of ECV304 to 30 mM high glucose (HG30) and

40 mM high glucose (HG40) or hemin–nitrite–H2O2 sys-

tem for 72 h, the cell injury in ECV304 induced by high

glucose and exogenous nitrating agent was studied. After

72 h treatment, it was found that high glucose stimulated

ECV304 injury in a dose-dependent manner, including

reducing cell viability, increasing malondialdehyde (MDA)

content, decreasing glutathione (GSH) content, increasing

intracellular reactive oxygen species (ROS), increasing the

production of nitric oxygen (NO) (increased nitrite content

in cell and nitrate content in medium) and generating

protein tyrosine nitration. It was also found that protein

tyrosine nitration could induce cell injury further. By

comparison the protein tyrosine nitration induced by high

glucose condition and extrinsic factors (hemin–nitrite–

H2O2 system), it may be speculated that protein is nitrated

selectively to generate nitrotyrosine in diabetic vascular

complications.
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Abbreviations

GSH Glutathione

HG30 30 mM high glucose

HG40 40 mM high glucose

MDA Malondialdehyde

NG Normal glucose

NO Nitric oxygen

NT Nitrotyrosine

PGI2 Prostaglandin I2

PI3 Phosphatidyl inositol 3

ROS Reactive oxygen species

S.D Standard deviation

Introduction

The endothelium is believed to be not only a semiperme-

able barrier between the blood and the interstitium to

facilitate the exchange of water and small molecules, but

also participates in metabolic, synthetic, and regulatory

pathways [1]. Endothelial dysfunction is a form of vascular

damage, which participates in type 1 and type 2 diabetes.

The dysfunction and further damage of endothelium play
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an important role in the development and progression of

diabetic microangiopathy and macroangiopathy [2, 3]. The

relationship between endothelium dysfunction and diabetic

complications has been reviewed. Cosentino et al. sum-

marized endothelial dysfunction in diabetic patients and

animals, then they demonstrated that hyperglycemia may

induce endothelial dysfunction [4], while Pănuş et al. [5]

indicated that other factors also resulted in endothelial

dysfunction besides hyperglycemia. Among those factors

which contribute to endothelium dysfunction of type 2

diabetic patients, hyperglycemia [6–10] and oxidative

stress [11–13] are found to be critically important.

Hyperglycemia can produce oxidative stress and ultimately

acute endothelial dysfunction in blood vessels of diabetic

patients [14]. In the pathogenesis of diabetes and diabetic

complications, high glucose promoted mitochondrial

reactive oxygen species (ROS) production [15], then ROS

participated in diabetic angiopathy [16].

Nitric oxide (NO) is the best-characterized vasodilator,

which leads to physiological vasodilation and the relaxa-

tion of smooth muscle cells. NO participates in both type 1

[17] and type 2 diabetes [18, 19]. The overproduction of

NO would react with oxygen-free radicals and produce

more potent oxidants to damage proteins under oxidative

stress condition, such as nitrating tyrosine residues to

generate nitrotyrosine (NT), which has been found in dia-

betes [20–22] and other diseases [23–28]. The bioactivity

of NO would decrease when endothelial dysfunction hap-

pens. The decrease of NO mostly comes from the increase

of ROS production. ROS would react with NO to generate

more active species, especially peroxynitrite, to damage

proteins and lipids. Under high glucose condition, the

presence of nitrotyrosine in endothelial cells of diabetes

suggested a possible involvement of peroxynitrite in the

development of diabetes and diabetic vascular complica-

tions [14, 20, 29].

It is generally accepted that hyperglycemia can generate

ROS in diabetes and diabetic complications. A little is

known about tyrosine nitration in endothelial cell under

high glucose condition. Zou et al. [28] have demonstrated

that high glucose could result in tyrosine nitration of

prostaglandin I2 (PGI2) synthase in human aortic endo-

thelial cells (HAECs). Moreover, El-Remessy et al. [30]

have studied high glucose-induced tyrosine nitration of

PI3-kinase in retinal endothelial cells. Though human

umbilical vein endothelial cells (HUVECs) are an abun-

dant and easily accessible endothelial cell type, no

investigation about tyrosine nitration has been found in

HUVECs. The aim of this study is to evaluate: (1) whether

high glucose induces human umbilical vein endothelial

cell (ECV304) injury; (2) whether the nitrated proteins

induced by high glucose are different from other exoge-

nous species.

Materials and methods

Reagents

Rabbit polyclonal antibody against 3-NO2-Tyr, D-glucose,

ferriprotoporphyrin IX (hemin), o-phthalaldehyde (OPA),

butylated hydroxytoluene (BHT), sodium nitrite (NaNO2),

and Glucose oxidase (GOx) were purchased from Sigma;

newborn calf bovine serum (CBS), Dulbecco’s Modified

Eagle Medium (DMEM, high glucose, 5.6 mM, for cell

culture), Trypsin, HEPES, and 3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenylte-trazolium bromide (MTT) were pur-

chased from Gibco BRL (Gaithersburg, MD, USA);

penicillin G and streptomycinsulfate were purchased from

Amersco; ROS detection kit was purchased from Beyotime

Company (Jiangsu, China).

Cell culture

Human umbilical vein endothelial cells (ECV304, pur-

chased from CCTCC, Wuhan, China) was cultured in

Dulbecco’s Modified Eagle Medium (DMEM, high glu-

cose, 5.6 mM) containing 10% (v/v) newborn calf bovine

serum (CBS), 100 U/ml penicillin G, and 100 lg/ml

streptomycinsulfate in a humidified atmosphere with 5%

CO2 at 37�C. Cells were exchanged medium and passaged

every 3 days. Cells were used for experiments within eight

passages to ensure cell line stability. Cells were passaged

into 24-well culture dishes, 6-well culture dishes, 35 mm

Petri dishes or 10 cm culture dishes, and were serum-

starved for 24 h in DMEM when the cells had reached

subconfluence. Cells were cultured in normal glucose (NG)

(Blank group, 5.6 mM glucose), high glucose (Control

group, NG supplemented with 30 mM glucose (HG30) and

40 mM glucose (HG40), respectively), and/or hemin–

nitrite–H2O2 system (Control group) for 72 h. Hemin was

dissolved in DMSO as 10 mM stock solution and diluted to

1 mM with culture medium before used. Glucose (G)-

glucose oxidase (GOx) system was used to produce H2O2,

in which H2O2 was generated in situ [31] (in this study, the

H2O2 production was about 3 lM/min). Control cells

received an equivalent amount of DMSO (the final con-

centration of DMSO did not exceed 0.2%).

Determination of cell viability evaluated

as mitochondrial activity

Cell viability evaluated as mitochondrial activity was

quantified by measuring dehydrogenase activity retained in

the cultured cells by using MTT assay [32]. Cells were

plated at a density of 1 9 105 cells/ml in 24-well plates for
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4 parallels and incubated for 1 day. Cells were incubated

for another day in serum-starved DMEM medium before

treated with D-glucose and other drugs. After treatment for

72 h, cells were incubated with 5 mg/ml MTT (40 ll/well)
in PBS for 4 h at 37�C. Then the MTT-containing medium

was removed and the intracellular formazan product was

solved in DMSO for quantification at A570 with a micro-

plate reader.

Determination of lipid peroxidation

The extent of lipid peroxidation in ECV304 cells treatedwith

D-glucose was assessed according to the methods published

before [33]. ECV304 cells were seeded at 1 9 105 cells/ml

in Falcon 6-well plates and D-glucose was added. After

washing twice with cold phosphate buffer (pH 7.4) before

harvest, cells were scraped into 1.0 ml of 0.1 M phosphate

buffer (pH 7.4). The cell suspension was homogenized by

gentle sonication at 0�C, then centrifuged for 10 min at

8,000g (4�C). The final assay mixture contained 80 ll of the
supernatant, 80 ll 20% (w/v) trichloroacetic acid (TCA),

200 ll 0.6% thiobarbituric acid (TBA), 20 ll 1% butylated

hydroxytoluene (BHT), and 20 ll 1% sodium dodecyl sul-

fate (SDS). After thorough mixing, the mixture was heated

in boiling water bath for 60 min, cooled down by tap water,

and then 1 ml of n-butanol was added, mixed vigorously for

30 s, centrifuged, the supernatant was recorded at 532 nm.

2-thiobarbituric acid-reactive substances values were cal-

culated from the molar extinction coefficient of the

MDA-TBA complex of 1.56 9 105 cm-1 M-1.

Determination of the intracellular GSH content

Samples for measuring GSH were processed according to

the methods in Hissin et al. [34] with some modifications

by Jiao et al. [35]. Briefly, ECV304 cells were seeded at

1 9 105 cells/ml in Falcon 6-well plates and D-glucose was

added. After washing twice with cold phosphate buffer (pH

7.4) before harvest, cells were scraped into 1.0 ml of 0.1 M

phosphate buffer (pH 8.3) containing 5 mM ethylene dia-

mine tetraacetic acid (EDTA). The cell suspension was

homogenized by gentle sonication at 0�C, then centrifuged

for 10 min at 8,000g (4�C). The final assay mixture con-

tained 50 ll of the supernatant, 50 ll (final concentration
50 lg/ml) of the o-phthalaldehyde solution, and 900 ll of
phosphate EDTA buffer (pH 8.3). After thorough mixed

and incubated at room temperature for 30 min, diluted with

1.0 ml phosphate EDTA buffer (pH 8.3), the fluorescence

was read at an emission wavelength of 420 nm and an

excitation wavelength of 350 nm. The content of GSH in

cells was gained by the standard curve of GSH.

Determination of intracellular reactive oxygen species

(ROS)

The level of intracellular reactive oxygen species (ROS)

was determined on the basis of the oxidative conversion of

cell permeable 20,70-dichlorofluorescein diacetate (DCFH-

DA) to fluorescent dichlorofluorescein (DCF) upon reac-

tion with hydroxyl radical, hydrogen peroxide, or

peroxynitrite [36]. Briefly, cells in 35 mm petri dishes were

incubated with control media or HG30 and HG40 for 72 h.

Then cells were washed twice with cold PBS (pH 7.4) and

incubated with DCFH-DA at room temperature for 30 min

in dark. Fluorescent signal was recorded by using a fluo-

rescence microscopy (488 nm filter; OLYMPUS IX-71,

Japan). The fluorescence intensity of eight fields per dish

was measured and the reactive oxygen species (ROS) level

was quantified by measurement of fluorescence intensity

with WinView32 software. Three parallel experiments

were performed. Results were shown as the mean value.

Determination of nitrite/nitrate concentration

The level of NO induced by D-glucose was determined

indirectly as the content of nitrite and nitrate by using

capillary electrophoresis (CE, Beckman P/ACETM MDQ,

USA). Briefly, ECV304 cells were seeded at 1 9 105 cells/

ml in Falcon 6-well plates and D-glucose was added for

72 h. Culture medium was precipitated with identical

volume of TCA (20%). After mixed vigorously for 30 s,

the mixture was centrifuged for 15 min at 8,000g. The

supernatant was used to determine the content of nitrate in

medium.

After D-glucose treatment, cells in dishes were washed

twice with cold PBS (pH 7.4) and collected. The cell

suspension was centrifuged for 15 min at 4,000g (4�C).
The precipitate was washed twice with cold PBS (pH 7.4)

and centrifuged. The precipitate was dissolved with 200 ll
PBS. Then the cell suspension was applied to froze-thaw-

ing circle for three times, homogenized by gentle

sonication at 0�C and centrifuged for 15 min at 4,000g

(4�C). The supernatant was used to determine the content

of nitrite in cells.

Protein nitration detected by Western blotting

Protein nitration in ECV304 cells induced by HG30 and

HG40 and hemin–nitrite–H2O2 system was detected by

western blotting. Briefly, after treatment cells in 10 cm petri

disheswere collected, and lysed in cell lysate (100 mMTris–

HCl, pH 8.0; 0.15 mM NaCl; 1 mM EDTA; 1 mM phenyl-

methane sulfonate fluoride (PMSF); 10 lg/ml aprotinin;
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10 lg/ml leupeptin; 1% Tween-20). The protein contents

were measured as Peterson (Peterson, 1977) described. Then

80 ll aliquots were mixed with 20 ll 5 9 sample loading

buffer, heated at 100�C for 3 min, and loaded on 10% sodium

dodecyl sulfate-polyacrylamide gels (SDS-PAGE) for elec-

trophoresis and staining.After electrophoresis, proteinswere

transferred to nitrocellulose membrane and immunoblotted

with a rabbit polyclonal antibody against 3-nitrotyrosine.

The antibody was detected using an anti-rabbit secondary

antibody conjugated with horseradish peroxidase. Chemi-

luminescence was used to identify specific proteins

according to the ECL system (Pierce).

Statistical analysis

Experimental values were means ± S.D. of the numbers of

experiments indicated in the legends. Significance was

assessed by using the one way ANOVA test (P\ 0.05 as

significant).

Results

Effects of high glucose on cell viability

Cell viability was detected by MTT assay. As shown in

Fig. 1, HG30 and HG40 both significantly decreased

ECV304 cell viability, indicating that high glucose could

reduce cell viability.

Effect of high glucose on cell lipid peroxidation

Lipid peroxidation was estimated by free 2-thiobarbituric

acid-reactive substances production. Exposure of cells to

HG30 and HG40 led to a significant increase in MDA

content (Fig. 2). The increase of MDA content was con-

comitant with the increase of D-glucose concentration

(MDA40mM[MDA30mM).

Effect of high glucose on intracellular GSH level

GSH is an important cellular antioxidant. The GSH

depletion predicates the redox imbalance which would

induce oxidative injury. As shown in Fig. 3, high glucose

induced a distinct decrease in intracellular GSH content,

and the max decrease reached almost 100%. The more the

concentration of D-glucose increased, the more the GSH

content depleted.

Effect of high glucose on intracellular reactive oxygen

species (ROS)

High glucose significantly increased the intracellular level of

ROS in a dose-dependent manner as measured by DCF

fluorescence (Fig. 4), and the max increase reached almost

85%.
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Fig. 1 Effect of high glucose medium on cell viability. Cells were

cultured in culture medium containing different contents of glucose

for 72 h, and then cell viability was evaluated by using MTT assay

after treatments. Values are means ± S.D. of four determinations.

Blank represents the group of cell with NG; Control (30 mM) and

Control (40 mM) represent the group of cell with HG30 and HG40

respectively. **P\ 0.01 compared to Blank group

0.20

0.21

0.22

0.23

0.24

0.25

0.26

0.27

0.28

0.29

0.30

Blank  HG30 HG40

*

noc eht
t

o tn e
f

 dip il 
oitadixorep
n

M( 
D

A
mn ,

m/lo
g

)torp

**

Fig. 2 Lipid peroxidation in ECV304 cells induced by HG30 and

HG40. Values are means ± S.D. of four determinations. Blank

represents the group of cell with NG; Control (30 mM) and Control

(40 mM) represent the group of cell with HG30 and HG40

respectively. *P\ 0.05, **P\ 0.01 compared to Blank group
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Intercellular nitrite/nitrate concentration after high

glucose treatment

High glucose-treated endothelial cells would generate

reactive nitrogen species, such as NO. To investigate the

effect of high glucose on the formation of NO, we

determined the levels of nitrite and nitrate, the oxidized

product of NO, in cells lysate supernatant and in culture

medium respectively by capillary electrophoresis. As

shown in Fig. 5a, exposure of ECV304 to HG30 and

HG40 significantly increased the content of nitrate in

medium (Fig. 5a). The max increase reached almost 25%.

Compared with cells under NG, the content of nitrite in

supernatant of cells cultured in HG30 and HG40 also

significantly increased and the increase reached 40%

(Fig. 5b).

Effects of hemin–nitrite–H2O2 system on cell viability

In order to distinguish the injury between oxidation and

nitration induced by hemin–nitrite–H2O2 system, we

detected the cell viability induced by hemin–H2O2 with

or without nitrite. We could find that hemin–H2O2 sys-

tem at the given concentration significantly decreased

the cell viability, but nitrite at the concentration of

0.75 mM had no significant influence on cell viability.

However, the addition of nitrite significantly augmented

the injury in ECV304 cells induced by hemin–H2O2

system (Fig. 6).

Effects of high glucose or hemin–nitrite–H2O2 system

on cellular protein tyrosine nitration

Cells were treated with HG30 and HG40 or hemin–nitrite–

H2O2 system, then protein tyrosine nitration was detected

by western blotting using anti-3-NT antibody. After high

glucose treatment, the intensity of those original nitroty-

rosine epitopes increased, especially those proteins with

molecular masses of *34, 43, and 50 kDa, which dem-

onstrated that high glucose increased tyrosine nitration in

cell protein (Fig. 7).

Tyrosine nitration in cell protein induced by hemin–

nitrite–H2O2 system was shown in Fig. 8, from which we

could find hemin–nitrite–H2O2 system selectively increase

tyrosine nitration in cell protein. As shown in Fig. 8, in

normal cells, nitrotyrosine epitopes were detected in pro-

teins with molecular masses of*23, 25, 30, 34, 50, 66, 84,

125 and 140 kDa with faint bands at *43 and 72 kDa

(Fig. 8a, lane 1). In hemin–nitrite–H2O2 system-treated

(Fig. 8a, lane 7) ECV304, roughly three additional proteins

displayed evidence of tyrosine nitration (Fig. 8a, *11, 17,

and 20 kDa). Moreover the intensity of those original

nitrotyrosine epitopes increased, especially those proteins

with molecular masses of *23, 25, 30, 34, 43, 50, and

66 kDa.

Discussion

The dysfunction and further damage of endothelium play

an important role in the development and progression of

diabetic microangiopathy and macroangiopathy [37–39].

Diabetic vascular complications have a close association

with the increase of glucose in body fluid. Hyperglycemia

can produce oxidative stress and ultimate acute endothelial

dysfunction in diabetic patients. High-glucose condition

reduced cell viability and induced apoptosis in human aorta

endothelial cells (HAECs), which would contribute to

macrovascular complications associated with diabetes [40].

Thus, we tested whether high glucose condition could

reduce cell viability and induce cellular oxidative damage

in ECV304. Fig. 1 showed that exposure of cultured

ECV304 to high glucose for 72 h could significantly reduce

cell viability (Fig. 1), suggesting high glucose could induce

cell injury.

Of note, high glucose condition can generate oxidative

stress in living body and induce cell injury, including the

participation of free radicals [41, 42] and the breakdown of

antioxidase system [43]. In agreement with these reports, it

was found that high glucose produced oxidative injury,

including increasing the content of MDA (Fig. 2),

decreasing the content of GSH (Fig. 3), and increasing
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Fig. 3 The content of GSH in ECV304 cells induced by HG30 and

HG40. Values are means ± S.D. of four determinations. Blank

represents the group of cell with NG, Control (30 mM) and Control

(40 mM) represent the group of cell with HG30 and HG40

respectively. **P\ 0.01 compared to Blank group
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intracellular ROS (Fig. 4). These results indicated that high

glucose could induce oxidative injury in ECV304.

NO also participates in diabetic complications as one of

the ROS. Myatt et al. [44] found that nitrative stress, which

was subsequent to oxidative stress, was seen in diabetic

patients. It was well accepted that exposure of endothelial

cells to high glucose would produce O2
-, which can quench

NO, reducing the efficacy of the most important vasodilator

and generating the strong oxidant species peroxynitrite, a

potent nitrating agent which will cause protein tyrosine

nitration. We detected the production of NO by determin-

ing the content of nitrite/nitrate in ECV304 cultured in high

glucose medium. As shown in Fig. 5, a significant increase

of the content of nitrite/nitrate in ECV304 was found when

the cells were cultured in high glucose medium. In Fig. 4a,

it was found that high glucose caused a significant increase

of intracellular ROS in ECV304. It is generally accepted

that NO will react with O2
- to generate peroxynitrite. In the

present study, we have found the generation of O2
- and NO

under high glucose condition. Thus the generation of

tyrosine nitration in ECV304, subsequent to the generation

of peroxynitrite, was unavoidable when ECV304 was

exposured to high glucose (Fig. 7). As shown in Fig. 7a, by

comparison with ECV304 treated under NG conditions,
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Fig. 4 (a) The increase of

DCF-fluorescence intensity

induced by HG30 and HG40.

Values are means ± S.D. of

three determinations. Blank

represents the group of cell with

NG, Control (30 mM) and

Control (40 mM) represent the

group of cell with HG30 and

HG40 respectively. **P\ 0.01

compared to Blank group. (b)
The corresponding DCF-

fluorescent picture induced by

HG30 and HG40. The

brightened dot (red arrow)

represents the fluorescence of

ROS. A represents cells with

NG; B represents cells with

HG30; C represents cells with

HG40
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treatment ECV304 with HG30 or HG40 increased the

number and intensity of proteins with nitrotyrosine epi-

topes (molecular mass ranging from *20 to 140 kDa). In

NG cells, nitrotyrosine epitopes were detected in proteins

with molecular masses of *23, 25, 30, 34, 50, 66, 84, 125,

and 170 kDa with faint bands at *43 and 72 kDa (Fig. 7a,

lane 1). In HG30 (Fig. 7a, lane 2) or HG40-treated

(Fig. 7a, lane 3) ECV304, roughly two additional proteins

displayed evidence of tyrosine nitration (Fig. 7a, *40 and

60 kDa). Moreover, the intensity of those original ni-

trotyrosine epitopes increased, especially those proteins

with molecular masses of *34, 43, and 50 kDa. These

results demonstrated that exposure of ECV304 to high

glucose could lead to the generation of tyrosine nitration.

It is well accepted that heme or heme containing pro-

teins could catalyze NO2
-–H2O2 to produce protein tyrosine

nitration, which was the more possible mechanism under

physiological and pathological conditions to produce

tyrosine nitration than peroxynitrite. In order to see if

endogenous tyrosine nitration caused by high glucose is

similar to exogenous tyrosine nitration by nitrating agents

as well as the contribution of tyrosine nitration to cell

viability, we used hemin–nitrite–H2O2 system as exoge-

nous nitrating agent to treat ECV304. As shown in Fig. 6,

the addition of nitrite, although had no effect on cell via-

bility at tested concentration, significantly augmented the

cytotoxicity of hemin–H2O2 on ECV304. The only expla-

nation was that when nitrite was added, protein nitration

happened and caused further injury. At the same time we

also found that hemin–nitrite–H2O2 system could generate

tyrosine nitration in ECV304, which was coincident with

our presumption (Fig. 8). As shown in Fig. 8a, by com-

parison with ECV304 treated under normal condition,

treatment with hemin–nitrite–H2O2 system increased the

number and intensity of proteins with nitrotyrosine epi-

topes (molecular mass ranging from *20 to 170 kDa).

Compared with cytotoxicity induced by high glucose, using

hemin–nitrite–H2O2 system could distinguish the contri-

bution of oxidation and tyrosine nitration to cytotoxicity by

the increase or decrease of nitrite. We have found that

tyrosine nitration could induce further cell injury on the

base of oxidation by adding nitrite in ECV304 (Fig. 6).

Moreover we also found that the increased intensity of
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Fig. 5 (a) The content of nitrate in medium after cells treated with

NG, HG30, and HG40. (b) The content of nitrite in cells after cells

treated with NG, HG30 and HG40. Values are means ± S.D. of four

determinations. Blank represents the group of cell with NG, Control

(30 mM), and Control (40 mM) represent the group of cell with

HG30 and HG40 respectively. *P\ 0.05, **P\ 0.01 compared to

Blank group
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Fig. 6 Effect of hemin–nitrite–H2O2 system on cell viability after

treated for 72 h. The final concentration was: 2 lM hemin (Hemin),

0.75 mM nitrite (Nitrite), 2 mU glucose oxidase (GOx), Hemin–GOx

(H–GOx), and Hemin–nitrite–GOx (H–N–GOx)). Values are

means ± S.D. of four determinations. Blank represents the group of

cell without hemin, Glucose oxidase (GOx) and NO2
-1 *P\ 0.05,

**P\ 0.01 represent the comparison between control group (Nitrite,

Hemin, GOx, H–GOx, H–N–GOx) and blank group; #P\ 0.05

compared to H–GOx group
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nitrotyrosine bands induced by hemin–nitrite–H2O2 system

at *11, 20, 66, and 80 kDa compared with hemin–H2O2

system, which supported the conclusion that tyrosine

nitration induced further cell injury [45].

In Fig. 8a, we found that exogenous hemin–nitrite–

H2O2 system-induced protein tyrosine nitration mainly

were in proteins with molecular masses ranging from *11

to 80 kDa, while endogenous hyperglycemia-induced

Fig. 7 (a) Protein nitration in ECV304 cells treated with HG30 and

HG40 for 72 h. Lane 1, cells with NG. Lane 2, cells with HG30. Lane

3, cells with HG40. (b) The corresponding densitograms of protein

nitration to (a) Densitogram 1, cells with NG. Densitogram 2, cells

with HG30. Densitogram 3, cells with HG40. (c) The changes in

protein nitration density at specific molecular weights. Bar graph a,

50 kDa protein. Bar graph b, 43 kDa protein. Bar graph c, 34 kDa

protein
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protein nitrotyrosine ranging from *23 to 80 kDa.

Meanwhile the intensity of nitrotyrosine bands at *90–

170 kDa both decreased under the two conditions. In our

study the band intensity of protein nitration induced by

hemin–nitrite–H2O2 system aggravated, especially those

proteins with molecular masses of *20, 25, 30, and

34 kDa. These results indicated that some exogenous

nitration species, such as hemin–nitrite–H2O2 system,

could induce protein nitration to further aggravate cell

injury. Our study also indicated that hemin could catalyze

nitrating on those proteins with low molecular masses

(*11, 17, and 20 kDa). With respect to the decreasing

nitration on proteins with molecular weight between 90 and

170 kDa, a further investigation about the mechanism

should be studied.

In summary, our current work have studied: (1) high

glucose stimulated ECV304 injury in a dose-dependent

manner, including reducing cell viability, inducing cell

oxidative injury (increased MDA content, decreased GSH

content, and increased intracellular ROS), increasing the

Fig. 8 (a) Comparison protein nitration between cells with high

glucose and hemin–nitrite–H2O2 system. Lane 1, cells without D-

glucose and hemin–nitrite–H2O2 system. Lane 2, cells with HG30.

Lane 3, cells with HG40. Lane 4, cells with hemin. Lane 5, cells with

nitrite. Lane 6, cells with hemin–GOx. Lane 7, cells with hemin–

nitrite–H2O2. (b) The corresponding densitograms of protein nitra-

tion. Densitogram 1, cells without D-glucose and hemin–nitrite–H2O2

system. Densitogram 2, cells with HG30. Densitogram 3, cells with

HG40. Densitogram 4, cells with hemin. Densitogram 5, cells with

nitrite. Densitogram 6, cells with hemin–GOx. Densitogram 7, cells

with hemin–nitrite–H2O2. (c) The changes in protein nitration density

at specific molecular weights. Bar graph a, 50 kDa protein. Bar graph

b, 43 kDa protein. Bar graph c, 34 kDa protein. Bar graph d, 20 kDa

protein. Bar graph e, 17 kDa protein. Bar graph f, 11 kDa protein
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production of NO (increased nitrite content in cell and

nitrate content in medium), and generating protein tyrosine

nitration; (2) Protein tyrosine nitration could induce further

cell injury; (3) With regard to some proteins, protein

nitration induced by high glucose was similar to those

induced by extrinsic factors (hemin–nitrite–H2O2 system).

The difference between protein tyrosine nitration induced

by high glucose condition and extrinsic factors (hemin–

nitrite–H2O2 system) was that the latter could also generate

protein nitration with low molecular masses (*11, 17, and

20 kDa). Taken together, our results indicated that high

glucose could induce human umbilical vein endothelial cell

injury, which demonstrated that protein nitration was

involved in ECV304 under hyperglycemic condition.

Moreover we found that cell injury could be aggravated

because of protein nitration. By comparison the protein

tyrosine nitration induced by high glucose condition and

extrinsic factors (hemin–nitrite–H2O2 system), it may be

speculated that protein is nitrated selectively to generate

nitrotyrosine in diabetic vascular complications.
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