
INTRODUCTION
The chronic vascular complications of

diabetes, including macrovascular (ather-
osclerosis) and microvascular (nephropa-
thy) diseases, are major causes of mor-
bidity and premature mortality (1,2).
Mounting evidence shows that inflam-
mation and oxidative stress are impor-
tant pathophysiological facts (3–5).

Cyclooxygenase-2 (COX-2) and in-
ducible nitric oxide synthase (iNOS) are
key enzymes in inflammation and oxida-
tive stress, respectively (6). Both are in-
ducible enzymes and have synergistic al-
terations, mediating similar pathological
processes (7). In diabetes, COX-2 and iNOS
can be upregulated and play a key role in
diabetic angiopathy. Interestingly, studies

have shown that COX-2 and iNOS can
bind in vitro, resulting in their enhanced
activity (8,9). However, the potentiality of
the in vivo binding of COX-2 and iNOS,
and the pathophysiological role of their
binding in diabetic angiopathy, are unclear.

Our previous studies demonstrated
that peroxynitrite is a key mediator of di-
abetic complications (10,11). Peroxynitrite
can cause conspicuous nitration to tyro-
sine residue of proteins (11). The product
of protein tyrosine nitration, nitrotyrosine
(NT), is the marker of peroxynitrite-
caused nitration, indirectly reflecting the
formation and localization of peroxyni-
trite (12). Once proteins are nitrated by
peroxynitrite, their structure and func-
tions are altered (13,14). However, the ef-

fect of peroxynitrite-induced nitration of
COX-2 and iNOS on their binding in dia-
betic angiopathy remains unknown.

Recently, it was shown that urate acts
as an endogenous peroxynitrite scav-
enger and can inhibit the action of perox-
ynitrite in causing tyrosine nitration in a
physiological concentration (15–19).

In this study, diabetes was induced
with streptozotocin, and urate was used
as a specific scavenger of peroxynitrite.
The colocalization and binding of COX-2
and iNOS, their nitration level, their ac-
tivity and the pathological changes in the
rat aorta and glomerulus were evaluated
to investigate whether COX-2 and iNOS
bind in vivo, how peroxynitrite-induced
nitration of COX-2 and iNOS affects their
binding and what effect of it contributes
to diabetic angiopathy.

MATERIALS AND METHODS

Animals and Tissue Preparation
The experimental protocol followed the

guidelines established by the Ethics Re-
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view Committee for Animal Experimenta-
tion of Hebei Medical University. A total
of 28 healthy Wistar male rats (407.05 ±
59.51 g) were provided by the Depart-
ment of Experimental Animals of Tongji
Medical College, Hubei province, with
the animal certificate number 19-25. Rats
were divided randomly into three groups:
the diabetes group (n = 10), the diabetes +
urate group (n = 9) and the control group
(n = 9). The former two groups were in-
jected intraperitoneally with streptozotocin
(40 mg/kg, dissolved in 0.1 mol/L citrate
buffer, pH 4.4, freshly made, 10 mg/mL)
to induce diabetes. The control group was
injected with equivalent saline (40 mg/kg).
Three days after injection, diabetes was
confirmed by a concentration of fasting
blood glucose >13 mmol/L, determined
by a glucometer (Johnson, New Bruswick,
NJ, USA), and urine glucose ( + + + or
above), determined by urine glucose test
kits. Rats in the diabetes + urate group
were fed urate solution (160 mg/kg/day)
in a physiological concentration (17), and
others were given equivalent water. After
the rats were raised for 13 wks at room
temperature (20–25°C), body weight and
fasting blood glucose were measured in
the morning. After the rats were killed by
femoral artery bleeding, the aorta and
renal cortex were collected and analyzed
to represent diabetic macrovascular and
microvascular complications. Pieces of
aorta or renal cortex (1 g) were used for
morphological observations and laser
confocal microscopy analysis, and the rest
of the pieces were put into liquid nitrogen
and preserved at –70°C for future molecu-
lar biological measurement.

Morphology of Rat Aorta and
Glomerulus

A segment of aorta or renal cortex was
fixed by 4% paraformaldehyde, followed
with routine dehydration, embedding,
cutting with microtome, dewaxing, hema-
toxylin-eosin (HE) staining or periodic
acid Schiff staining and then observed
under an optical microscope. A segment of
aorta or renal cortex was fixed by 4% glu-
taraldehyde for observation through a
transmission electron microscope (TEM).

The samples were post-fixed in 2% os-
mium tetroxide, dehydrated in an ascend-
ing series of ethanol and embedded in
Epon812. Ultrathin sections were cut on
an LKB-8800 ultramicrotome (LKB,
Bromma, Sweden) and collected on grids.
Sections were stained with uranyl acetate
and lead citrate and evaluated under an
H-500 TEM (Hitachi, Tokyo, Japan). The
number of endothelial cells from 10 visual
fields on HE-stained slides at random in
each group was recorded, and the ratios of
the numbers in the diabetes group and the
diabetes + urate group to those in the con-
trol group were calculated to evaluate en-
dothelial damage. In each group, the
glomerular area of 30 glomeruli on HE-
stained slides was measured using
MetaVue software (MetaVue, Munich,
Germany) to evaluate glomerular hyper-
trophy. Under TEM observation, the thick-
ness of the glomerular basement mem-
brane was measured in five glomeruli
from each group, and 100 measurements
per glomerulus were taken (ASM Leitz,
Wetzlar, Germany).The perpendicular dis-
tance from the endothelial cell boundary
to the epithelial cell boundary of the
glomerular basement membrane was then
measured.

Laser Confocal Microscopy Assay of
Colocalization of COX-2 and iNOS

The aorta or renal cortex was frozen at
–70°C for at least 2 h, cut into 10-μm thick
sections at –20°C and air-dried for 1 h at
room temperature. After being washed
with phosphate-buffered saline (PBS)
three times (5 min per time), the section
was incubated with 3% methanol-dioxy-
gen for 15 min and incubated with 1%
Triton X-100 for 30 min. The section was
then blocked with 10% goat serum for 1 h
and incubated with the primary antibody
(COX-2: rabbit antirat, iNOS: mouse anti-
rat in order, diluted 1:150; Santa Cruz
Biotechnology, Santa Cruz, CA, USA) at
37°C for 2 h, respectively. Then, after
being washed with PBS three times 
(5 min per time), the section was incu-
bated with a combination of the second-
ary antibody (fluorescein isothiocyanate
[FITC]: goat antirabbit; tetramethylrho-

damine isothiocyanate [TRITC]: goat an-
timouse, diluted 1:100; Zhongshan, Bei-
jing, China) at 37°C for 30 min. The sec-
tion was then washed with PBS three
times (5 min per time), and images were
taken during the same intervals and ana-
lyzed with a laser confocal scanning mi-
croscope. To get exact results, negative
controls (PBS instead of the first antibody
and the second antibody) and positive
controls (the first antibody or the second
antibody only) were designed.

Western Blotting Detection of Nitration
of COX-2 and iNOS

A segment of aorta or renal cortex was
homogenized in lysis buffer (20 mmol/L
Tris·Cl, pH 7.5, 100 mmol/L NaCl, 
5 mmol/L MgCl2, 1 mmol/L EDTA, 1%
Triton X-100, 1 mmol/L dithiothreitol,
1 mmol/L phenylmethylsulfonyl fluo-
ride) and centrifuged at 12,092g at 4°C for
15 min. The supernatant was collected,
and its concentration was determined by
the Lowry method. Western blotting was
used to detect COX-2, iNOS and NT con-
tent. The sample (100 μg), diluted in load-
ing buffer and heated at 100°C for 5 min,
was then subjected to electrophoresis on
10% SDS-PAGE at 40 mA. After transfer
of the proteins to a polyvinylidene difluo-
ride membrane, the membrane was
rinsed briefly in PBS and blocked in
blocking buffer (5% bovine serum albu-
min) for at least 1 h. Then, the membrane
was incubated overnight with the pri-
mary antibody (monoclonal rabbit
anti–COX-2 antibody; polyclonal mouse
anti-iNOS antibody; diluted 1:200),
washed with PBST (0.05% Tween-20 in
PBS) three times (10 min per time) and
reacted with the secondary antibody
(COX-2: goat antirabbit; iNOS: goat anti-
mouse; diluted 1:1,000) for 1.5 h at room
temperature. After being washed with
PBST three times (10 min per time), the
membrane was developed with an en-
hanced chemiluminescence kit (Pierce,
Rockford, IL, USA). Then, after being
washed with PBST overnight, the mem-
brane was reused to detect the NT con-
tent in the COX-2 or iNOS protein. The
membrane was incubated with the pri-
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mary antibody (monoclonal mouse anti-
NT antibody, diluted 1:300; Cayman
Chemical, Ann Arbor, MI, USA) and then
the secondary antibody (NT: goat anti-
mouse, diluted 1:1,000; Zhongshan,
 Beijing, China). Then, the membrane was
developed with an enhanced chemilumi-
nescence kit. The gray scale value was
analyzed and calculated. β-Actin was
routinely served as a loading control.

Coimmunoprecipitation Analysis of
Binding of COX-2 and iNOS

After the aorta or renal cortex was ho-
mogenized and determined in Western
blotting, the sample (500 μg) was reacted
with 2 μg of the primary antibody (mono-
clonal rabbit anti–COX-2 antibody or
polyclonal mouse anti-iNOS antibody) for
3 h and then incubated with 20 μL Protein
G PLUS-Agarose overnight at 4°C and
centrifuged at 447g for 10 min at 4°C. Then
the sediment was collected and washed
with wash buffer (50 mmol/L Tris·Cl, 
pH 7.5, 50 mmol/L NaCl) three times. The
coimmunoprecipitated proteins were col-
lected, diluted in loading buffer, heated at
100°C for 5 min and then subjected to elec-
trophoresis on 10% SDS-PAGE at 40 mA.
Western blotting was used to detect the
protein content of coimmunoprecipitated
iNOS or COX-2 and its NT content,
through the procedure followed above.

Analysis of Enzyme Activity of COX-2
and iNOS

Because diabetes-induced inflammation
and oxidative stress are widespread in the
body, the activity of COX-2 and iNOS in
the serum was measured. The activity of
COX-2 in the serum was analyzed with a
COX activity assay kit (Cayman Chemical)
in accordance with the manufacturer’s in-
structions, using isospecific inhibitors sup-
plied with the kit. The activity of iNOS in
the serum was detected by an iNOS activ-
ity assay kit (Nanjing Jiancheng, Nanjing
City, China), in accordance with the manu-
facturer’s instructions.

Statistical Analysis
The results are presented as mean ± SD.

Differences between the two groups were

evaluated by the Student t test, and P <
0.05 was considered statistically significant.

RESULTS

Biochemical and Morphological
Changes of Diabetic Angiopathy

Compared with the control group,
body weight decreased and blood glucose
increased significantly in the diabetes

group (P < 0.01). There was no significant
difference between the diabetes group
and the diabetes + urate group, showing
that urate treatment could not affect the
body weight and blood glucose of dia-
betic rats. Data were shown in Table 1.

Typical changes to the aortic endothe-
lium were evaluated by HE staining
 (Figure 1A) and TEM observation
 (Figure 1B). The intact endothelium was
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Table 1. Changes of body weight, blood glucose and activity of COX-2 and iNOS.

Blood glucose Activity of COX-2 Activity of iNOS 
Group Body weight (g) (mmol/L) in serum (U/mL) in serum (U/mL)

Control 521 ± 81 6.05 ± 0.94 8.32 ± 2.36 15.32 ± 1.25
Diabetes 347 ± 43a 22.20 ± 5.57a 35.02 ± 3.15a 30.80 ± 1.88a

Diabetes + urate 320 ± 61 18.88 ± 3.21 14.41 ± 3.79b 22.25 ± 1.87b

After 13 wks, body weight, fasting blood glucose and the activity of COX-2 and iNOS were
measured. Data were presented as means ± SD (n = 8 in each group).
aP < 0.01 compared with the control group.
bP < 0.01 compared with the diabetes group.

Figure 1. Pathological changes in the aortic endothelium of diabetic rat. (A) HE staining
of the aorta in different groups (×400). The intact endothelium was seen in the control
group, the endothelium was falling in the diabetes group and only part of the endothe-
lium was falling in the diabetes + urate group (the black arrow indicates endothelial
cells). (B) Ultrastructure of the endothelial cell under a TEM (40,000-fold). An endothelial cell
with numerous pinocytosis vesicles (indicated by the black arrow) and intact mitochon-
dria was observed in the control group. However, the endothelial cell was damaged se-
verely in the diabetes group. In the diabetes + urate group, mitochondrial damages at-
tenuated, and only parts of the cell junction were fused in the endothelial cell (red arrows
indicate mitochondrium and blue arrows indicate cell junction).



seen in the control group, the endothe-
lium was falling in the diabetes group
and only part of the endothelium was
falling in the diabetes + urate group. The
ratio of endothelial cell numbers in the
diabetes group to that in the control
group was 7.5%, and the ratio of the dia-
betes + urate group was 65.1% (Table 2).
Under a TEM, endothelial cells with nu-
merous pinocytosis vesicles and intact
mitochondria were observed in the con-
trol group. Endothelial cells were dam-
aged severely, which included major mi-
tochondrial crests and cell junction that
was fused or had disappeared in the dia-
betes group. In the diabetes + urate
group, the pathological change in the
aortic endothelial cell was significantly
attenuated.

The typical changes in the glomerulus
were evaluated by HE staining (Figure
2A), periodic acid Schiff staining (Figure
2B) and TEM observation (Figure 2C).
The pathological changes in the
glomerulus were not found in the con-
trol group. Glomerular hypertrophy
with broadened capsular space, fused
intercapillary cells and thickened base-
ment membrane was observed in the di-
abetes group. The pathological changes
in the glomerulus were significantly
lighter in the diabetes + urate group
than in the diabetes group. Compared
with the control group, the glomerular
area and thickness of the glomerular
basement membrane increased signifi-
cantly in the diabetes group (P < 0.01),
and urate treatment could inhibit the in-
crease in the diabetes group (P < 0.01)
(Table 2).

Colocalization of COX-2 and iNOS in
the Aorta and Glomerulus of Diabetic
Rats

The colocalization of COX-2 and iNOS
in the rat aorta (Figure 3A) and glomeru-
lus (Figure 3B) was detected with laser
confocal microscopy. The content and
colocalization of COX-2 and iNOS in the
rat aorta (Figure 3C) and glomerulus
(Figure 3D) were evaluated. The above

indicators were not detected in the con-
trol group. In the diabetes group, the
content of COX-2 and iNOS increased
significantly, and obvious colocalization
was observed. The content of COX-2 and
iNOS reduced (P < 0.05 or P < 0.01), and
their colocalization weakened in the dia-
betes + urate group.

Binding of COX-2 and iNOS Increases
in Aorta and Renal Cortex of Diabetic
Rats

The content of β-actin in different
groups was the same, showing no differ-
ences in loading. Content of COX-2 and
iNOS in the rat aorta (Figure 4A) and
renal cortex (Figure 4B) was detected by
Western blotting. The binding of COX-2
and iNOS in the rat aorta (Figure 5A)
and renal cortex (Figure 5B) was detected
by coimmunoprecipitation. If COX-2
binds iNOS, COX-2 can be coimmuno-
precipitated by the iNOS antibody, and

3 3 8 |  L I  E T  A L .  |   M O L  M E D  1 6 ( 9 - 1 0 ) 3 3 5 - 3 4 2 ,  S E P T E M B E R - O C T O B E R  2 0 1 0

N I T R A T I O N  P R O M O T E S  P R O T E I N  B I N D I N G

Figure 2. Pathological changes in the glomerulus of the diabetic rat. HE staining (A) and
periodic acid Schiff staining (B) of the glomerulus in different groups (×400). (C) Ultrastruc-
ture of glomerulus under a TEM (×20K). The pathological changes in the glomerulus and its
basement membrane were not found in the control group. Glomerular swelling was ob-
served in the diabetes group. The pathological changes in the glomerulus and its base-
ment membrane were significantly lighter in the diabetes + urate group than in the dia-
betes group (arrows indicate the glomerular basement membrane).

Table 2. Changes of endothelial and glomerular damage.

Group Ratio of EC (%) Glomerular area (μm2) Thickness of GBM (nm)

Control 100.0 15.8 ± 0.4 118.0 ± 2.1
Diabetes 7.5 21.6 ± 0.5a 194.2 ± 24.5a

Diabetes + urate 65.1 18.9 ± 0.4b 143.7 ± 6.9b

After 13 wks, the ratio of endothelial cell (EC) and glomerular area in HE staining (×400)
and thickness of glomerular basement membrane (GBM) under a TEM (×20K) were
measured. Data were presented as means ± SD.
aP < 0.01 compared with the control group.
bP < 0.01 compared with the diabetes group.



iNOS can be coimmunoprecipitated by
the COX-2 antibody. Therefore, detecting
the content of coimmunoprecipitated
COX-2 and iNOS can reflect their bind-
ing. The ratio of coimmunoprecipitated
COX-2 to its protein content and the
ratio of coimmunoprecipitated iNOS to
its protein content were calculated re-
spectively, to avoid the effect of protein
content on their binding. The content of
coimmunoprecipitated COX-2 and iNOS

in the rat aorta (Figure 5C) and renal cor-
tex (Figure 5D) was hardly detected in
the control group, increased in the dia-
betes group and decreased significantly
in the diabetes + urate group (P < 0.05).

Nitration of COX-2 and iNOS Promotes
Their Binding in the Aorta and Renal
Cortex of Diabetic Rats

The nitration level of COX-2 and iNOS
was detected by Western blotting. To

avoid the effect of protein content on ni-
tration level of COX-2 (Figure 4D) and
iNOS (Figure 4C), the ratio of NT con-
tent to protein content was calculated to
show their nitration level in the rat aorta
and renal cortex, respectively. The nitra-
tion level of COX-2 and iNOS was not
detected in the control group, increased
sharply in the diabetes group and de-
creased significantly in the diabetes +
urate group (P < 0.05 or P < 0.01). To
show the nitration level of coimmuno-
precipitated COX-2 or iNOS, the ratio of
NT content to coimmunoprecipitated
COX-2 or iNOS was calculated. In the
rat aorta and renal cortex, the nitration
level of coimmunoprecipitated COX-2
(Figure 5F) or iNOS (Figure 5E) was
hardly detected in the control group but
was obviously high in the diabetes
group and decreased significantly in the
diabetes + urate group (P < 0.05). In
total and coimmunoprecipitated COX-2
and iNOS, the alteration of their nitra-
tion level in different groups was consis-
tent with that of their binding. There-
fore, it is shown that nitration of COX-2
and iNOS promoted their binding in di-
abetic angiopathy.

Nitration of COX-2 and iNOS Enhances
Their Activity in Diabetic Rats

Compared with the control group, the
activity of COX-2 and iNOS was elevated
in the diabetes group (P < 0.01). Their ac-
tivity was significantly lower in the dia-
betes + urate group than in the diabetes
group (P < 0.01). The results showed that
urate could inhibit the activity of COX-2
and iNOS by reducing their nitration.
Data are shown in Table 1.

DISCUSSION
Diabetic angiopathy is a major cause

of morbidity and mortality in patients
with diabetes. The representative vascu-
lar complications of diabetes were
macrovascular (atherosclerosis) and mi-
crovascular (nephropathy) disease, so we
chose aorta and glomerulus to represent
diabetic angiopathy. Increasingly, studies
are demonstrating that inflammation and
oxidative stress play a crucial role in
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Figure 3. Colocalization of COX-2 and iNOS in the rat aorta and glomerulus. The colocal-
ization of COX-2 and iNOS in the aorta (A) and glomerulus (B) was evaluated. COX-2
(green) and iNOS (red) and their colocalization (yellow) were indicated by arrows. In both
the aorta (C) and glomerulus (D), the protein content of COX-2 and iNOS could not be
detected in the control group, increased sharply with obvious colocalization in the dia-
betes group and reduced significantly with weakened colocalization in the diabetes +
urate group. Data were means ± SD (n = 5 in each group, repeated twice). *P < 0.05 or
**P < 0.01 versus the diabetes group. AU, arbitrary units.



pathogenesis of diabetic angiopathy
(20,21). COX-2 and iNOS are key en-
zymes in inflammation and oxidative
stress, respectively, mediating similar
pathological processes in diabetic com-
plications. This study provides in vivo
evidence that COX-2 and iNOS can bind
in diabetic angiopathy and that perox-
ynitrite- induced nitration of COX-2 and
iNOS promotes their binding, contribut-
ing to diabetic angiopathy.

COX-2 is an inducible enzyme. Once
induced, COX-2 can lead to the dramatic
and transient synthesis of prostaglandin
E2, exaggerating inflammation (22). COX-
2 and resultant prostaglandin E2 partici-
pate in the pathogenesis of diabetes and
its complications, especially diabetic an-
giopathy. For example, COX-2–mediated
endothelial cell apoptosis and vascular
smooth muscle hypersensitivity are par-
tially responsible for vascular complica-
tions in diabetes (23,24). Importantly, in-
hibition of COX-2 could reduce renal
dysfunctions resulting from diabetes
(25). Similar to COX-2, iNOS is also an
inducible enzyme, generating excessive
NO (26). NO is a free radical, and iNOS-

derived NO plays a crucial role in dia-
betes-related vascular lesions. The iNOS-
mediated endothelial dysfunction plays
an important role in diabetic vasculopa-
thy (27,28). Also, the iNOS transgene
could partly contribute to the pathogene-
sis of diabetic nephropathy, including
glomerular hypertrophy, mesangial ex-
pansion and then glomerulosclerosis
(29). COX-2 and iNOS usually express at
low or undetectable levels but can be sig-
nificantly induced in a pathological state.
In diabetes, COX-2 and iNOS can be up-
regulated and play a key role in diabetes
and its complications (23,27).

In this experiment, the aorta and
glomerulus of diabetic rats showed
changes typical of diabetic angiopathy,
observed by optical microscope and
TEM. The content and activity of COX-2
and iNOS increased significantly in the
diabetes group, consistent with the
pathological changes. Thus, the results of
the present study confirmed their roles
in the pathogenesis and progression of
diabetic angiopathy.

On the ground of numerous studies of
COX-2 and iNOS, Kim et al. found that

iNOS can bind COX-2 and S-nitrosylate
COX-2 and then activate COX-2 in vitro
(8). They found that binding and S-nitro-
sylation were selective and specific, since
iNOS did not bind COX-1 and hydrogen
peroxide did not elicit S-nitrosylation of
COX-2. The iNOS inhibitor, at drug con-
centrations that provide 50% inhibition
of iNOS activity, can reduce 50% forma-
tion of prostaglandin E2. Thus, about
50% of induced COX-2 activity is deter-
mined by S-nitrosylation. Furthermore,
they identified the binding domain of
COX-2 and iNOS, elucidating the molec-
ular mechanism of their binding in vitro.
On the other hand, Xu et al. demon-
strated that COX-2 also had the ability to
enhance iNOS-induced S-nitrosylation
by direct binding (9). Although COX-2
and iNOS can bind to each other with a
synergistic effect, whether they bind in
vivo in diabetic angiopathy is not clear.

The results of laser confocal microscopy
in this experiment showed the colocaliza-
tion of COX-2 and iNOS in the aorta and
glomerulus of diabetic rats, suggesting
that they might bind in diabetic angiopa-
thy. The binding of COX-2 and iNOS in
vivo was further confirmed by coimmuno-
precipitation. The content of coimmuno-
precipitated COX-2 and iNOS represents
their binding. In the diabetes group, the
binding of COX-2 and iNOS increased ob-
viously. To eliminate the effect of protein
content on their binding, the ratio of
coimmunoprecipitated COX-2 or iNOS to
its own total protein content was calcu-
lated. In both the aorta and renal cortex of
diabetic rats, the binding of COX-2 and
iNOS was promoted significantly. As the
binding of COX-2 and iNOS may pro-
mote the activity of both COX-2 and
iNOS, their enhanced activity ultimately
resulted in the pathological changes, ag-
gravating diabetic angiopathy. And the
enhanced activity of COX-2 and iNOS,
consistent with the typical changes of dia-
betic angiopathy, was also observed in the
study. Thus, we provided evidence that
the binding of COX-2 and iNOS existed in
vivo, contributing to diabetic angiopathy.

Peroxynitrite, a highly reactive oxi-
dant, is produced by the reaction of NO
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Figure 4. Nitration level of COX-2 and iNOS in the rat aorta and renal cortex. The protein
and NT content in the aorta (A) and renal cortex (B) was detected by Western blotting.
To eliminate the effect of protein content, the ratio of NT content to protein content
was calculated to show the nitration level of COX-2 and iNOS in the aorta and renal
cortex, respectively (C and D). Data were means ± SD (n = 3 in each group, repeated
twice). *P < 0.05 or **P < 0.01 versus the diabetes group.



with free radical superoxide (30,31). Per-
oxynitrite and its derivatives are the one
species with the strongest oxidation
known at present, playing a crucial role
in the pathogenesis of diabetes and its
complications (12,30–34). Peroxynitrite
could cause conspicuous nitration to pro-
teins, and NT is believed to be a marker
of peroxynitrite-caused damage
(12,31–33). Our previous study found
that peroxynitrite can induce protein ni-
tration in diabetic complications (11,35).
It is reported that peroxynitrite could
cause nitration of COX-2 and iNOS, en-
hancing their activity (36,37). In the pres-
ent experiment, the increased activity of
COX-2 and iNOS decreased with urate

treatment, and we could conclude that
protein nitration could enhance COX-2
and iNOS activity. However, it remains
unclear whether protein nitration en-
hanced COX-2 and iNOS activity
through affecting their binding and what
the effect is of peroxynitrite-induced ni-
tration of COX-2 and iNOS on their
binding in vivo in diabetic angiopathy.

In this study, the ratio of NT content
to protein content was evaluated to ex-
clude the effect of protein content on
their nitration level. The results showed
that COX-2 and iNOS can be nitrated by
peroxynitrite in diabetic angiopathy.

In total protein content and also in the
coimmunoprecipitated COX-2 and iNOS,

determined by Western blotting and
coimmunoprecipitation detection, the ni-
tration level was high in the diabetes
group, consistent with their promoted
binding. With inhibition of nitration of
COX-2 and iNOS by peroxynitrite scav-
enger urate, their binding, their activity
and the pathological changes in the dia-
betic aorta and glomerulus decreased
significantly. The results showed that
peroxynitrite-induced nitration of COX-2
and iNOS can promote their binding,
contributing to diabetic angiopathy. This
study also revealed that nitration of
COX-2 and iNOS enhanced their activity
through promoting their binding in vivo
in diabetic angiopathy.

However, how the nitration of COX-2
and iNOS promotes their binding and
which nitrated site will have main ef-
fects on their binding in diabetes are still
unknown. Maybe nitration of COX-2
and iNOS could cause the alteration of
their spatial structure, facilitating or
strengthening their binding. Further-
more, the underlying mechanism of the
synergistic alterations of COX-2 and
iNOS in diabetic angiopathy is not clear.
Further studies are needed to clarify
these items, with the hope of elucidating
the pathogenesis and progression of dia-
betic angiopathy.

In conclusion, in vivo binding of COX-2
and iNOS exists in diabetic angiopathy,
and peroxynitrite-induced nitration of
COX-2 and iNOS can promote their
binding, which contributes to diabetic
angiopathy. Therefore, scavenging perox-
ynitrite to attenuate binding of COX-2
and iNOS may be a more effective inter-
vention of diabetic angiopathy.
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Figure 5. Content and nitration level of coimmunoprecipitated COX-2 and iNOS in the
rat aorta and renal cortex. The coimmunoprecipitated COX-2 or iNOS and their nitration
level in the aorta (A) and renal cortex (B) were detected by coimmunoprecipitation and
Western blotting. The ratio of the coimmunoprecipitated COX-2 or iNOS to its own total
protein content was calculated to eliminate the effect of total protein content in the
aorta (C) and renal cortex (D), respectively. The ratio of NT content to the content of
coimmunoprecipitated COX-2 or iNOS was calculated to show their nitration level in the
aorta and renal cortex, respectively (E and F). Data were means ± SD (n = 3 in each
group, repeated twice). *P < 0.05 versus the diabetes group.
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