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Abstract

Free radicals contribute to the pathogenesis of diabetic cardiomyopathy. We present a method to
observe /n vivo free radical events within murine diabetic cardiomyopathy. This study reports on
in vivo imaging of protein/lipid radicals using molecular MRl (mMRI) and immuno-spin trapping
(IST) in diabetic cardiac muscle. To detect free radicals in diabetic cardiomyopathy, streptozotocin
(STZ)-exposed mice were given 5,5-dimethyl-pyrroline- -oxide (DMPOQO) and administered an
anti-DMPO probe (biotin-anti-DMPO antibody-albumin-Gd-DTPA). For controls, non-diabetic
mice were given DMPO (non-disease control), and administered an anti-DMPO probe; or diabetic
mice were given DMPO but administered a non-specific 1gG contrast agent instead of the anti-
DMPO probe. DMPO administration started at 7 weeks following STZ treatment for 5 days, and
the anti-DMPO probe was administered at 8 weeks for MRI detection. MRI was used to detect a
significant increase (p<0.001) in MR image signal intensity (SI) from anti-DMPO nitrone adducts
in diabetic murine left-ventricular (LV) cardiac tissue, compared to controls. Regional increases in
MR Sl in the LV were found in apical and upper left areas (p<0.01 for both), compared to controls.
The biotin moiety of the anti-DMPO probe was targeted with fluorescently-labeled streptavidin to
locate the anti-DMPO probe in excised cardiac tissues, which indicating elevated fluorescence
only in cardiac muscle from mice administered the anti-DMPO probe. Oxidized lipids and
proteins were also found to be significantly elevated (p<0.05 for both) in diabetic cardiac muscle
compared to controls. It can be concluded that diabetic mice have more heterogeneously
distributed radicals in cardiac tissue than non-diabetic mice.
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Introduction

Cardiovascular disease is the primary cause of morbidity and mortality among diabetics
[1-3]. Diabetic cardiomyopathy is characterized by (1) early impairments in diastolic
function, as measured by Doppler echocardiography; (2) development of cardiomyocyte
hypertrophy; (3) myocardial fibrosis, associated with increased extracellular matrix
deposition; (4) cardiomyocyte apoptosis; and (5) increased free radical generation [1,2,4]. It
is thought that diabetic cardiomyopathy is initiated by alterations in energy substrates [5].
There is ample evidence from experimental studies that suggests that oxidative stress and
free radicals play an important role in the pathogenesis and pathophysiology of cardiac
diseases associated with diabetes [4,6-8]. The increased generation of reactive oxygen/
nitrogen species (RONS) associated with diabetic cardiomyopathy is also coupled with
reduced antioxidant defences and the modulation of protein signalling pathways [1]. Sources
of RONS in the heart include superoxide (O,"") generated by NADPH oxidase (NOX) in the
mitochondria, hydrogen peroxide (H,O5) converted to hydroxyl radicals (¢OH), and the
formation of peroxynitite (ONOO™) from nitric oxide (NO) + O, [1,4]. It is also well
known that hyperglycaemia [9], the fatty acid oxidation pathway, and the cytosolic storage
of fatty acid and glucose/fatty acid derivatives, all promote the production of RONS [5].
Signalling cascades involved in diabetic cardiomyopathy include triggers such as
hyperglycaemia, increased RAAS (rennin-angiotensin-aldosterone system) activation,
altered calcium (Ca2*) handling, and insulin resistance [1]. An impairment in NO signalling,
associated with uncoupling of nitric oxide synthase (NOS), has also been implicated in the
pathogenesis of diabetes induced myocardial damage [3,10]. There seems to be an interplay
between oxidative and nitrosative/nutritive stress with cell death pathways in diabetic
cardiomyopathy [11]. For example, hyperglycaemia leads to increased O,~"., and
subsequently ONOO™ induces cell injury via lipid peroxidation, inactivation of enzymes and
other proteins, activation of stress signalling (e.g. MMPs), triggering proapoptotic factors
such as cytochrome ¢ and caspases [11].

Traditionally, electron paramagnetic resonance (EPR) spectroscopy coupled with spin
trapping (e.g. 5,5-dimethyl-1-pyrroline- AV-oxide; DMPO) has been used in cell preparations
(e.g. cells, mitochondria, endoplasmic reticulum, and peroxisomes) to detect radical adducts
under physiological and pathological conditions [12,13]. From some of these studies it has
been established that there are oxidatively damaged mitochondrial proteins that could play a
role in oxidative stress associated with diabetes [13]. What is not well known, however, is
the level of radical production and heterogeneous distribution in various organs that are
affected by diabetes, including cardiac muscle.

The ability to observe oxidative stress/free radical processes /n vivowould greatly facilitate
understanding of the role of RONS in diabetic cardiomyopathy. This study reports on /n vivo
imaging of protein/lipid radicals with the use of free radical-targeted molecular MRI
(mMRI) and immuno-spin trapping (IST) in cardiac muscle within diabetic mice (STZ-
induced). Initially protein/lipid free radicals are trapped by DMPO (5,5-dimethyl-1-pyrroline
N-oxide), which form DMPO-nitrone radical adducts (see Fig. 1A). Once DMPO-radical
adducts are formed, such as those associated with the cell plasma membranes, then the anti-
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DMPO probe (biotin-anti-DMPO antibody-BSA-Gd-DTPA) which has an antibody specific
for DMPO-nitrone adducts (Fig. 1B) can be used to visualize /n vivo DMPO-trapped
radicals (Fig. 1C). IST was developed by Mason et a/. as a way to bring the availability of
immunological detection to the field of spin trapping [14]. Recently we used a combination
of IST and molecular MRI targeting to trap and detect radicals in diabetic mouse livers,
kidneys and lungs [15], septic encephalopathy [16], a mouse model for amyotrophic lateral
sclerosis (ALS) [17], and in a mouse glioma model [18].

In this study we used IST combined with free radical targeted mMRI to assess diabetic
cardiomyopathy in a mouse model. Verification of binding affinity of the anti-DMPO probe
was obtained /n vitro within primary cardiomyocytes that were oxidatively stressed.
Fluorescence microscopy was used to verify the presence of the anti-DMPO probe in ex vivo
cardiac muscle sections from diabetic mice. To support the /n vivo findings, we also
obtained ex vivo IST data verifying the presence of DMPO-nitrone radical adducts, as well
as identifying the presence of malondialdehyde (MDA)-adducts and 3-nitrotyrosine (3-NT),
in diabetic cardiac tissue.

Synthesis of DMPO-specific MRI contrast agent

For detection of DMPO-protein/lipid radicals, a mouse monoclonal anti-DMPO antibody
was used. The biotin-albumin-Gd-DTPA construct is estimated to have a MW ~80 kDa, and
has an estimated 1.3 biotin and 23 Gd-DTPA groups bound to each BSA molecule
[15,19,20]. A mouse mAb against DMPO-nitrone adducts was conjugated via a sulfo-NHS-
EDC link between the albumin and the Ab [15,19-21]. The macromolecular contrast
material, biotin-BSA-Gd-DTPA, was prepared as previously described [15,19-21]. The final
amount of the product, anti-DMPO-biotin-BSA-Gd-DTPA that was injected into mice was
estimated to be 20 pug anti-DMPO Ab/injection, and 10 mg biotin-BSA-Gd-DTPA/injection.
The estimated molecular weight of the anti-DMPO-biotin-BSA-Gd-DTPA probe (anti-
DMPO probe) is estimated to be 232 kDa. As a control, normal rat-1gG (Apha Diagnostic
International, San Antonio, TX, USA) conjugated to biotin-BSA-Gd-DTPA (IgG contrast
agent) was synthesized by the same protocol.

STZ-induced Diabetes Model

The animal studies were conducted with approval from the Institutional Animal Care and
Use Committee of the Oklahoma Medical Research Foundation. C57BL/6J mice (n=20; 6-8
weeks; Harlan Laboratories, Indianapolis, Indiana) were treated with STZ (100 mg/kg
i.p./day for 2 days), and between 4-6 weeks mice were assessed for glucose levels. Severe
diabetes was indicated when glucose levels were >300 mg/dl (n=10). To test for glucose, a
drop of blood from the tail was put on a testing strip and read on a Bayer Ascensia Elite XL
glucometer. For control groups, (1) non-diabetic mice were given DMPO (non-disease
control) and administered anti-DMPO probe (n=6), (2) diabetic mice were given DMPO and
administered anti-DMPO probe (n=5), or (3) diabetic mice were given DMPO but
administered the non-specific 1gG contrast agent (contrast agent control) instead of the anti-
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DMPO probe (n=7). DMPO administration started at 7 weeks following STZ treatment.
Mice were administered the anti-DMPO probe at 8 weeks following STZ treatment.

DMPO Administration

DMPO (25 pl in 100 pl saline) was administered i.p. 3 x daily (every 6 hours) for 5 days (i.e.
0.42 ul DMPO/ul saline/day). Mice were initiated administration of DMPO 7 weeks
following STZ administration, prior to injection of the anti-DMPO probe.

Treatment Groups

For control groups, (1) non-diabetic mice were given the radical trapping agent, 5,5-
dimethyl-pyrroline- A-oxide (DMPO) (non-disease control), and administered anti-DMPO
probe (n=6), (2) diabetic mice were given DMPO and administered anti-DMPO probe (n=5),
or (3) diabetic mice were given DMPO but administered the non-specific 1gG contrast agent
(contrast agent control) instead of the anti-DMPO probe (n=7). DMPO administration
started at 7 weeks following STZ treatment for 5 days, and then anti-DMPO probe was
administered one week later. The contrast agent, biotin-anti-DMPO-BSA (bovine serum
albumin)-Gd-DTPA, was used (200ug anti-DMPO and 100ug biotin-BSA-Gd-DTPA). Non-
specific mouse-1gG conjugated to biotin-BSA-Gd-DTPA was used as a control contrast
agent.

Molecular MRI

In vitro studies—Vials were prepared containing either (1) primary mouse
cardiomyocytes (cells) (10°) alone, (2) cells with DMPO + anti-DMPO probe (C + D + P),
(3) cells with DMPO and hydrogen peroxide (H,0,) (C + D + H), (4) cells with DMPO +
H,0, + anti-DMPO probe (C + D + H + P), (5) cells with DMPO + H,0, + 1gG contrast
agent (C + D + H + G), or (6) water (no cells). Isolated cardiomyocytes were used just after
isolation from C57BL/6J mice (n=2). Three (3) x10° cells were placed in 15-ml centrifuge
tube with serum-free medium. DMPO (40mM) was then added. After 15 min of
equilibration, H,O, (50uM) was added. In the samples that contained all components, the
anti-DMPO probe or the IgG isotype contrast agent was added (2 g, based on antibody
calculation) 30 min later, and cells were incubated with the probe for 45 min. Following
incubation, cells were collected, washed with PBS, centrifuged (500 rpm), and the pellet was
resuspended in PBS for MR imaging. Each measurement was repeated 4 times per treatment
group. MR images were taken using a RAREVTR (Rapid-Acquisition Relaxation Enhanced
Variable Time Repetition) sequence with the following parameters: an echo time (TE) of 15
ms; repetition times (TR) of 200, 400, 800, 1200 and 1600 ms; 256%256 matrix, 2 steps per
acquisition, and a 1 mm slice thickness.

In vivo studies—MR experiments were carried out under general anaesthesia (1-2%
Isoflurane, 0.8-1.0 L/min O,) on a Bruker Biospec 7T/30 cm horizontal imaging
spectrometer. Mice were imaged at 8 weeks following STZ administration. Anaesthetised
(2% Isoflurane) restrained mice were placed in an MR probe, and their cardiac tissue (heart)
was localised by MRI. Images were obtained using a Bruker S116 gradient coil (2.0
mT/m/A) and a 72 mm quadrature multi-rung RF coil. Multiple 1H-MR image slices were
taken in the coronal (horizontal) plane using a gradient echo multislice (FLASH (Fast Low
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Angle SHot); repetition time (TR) 250 ms, echo time (TE) 6 ms, 256x256 matrix, 2 steps
per acquisition, 3x3 cm? field of view (FOV), 1 mm slice thickness) with motion
suppression turned on. Mouse hearts were imaged at 0 (pre-contrast) and at 90-100 min
post-contrast agent injection. Mice were injected i.v. with anti-DMPO or normal mouse IgG
antibodies tagged with a biotin-Gd-DTPA-albumin-based contrast agent (200 pl/kg; 1 mg
antibody/kg; 0.4 mmol Gd+3/kg) [15,19-21]. Relative MR signal intensities were calculated
for selected regions-of-interest (ROIS) in the total left-ventricular region, as well as upper
right, upper left, lower right, lower left and apical regions of the left ventricle (LV).
Difference images were obtained by subtracting the post-contrast images (90 min after
injection of the anti-DMPO probe or IgG contrast agent) from pre-contrast images.

Statistical analyses

Results

Statistical differences between the probe-administered and control groups were analyzed

with an unpaired, two-tailed Student #test using commercially available software (InStat;
GraphPad Software, San Diego, CA, USA). A pvalue of less than 0.05 was considered to
indicate a statistically significant difference.

Initial /n vitro experiments in mouse primary cardiomyocytes were conducted to establish
the binding affinity of the anti-DMPO probe to oxidatively stressed cells. Figure 2 depicts
both increased MRI signal intensities (SI) (Fig. 2A) and decreased T relaxation times (Fig.
2B,C) in cells within vials that were exposed to H,0,, DMPO and the anti-DMPO probe,
compared to controls. Quantitative data in Fig. 2C clearly demonstrates a significant
decrease in T4 values (sample 4; p<0.001) in the cells exposed to H,O,, DMPO and the anti-
DMPO probe, compared to all other treatments (cells alone; cells exposed to H,0, and
DMPO; cells exposed to H,0,, DMPO and the IgG isotype contrast agent; or water).

For in vivo experiments, Figure 3A,B illustrates the sustained in vivo accumulation of the
anti-DMPO probe in cardiac muscle (left ventricle (LV)) of diabetic mice 2 hours post-
administration of the probe. There was >2-fold increase in the percent change in MRI Sl in
diabetic mice given DMPO and the anti-DMPO probe, compared to diabetic mice given
DMPO and the IgG contrast agent (p<0.01) or non-diabetic mice given DMPO and the anti-
DMPO probe (p<0.001) (Fig. 3B). Measured increases in blood glucose levels in diabetic
mice are shown in Fig. 3C. For regional assessments, Figure 4 shows a significant increase
in the levels of the anti-DMPO probe within the upper right and apical regions of the LV
within diabetic mice given DMPO and the anti-DMPO probe (p<0.01 for all comparisons),
compared to the controls (diabetic mice given DMPO and the IgG contrast agent, or non-
diabetic mice given DMPO and the anti-DMPO probe) (Fig. 4B).

Ex vivo detection of the anti-DMPO probe in diabetic mouse hearts performed with the use
of streptavidin-Cy3 which targets the biotin moiety of the anti-DMPO probe, indicated
increased fluorescence compared to non-diabetic controls (Fig. 5). £x vivo detection of
DMPO-trapped radical adducts using IST, where diabetic and non-diabetic mouse hearts
were exposed to a fluorescent-labelled anti-DMPO antibody is shown in Fig. 6, where there
was increased fluorescence in the diabetic mice compared to controls.
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Additional evidence of increased oxidative stress in diabetic mouse hearts is depicted in Fig.
7, where diabetic mice had increased levels of malondialdehyde (MDA) adducts (Fig. 7A)
and 3-nitrotyrosine (3-NT) (Fig. 7B), compared to non-diabetic controls (both p<0.05).

Discussion

Combining mMRI and with an anti-DMPO probe specific for DMPO-radical adducts and a
gadolinium (Gd)-DTPA-albumin-based contrast agent for signal detection, has allowed the
in vivo detection of signals associated with radicals in the cardiac tissue of diabetic (STZ
induced) mice (Fig. 3). This study supports evidence (Fig. 3) that diabetic /cardiac tissue has
more radical accumulation compared to non-diabetic cardiac tissue, detected in this study by
mMRI and immuno-spin-trapping.

Molecular MRI (mMRI) relies on the specific labelling of extracellular cell surface receptors
or antigens with a targeted contrast agent. The MRI contrast agent probe is targeted to a
specific receptor or antigen using an antibody (Ab) which binds with high affinity to the
receptor or antigen. These paramagnetic compounds alter proton magnetization relaxation
times at their sites of accumulation, making them ideal for diagnostic purposes. MR contrast
agents (CAs), such as paramagnetic, gadolinium (Gd)-based CAs generate a positive signal
contrast (Tq contrast), which enhances MR signal intensities of water molecules that
surround the Gd-based CAs in T1-weighted MR images. Molecular probes, such as
gadolinium (Gd)-based compounds, bound to affinity molecules, have become increasingly
valuable as molecular reporting probes with the use of mMRI.

We have previously shown that free radical-targeted mMMRI combined with IST could be
used to detect free radical levels in the livers, lungs and kidneys of STZ-induced diabetic
mice [15]. Quantitative data indicated >20-fold increase in percent change in MRI signal
intensity (SI) in the livers, kidneys and lungs of diabetic mice compared to non-diabetic
mice or diabetic mice given an IgG non-specific isotype contrast agent instead of the anti-
DMPO probe [15]. Fluorescence imaging with streptavidin-Cy3, targeting the biotin moiety
of the anti-DMPO probe in excised tissues (liver, lung and kidney), showed increased
fluorescence levels for diabetic mice administered the anti-DMPO probe, compared to
diabetic mice given the non-specific IgG contrast agent isotype [15]. It was also established
with a fluorescent-labeled anti-DMPO antibody that diabetic mouse livers had increased
levels of DMPO-trapped free radicals, compared to non-diabetic mice [15]. We had not,
however, investigated the levels of /n vivo DMPO-nitrone radical adducts in cardiac muscle,
which we pursued in this study. Associated with diabetic cardiomyopathy, we had shown
previously that diabetic mice had significantly decreased stroke volumes, ejection fractions,
fractional shortening and cardiac output, compared to non-diabetic controls, with the use of
cardiac MRI [22].

As noted previously, it is well known that free radicals are involved in the pathogenesis and
pathophysiology associated with diabetic cardiomyopathy [4,6-8]. Previous studies,
however, have not clearly reported the level of radical production and the heterogeneous
distribution of macromolecular radicals in cardiac muscle affected by diabetes. We
specifically established that the left ventricular upper left and apical regions of the diabetic
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cardiac muscle were found to have higher levels of DMPO-trapped free radicals (Fig. 4),
compared to the same regions in appropriate controls. A recent study used clinical cardiac
magnetic resonance imaging (CMR) to assess regional morphological changes associated
with myocardial infarction (MI), and they indicated that there was apical ventricular rupture
and an apical thrombus in the LV in a patient with MI [23]. This may suggest that there are
more vulnerable regions of the LV in MI, and that possibly in diabetic cardiomyopathy that
specific regions of the LV may be more prone to free radical formation. /n vivo assessment
of the radicals associated with diabetic cardiomyopathy with a targeted DMPO-nitrone
radical adduct molecular MRI probe allows investigators to obtain information on the
heterogeneous distribution of macromolecular radicals that are formed as a result of the
disease process. Although we investigated in this study the detection of radicals associated
with cardiomyopathy 8 weeks following STZ induction of diabetes, the method could also
be used to assess longitudinal generation of macromolecular radicals during various stages
of pathogenesis. Future studies will involve ex vivo mass spectrometry identification of the
excised diabetic cardiac muscle with high levels of macromolecular radicals (detected with
the IST-mMRI method) to establish whether the radicals are of protein or lipid origin. In this
study we found evidence that amounts of both oxidized proteins (e.g. 3-NT) and lipids (e.g.
MDA) are elevated in diabetic cardiac muscle (Fig. 7), which may indicate that we are
detecting both protein- and lipid-derived free radicals.

Conclusions

We demonstrated that diabetic (STZ induced model) mice have more radical accumulation
in cardiac tissue, as measured by the presence of the anti-DMPO probe detected by
molecular MRI, than non-diabetic mice, and that the level of these radicals is
heterogeneously distributed. In summary, this /7 vivo imaging technique can be used to pin-
point where to further investigate the type and source of free radicals generated in oxidative
stress-related diseases, such as diabetic cardiomyopathy.
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Figurel.
In vivo mMRI and immuno-spin-trapping (IST). (A) DMPO traps free radicals to form a

stable DMPO-radical adduct complex. (B) Anti-DMPO probe (anti-DMPO antibody-
albumin-Gd-DTPA-biotin) mMRI. (C) Immuno-spin trapping of free radicals (*R) with anti-
DMPO mMRI probe. DMPO is injected i.p. to trap free radicals and generate DMPO-R
adducts. Anti-DMPO is injected i.v. to target DMPO-R adducts, which can be visualized by
mMRI.
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Figure 2.
In vitro assessment of the anti-DMPO probe in mouse cardiomyocytes. (A) MRI signal

intensities (SI) (T1-w) and (B) T1 maps of vials containing: (1) mouse cardiomyocytes, (2)
cells (C) + DMPO (D) + anti-DMPO probe (P), (3) C + D + H,0, (H) (C+D+H), (4) C+D
+H+ P, (5) C+D+H + IgG contrast agent (G), or (6) water. n=5 for each group. (C) T,
relaxation values (ms) of vials containing samples 1-6. Values represented as mean + S.D.
T1-w images obtained using variable TR (repetition time) spin-echo sequence. T; value of
pixels in ROIs were calculated with the following equation: S(TR) = So(1- e~ TR/T1),

Free Radlic Res. Author manuscript; available in PMC 2016 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Towner et al.

B 10
_ 140
o 2
= 120
2 100
=
o 80
7] **p<0.01 **%¥p<0.001
g 60
=
o 40 I .
X 1 I
20
0
Diab+D+P Diab+D+IgG nDiab+D+P
Treatment Groups
C o0
_. 500
-
2
= 400 l
£ *%%p<0,001
9 p<0.01
S 200 T
= I
9 100
0
Diab+D+P Diab+D+IgG nDiab+D+P
Treatment Groups

Figure 3.
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Molecular MRI detection of DMPO-trapped radical adducts in the left-ventricles (LV) of
diabetic mice. (A) T1-w images of STZ mouse hearts with difference images (ii and iii)
obtained 90 min post-administration of anti-DMPO probe minus pre-administration image
[raw MR image (i), and thresholded images (ii) and (iii)]. (B) Percent (%) change in MRI
signal intensities (Sl) in the left ventricle cardiac muscle of mice that were either diabetic
(Diab) or non-diabetic (nDiab) and treated with DMPO (D) and either the anti-DMPO probe
(P) or an IgG isotype contrast agent (IgG). There was a significant increase in MRI Sl for
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the diabetic mice given DMPO and the anti-DMPO probe, compared to the probe control
(1gG) (p<0.01) or the non-diabetic control (p<0.001). (C) Blood glucose levels (mg/dL) in
diabetic and non-diabetic mice. There was a significant increase in blood glucose in diabetic
mice either given DMPO and the anti-DMPO probe (p<0.001) or given DMPO and the IgG
contrast agent (p<0.01), compared to non-diabetic mice given DMPO and the anti-DMPO
probe. Glucose (mg/dL) from STZ-induced diabetic mice (n=13) and non-diabetic (normal).
Significant differences (**p>0.001 for IgG control; ***p>0.001 for anti-DMPO probe) were
found between IgG controls and non-diabetic anti-DMPO administered mice.
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Figure 4.

Regional left-ventricular (LV) molecular MRI detection of DMPO-trapped radical adducts in
diabetic murine cardiac muscle. (A) T1-w image of a mouse heart with outlined segmented
regions, including the apex (AP), upper right (UR), upper left (UL), lower right (LR) and
lower left (LL) regions. (B) Percent (%) change in MRI signal intensities (SI) in the left
ventricle cardiac muscle regions (as shown in panel A) of mice that were either diabetic
(Diab) or non-diabetic (nDiab) and treated with DMPO (D) and either the anti-DMPO probe
(P) or an IgG isotype contrast agent (IgG). There were significant increases in MRI Sl for
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the upper left and apical regions within the LV of diabetic mice given DMPO and the anti-
DMPO probe (**p<0.01 for all comparisons), compared to either the probe control (IgG) or
the non-diabetic control.
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Figure5.
Ex vivo detection of the anti-DMPO probe in hearts of diabetic mice. Fluorescence images

of streptavidin-Cy3 (red) which binds to biotin moiety of anti-DMPO probe in STZ diabetic
mouse cardiac muscle (A) and muscle tissue from non-diabetic mice (B).

1duosnuep Joyiny

Free Radlic Res. Author manuscript; available in PMC 2016 June 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Towner et al. Page 16

A

Figure 6.
Ex vivo detection of trapped DMPO-nitrone radical adducts in hearts of diabetic mice.

Fluorescence images of fluorescent (red)-labeled anti-DMPO antibodies in STZ diabetic
mouse cardiac muscle (A) and muscle tissue from non-diabetic mice (B).
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Figure7.
Ex vivo detection of oxidative stress in hearts of diabetic mice. (A) Quantitative measure of

malondialdehyde (MDA)-protein adduct concentration (pmol/mg protein) in tissues
homogenates from diabetic and non-diabetic mouse cardiac muscle (n=5 for each). There
was a significant increase in MDA-adducts in diabetic mice (p<0.05) compared to non-
diabetic mice. (B) Quantitative measure of 3-nitrotyrosine (3-NT) concentration (nM/mg
protein) in tissues homogenates from diabetic and non-diabetic mouse cardiac muscle (n=5
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for each). There was a significant increase in 3-NT in diabetic mice (p<0.05) compared to
non-diabetic mice.
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