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Increased reactive oxygen species (ROS) generation underlies many
cardiovascular diseases including ischemia/reperfusion injury, atherosclerosis,
and the peripheral vascular complications of diabetes.

Mitochondrial bioenergetic pathways are also compromised in many
cardiovascular diseases.

Recent studies have shown that increased levels of O-linked -N-acetyl-
glucosamine (O-GlcNAc) on serine and threonine residues of nuclear and
cytoplasmic proteins attenuates cytochrome c release and maintains
mitochondrial membrane potential in isolated myocytes exposed to H2O2

1.

Therefore, we hypothesize that increased O-GlcNAc levels will protect
myocytes from changes in mitochondrial bioenergetic function.

In this study, we used a Seahorse Bioscience XF24 Extracellular Flux Analyzer to
examine the effects of bolus doses of hydrogen peroxide (H2O2) on mitochondrial
and glycolytic function in cultured, isolated neonatal rat ventricular myocytes
(NRVM).
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Figure 1: Seahorse XF24 Analyzer technology. The Seahorse Bioscience XF24 utilizes 24 probe heads to
analyze cells in culture. Panel A shows a schematic depiction of the measurement chamber utilized in this
technique. The first well shows the optics in the resting position. For measurements, the cartridge is
lowered in all wells to create a transient 7 l volume. The red and blue dots at the tips of the sensor probes
are representative of the fluorescent sensors quenched by either oxygen or protons that allow for
measurement of these parameters2,3. Monitoring these concentrations over time allows for the
calculation of the Oxygen Consumption Rate (OCR), and Extracellular Acidification Rate (ECAR) shown in B.
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Figure 3: Mitochondrial respiratory function can be measured by monitoring oxygen consumption in cultured, isolated, intact neonatal rat
ventricular myocytes (NRVM): development of a mitochondrial function assay. Primary isolated NRVM were seeded to a density of 75,000 cells
per well in Seahorse Biosciences V7 Culture Plates. Initially, three baseline measurements of oxygen consumption rate (OCR) were made. Then,
oligomycin (1 g/ml final concentration) was injected to determine the level of ATP-linked oxygen consumption. After one measurement, FCCP
(1 M final concentration) was injected to determine the maximum oxygen consumption in these cells. After one further measurement, Antimycin
A (10 M final concentration) was added to inhibit electron transport chain-dependent oxygen consumption and one further measurement was
made. Data shown is the average of 5 wells ± sem. *, p≤0.05.
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Figure 4: Low concentrations of H2O2 increase both oxidative phosphorylation and glycolysis.
Primary isolated NRVM were seeded as described above, and exposed to the indicated concentration
of H2O2 for 30 min. The basal OCR (A) and ECAR (B) were then measured, and the cells were then
subjected to a mitochondrial function. Raw oxygen traces (C) and OCRs (D) for the mitochondrial
function assay are shown. Data shown are the mean ± s.e.m. n≥3 per group. *,p≤0.05 vs. control.

Low concentrations (100µM) of H2O2 stimulated oxygen consumption in neonatal rat
ventricular myocytes 1.7-fold, whereas concentrations above 1mM inhibited oxygen
consumption by 80%.

Treatment with 100 M PUGNAc alone for 4 hours elicited a modest, but significant
increase in basal mitochondrial oxidative phosphorylation and glycolysis.

PUGNAc treatment prior to H2O2 challenge (100µM) was able to maintain maximal
respiratory rate at Complex IV.

Here we demonstrate for the first time an H2O2-dependent loss of mitochondrial
respiratory function in an isolated cell line, as well as a potential mechanism for protection
relevant to several cardiovascular disease processes.
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Figure 5: Pharmacologically increasing O-GlcNAc yields higher OCRs as well as
increased O-GlcNAc protein modification. NRVM were treated with glucosamine
(5mM), PUGNAc (100 M), or NAG-BT (100 M) for 4h. The cells were then either
probed for mitochondrial function (A), or O-GlcNAc protein modification. Protein O-
GlcNAc modifications were identified using the CTD 110.6 antibody (B) and
quantified (C). Data shown are the mean ± s.e.m. n=5 per group, *,p≤0.05.

Figure 2: Schematic representation of the
hexosamine biosynthesis pathway. Shown
here are the chemical structures for
glucosamine and PUGNAc. In this study
glucosamine was used to increase UDP-
GlcNAc levels, increasing O-GlcNAc protein
modification. Additionally, PUGNAc and
NAG-bt were used to inhibit the removal of
O-GlcNAc, also increasing O-GlcNAc protein
modification4. *
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Experimental Design B

C Figure 6: PUGNAc pretreatment protects NRVM
from H2O2-induced mitochondrial dysfunction.
NRVM were subjected to a mitochondrial
function assay following pretreatment with
PUGNAc (100 M, 4 hrs.), and an H2O2 challenge
(100 M, 30 min.). The experimental design and
treatment schedule is shown in A, and the
mitochondrial function assay was carried out as
described in figure 3. Panel B shows the raw
oxygen consumption traces for the basal and
maximal rates of oxygen consumption.
Interestingly, the maximal rate of oxygen
consumption achieved in the control cells is
maintained when the cells are pretreated with
PUGNAc, and then given an H2O2 challenge (C).

References
1. Champattanachai V, RB Marchase, and JC Chatham. (2008). Glucosamine protects neonatal cardiomyocytes from ischemia-
reperfusion injury via increased protein O-GlcNAc and increased mitochondrial Bcl-2. Am J Physiol Cell Physiol, 294(6). pg. C1509-20.

2. Ferrick DA, A Neilson, and C Beeson. (2008). Advances in measuring cellular bioenergetics using extracellular flux. Drug Discov
Today, 13(5-6). pg. 268-74.

3. Wu M, et al. (2007). Multiparameter analysis reveals a close link between attenuated mitochondrial bioenergetic function and 
enhanced glycolysis dependency in human tumor cells. Am J Physiol Cell Physiol, 292(1). pg. C125-36.

4. Perreira, M, et al. (2006). Inhibition of O-GlcNAcase by PUGNAc is dependent on the oxime stereochemistry. Bioorg Med Chem, 
14(3). pg. 837-846.

Primary NRVM seeded at 
75,000 cells per well

Run Mitochondrial 
Function Assay

Overnight in serum 
containing medium

Media changed to growth 
medium without serum, with 

nutridoma supplement

24 hours

Fresh growth media added 
containing PUGNAc (100 M)

3.5 hours

100µM H2O2 added 
directly to wells

30 minutes

*

*

*

*

*

*

OCR

ECAR

A

Glucose

Glucose-6-P

Fructose-6-P

Glucosamine-6-P

UDP-GlcNAc

Glutamate

Glutamine

GFAT

Protein
Ser/Thr O

GlcNAc
Protein

Ser/Thr

PUGNAc

Glucosamine

OGT

O-GlcNAcase

+

NAG-bt
Cellular Stress Response
Ischemia/Reperfusion Injury Protection
Altered Cellular Signaling

0

0.2

0.4

0.6

0.8

1

1.2

0 0.2 0.4 0.6 0.8 1 1.2Acute/Transient

H2O2

H2O2

H2O2

Oligomycin FCCP Antimycin A

T
r

avel Award W
in

n
er

Se
ah

orse Bioscience


