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monitor the dynamics of calcium concentration in green channel, and mitochondrial

membrane potential or ROS in red channel.

4.5. Results

4.5.1. fixed cells

Automatic cell segmentation resulted in an accuracy of ~90% compared to manual cell
detection and counting (which is the gold standard for cell detection). Figure 30 shows
two images from two different groups of mice and figure 31 shows the overall results of
cell detection for four fields of view from each slide. Since BCL-2 is an apoptosis
inhibitor, this feature is expected to have different values in different classes as can be

seen in figures 30 and 31.

(a) (b)
Figure 30. Cell detection example. a) low number of cells (80, p42 BCL -/-). b) high number of cells
(152, P21 -/+).
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Figure 31. Cell Count Statistics. Mean values and Standard Deviations of cell counts of retinal
vasculature. P42 is 6 weeks, P21 is 3 weeks, BCL -/- indicates complete knockout, whereas BCL -/+ or
+/- indicates partial knockout.

4.5.2. CRAC channels in NIH 3T3 fibroblasts

In order to study the properties of CRAC in fibroblasts, the cells were loaded with Fluo-3
AM, imaged in GFP and treated with tapsigargin, calcium, and ionomycin for one set,
and with DNP, thapsigardin, calcium, and ionomycin for another set. The changes in the
intensity of a single cell is shown in figure 32 and the results of segmentation of cell

borders in green channel is shown in figure 33.

Figure 32. Dynamics of fluo-3 intensity for one cell over time with the addition of DNP, tapsigargin,
calcium, and ionomycin shown with arrows in the figure.
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Figure 33. Result of segmentation on the GFP channel images of the cells. For the initial image the cells
are automatically detected and the borders are saved and are applied to all the images in the time lapse, to be
further used for time-lapse profile intensity.

The dynamics of the calcium concentration over time for segmented cells is

calculated and plotted over time in figure 34 for the two experimental scenarios.
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Figure 34. Plotting the profile of the segmented cells over time. Red dotted lines shows addition of
thapsigargin, calcium, and ionomycin in top, and DNP, thapsigargin, calcium, and ionomycin in the bottom

panels over time.
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4.5.3. ROS production in NIH3T3 Fibroblasts

KCN and PCP were added to the cells loaded just with Mito-SOX and the dynamics of
the cells in red channel (ROS production) were studied, as shown in figures 35 and 36.

Addition of Mito-SOX increase the intensity of the cell images gradually over time in the
fluorescent red channel, but the slope of this increase is different in the presence of chain
perturbations. As shown in figure 36, in the presence of KCN, rapid production of ROS
resulted in a much steeper slope compared to control, while addition of PCP resulted in a

lower slope compared to the control dish.

Figure 35. Dynamics of red channel (Mito-SOX) intensity for two cells over time. Addition of Mito-
SOX is shown in the figure with an arrow.
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Figure 36. The profile of the cells in red channel over time. Mito-SOX is added to the dish 5 minute after
the start of the imaging. The first dish (green) is imaged in the presence of Mito-SOX only while for the
second and third dishes Mito-SOX is added at the same time with 3mM KCN (red) and 3nM PCP (blue),
respectively.

4.5.4. ROS production in PAEC

The drugs were added to PAEC with a different protocol that instead of adding them right
after Mito-SOX, they were added 20 minutes later giving time to Mito-SOX to attach to
the superoxide. Different concentration of drugs were used to study the proper
concentration which cause the maximum effect but not yet is lethal for the cells. The
same way as fibroblasts the dynamics of the cells in red channel (ROS production) were
studied, as shown in figure 37 for rotenone.

Addition of Mito-SOX increase the intensity of the cell images gradually over time in the
fluorescent red channel, but the rate of this increase changes later after addition of
different chain perturbations. As shown in figure 37, in the presence of rotenone, the rate
of the superoxide production is increasing comparing to the wells without rotenone. Also

by increasing the concentration of the drug, the change in the rate increases as well.
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Figure 37. Dynamics of red channel (Mito-SOX) intensity of cells over time. Addition of Mito-SOX
(first) and Rotenone are shown in the figure with arrows.

4.6. Discussion

Optical image processing and cytometry techniques including segmentation can
be used to quantify injury using cellular morphology for fixed microscopic slides of
retina, and the results of the analysis allow for statistical determination of injury. The
current gold standard method for quantifying the parameters (namely the number of cells)
is the tedious process of manual counting, which cannot be used for real-time
measurements and suffers from human error. However, the segmentation algorithm

developed here automates this process and reduces the potential for human error in
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making these measurements. Furthermore, objective processing using the automated
algorithm removes the subjective processing errors and makes the process reproducible.

Thapsigargin, calcium, and ionomycin are all expected to increase the level of
cytosolic calcium concentration (but through different mechanisms), which can be seen in
the top panel of figure 33. Thapsigargin raises the concentration of cytosolic
(intracellular) calcium by blocking the ability of the cell to pump calcium into the
sarcoplasmic and endoplasmic reticula, which causes these stores to become depleted.
Store depletion can secondarily activate plasma membrane calcium channels, allowing an
influx of calcium into the cytosol. lonomycin is an ionophore which is used in research to
mark the upper limit of the calcium concentration in the cells. Addition of DNP
uncouples oxidative phosphorylation, causing a release of calcium from mitochondrial
stores and preventing calcium re-uptake{Barker, 2006 #1476} [151]. In the presence of
DNP, thapsigargin and ionomycin are expected to increase the cytosolic calcium levels,
but the addition of calcium itself is expected not to affect the level of calcium in the
cytosol, which is the case in the bottom panel of figure 34.

As previously discussed, KCN increases NADH and decreases FAD levels;
basically blocks electron flow, maximizes the probability of losing electrons to oxygen,
and causes a significant increase in the level of superoxide. On the other hand, PCP
(which is an uncoupler) oxidizes NADH and other coenzymes, use up the oxygen and
prevents the production of superoxide. The results of using Mito-SOX in fibroblast
confirms these hypotheses and, as can be seen in figure 36, there is a steep slope in the
production of superoxide under the influence of KCN compared to control, while the

addition of PCP along with Mito-SOX shows a decrease in the level of superoxide
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compared to control in fibroblasts. Rotenone is an inhibitor of complex I and we expect
to see the same behavior as the one we saw for the KCN and the results shows that in the

presence of rotenone, there is a increase in the production rate of rotenone as expected.
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Chapter 5

Conclusion and future direction
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5. Conclusion and future direction

The tools and methods designed as part of this research, namely the fluorometer
instrument and the acquisition protocols combined with the software and algorithms to
process the signals and images, have shown the ability to measure the amount of injury in
tissue and cells due to mitochondrial dysfunction, resulting in a robust and reliable in situ
and in vitro quantification of health in the presence of oxidative stress.

The conclusion is categorized into three sections for each imaging protocol below.

5.1. Frozen tissue studies

The results of this study support the utility of optical imaging of NADH and FAD
signals to evaluate lung tissue mitochondrial redox state. While optical determination of
RR in tissues such as brain and myocardium is accepted [72, 73, 108], the applicability of
these methodologies in examination of the redox state in lungs, where the density of
mitochondria is much lower, has not been established. The potential clinical importance
of real time optical imaging of lungs in patients with critical illnesses, patients on high
O,, or patients with IR lung injury secondary to lung transplant or chest contusions, is
great. Reliable fluorescence determination of the RR could be adopted in the same
fashion that near-infrared spectroscopy (NIRS) is gaining favor as a non-invasive
measure of tissue oxygenation in critically injured patients [118]. While NIRS is an
indirect measure of tissue oxygenation, NADH and FAD data provide information

regarding tissue redox and mitochondrial bioenergetics, a truer and more sensitive early
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measure of organ function. Because NADH and FAD signals can be detected through
fiber optic probes placed on the surface of the lung, RR data could be obtained either
intraoperatively or through tube thoracostomies (frequently placed for clinical indications
in patients with severe lung injury). Our studies support the capacity of fluorescence
imaging to detect pulmonary oxidative injury, and set the stage for live tissue studies
along with adaptation of the methods (use of reflectance measurements) required to
translate this approach to clinical arenas.

The limitation of translation to in vivo and optical surface fluorescence imaging is
that it may not detect changes deeper than 500 um (the imaging depth is normally around
200-300 pum). However, this resolution is more than sufficient for determining the RR of
homogeneous parenchymal tissue, which has a thickness (air to plasma) of 1.6 um [8] for
lung tissue.

Confirming the application of aforementioned technique in diagnosis of lung
injuries, apart from expanding the application to a wide variety of injuries and diseases, it
is possible to use this as a monitoring technique to follow the progress of the injury or

even effect of therapy over time which is the next step in our cryogenic experiment.

5.2. Fluorometry for Bronchopulmonary Studies

In conclusion, the results of this study demonstrate the utility of optical
fluorometry to detect a change in the redox status of lung mitochondrial coenzymes
NADH and FAD in isolated perfused lungs over time. In the present study and previous

studies by others and ourselves [18, 50-52], the relative change in the NADH and FAD
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signals are reported instead of the actual signals, which are sensitive to various factors
including probe distance from the organ surface, day-to-day variations in light intensity,
and PMT gain settings. One approach to overcoming this limitation would be by imaging
a phantom of known NADH and FAD concentrations at the end of a given experiment
(lung), and then using this information to scale the measured NADH and FAD signals.
This would allow us to compare un-normalized signals from different lungs.

The lung surface optical imaging data do not provide information about the specific
types of lung cells contributing to the measured NADH and FAD signals, although
endothelial cells would be expected to contribute significantly because of their relatively
large surface area and fraction of total lung cells [8]. Though determining the
contributions of specific lung cell types to the measured signal is potentially important,
the global oxido-reductive state of the lung tissue is a highly valuable piece of
information irrespective of the individual cell types contributing to the redox ratio.

Over 900,000 adults receive invasive mechanical ventilation (MV) in the United
States each year [53, 54]. Many either have acute lung injury (ALI) or have conditions
such as shock and severe sepsis that place them at particular risk of ALI [54-59].
Treatment with high levels of oxygen to maintain adequate tissue oxygenation may
further exacerbate lung injury. However, the susceptibility to lung injury (from hyperoxia
or shock) varies widely from person to person, and there are only crude and subjective
means of screening for or following these injuries clinically so using such instrument
developed here make the screening objective and accurate.

The results of this study suggest that hyperoxia-induced mitochondrial

dysfunction occurs prior to the inflammatory phase of lung O, toxicity. If so, a change in
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lung surface mitochondrial redox state, as measured using optical fluorescence
techniques, could be used as an index of lung O, toxicity in patients with ALI requiring
high oxygen therapy, or to monitor the progression of ALI and its most severe form
Acute Respiratory Distress Syndrome (ARDS), one of the most frequent causes of
admission to the intensive care unit [60]. The fiber optic probe could be placed on the
lung pleural surface through a small thoracotomy incision or a thoracostomy tube in
patients with these devices in place. Alternatively, the probe might be introduced through
an endotracheal tube, and positioned against airway epithelium. The same probe could be
used to evaluate the efficacy of novel or existing interventions on lung tissue
mitochondrial redox state and energy homeostasis in real time.

An individual with enhanced susceptibility to ARDS would be a strong candidate
for strategies such as scrupulous attention to ventilation with low tidal volumes,
deliberate tolerance of lower arterial oxygen, or higher carbon dioxide tensions to limit
oxygen toxicity or barotrauma, avoidance of transfusions, etc [53-59]. These
interventions decrease injury but incur additional risks (increased sedation, impairment of
vital organ functions, etc.) that limit their universal and strict application in ALI patients.
The diagnostic and therapeutic monitoring applications of this tool are important not only
for ALI/ARDS, but also for other lung conditions, including lung cancer which is
characterized by mitochondrial impairment (so called Warburg effect) [61], lung
transplant related ischemia-reperfusion injury [62], or other animal models of human ALI
[63]. Additional applications include diagnostic and therapeutic monitoring of conditions
in other organs with high energy flux, such as heart ischemia-reperfusion injury and heart

failure management, or intraoperative identification of ischemic intestine and others.
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5.3. Cell cultures and microscopy

The current methods for detection of the retinal features from images obtained

from fixed retina slides involve tedious manual counting and analysis. By automating this
task, using the developed algorithm, the throughput of retinal image analysis, as well as
the accuracy, can be increased. Manual analysis is tedious and time consuming and due to
fatigue, leads to a high probability of errors in the detection process. As for clinical
translation, the algorithm developed for cytometry and cell segmentation and vasculature
processing, through further refinement, has the potential to be used in fundus camera, a
common noninvasive method of eyes' imaging. While using this type of camera, the
vasculature is often stained to fluoresce using a common dye, indocyanine green. Using
the fundus camera with this stain allows for one to obtain fluorescent images of the
retina. Although these images are of lower resolution than the images studied here, and
the contrast between the vasculature and background is decreased, improvements in
image processing will allow the algorithm to overcome these deficits and permit it to
obtain similar results to those shown here.
The next step for fixed cell studies is to extract other features regarding the vasculature
and also improving the segmentation algorithm so that it will be able to distinguish
between different cells types which is a project in progress by other graduate students in
the lab.

Live cell studies enable us to look at the previously studied injuries at the cellular
level. In the next step, it is intended to model injuries such as hyperoxia and hypoxia

using controlled environment incubator and microscope gas levels. It is predicted that



109

hyperoxic condition may exacerbates the severity of lung injury in PAEC by regulating
superoxide levels produced.

It is also intended to compare injured cells to control ones. The cells are being
prepared by inducing pulmonary hypertension in the lamb fetus in utero by pulling out
the fetus, and occluding the ductus arteriosus by 50%, then putting the fetus back in the
mother for one more week. The PAECs are then being harvested from the hypertensive
lamb lungs and are grown in culture. They are expected to produce more free radicals
comparing to control PAECs. Also monitoring the behavior of these cells under long
hypoxic conditions followed by hyperoxic conditions is advantageous since it is a good
model of injuries happening to the fetus at birth. The cell injuries will be studied in

Biophotonics lab by other graduate students.
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oxidative stress in kidneys from diabetic mice." Journal of Biomedical Optics
Express, Vol. 3, No. 2, pp. 273-281, Feb 2012.

Sepideh Maleki, Sandeep Gopalakrishnan, Zahra Ghanian, Reyhaneh Sepehr,
Heather Schmitt, Janis Eells, Mahsa Ranji, "Optical Imaging of Mitochondrial
Redox State in Rodent Model of Retinitis Pigmentosa ", accepted for publication
in Journal of Biomedical Optics.

Conference Papers

Reyhaneh Sepehr, Kevin Staniszewski, Elizabeth R. Jacobs, Said Audi, and
Mahsa Ranji, “Fluorometry of ischemia reperfused rat lungs in vivo”, accepted
for presentation in SPIE photonices 2013.

Zahra Ghanian, Sepideh Maleki, Sandeep Gopalakrishnan, Reyhaneh Sepehr,
Heather Schmitt, Janis Eells, Mahsa Ranji, “Optical Imaging of Oxidative Stress
in Rodent Model of Retinitis Pigmentosa”, accepted as poster presentation to SPIE
photonices west 2013

R. Sepehr, K. Staniszewski, E. R. Jacobs, S. Audi, M. Ranji, "Optical studies of
tissue mitochondrial redox in isolated perfused rat lungs", in Proceedings of SPIE
8207D, San Fransisco, 2012; doi: 10.1117/12.909474
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R. Sepehr, K. Staniszewski, C. M. Sorenson, N. Sheibani, M. Ranji,
"Classification of retinopathic injury using image cytometry and vasculature
complexity", in Proceedings of SPIE 8225, San Fransisco, 2012; doi:
10.1117/12.908598

e S. Maleki, R. Sepehr, K. Staniszewski, N. Sheibani, C.M. Sorenson, M. Ranji,
"Optical cryoimaging of kidney mitochondrial redox state in diabetic mice
models", in Proceedings of SPIE 8225, San Fransisco, 2012.

e K. Staniszewski, R. Sepehr, S. Maleki, C.M. Sorenson, N. Sheibani, M. Ranji, "
Automated Evaluation of Retinopathies Using Image Cytometry", DAMOR
Workshop, Feb 2012.

e R. Sepehr, K. Staniszewski, S. Maleki, M. Ranji, "Optical Cryoimaging of
Kidney Mitochondrial Redox State and the Effect of BCL-2 Family Expression",
BMES Oct 2011.

¢ R.Sepehr, S. Audi, K. Staniszewski, S Maleki, M. Ranji, “Fluorescence
Spectroscopy and Cryoimaging of Rat Lung Tissue Mitochondrial Redox State”,
in Proceedings of SPIE 80870, Munich, 2011; doi:10.1117/12.890019.

University Services:

¢ Organizing Committee Member of the 16th Iranian Conference on Electrical
Engineering (icee2008) Tarbiat Modares University, Tehran, Iran.

e President of Persian Sports club (an student organization at UW Milwaukee)
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8. Appendix II: Abstracts of Journal Papers

Journal of Biomedical Optics 17(4), 046010 (April 2012)

Optical imaging of tissue mitochondrial redox state in intact

rat lungs in two models of pulmonary oxidative stress

Reyhaneh Sepehr, Kevin Staniszewski, Sepideh Maleki, Elizabeth R. Jacobs, Said Audi,
and Mahsa Ranji
University of Wisconsin Milwaukee, Biophotonics Lab, Department of Electrical
Engineering, Milwaukee, Wisconsin 53211
Pulmonary Division, Zablocki VA Medical Center, Milwaukee, Wisconsin 53295
Marquette University, Department of Biomedical Engineering, Milwaukee, Wisconsin
53233

Abstract. Ventilation with enhanced fractions of O, (hyperoxia) is a common and necessary
treatment for hypoxemia in patients with lung failure, but prolonged exposure to hyperoxia causes
lung injury. Ischemia-reperfusion (IR) injury of lung tissue is common in lung transplant or crush
injury to the chest. These conditions are associated with apoptosis and decreased survival of lung
tissue. The objective of this work is to use cryoimaging to evaluate the effect of exposure to
hyperoxia and IR injury on lung tissue mitochondrial redox state in rats. The autofluorescent
mitochondrial metabolic coenzymes nicotinamide adenine dinucleotide (NADH) and flavin
adenine dinucleotide (FAD) are electron carriers in ATP generation. These intrinsic fluorophores
were imaged for rat lungs using lowtemperature fluorescence imaging (cryoimaging). Perfused
lungs from four groups of rats were studied: normoxia (control), control perfused with an
mitochondrial complex IV inhibitor (potassium cyanide, KCN), rats exposed to hyperoxia (85%
02) for seven days, and from rats subjected to lung IR in vivo 24 hours prior to study. Each lung
was sectioned sequentially in the transverse direction, and the images were used to reconstruct a
three-dimensional (3-D) rendering. In KCN perfused lungs the respiratory chain was more
reduced, whereas hyperoxic and IR lung tissue have a more oxidized respiratory chain than
control lung tissue, consistent with previously measured

mitochondrial dysfunction in both hyperoxic and IR lungs.

© 2012 Society of Photo-Optical Instrumentation Engineers (SPIE). [DOL:
10.1117/1.JB0O.17.4.046010]

Keywords: optical imaging; nicotinamide adenine dinucleotide; flavin adenine
dinucleotide; mitochondrial redox; lung tissue; hyperoxia; ischemia-reperfusion.

Paper 11581 received Oct. 7, 2011; revised manuscript received Feb. 3, 2012; accepted
for publication Feb. 14, 2012; published online Apr. 19, 2012.
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Annals of Biomedical Engineering (2012) DOI: 10.1007/s10439-012-0716-z

Surface Fluorescence Studies of Tissue Mitochondrial Redox

State in Isolated Perfused Rat Lungs
Kevin Staniszewski, Said H. Audi, Reyhaneh Sepehr, Elizabeth R. Jacobs, Mahsa Ranji

Biophotonics Lab, Department of Electrical Engineering, University of Wisconsin
Milwaukee, 3200 N Cramer St., Milwaukee, WI 53211, USA;
Department of Biomedical Engineering, Marquette University, 1515 West Wisconsin
Avenue, Milwaukee,WI 53233, USA;
Research and Development, Clement J. Zablocki VA Medical Center, 5000 W. National
Avenue, Milwaukee,WI 5329, USA;
Medical College of Wisconsin, Milwaukee, WI, USA

(Received 18 July 2012; accepted 28 November 2012)

Abstract—We designed a fiber-optic-based optoelectronic fluorometer to measure emitted
fluorescence from the auto-fluorescent electron carriers NADH and FAD of the mitochondrial
electron transport chain (ETC). The ratio of NADH to FAD is called the redox ratio (RR =
NADH/FAD) and is an indicator of the oxidoreductive state of tissue. We evaluated the
fluorometer by measuring the fluorescence intensities of NADH and FAD at the surface of
isolated, perfused rat lungs. Alterations of lung mitochondrial metabolic state were achieved by
the addition of rotenone (complex I inhibitor), potassium cyanide (KCN, complex IV inhibitor)
and/or pentachlorophenol (PCP, uncoupler) into the perfusate recirculating through the lung.
Rotenone- or KCN-containing perfusate increased RR by 21and 30%, respectively. In contrast,
PCP-containing perfusate decreased RR by 27%. These changes are consistent with the
established effects of rotenone, KCN, and PCP on the redox status of the ETC. Addition of blood
to perfusate quenched NADH and FAD signal, but had no effect of RR. This study demonstrates
the capacity of fluorometry to detect a change in mitochondrial redox state in isolated perfused
lungs, and suggests the potential of fluorometry for use in in vivo experiments to extract a
sensitive measure of lung tissue’s health in real-time.

Keywords—Lung surface fluorometry, Nicotinamide Adenine Dinucleotide (NADH),
Flavin Adenine Dinucleotide (FADH2), Mitochondrial redox
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Journal of Innovative Optical Health Sciences
Vol. 6, No. 3 (2013) 1350017 (10 pages)
DOI: 10.1142/S179354581350017X

Optical Imaging Of Lipopolysaccharide induced Oxidative
Stress In Acute Lung Injury From Hyperoxia And Sepsis

Reyhaneh Sepehr, Said H. Audi, Sepideh Maleki And Kevin Staniszewski, Annie L. Eis,
Girija G. Konduri, Mahsa Ranji

Biophotonics Laboratory, Department of Electrical Engineering and Computer Science,
University of Wisconsin Milwaukee
Department of Biomedical Engineering Marquette University
Department of Pediatrics, Cardiovascular Research Center Medical College of Wisconsin
ranji@uwm.edu
Received 21 February 2013
Accepted 2 May 2013

Abstract. Reactive oxygen species (ROS) have been implicated in the pathogenesis of many
acute and chronic pulmonary disorders such as acute lung injury (ALI) in adults and
bronchopulmonary dysplasia (BPD) in premature infants. Bacterial infection and oxygen toxicity,
which result in pulmonary vascular endothelial injury, contribute to impaired vascular growth and
alveolar simplification seen in the lungs of premature infants with BPD. Hyperoxia induces AL,
reduces cell proliferation, causes DNA damage and promotes cell death by causing mitochondrial
dysfunction. The objective of this study was to use an optical imaging technique to evaluate the
variations in °uorescence intensities of the auto-°uorescent mitochondrial metabolic coenzymes,
NADH and FAD in four di®erent groups of rats. The ratio of these °uorescence signals
(NADH/FAD), referred to as NADH redox ratio (NADH RR) has been used as an indicator of
tissue metabolism in injuries. Here, we investigated whether the changes in metabolic state can be
used as a marker of oxidative stress caused by hyperoxia and bacterial lipopolysaccharide (LPS)
exposure in neonatal rat lungs. We examined the tissue redox states of lungs from four groups of
rat pups: normoxic (21% O2) pups, hyperoxic (90% O2) pups, pups treated with LPS (normoxic
p LPS), and pups treated with LPS and hyperoxia (hyperoxic p LPS). Our results show that
hyperoxia oxidized the respiratory chain as re°ected by a _43% decrease in lung tissue NADH
RR as compared to that for normoxic lungs. LPS treatment alone or with hyperoxia had no
significant effect on lung tissue NADH RR as compared to that for normoxic or hyperoxic lungs,
respectively. Thus, NADH RR serves as a quantitative marker of oxidative stress level in lung
injury caused by two clinically important conditions: hyperoxia and LPS exposure.

Keywords: Fluorescence imaging; NADH; FAD; LPS; Hyperoxia.
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IEEE Journal of Translational Engineering in Health and Medicine
Vol. 1, No. 1 (2013) 1500210
DOI: 10.1109/JTEHM.2013.2285916

Novel Flurometric Tool to Assess Mitochondrial Redox State of
Isolated Perfused Rat Lungs after Exposure to Hyperoxia

R. Sepehr, S. H. Audi*, K. S. Staniszewski, S. T. Haworth, E. R. Jacobs, M. Ralnji*”l<

‘Co-Senior authors, *Corresponding author

Abstract' Recently we demonstrated the utility of optical fluorometry to detect a change in the
redox status of mitochondrial autofluorescent coenzymes NADH (Nicotinamide Adenine
Dinucleotide) and FAD (oxidized form of Flavin Adenine Dinucleotide (FADH2,)) as a measure
of mitochondrial function in isolated perfused rat lungs (IPL). The objective of this study was to
utilize optical fluorometry to evaluate the effect of rat exposure to hyperoxia (>95% O2 for 48
hours) on lung tissue mitochondrial redox status of NADH and FAD in a nondestructive manner
in IPL. Surface NADH and FAD signals were measured before and after lung perfusion with
perfusate containing rotenone (ROT, complex I inhibitor), potassium cyanide (KCN, complex IV
inhibitor), and/or pentachlorophenol (PCP, uncoupler). ROT- or KCN-induced increase in NADH
signal is considered a measure of complex I activity, and KCN-induced decrease in FAD signal is
considered a measure of complex II activity. The results show that hyperoxia decreased complex
I and II activities by 63% and 55%, respectively, as compared to lungs of rats exposed to room air
(normoxic rats). Mitochondrial complex I and II activities in lung homogenates were also lower
(77% and 63%, respectively) for hyperoxic than for normoxic lungs. These results suggest that
the mitochondrial matrix is more reduced in hyperoxic lungs than in normoxic lungs, and
demonstrate the ability of optical fluorometry to detect a change in mitochondrial redox state of
hyperoxic lungs prior to histological changes characteristic of hyperoxia.

Index Terms— NADH dehydrogenase (complex I), succinate dehydrogenase (complex
II), Flavin Adenine Dinucleotide (FADH,), Nicotinamide Adenine Dinucleotide
(NADH), lung surface fluorometry, mitochondrial redox

Manuscript received 2013. This work was supported in part by the support of University of Wisconsin
Milwaukee RGI 7 Grant, Clinical and Translational Science Institute KL2 Grant: NIH 8KI2TR000056,
Wisconsin Applied Research grant (Wi-ARG), NIH grant SUL1TR000055 (CTSI), VA Merit Review
Award BX001681, and the Department of Veterans Affairs that provided resources essential to the
completion of these investigations.
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Biomed Opt Express
Vol. 3, No. 2 (2012) 273-281
DOI: 10.1364/BOE.3.000273

Mitochondrial Redox Studies of Oxidative Stress in Kidneys of

Diabetic Akita Mice and Bcl-2 Deficient Mice

S Maleki®, R. Sepehr®, K. Staniszewski’, N Sheibani®, C.M. Sorenson®, M. Ranji*"
“Biophotonics laboratory, University of Wisconsin Milwaukee, Department of Electrical
Engineering and Computer Science
Departments of "Ophthalmology and Visual Sciences, and “Pediatrics,
University of Wisconsin School of Medicine and Public Health
*: Corresponding author

Abstract: Diabetic nephropathy (DN) represents the most common cause of end stage renal
disease (ESRD) and is known as a major risk factor in developing cardiovascular disease.
Chronic hyperglycemia which occurs during diabetes, leads to overproduction of free radicals
especially reactive oxygen species (ROS) by the mitochondria electron transport chain.
Overproduction of ROS as a consequence of hyperglycemia, causes an increase in oxidative
stress (OS) which then exacerbates the development and progression of diabetes and its
complications such as renal vascular and proximal tubule cell dysfunction [1-3]. Here, we
investigate the change in the metabolic state of the tissue which can be used as a hallmark of OS
in different tissues in two groups of mice kidneys including a group of Akita diabetic mice
kidneys, its corresponding wild type (WT) and one group of bcl-2 deficient (bcl-2 -/-) mice, its
corresponding WT (bcl-2 +/+). Bcl-2 family of proteins act as an anti-apoptotic protein with anti-
oxidant effects, which are considered as a regulator of OS. bcl-2 expression decreases during
diabetes. Akita mice, which have a mutation in the insulin 2 gene, develop type 1 diabetes as
early as 4-weeks of age and a more sever diabetes by 5-6 weeks of age We also have used a novel
model , Akita/TSP mice which lack thrombospondin-1 that develops much more sever diabetic
nephropathy compared to its control mice, TSP-/-[4, 5]. In this study, 3D cryoimaging was
utilized to obtain the fluorescence images of kidney extracted from bcl-2 -/- mice, Akita diabetic
mice and their WTs as well as Akita/TSP and their WTs. Redox Ratio (RR) was used as a
quantitative marker of OS in bcl-2 -/- mice as well as Akita diabetic mice of different ages.

Keywords: Oxidative stress markers, diabetes, hyperglycemia, Bcl-2 family protein,
Akita diabetic mouse model, redox ratio, fluorescence imaging.
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Journal of Biomedical Optics
Vol. 18, No. 1 (2013) 16004
DOI: 10.1117/1.JBO.18.1.016004

Optical Imaging of Mitochondrial Redox State in Rodent
Model of Retinitis Pigmentosa

Sepideh Maleki, Sandeep Gopalakrishnan, Zahra Ghanian, Reyhaneh Sepehr,
Heather Schmitt, Janis Eells, Mahsa Ranji

Abstract: Oxidative stress (OS) and mitochondrial dysfunction contribute to photoreceptor cell
loss in retinal degenerative disorders. The objective of this study was to investigate the metabolic
state of the retina in a rodent model of retinitis pigmentosa using a cryofluorescence imaging
technique. The mitochondrial metabolic coenzymes NADH and FAD are autofluorescent and can
be monitored without exogenous labels using optical techniques. The cryofluorescence redox
imaging technique provides a quantitative assessment of the metabolism. More specifically, the
ratio of the fluorescence intensity of these fluorophores, (NADH/FAD), the NADH redox ratio
(RR), is a marker of the metabolic state of the tissue. We examined the NADH RR and retinal
function in an established rodent model of retinitis pigmentosa, the P23H rat compared to that of
non-dystrophic Sprague-Dawley (SD) rats. The NADH RR mean values were 1.11 £ 0.03 in the
SD normal and 0.841 £ 0.01 in the P23H retina, indicating increased OS in the P23H retina.
Electroretinographic data revealed a significant reduction in photoreceptor function in P23H
animals compared to SD normal rats. Thus, cryofluorescence redox imaging was used as a
quantitative marker of OS in eyes from transgenic rats and demonstrated that alterations in the
oxidative state of eyes occur during the early stages of RP.

Keywords: Optical imaging, NADH, FAD, NADH redox ratio, Oxidative stress,
Inherited retinal degeneration, Mitochondrial dysfunction.



