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Abstract

Hyperglycemia affects retinal vascular cell function, promotes the development and progression of
diabetic retinopathy, and ultimately causes vision loss. Oxidative stress, reactive oxygen species
(ROS) in excess, is a key biomarker for diabetic retinopathy. Using time-lapse fluorescence
microscopy, ROS dynamics was monitored and the metabolic resistivity of retinal endothelial cells
(REC) and pericytes (RPC) was compared under metabolic stress conditions including high
glucose (HG). In the presence of a mitochondrial stressor REC exhibited a significant increase in
the rate of ROS production compared with RPC. Thus, under normal glucose (NG), REC may
utilize oxidative metabolism as the bioenergetic source, while RPC metabolic activity is
independent of mitochondrial respiration. In HG condition, the rate of ROS production in RPC
was significantly higher, whereas this rate remained unchanged in REC. Thus, under HG condition
RPC may preferentially utilize oxidative metabolism, which results in increased rate of ROS
production. In contrast, REC use glycolysis as their major bioenergetic source for ATP production,
and consequently HG minimally affect their ROS levels. These observations are consistent with
our previous studies where we showed HG condition has minimal effect on apoptosis of REC, but
results in increased rate of apoptosis in RPC. Collectively, our results suggest that REC and RPC
exhibit different metabolic activity preferences under different glucose conditions. Thus,
protection of RPC from oxidative stress may provide an early point of intervention in development
and progression of diabetic retinopathy.
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1. Introduction

Increased oxidative stress and mitochondrial dysfunction have been linked to the
development and progression of diabetic retinopathy, and trigger the pro-apoptotic actions of
mitochondria [1, 2]. Specifically, oxidative stress plays a key role in retinal vascular cell
injury and degeneration of capillaries during diabetes [2]. However, little is known about the
primary retinal vascular cell target and the mechanism(s) involved in metabolic stress
associated with diabetes and pathogenesis of diabetic retinopathy.

The distribution of vascular pericytes (PC) and endothelial cells (EC) reflect specific
functional features of the microvasculature in different organs and relate to the organ
metabolic demand and specialized cellular functions. The greatest PC density has been noted
in the retinal blood vessels, which is needed for the particularly high metabolic activity of
the retina, and requires meticulously regulated blood flow. The greater pericyte number and
coverage has been linked to higher capillary and venular blood flow and better
microvascular barrier. Due to the important role of retinal pericytes (RPC) in controlling
blood flow, a higher sensitivity to metabolic changes is expected for these cells compared
with retinal endothelial cells (REC), especially under stress conditions. We previously
showed that RPC are more sensitive to adverse effects of high glucose compared with REC
[3, 4]. However, the reason for this selective sensitivity remains unknown. We proposed this
sensitivity may be linked to preferences of bioenergetic sources for these cells.

Here, we measured the metabolic resistivity of the RPC and REC by monitoring reactive
oxygen species (ROS) production in real-time, while the live cells were challenged with
various metabolic stressors. Stress conditions were induced by a mitochondrial uncoupler or
inhibitors of electron transport chain (ETC) complexes affecting the oxidative metabolic
pathway. Moreover, the metabolic stress was exacerbated by HG condition to gain insight
into the underlying cause of RPC sensitivity to HG. Using time-lapse microscopy, an
experimental protocol was previously designed to quantify dynamics of ROS production in
vitro [5, 6]. In this protocol, nano-molar concentration of MitoSOX red was used to monitor
mitochondrial ROS production level and the rate in live cells over time. Using this
experimental protocol, the dynamics of ROS production in REC and RPC were determined.
Live cells were incubated with PCP (a mitochondrial uncoupler) or rotenone and antimycin
A (mitochondrial ETC inhibitors) under normal glucose (NG). Furthermore, the
mitochondrial stress from PCP treatment was compared under HG.

2. Materials and Methods

2.1. Cell preparation

RPC and REC were isolated from C57BL/6J Immorto mice as previously described [7, 8].
Briefly, eyes were enucleated and hemisected. The retinas were dissected out aseptically
under a dissecting microscope and kept in serum-free DMEM containing penicillin/
streptomycin (Sigma, St. Louis, MO). Retinas (12 to 14 from one litter) were pooled
together, rinsed with serum-free DMEM, minced into small pieces in a 60-mm tissue culture
dish using sterilized razor blades, and digested in 5 ml of collagenase type I (1 mg/ml in
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serum-free DMEM, Worthington, Lakewood, NJ) for 30-45 min at 37°C. Following
digestion, DMEM with 10% FBS was added and cells were pelleted. The cellular digests
were then filtered through a double layer of sterile 40 um nylon mesh (Sefar America Inc.,
Fisher Scientific, Hanover Park, IL), centrifuged at 400 xg for 10 min to pellet cells, and
cells were washed twice with DMEM containing 10% FBS. The cells were resuspended in
1.5 ml medium (low glucose DMEM; 5 mM with 10% FBS) and incubated with sheep anti-
rat magnetic beads pre-coated with anti-PECAM-1. After affinity binding, magnetic beads
were washed six times with DMEM with 10% FBS and bound cells in EC growth medium
were plated into a single well of a 24 well plate pre-coated with 2 pg/ml of human
fibronectin (BD Biosciences, Bedford, MA). Endothelial cells were grown in DMEM
containing 10% FBS, 2 mM L-glutamine, 2 mM sodium pyruvate, 20 mM HEPES, 1% non-
essential amino acids, 100 pg/ml streptomycin, 100 U/ml penicillin, freshly added heparin at
55 U/ml (Sigma, St. Louis, MO), endothelial growth supplement 100 pg/ml (Sigma, St.
Louis, MO), and murine recombinant interferon-y (R & D, Minneapolis, MN) at 44
units/ml. Cells were maintained at 33°C with 5% CO2. REC were progressively passed to
larger plates, maintained, and propagated in 1% gelatin-coated 60 mm dishes (Falcon-BD
Labware, Bedford, MA) [7, 8]. For isolation of RPC, the dissociated retinal cells, prepared
above, were directly plated on uncoated wells of a 24 well plate, and progressively expanded
in uncoated 60-mm tissue culture plates and maintained as previously described [9]. The
RPC were maintained in DMEM containing 10% FBS, 2 mM L-glutamine, and murine
recombinant interferon-y (R & D) at 44 units/ml.

For imaging, REC were passed and cultured on gelatin-coated, while RPC were cultured on
uncoated, 8-well chamber slide (4x104 cells/well, LabTekll, ThermoFisher) and incubated
in low glucose (normal glucose; NG) growth medium for 24 hours. To determine the effect
of HG on cellular metabolic resistivity and ROS production, cells were grown in medium
with different glucose concentrations. Following 24 hours of incubation, cells were fed in 2—
3 wells with high glucose (HG, 30 mM) medium, 2-3 wells with normal glucose (NG, 5
mM) medium, and 2-3 wells with D-glucose (5 mM) plus L-glucose (25 mM) for
osmolarity control (OS) for 3 days. Following exposure to various glucose conditions, live
cells were imaged using fluorescence microscopy. Before imaging, cells were subjected to
nuclei staining, and during the imaging, the intracellular ROS level was determined by a
mitochondrial-targeted red fluorescence probe, MitoSOX. All experiments were performed
with cells between passages 9 to 11.

2.2. Fluorescent Probes

To measure the mitochondrial ROS production rate, and hence the metabolic resistivity of
REC and RPC, cells were stained with 400 nM MitoSOX (Invitrogen M36008; excitation/
emission: 510/580 nm) during the experiment. MitoSOX was kept in the medium while
imaging. In order to maintain focus during imaging, the cells nuclei were also stained before
imaging with 200 nM Hoechst (Life Technologies H1399, excitation/emission: UV/bluge)
and incubated in medium containing Hoechst for 30 minutes. Following incubation, the cells
were rinsed twice with Hank’s Balanced Salt Solution (HBSS, Life Technologies
14025092). After washing, HBSS was added for subsequent fluorescent imaging. Hoechst
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stains nuclei, whereas MitoSOX stains mitochondria ROS upon oxidation under appropriate
excitation wavelength.

2.3. Fluorescence Microscopy

Cells were imaged live using a fluorescence microscope (Nikon Ti-E inverted) with a 20X
objective and a scale of 0.32 pm per pixel. The cells were kept at 33+£0.5°C in a 5% CO2
humidified chamber (Okolab) housed around the microscope, providing gas exchange and
controlled temperature for time-lapse imaging over several hours. During the experiments,
the level of O2 and CO2 inside the chamber was continuously monitored with an O2-BTA
model O2 sensor and CO2-BTA model CO2 probe (Vernier Co., Beaverton, OR). Time-
lapse images were obtained in the blue (Hoechst), and red (MitoSOX) channels to monitor
nuclei, and mitochondrial ROS levels (Fig. 1). Eight fields of view (FOV) of cells were
imaged including one FOV in each chamber of the bottom-glass plate. Stained cells with
Hoechst and MitoSOX were subjected to 340-380 nm and 528-553 nm excitation source,
and emission was recorded through 435-485nm and 590-650nm band-pass filters [5]. The
images were captured using a charge-coupled device camera (Q-imaging, Aqua Exi, 14-bit,
6.45um per pixel) with the exposure time of 0.68 psec/pixel in the red channel. Fields that
were imaged were selected on random by randomly moving the x- and y-axis drivers on the
microscope stage. The fields that had a representative number of cells were then imaged.

Our experimental protocol [6, 10, 11] was designed to measure changes in mitochondrial
ROS production associated with metabolic stress conditions as a model of ROS mediated
injuries. Time-lapse images of FOV were captured in blue, and red channels, all in 70-sec
intervals for 80 min. Ten min of baseline imaging was followed by the addition of MitoSOX
(400 nM) to the live cells. Imaging was continued for 20 min after the addition of MitoSOX.
Cells were then treated with pentachlorophenol sodium salt (PCP, chain uncoupler, 5 uM,
Sigma Aldrich; 76480), rotenone (Complex I inhibitor, 25 pM, Sigma Aldrich; R8875),
antimycin A (Complex 11 inhibitor, 10 uM, Sigma Aldrich; A8674) to study ROS
production in the mitochondria as indicated by fluorescence intensity. Image acquisition
continued for 50 min after adding the metabolic stressors.

2.4. Data analysis

The cell contours were detected in the bright field images using our cell segmentation
algorithm [11]. The obtained mask including the cell contours was then applied to the time-
lapse image stack in the red fluorescent channel. The nuclei were also identified in the blue
images and the resulting blue binary image was used as a mask for the stack of the red
images to exclude the nuclei contribution to the red intensity profiles. The mean intensity of
the mitochondria in red channel image stack was calculated as a raw intensity profile over
time.

Our developed methodology to obtain final intensity profiles of the cells from the input
fluorescent images was previously reported [6]. The intensity profile of the red fluorescence
images shows the dynamic of ROS production in response to MitoSOX (t=10 min) and
metabolic stressors (t=30 min). In order to quantify the ROS levels and compare the changes
in ROS production rate between RPC and REC, the raw intensity profiles were first
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background subtracted. Day-to-day variation of light intensity and illumination pattern led to
variations in the basal level intensity, which was accounted for background subtraction. Then
the slope of the linear fit of the intensity profiles was calculated in either the MitoSOX
interval (t=11-29 min) for the control group (with only MitoSOX treatment) or stress
interval (t=30-35 min) for the treated group with stressors, respectively. The slope of the
intensity profile in stress interval reflects ROS initiation rate.

2.5. Statistical analysis

Data are shown as means + SE. Student’s t-test was used for normally distributed data. A p-
value < 0.05 was considered significant.

3. Results

In microscopic images captured in fluorescent channels, the nuclei were targeted by Hoechst
in blue, and mitochondrial compartments were detected by MitoSOX in red. Panels a and b
in Fig. 1 show the overlay of the blue and red fluorescent markers in REC and RPC. Panels ¢
and d in Fig. 1 demonstrate changes in the fluorescence intensity of the REC (red profiles)
and RPC (blue profiles) over time under NG and HG. Panel ¢ and d compare the metabolic
resistivity of REC with RPC under NG and HG. Fig. 1(c) shows that the metabolic
properties of REC and RPC were different even at normal glucose level. However, under
high glucose condition (Fig. 1(d)), RPC produced more mitochondrial ROS while REC did
not exceed the level reached in NG.

Fig. 2 shows the corresponding quantitative changes in the fluorescence intensity of the REC
(red curves) and RPC (blue curves) over time. Uncoupling and inhibiting mitochondrial ETC
complexes (top panel and two bottom panels, respectively) significantly increased the rate of
ROS production in both cell types when compared to the baseline rate of ROS production.
Fig. 2 also demonstrates that uncoupling of the REC mitochondria with PCP resulted in an
abrupt and marked increase in the rate of ROS production when compared with inhibitors of
ETC complexes. Enhanced fluorescence intensity was evident right after addition of the
mitochondrial stressors, and the intensity increased continuously over time, demonstrating a
time-dependent amplification of ROS production.

Fig. 2 demonstrates that incubation of cells with an oxidizing agent (PCP; 5 uM), or
reducing agents (ROT; 25 uM, and AA; 10 uM) resulted in significantly larger increase in
the initial rate of ROS production (PCP: 8.27 £0.97, 1.58 £ 0.47; ROT: 3.13 £ 0.24, 1.03
+0.18; AA: 10.74 £ 0.86, 1.96 + 0.16) in both REC and RPC, respectively. Presented values
correspond to the initial time (t=30 min) when the metabolic agents were added. To evaluate
the consistency and reproducibility of the results, a total of 18 wells of each cell type were
imaged, with n=6 for each of the treated groups. The slopes of the intensity profiles were
calculated at the time of the administration of the agent for six FOV per group for the treated
cells. The graphs in Fig. 2 show the average profile of the PCP, ROT, and AA experiments.

The slopes of the intensity right after the addition of mitochondrial metabolic modulators
(t=30 min) were compared statistically in Fig. 3, demonstrating significant differences
between REC and RPC. These slopes correlated with the intracellular ROS initiation rate
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[6]. The red and blue bars in Fig. 3 represent initial ROS production rate in REC and RPC,
respectively. These bars show greater rates of ROS production in REC by PCP, ROT, and
AA, respectively, by a factor of 8.93 £ 1.18, 3.57 + 0.27, and 5.64 + 0.25 compared with
RPC. Red and blue profiles in the top panel of Fig. 2 along with red and blue bars in Fig. 3
demonstrate the fastest and greatest increase in the rate of ROS production (8.93 + 1.18) in
uncoupled REC when compared with uncoupled RPC.

Intensity profiles in Fig. 4 compared ROS production and, hence, the metabolic resistivity of
uncoupled REC with RPC under different glucose conditions including NG, OS, and HG.
While blue profiles in the left panel (NG exposure) and green profiles in the right panel (OS
condition) showed significantly smaller ROS production level and rate in uncoupled RPC
compared with uncoupled REC, red profiles in bottom panel did not show any significant
changes over time between the two cell types under HG condition.

The ROS initiation rates right after the addition of PCP (t = 30 min) in REC and RPC
exposed to the different glucose conditions were compared statistically in Fig. 5. Bar graphs
in Fig. 5 demonstrate significant changes in ROS initiation rate of REC group (red bars)
compared with RPC group (blue bars) in response to different glucose conditions. The ROS
initiation rates are summarized in table 1. The first row of this table (columns 1-3)
corresponds to the stable response of the uncoupled REC to different glucose levels
exposure without any significant changes between NG and HG groups. However, the second
row of Table 1 shows the ROS initiation rates in uncoupled RPC with significant changes
when incubated under different glucose conditions. The third row of table 1 is the p-values
showing that ROS initiation rate in uncoupled RPC was significantly smaller than that of
uncoupled REC under NG and OS conditions, but not under HG condition. Since OS was
used to account for changes in osmolality of HG and to separate the effects of glucose from
osmolality, OS-NG addresses the changes in ROS initiation rate due to osmolality.
Therefore, the values of fifth column allow for quantifying the effect of only high glucose
condition on the ROS initiation rate in REC and RPC. Comparing second and fifth columns,
ROS initiation rates in uncoupled REC appeared with no significant changes, while
uncoupled RPC showed a significant increase of 7.33 £ 0.16 times under high glucose
condition (p-value= 1.26e-4).

4. Discussion

We demonstrated that fluorescence time-lapse microscopy using nano-molar Mito-SOX can
be used as a tool for real-time monitoring of the mitochondrial ROS production in live cells.
We believe this approach could have far-reaching implications for the assessment of ROS in
physiology and pathophysiology. Utilizing this method, we investigated the metabolic
resistivity of two types of retinal vascular cells, EC and PC. The dynamics of ROS
production was determined over time before, during, and after cells were incubated with
mitochondrial stressors. Moreover, to gain detailed insight into preferential bioenergetic
sources impacted in REC and RPC, ROS generation rate was also studied under different
glucose conditions including HG. A major finding of this study regarding the different
metabolic activity of REC and RPC is that under normal glucose condition REC and RPC
exhibited different sensitivity to mitochondrial stressors. Under HG condition, only the
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metabolic resistivity of RPC was affected by the increase in glucose levels and showed an
increase in ROS production rate. These results may provide a justification for the sensitivity
of RPC to HG condition and/or diabetes [4].

Fig. 1(c) shows that the metabolic properties of REC and RPC are different even at normal
glucose level. These results were further confirmed by stressing the mitochondria (Fig. 2 and
3) and observing that REC generate mitochondrial ROS with a greater rate compared with
RPC in normal glucose. However, under high glucose (Fig. 1(d)) RPC generated more
mitochondrial ROS while REC did not exceed the levels reached in normal glucose. These
results suggest that high glucose has a minimal effect on the metabolic activity of REC and
their mitochondrial ROS production.

The enhanced expression and activity of endothelial nitric oxide synthase (eNOS) may
explain the inhibitive effect on mitochondrial ROS production in REC under HG. eNOS,
which is expressed in EC [12] is responsible for most of the vascular nitric oxide (NO)
production. NO mediates vasodilation by acting on perivascular supporting cells and also
can act as a scavenger of superoxide anions maintaining a cellular balance of redox signaling
in the endothelium in NG levels [13]. Huang et al. reported an enhanced expression of eNOS
in retinal EC under HG [14]. The enhanced eNOS activity, and hence increased
bioavailability of NO [15, 16] is consistent with the decreased generation rate of superoxide
in retinal EC under HG. Moreover, the increased production of eNOS is shown to prevent
apoptosis of EC under HG [17]. This may justify the decreased rate of apoptosis in REC
compared to the RPC due to diabetes. However, the potential differences in glucose uptake
in these cells cannot be ruled out.

The results in Fig. 2 and Fig. 3 show an increase in ROS production rate in both cell types,
which is consistent with the notion that complexes | and 111 are the major sites of superoxide
production in the presence of ROT [18-20] and AA [21-28]. Inhibiting complexes | and 11l
with ROT [19] and AA [29, 30], fully reduces the chain upstream and blocks the electron
transfer through these ETC complex sites [19, 31]. Impeding electron transfer leads to an
electron buildup increasing the chance of the electron leak at these ETC complex sites and
enhances superoxide formation [32, 33]. As a result, inhibiting complex | and I1l makes
these complexes as major sites for electron leak and ROS production [18-22, 24-28, 34].

We found that mitochondrial uncoupling by PCP increased ROS production in both REC
and RPC. PCP binds to mitochondrial proteins and inhibits mitochondrial ATPase activity.
Thus, both the formation of ATP and the release of energy to the cell from the breakdown of
ATP to ADP are prevented. Electron transport is not inhibited by PCP, although reactions
dependent on available high-energy bonds, such as oxidative and glycolytic phosphorylation,
are affected. Although glycolysis is the main source of ATP in cultured REC, the higher
level of oxidative stress in uncoupled REC indicates that glycolysis and oxidative
phosphorylation are linked for ATP production. Cultured REC are highly dependent on ATP
for their activity. Since PCP inhibits mitochondrial ATPase activity, REC activate a
mechanism to compensate for ATP and increase the ETC activity in the uncoupled chain
[35]. This mechanism expedites the electron transfer through the chain leading to generation
of more ROS. This does not appear to be the case for RPC. Lack of proton gradient for
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phosphorylation and polarized membrane potential activates a mechanism to compensate for
the uncoupling effect of PCP, by increasing proton pumping and respiration, to reestablish
the proton gradient. Ironically, the increase in the activity of the complex I and Il in the
uncoupled chain [6, 36], increases electron transfer along the electron transport chain and as
a result, increases electron leak to oxygen leading to superoxide production [29, 37-40].

Although RPC and REC are differentially affected by metabolic stress conditions, most
likely because of their preferential bioenergetic sources, both cell types showed a higher rate
of ROS production under stress. However, RPC were more resistive to mitochondrial stress
under normal glucose condition when compared with REC. Right after incubation with
mitochondrial stressor, REC showed a significantly greater increase in the rate of ROS
production when compared with RPC. These results suggest that both inhibited REC and
RPC metabolic activities, at least under normal glucose condition, may depend on the
integrity of mitochondrial respiration. However, the reason for enhanced ROS generation in
REC is not clear and requires further delineation of the bioenergetic pathways utilized by
these cells. These may be linked to the oxygen and glucose levels. The use of different
glucose and/or oxygen levels provides additional insight into the preferential bioenergetic
pathway(s) utilized by these cells. However, the preferential utilization of glycolysis by REC
as the major bioenergetic source suggests that REC may also depend on some intermediate
metabolite(s), including those generated by isocitrate dehydrogenase 1, during respiration in
order to maintain the cellular reductive state. Thus, attenuation of respiration could
significantly reduce the level of such metabolite(s) and result in increased accumulation of
ROS in REC.

We investigated the use of different glucose conditions in the current study, while the study
of the effect of different oxygen conditions is subject of future investigation. Our results
revealed a higher sensitivity of the RPC compared to REC under HG conditions. While
under normal glucose condition the metabolic resistivity of RPC was greater than REC, but
significantly decreased under HG condition triggering the pre-apoptosis process of the RPC.
ROS over-production in this stage leads to a higher level of oxidative stress [41], which is
known as an underlying mechanism causing the apoptosis of vascular cells associated with
diabetic retinopathy. However, it remains unclear how HG condition leads to REC apoptosis.
We have observed that incubation of REC under high glucose does not affect their rate of
apoptosis [3]. Other studies suggest an indirect role for HG mediated REC death in retinal
vasculature [42]. Thus, deterioration of vascular structure due to RPC loss may contribute to
demise and dysfunction of REC in the retinal vasculature.

The disparity seen between RPC and REC may be also explained by the fact that
mitochondrial oxygen consumption is compromised in RPC exposed to HG. Therefore, the
extracellular acidification levels may be an influential factor in RPC. Trudeau et al. reported
an increase in extracellular acidification levels in REC, possibly to compensate for HG-
induced decreased mitochondrial oxygen consumption [43]. This compensation helps EC to
maintain the rate of ROS generation with HG exposure without a significant increase
compared to NG condition. Interestingly, the inability of the RPC to compensate for the HG-
induced decrease in mitochondrial oxygen consumption, due to the significant decrease in
extracellular acidification [43], indicates an increased susceptibility of the RPC to HG.
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Moreover, the differential transport of glucose between the two cell types may also illustrate
their different metabolic resistivity under HG condition. Previous reports have shown that
HG downregulates Glutl activity in PC, but not in EC [44]. Thus, different extracellular
acidification levels and possibly glycolytic levels may indirectly lead to differential
alternation of ROS production rate and metabolic resistivity in RPC and REC in response to
HG exposure. Further research is required to indicate the mechanisms for the observed
difference between the two cell types.

The findings of this study indicate that REC and RPC exhibit different responses to various
mitochondrial and metabolic stress signals. Under normal glucose condition RPC only
slightly responded to mitochondrial stress and generated significantly less ROS when
compared with REC. Thus, RPC may utilize a different bioenergetic source for ATP
production under normal glucose condition. In contrast, REC under NG condition may
utilize mitochondrial respiration as a major bioenergetic source and generate more ROS,
especially under mitochondrial stress. Under high glucose condition REC still remained
sensitive to the effects of mitochondrial stressor without any additional effect from high
glucose condition. This result confirms that HG minimally affects ROS levels in REC
compared with NG. This is consistent with utilization of glycolysis as a primary
bioenergetic source for ATP production and glucose metabolism in EC. In contrast, RPC
under HG condition become more dependent on mitochondrial respiration as their
bioenergetic source for glucose metabolism and generate more ROS. The exact identity of
the bioenergetic sources utilized by these cells, especially under HG condition, awaits
further confirmation.
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Fig. 1.

Top panels: Overlay of the blue (Hoechst) and MitoSOX red fluorescence signals. Note that
the scale bar represents 32 um (~100 pixels); a) retinal endothelial cells (REC); b) retinal
pericytes (RPC). Bottom panels: Comparing resistivity of REC and RPC under normal
glucose (NG) and high glucose (HG) conditions; c) The fluorescence intensity profiles of
REC and RPC in NG; d) Fluorescence intensity profiles of REC and RPC in HG.

J Biophotonics. Author manuscript; available in PMC 2019 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Ghanian et al.

Page 14
PCP Treated
600

S s00} |~ REC

< e

o RPC

£ 400

g

‘__E 300

g 200

g uncoupler

Z 100

: '

= 0

-100
0 20 40 60 80 100
Time(min)
ROT Treated AA Treated
= 600 T T o 600
. -~ REC d ~REC
< 500 <
= 90 |- reC o 2907 —RPC
£ 400 2400
= w
£ 300 £ 300
g 200/ 3 200
z inhibitor £ inhibitor
2 100+ 2 100
: \/ g /
g 0 S 0
= =
-100 - : : : 100 :
0 20 40 60 80 100 0 20 40 60 80 100
Time(min) Time(min)

Fig. 2.

Comparing resistivity of REC and RPC under metabolic stress and normal glucose condition
(NG); Top panel: Fluorescence intensity (ROS production) profiles of REC and RPC in
uncoupled ETC; Bottom panels: Fluorescence intensity (ROS production) profiles of REC
and RPC in inhibited ETCs.
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Fig. 3.

Summary bar graphs show the statistical analysis (mean + SE) of ROS initiation rate (at 30
min)in live retina cells in normal glucose condition induced by metabolic uncoupler (PCP),
and inhibitors (ROT, AA).
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Fig. 4.
Fluorescence intensity profiles comparing the metabolic resistivity of uncoupled REC and

RPC under different glucose exposures including NG, OS, and HG (n=6/group).
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Bar graphs demonstrate the statistical analysis (mean + SE) of ROS initiation rate (at 30

min)induced by PCP in live retina cells in NG, OS, and HG exposures (n=6/group).
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Table 1.

ROS initiation rate comparison in uncoupled REC versus uncoupled RPC exposed to different glucose level

NG 0s HG HG-(OS-NG)

REC 827+097 835+0.85 841+066 8.68+0.24
RPC 158+047 330+091 943+1.08 7.72+0.20
P-value 0.0001 0.0009 0.5266 0.0025
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