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Abstract

Background: RRx-001, a clinical macrophage-stimulating anti-cancer agent that also produces
nitric oxide (NO) was studied in a model of ischemia-reperfusion injury.

Methods: The production of NO is dependent on the oxygen tension because nitric oxide
synthases convert l-arginine to NO and I-citrulline in the presence of O,. Since the P450 enzymes,
which metabolize nitrate esters such as nitroglycerin are dependent on oxygen, the generation of
‘exogenous’ NO is also sensitive to alterations in tissue PO5. I/R injury was studied in a hamster
chamber window, with compression of the periphery of the window for 1 h to induce ischemia.
Animals received RRx-001 (5 mg/kg) 24 h before ischemia and sodium nitrite (10 nmols/kg) was
supplemented 10 min after the start of reperfusion. Vessel diameter, blood flow, adherent
leukocytes, and functional capillary density were assessed by intravital microscopy at 0.5, 2, and
24 h following the release of the ischemia.

Results: The results demonstrated that, compared to control, RRx-001 preconditioning increased
blood flow and functional capillary density, and preserved tissue viability in the absence of side
effects over a sustained time period.

Conclusion: Thus, RRx-001 may serve as a long-lived protective agent during postsurgical
restoration of flow and other ischemia-reperfusion associated conditions, increasing blood flow
and functional capillary density as well as preserving tissue viability in the absence of side effects.
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1. Introduction

Ischemia-reperfusion (I/R) is a complex and multifactorial phenomenon encountered in
diverse clinical conditions such as stroke, MI, hemorrhage, peripheral vascular disease and
surgical interventions such as cardiac bypass, organ transplantation and aneurysm repair. I/R
involves restricted blood supply and insufficient delivery of oxygen to cells (ischemia)
followed by reinstatement of circulation (reperfusion) during which blood flow overshoots
to a peak value (hyperemia) before returning to baseline. The hyperemia is accompanied by
a burst in the generation of reactive oxygen species (ROS) as proinflammatory neutrophils
infiltrate ischemic tissues to exacerbate the injury [1-4].

Within the first 30 min of reperfusion, the percentage of adherent neutrophils increases,
which express pseudopods and adhere to the endothelial wall, thus elevating flow resistance
(Figure 1), microvascular protein permeability is enhanced, and the formation of edema
occurs [5].

The severity of changes that occur during reperfusion, such as accumulation of reactive
oxygen products and leukocytes in postcapillary venules, appears to partially depend on the
extent of the ischemic period. These effects have been substantiated in animal models of I/R
by intravital fluorescence microscopy [6,7].

Nitric oxide (NO), which typically functions as a paracrine signaling molecule and
subserves a central role in vascular biology, including vasodilation, suppression of
neutrophil accumulation, reduction of inflammatory cytokines and inhibition of platelet
aggregation and adhesion is predominately formed during conversion of L-arginine to L-
citrulline by endothelial NO synthase (eNOS) in the presence of molecular O, [8]. Nitrite, a
dietary constituent, serves as an endogenous source of NO [9]. Nitrite reduction to NO may
be catalyzed by hemoglobin, myoglobin or other metal-containing enzymes and occurs at
increasing rates under conditions of physiologic hypoxia or ischemia [10]. A number of
studies have demonstrated nitrite and NO-mediated cytoprotection against focal IR injury of
the heart, liver, muscle, brain, and kidney [11-19].

The term preconditioning involves the application of a preceding noninjurious inflammatory
stimulus that, overall, transiently results in protection from inflammation [20]. Oxidative
stress has emerged as a sine qua non for preconditioning to occur [21].

RRx-001 represents the prototype of a new class of multidrug resistance reversing agents
with preferential activity in glioblastoma and refractory small cell lung cancer (SCLC) [22]
that substantially increases endogenous nitric oxide only in ischemic tissue [23,24].
RRx-001 binds to hemoglobin (Hb), where it catalyzes the nitrite reductase action of
deoxygenated hemoglobin, which metabolizes nitrite to NO at low oxygen concentrations
[20,21]. Since reduced NO availability is a hallmark of several hematological diseases, and
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RRx-001 generates nitric oxide under hypoxia, it has demonstrated beneficial effects on
microvascular blood flow and vasoreactivity in pathologies of impaired endothelial function
such as sickle cell disease, cerebral malaria and hemorrhagic shock [25-28].

The purpose of this study was to examine the therapeutic potential of RRx-001, as a hypoxic
NO donor [29,30], in an I/R model [29]. Our hypothesis was that pretreatment with
RRx-001 would protect against post-ischemia vasoconstriction and inflammation through
nitric oxide preconditioning and thereby reduce tissue injury.

2. Methods

2.1. Animal preparation

Investigations were performed in 55-65-g male Syrian Golden hamsters (Charles River
Laboratories) fitted with a dorsal chamber window. Animal handling and care followed the
NIH Guide for the Care and Use of Laboratory Animals and the local animal care committee
approved the experimental protocol. The hamster chamber window model is widely used for
microvascular studies in non-anesthetized animals, and the complete surgical technique is
described in detail elsewhere [31-33]. Briefly, the animal was prepared for chamber
implantation with a 50 mg/kg intraperitoneal injection of pentobarbital sodium anesthesia.
After hair removal, sutures were used to lift the dorsal skin away from the animal, and one
frame of the chamber was positioned on the animal’s back. The chamber consists of two
identical titanium frames with a 15-mm circular window (12-mm diameter circular visible
field). With the aid of back- lighting and a stereomicroscope, one side of the skinfold was
removed, following the outline of the window, until only a thin layer of retractor muscle and
the intact subcutaneous skin of the opposing side remained. The cover glass was placed on
the exposed skin and held in place by the other frame of the chamber. The intact skin of the
other side was exposed to the ambient environment. The animal was allowed at least 2 days
for recovery before the preparation was assessed under the microscope for any signs of
edema, bleeding, or unusual neovascularization. Barring these complications, the animal was
anesthetized again with sodium pentobarbital. Arterial and venous catheters were implanted
in the carotid artery (PE-50) and jugular vein (PE-50), respectively, and filled with a
heparinized saline solution (30 IU/mL) to ensure patency at the time of experiment.
Catheters were tunneled under the skin and exteriorized at the dorsal side of the neck, where
they were attached to the chamber frame with tape. 3—4 days after the initial operation, the
microvasculature was examined, and only animals meeting established systemic and
microcirculatory inclusion criteria, which included having tissue void of low perfusion,
inflammation, and edema, were entered into the study [33,34].

2.2. Inclusion criteria

Animals were suitable for the experiments if: (1) systemic parameters were within normal
range, namely, heart rate (HR) >340 beat/min, mean arterial blood pressure (MAP) >80
mmHg, systemic hematocrit >45%, and arterial oxygen partial pressure (p,02) >50 mmHg;
and, (2) microscopic examination of the tissue in the chamber observed under x650
magnification did not reveal signs of edema or bleeding.
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2.3. I/R protocol

Ischemia was induced for 1 h in the window chamber model by a thin, flat rubber ring
(circular clamp) that compressed the periphery of the window (Figure 2) with the awake and
non-anesthetized animal restrained in a Plexiglass (Rohm & Haas) tube [35]. Flow cessation
was induced by slowly tightening a precision threaded screw fixed to the intact skin side of
the window chamber, progressively pressing the rubber ring against the intact skin toward
the cover glass. Microvascular flow was continuously monitored under transillumination
until it ceased in all feeding and draining microvessels leading in and out of the clamped
area without compression injury. The chamber was checked during the clamping period to
ensure that ischemia (no flow) was maintained. Animals received RRx-001 (5 mg/kg) 24 h
before ischemia with and without sodium nitrite (10 nmols/kg), which was supplemented 10
min after the start of reperfusion.

2.4. Experimental groups and protocol

Animals were randomly divided into three experimental groups (1) sham (no ischemia) 2)
control (saline) and (3) RRx-001. Twelve animals were included in the I/R study, RRx-001
(5 mg/kg; n = 6); and Control (n = 6). Awake hamsters were placed in a restraining tube with
a longitudinal slit from which the window chamber protruded. The animals were given 30
min to adjust to the tube environment before baseline systemic parameters (MAP, HR, blood
gases, and Hct) were measured. The conscious animal in the tube was then fixed to the
microscopic stage of a transillumination intravital microscope (BX51WI, Olympus, New
Hyde Park, NY). The tissue image was projected onto a charge-coupled device camera
(COHU 4815, San Diego, CA) connected to a videocassette recorder (AG-7355; JVC,
Tokyo, Japan) and viewed on a monitor. Measurements were carried out using a 40x
(LUMPFL-WIR, numerical aperture 0.8, Olympus) water immersion objective. Detection of
RBC passage was enhanced by increasing contrast between RBCs and tissue using a BG12
(420 nm) band pass filter. Systemic and microvascular parameters were analyzed before
hemorrhage (baseline), after hemorrhage (shock), and up to 90 min after volume
replacement (resuscitation). Tissue viability was measured at 24 after the release of the
ischemia. Fields of observation and vessels were chosen for study at locations in the tissue
where the vessels were in sharp focus. Leukocyte-endothelium interaction was studied in all
vessels included in the study. Detailed mappings were made of the chamber vasculature to
record the vessel location and ensure that the same microvessels were studied throughout the
experiment.

2.5. Systemic parameters

MAP and HR were recorded continuously (MP 150, Biopac System; Santa Barbara, CA)
except during the actual blood exchange. Hematocrit (Hct) was measured from centrifuged
arterial blood samples taken in heparinized capillary tubes (Readacrit; Becton-Dickinson,
Parsippany, NJ). Hemoglobin (Hb) content was determined spectrophotometrically from a
single drop of blood (B-Hemoglobin, Hemocue, Stockholm, Sweden). Arterial blood was
collected in heparinized glass capillaries (0.05 ml) and immediately analyzed for PaO,,
PaCO,, and pH (Blood Chemistry Analyzer 248, Bayer, Norwood, MA). The comparatively
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low PaO, and high PaCO,, of these animals are a consequence of their adaptation to a
fossorial or burrowing environment.

2.6. Microvascular measurements

Acrteriolar and venular blood flow velocities were measured online by using the photodiode
cross-correlation method (Photo Diode/Velocity Tracker Model 102B, Vista Electronics, San
Diego, CA) [36]. The measured centerline velocity (V) was corrected according to vessel
size to obtain the mean RBC velocity. A video image-shearing method was used to measure
vessel diameter (D). Blood flow (Q) was calculated from the measured values as Q = 1t x
V(D/2) [37]. Changes in arteriolar and venular diameter from baseline were used as
indicators of a change in vascular tone. This calculation assumes a parabolic velocity profile
and has been found to be applicable to tubes of 15-80 pm internal diameters and for Hcts in
the range of 6-60%.

2.7. Functional capillary density (FCD)

Functional capillaries, defined as those capillary segments that have RBC transit of at least
one RBC in a 60-s period in 10 successive microscopic fields were assessed, totaling a
region of 0.46 mm2. Each field had between two and five capillary segments with RBC flow.
FCD (cm™1), i.e. total length of RBC perfused capillaries divided by the area of the
microscopic field of view, was evaluated by measuring and adding the length of capillaries
that had RBC transit in the field of view.

2.8. Leukocyte-endothelium interaction

Intravenous injection of acridine orange (5 mg/kg solution in saline) was used to quantify
microvascular leukocytes (adherence and rolling) in postcapillary venules (25-50 pm).
Despite numerous examples of light-dye-induced toxicity in the microvasculature, little is
known about the relative phototoxicity of commonly used fluorescent conjugates. So, low
light fluorescent microscopy was used during leukocyte-endothelium assessment (ORCA
9247, Hamamatsu). Briefly, the straight portion of venule was exposed to low intensity
epiillumination for 60 s and digitally video recorded (10 frames/sec). Leukocytes were
counted during video playback in a 100-um length segment and categorized according to
their flow behavior as “passers,” including “free-flowing’ leukocytes, ‘flowing with
endothelial contact,” and ‘immaobilized’ cells [38].

2.9. Tissue viability

Equal volumes of Annexin V (Alexafluor 488 conjugate; Molecular Probes, Eugene, OR)
and propidium iodide (PI, 0.2 mg/mL, Molecular Probes) were mixed, and 140 l of the
mixture was injected 30 min before visualization by intravital microscopy. Imaging of
labeled cells was performed 8 h after the exchange transfusion. Microscopic images were
obtained with a low light video camera (ORCA 9247, Hamamatsu, Tokyo, Japan) and
recorded at 5 frames per second and 1344x1024 pixels per frame. Single and double-labeled
cells were counted in the skinfold window, and the percentages of cells labeled with annexin
V and/or propidium iodide were calculated at different time points. Data is given as the
average of fluorescent cells counted in 40 selected visual fields (210 x 160 pm) for the tissue
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and the endothelial vessel wall separately. Sebaceous glands and hair follicles were
identified and excluded from the cell counts due to their consistently high necrosis and
apoptosis rate.

3. Results

Twelve animals were included in the I/R study, RRx-001 (5 mg/kg; n = 6); and Control (n =
6).All animals tolerated the experimental protocol without signs of stress or discomfort.
Systemic and microvascular parameters of all animals at baseline passed the Grubbs’ test
ensuring that all parameters at baseline were within a similar population (P > 0.3).

3.1 Microvascular measurements

We measured the critical microvascular parameters involved in I/R injury (i.e. arteriolar
diameter, blood flow, functional capillary density (FCD), leukocyte adhesion).

Changes in arteriolar diameter and blood flow during reperfusion for control and RRx-001
treatment groups are presented in Figure 3. Compared to control, the RRx-001 group
displayed an increased arteriolar diameter at 0.5 and 2 h during reperfusion. Similarly, the
RRx-001 group displayed increased arteriolar blood flow all time points (e.g. 0.5, 2, and 24
h) during reperfusion compared to control. Arteriolar diameter and blood flow were
significantly increased at 30 min (0.5 h) following the release of the ischemia (i.e. the start
of reperfusion) compared to control. Supplementation of nitrite (NaNO,, 10nmols/kg) 10
min after the start of reperfusion did not result in significant differences regarding the
microvascular diameter (P = 0.59) and blood flow (P = 0.73). Other parameters were not
studied for the nitrite supplementation group.

Changes in the number of capillaries perfused with RBCs during the protocol are presented
in Figure 4. Again, compared to control, FCD was increased at all time points during
resuscitation. FCD was significantly increased at 0.5 and 2 h following ischemia compared
to control.

3.2. Leukocyte adhesion

Changes in the number of immobilized leukocytes (leukocyte adhesion) following the
release of the ischemia are presented in Figure 5. Preconditioning with RRx-001 resulted in
decreased leukocyte adhesion at all time points following ischemia. Compared to control,
leukocyte adhesion in the RRx-001 group was significantly decreased at 0.5, 2, and 24 h
following ischemia.

3.3. Tissue viability

Tissue viability (the number of apoptotic and necrotic cells in 40 fields) for control and
RRx-001 treatment groups at 24 following ischemia is presented in Figure 6. Treatment with
RRx-001 resulted a significant decrease in both apoptotic and necrotic cells at 24 following
the release of the ischemia.
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4. Discussion

The principal finding of the study was that preconditioning with RRx-001 significantly
enhanced perfusion and preserved tissue viability during the reperfusion phase of I/R.
RRx-001 also reduced leukocyte adhesion for up to 24 h following the onset of reperfusion.
These RRx-001-mediated benefits on systemic, microvascular, and inflammatory
reperfusion parameters are likely related to the modification of Beta-Cys-93, which enhances
nitrite reductase activity and hypoxia-mediated nitrite reduction to NO by deoxyhemoglobin.
Furthermore, RRx-001 modification of Hb cys-93 in blood has proven not to affect blood
circulation half-life, as well as 80% of the RRx-001 modified hemoglobin in the blood
remains in circulation 7 days after intravenous administration [39] (Figure 7). Hamsters have
a lower arterial PO, compared to other rodents; however the intravascular PO5s of their
microvessels are similar to the PO,s found in other rodents (e.g. mice) instrumented with
dorsal window chamber [40]. Furthermore, the intravascular PO,s of hamsters have a lower
gradient between the systemic and the microvascular circulation compared to this PO,
gradient in other rodents (e.g. mice).

The hemoglobin in hamsters transitions from partially saturated with oxygen in the systemic
circulation to deoxygenated in the microvascular circulation, in contrast to the arterial
circulation of humans; human arterial blood hemoglobin is rapidly converted to
deoxyhemoglobin in the microcirculation. A faster and greater oxy to deoxy transition of the
hemoglobin will result in a more efficient reduction of nitrite to NO in hypoxic zones. This
allows for a more abundant production of NO as red cells deoxygenate along the arteriolar
vascular tree. Additionally, experimental systems have proven that the more rapidly red cells
are deoxygenated in the presence of nitrite, the faster vasodilation is observed [41].
Therefore, we speculate that the protective mechanism of hypoxia-mediated nitrite reduction
to NO by deoxyhemoglobin enhanced by RRx-001, should translate into other species. If
any, the nitrite reduction to NO mediated benefits on systemic, microvascular, and
inflammatory reperfusion parameters are likely to increase as the intravascular gradients
form systemic to microvascular pOss are greater in other species (e.g. humans).

I/R injury, present in many medical conditions including shock, trauma, and cardiovascular
related diseases is directly related to the development of inflammation; neutrophils, which
produce oxygen-free radicals, are centrally involved [35,42,43].

A variety of treatment strategies including the use of nitrite and NO have been used to
mitigate IR injury. NO, produced from endothelial NO synthase (eNOS), participates in the
regulation of basal blood vessel tone, inhibits antiplatelet activity and aggregation, prevents
neutrophil activation, and modulates oxidative/nitrosative stress and inflammation [9,44].
NO binds avidly to the heme of soluble guanylyl cyclase (sGC), produces (cGMP), activates
cGMP-dependent protein kinases, and ultimately induces smooth muscle relaxation [9].
During ischemia and early during reperfusion, eNOS activity is impaired due to endothelial
dysfunction, leading to loss of NO bioavailability. A decrease in NO availability may also
result from its rapid reaction with superoxide to produce peroxynitrite [45].
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The results of this study suggest that during hypoxia when NO synthase is inhibited and the
bioavailability of NO is reduced, nitric oxide generation from RRx-001-modified RBCs
restores the intravascular NO concentration and relaxes arteriolar smooth muscle, which
increases tissue perfusion and attenuates leukocyte adhesion to the endothelium for up to 24
h after release of the ischemic insult. At the same time, FCD actually improved likely in part
due to the decreased leukocyte trafficking, which would have otherwise driven endothelial
cell disruption and capillary narrowing. Since RRx-001 pretreatment induced a decrease in
both leukocyte adhesion and the number of apoptotic and necrotic cells, as well as an
increase in blood flow and FCD in the first 24 h following ischemia, it is potentially a
promising pharmacological strategy to prevent IR injury.

Nitrite, a dietary constituent, is a vascular endocrine nitric oxide reserve that contributes to
hypoxic signaling and vasodilation [9], which is speculated to mediate cytoprotection after
ischemia/reperfusion via NO release through mechanisms that involve the post-translational
S-nitrosation of mitochondrial complex | [46,47]. Modification of complex | dampens
electron transfer, effectively reducing reactive oxygen species generation during reperfusion,
which, in turn, prevents cytochrome c release and apoptosis [47].

These experiments, which demonstrated that RRx-001 provided significant benefit in the
critical parameters (microvascular arteriolar diameter, blood flow, FCD, tissue viability) that
were examined compared to control suggest that preconditioning with RRx-001 is a useful
strategy for treating IR-associated medical conditions.

A number of studies have demonstrated that nitrite and NO confer cytoprotection following
focal I/R injury [11-13]. In hepatic I/R, nitrite exerted profound dose-dependent protective
effects on cellular necrosis and apoptosis. In myocardial I/R injury, nitrite reduced cardiac
infarct size by 67% [13]. In skeletal I/R, Wang et al. and Murata et al. demonstrated that
low-dose nitrite significantly attenuated vasoconstriction, arteriole stagnation, and capillary
no-reflow [14,15]. In brain I/R, nitrite was neuroprotective [16] and Campelo et al.
demonstrated that NO release improved total brain infarction area and hippocampal neuronal
viability [17].

However, contrary to these examples where nitrite provided benefit, Basireddy et al.[18]
demonstrated that nitrite did not protect against renal I/R injury. As a systemic rather than
local, on-demand treatment nitrite supplementation does not reach target tissues. In
comparison, the hemoglobin-based reduction of nitrite to NO is an endogenous process that
uses small circulating amounts of nitrite to promote NO production in hypoxic zones.
Milsom et al. suggested that eNOS activity, compromised during ischemia as a result of its
essential dependence on oxygen, is a critical component of renal I/R injury and that nitrite
levels are not sustained for a long enough duration to provide a rescue effect [19]. These
findings support the concept that naturally occurring nitrite is not present in sufficient
quantities in the renal circulation to mediate a protective effect even with the RRx-001 hyper
stimulation of nitrite reductase. The binding of RRx-001 to Hb Cys-93 is rapid and
irreversible. These modified red blood cells are present for the duration of the lifetime of the
RBC, rendering the NO pharmacodynamic effect long-lived [39]. Thus, RRx-001, which
catalyzes a physiologic mechanism for generating nitric oxide under hypoxic conditions, i.e.

Expert Rev Hematol. Author manuscript; available in PMC 2021 April 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cabrales et al.

Page 9

the reduction of nitrite to NO by deoxyhemoglobin, thereby providing extended release of
‘on demand’ NO for the lifetime of the red blood cell, has the potential to significantly
alleviate ischemic reperfusion injury in many organs. Future studies with RRx-001 will
explore ischemia, myocardial infarction and secondary heart failure, liver ischemia/
reperfusion and organ transplantation. Treatment with RRx-001 could reduce ischemic
injury via an improved NO production pathway to increase blood flow by relaxing vascular
smooth muscle in arterioles supplying the site of injury.

5. Conclusion

Funding

Herein, we have demonstrated that RRx-001, a macrophage-stimulating agent that
repolarizes protumorigenic M2 tumor-associated macrophages (TAMSs) to an antitumor M1
phenotype in phase |1 clinical trials, with activity in multiple additional disease states
including sickle cell disease, cerebral malaria, leishmaniasis, and hemorrhagic shock,
increased blood flow and FCD, and decreased leukocyte adhesion as well as the number of
apoptotic and necrotic cells over 24 h following ischemia. Unlike nitrite, which historically
only results in a transient effect on blood flow parameters and is associated with significant
side effects, RRx-001 is systemically nontoxic, as evidenced by the absence of dose-limiting
toxicities or serious drug-related adverse events in phase | [48], and the duration of nitric
oxide release is theoretically as long-lived as the red blood cell lifespan. These results
potentially have direct clinical applications since, for example, patients subjected to
surgeries that involve inflow occlusion such as coronary artery bypass or organ
transplantation may benefit from pharmacological preconditioning with RRx-001 to
minimize the tissue damage associated with I/R.

This manuscript was not funded.
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Key issues

RRx-001, a clinical macrophage-stimulating anti-cancer agent that also
produces nitric oxide (NO) was studied in a model of ischemia-reperfusion
injury.

I/R injury was studied in a hamster chamber window, with compression of the
periphery of the window for 1 h to induce ischemia. Animals received
RRx-001 (5 mg/kg) 24 h before ischemia and sodium nitrite (10 nmols/kg)
was supplemented 10 min after the start of reperfusion. Vessel diameter,
blood flow, adherent leukocytes, and functional capillary density were
assessed by intravital microscopy at 0.5, 2, and 24 h following the release of
the ischemia.

The results demonstrated that, compared to control, RRx-001 preconditioning
increased blood flow and functional capillary density, and preserved tissue
viability in the absence of side effects over a sustained time period.

The results suggest that RRx-001 may serve as a protective agent during
postsurgical restoration of flow and other ischemia-reperfusion associated
conditions, increasing blood flow and functional capillary density as well as
preserving tissue viability in the absence of side effects.
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Figure 1.
Impact of leukocyte activation on blood flow and rheology in the microcirculation. In

ischemia-reperfusion, peripheral resistance is elevated due to leukocyte obstruction due to
pseudopod projections or cell adhesion to the vascular wall. (a) Normal Blood Flow. (b)
Vessel during ischemia-reperfusion. (c) Vessel during ischemia reperfusion, treated with
nitric oxide.
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Figure 2.
Experimental Model.
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Figure 3.

Avrteriolar diameter and blood flow following the release of the ischemia. *p < 0.05

compared to control.
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Figure 4.
Functional capillary density (FCD) and immobilized leukocytes following the release of the

ischemia. T, p < 0.05 compared to control.
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Figure 5.
Immobilized leukocytes following the release of the ischemia. f, p < 0.05 compared to
control.
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Figure 6.
Tissue viability 24 following the release of the ischemia. **p < 0.05 for both the number of

apoptotic and necrotic in the RRx-001 treatment group compared to control.
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Figure 7.
RRx-001 binds to a thiol residue on Beta-Cys-93.
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