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electrode at 25 oC and the dismutation activities, expressed as 
kcat(H2O2) values, were compared to those of catalase itself, 
whose kcat(H2O2) value is 1.5 × 106 M-1s-1. The kcat(H2O2) values 
for 13 cationic Mn(III) N-substituted pyridylporphyrins (MnPs) of 
high SOD-like activity ranged from 23 to 88 M-1s-1. Analogous 
Fe(III) N-alkylpyridylporphyrins (FePs) showed ~10-fold higher 
activity than the corresponding MnPs, but the values were still 4 
orders of magnitude lower than that of the enzyme; of note, the 
kcat(H2O2) values for Fe ethyl and n-octyl analogs were 830 and 
360 M-1s-1, respectively. Additionally, FePs were more prone to 
H2O2-oxidative degradation than MnPs. Similarly to the SOD-like 
activity of MnPs and FePs, the kcat(H2O2) values are at least 
partially related to the electron deficiency of the metal site and the 
peroxide binding during the dismutation process. A much lower 
kcat(H2O2) = 5.8 M-1s-1 was determined for anionic and SOD-
inactive MnTBAP3-. Similarly low kcat(H2O2) values of 8.2 and 6.5 
M-1s-1 were found for the cyclic polyamine-based, powerful SOD 
mimic M40403 and its SOD-inactive analog M40404, respectively; 
both compounds have Mn in the +2 resting oxidation state. Mn(III) 
Salen, EUK-8, with modest SOD-like activity, has kcat(H2O2) = 13 
M-1s-1. MnCl2 and non-metal-based nitrone (NXY-059), nitroxide 
(tempol), and ebselen are catalase-inactive. The Fe complex with 
trianionic corrole (shrunk porphyrin) shows ~3.8-fold higher 
kcat(H2O2) and higher stability toward oxidative degradation than 
FePs. Nevertherless, none of the compounds studied are 
functional catalase mimics. The catalase-like activity of MnPs and 
FePs are, at most, 0.006 and 0.06 % of the enzyme activity, 
respectively. 
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vicious cycle of oxidative stress, which contributes to 
mitochondrial dysfunction and end organ damage. To test this 

hypothesis, we studied a potential 
reaction of isoketals with isolated 
mouse kidney mitochondria, 
mitochondrial superoxide 
dismutase (SOD2), and 
mitochondrial complex I. Treatment 
of the purified human SOD2 with 
isoketals caused a significant 
inactivation of the enzyme by 
cross-linking. Isoketals inhibited the 
state-3 respiration with glutamate + 
malate and significantly reduced 
the complex I activity. Isoketals, 
produced in the matrix after 

treatment with tert-butyl hydroperoxide, reduced respiration and 
increased H2O2 production which were prevented by addition of 
salicylamine - a specific scavenger of isoketals. To study the 
potential role of isoketals in endothelial oxidative stress, we tested 
the protective effect of salicylamine, mitochondria-targeted 
salicylamine, and an inactive congener, para-salicylamine, in 
human aortic endothelial cells. Treatment of cells with angiotensin 

salicylamine was not effective. Furthermore, mitochondria-
targeted salicylamine (50 nM) prevented oxidation of cardiolipin. 
These data demonstrate feed-forward regulation of mitochondrial 
oxidative stress (Fig. 1) and suggest therapeutic potential of 
scavenging of isoketals in treatment of cardiovascular diseases.  
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The long term objective of our work is to develop novel 
combinatorial approaches that will prevent or cure patients with 
melanoma.  The objective of this study is to lay out a mechanistic-
based foundation for combination treatment co-targeting BRAF 
and NRAS in melanoma that has emanated from our 
chemoprevention approach.  Inhibitors of BRAF kinase have 
produced high response rates in patients with BRAF mutant 
disease, but with rapid relapse; the addition of a MEK Inhibitor 
has led to a very modest increase in survival. Nevertheless, the 
majority of tumors progress in most patients as the malignancy 
adopts alternative survival signals to avoid extinction.  NRAS 
plays an essential survival role when BRAF is inhibited; our data 
indicates that NRAS is regulated by the NRF2 transcription factor.  
A mt-ROS/NOX1/c-ROS/NRF2/NRAS signal cascade enables the 
Plx4032 treated cell to regain redox balance, thus resulting in 
resistance.  We discovered that a specific flavonoid luteolin 
inhibits NRAS expression, perhaps via NRF2. Combinatorial 
treatment of Plx4032 with luteolin exhibited superb synergistic 
effect in vitro and excellent tumor regression effects in vivo.
Hence, we hypothesize that a NRF2-

 after Plx4032 treatment modulates NRAS 
expression and activity; combination treatment with Plx4032 and 
luteolin disrupts this redox adaptive response by simultaneously 
co-targeting BRAF via Plx4032 and NRAS (perhaps via Nrf2). If 
you will, an intelligent shot-gun. Our ongoing work will investigate 
mechanisms related to redox adaptation as a basis for drug 
resistance, provide new data to strengthen this approach and 
propose to develop novel combinatorial treatment methods based 
on our additional understanding of these processes. Completion 
of this study will not only advance our knowledge of novel 
molecular mechanisms that underlie acquired drug resistance, but 
also yield novel combinatorial treatment methods for clinical use 
in patients with BRAF mutant melanoma, and  may even extend 
the clinical usefulness of Vemurafnib to BRAF wild type patients 
or other cancer types harboring mutant BRAF.  
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II and TNF  increased the mitochondrial O2
•– by 2-fold

(HPLC/MitoSOX) and induced mitochondrial oxidative stress as 
measured by accumulation of the mitochondria-speci  c oxidized
cardiolipin. Supplementation of cells with salicylamine or 
mitochondria-targeted salicylamine completely abolished 
stimulation of the mitochondrial O2

•– while isoketal-inactive para-

Mitochondria are a major source of free radicals, and 
mitochondrial O2

•– contributes to vascular dysfunction and
hypertension. Free radical overproduction leads to lipid 
peroxidation and formation of highly reactive -ketoaldehydes
(isoketals), products of the isoprostane pathway. We proposed 
that isoketals induce feed-forward O2

•– production leading to a

doi: 10.1016/j.freeradbiomed.2014.10.301

kcat(H2O2) and higher stability toward oxidative degradation than 
FePs. Nevertherless, none of the compounds studied are 
functional catalase mimics. The catalase-like activity of MnPs and 
FePs are, at most, 0.006 and 0.06 % of the enzyme activity,
respectively. 
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scavenging of isoketals in treatment of cardiovascular diseases. 
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