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341 Pharmacological control of tissue irradiation 

The combined administration of ionizing radiation and systemic chemotherapy 
is an accepted standard of care for numerous cancers. Improved efficacy 
through the combination of therapies reflects several interrelated processes, 
including DNA damage, inhibition of DNA synthesis, alteration of cell cycle dis-
tribution, and impaired DNA repair. Insights into cellular responses to radiation 
have led to the use of drugs that target specific intracellular signaling pathways 
to sensitize cells to radiation. Combinations of chemotherapy and radiation 
continue to be optimized, based on preclinical and early-phase clinical data 
that indicate the ideal sequencing of therapies, the best combinations of agents 
(including radiosensitizers), and the most reliable biological markers for predict-
ing patient responsiveness. This review summarizes our current understanding of radiosensitization as it relates to 
preclinical drug development and discusses the potential benefits of judiciously incorporating both traditional and 
targeted chemotherapy into radiation regimens.

Randall J. Kimple

354 antioxidant Strategies for cardiovascular Health 
Cardiovascular disease is characterized by enhanced oxidative stress in the vascular wall, heart, kidney, 
and brain. Epidemiological evidence suggests that antioxidants, including vitamins C and E, α-carotene, and 

β-carotene, may be therapeutic; however, interventional trials of antioxidants have 
provided mixed results, with some showing deleterious consequences. It is thus 
crucial that we consider the implications of trial design and execution, and further 
investigation of cellular pro-and antioxidant mechanism is critical. Angiotensin 
converting enzyme inhibitors, angiotensin receptor blockers, and mineralocorticoid 
receptor blockers reduce the generation of reactive oxygen species, in experimen-
tal models as well as in humans, and have demonstrated beneficial cardiovascular 
effects. Polyphenols and antioxidants contained in foods and beverages may also 

be cardioprotective. Recent studies suggest that the judicious development of antioxidant agents may provide an 
effective approach to quench oxidative stress in tissues and improve cardiovascular health.

Ernesto L. Schiffrin

363 the importance of Epigenetics in tailoring  
Personalized Medicine 
Numerous preclinical and clinical trials, with older as well as 
some newer drugs, have demonstrated the targeting of aber-
rant epigenetic marks to be a viable means of preventing and 
treating certain human disorders, including myelodysplastic 
and leukemic syndromes and various hemoglobinopathies. 
These findings are encouraging, and although the risks as-
sociated with such therapy are largely unknown, precise maps 
of epigenetic marks are becoming increasingly available 
through advancements in sequencing protocols that combine 
chromatin immunoprecipitation and gene expression analy-
ses. Indeed, progress in understanding gene regulation at promoter regions and chromatin organization in health 
and disease has been substantial. New insights into the proteins that are targeted by therapeutic agents that alter 
epigenetic programs may provide important inroads into personalized medicine.

Wendell W. Weber
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Antioxidants On Trial

been fully investigated. Cellular compartmentalization of antioxi-
dants may also be a challenge, such that potential therapeutics do 
not reach appropriate targets. Vitamin E, for example, concentrates 
in lipoproteins, and may thus not reach cytoplasmic ROS. [On the 
other hand, an agent that targets the mitochondrion (i.e., mitoTEM-
PO) may buffer mitochondrial superoxide generation and attenuate 
Ang II–induced hypertension (76).] Additionally, vitamins E and 
C may, subsequent to metabolic conversion, act as pro-oxidants, 
thereby undermining their therapeutic potential. Furthermore, 
patients who were recruited may have had advanced cardiovascular 
disease, as a result of oxidant injury, and may not have been ame-
nable to intervention. Many patients were taking aspirin, which has 
intrinsic antioxidant properties (77), defeating antioxidant treat-
ment. Finally, it has never been proven that the trial subjects in 
these different studies indeed had increased oxidative stress in their 
cardiovascular system, although this seems likely, and in none of 
the trials discussed here was blood pressure a primary end point.

Strategies to Reduce ROS Generation

Some of the beneficial effects of classical antihypertensive agents, 
such as ß-adrenergic blockers (particularly carvedilol, which is 
endowed with antioxidant properties), ACE inhibitors, AT

1
 recep-

tor antagonists, mineralocorticoid receptor antagonists, and Ca2+ 
channel blockers, may be partially mediated by decreasing vascular 
oxidative stress (78–82). These effects have been attributed to direct 
inhibition of NADPH oxidase activity and to intrinsic antioxidant 
properties of the drugs. Other drugs that reduce oxidative stress 
include HMG-CoA reductase inhibitors (statins), allopurinol, 
PPARγ activators, and aspirin (Table 2). Nonpharmacological fac-
tors such as diet (Mediterranean, DASH) and regular exercise are 
critical. In experimental models of hypertension and in human 
patients with CAD, exercise reduced vascular NADPH oxidase 
activity and ROS production, ameliorated vascular injury, and 
reduced blood pressure (83).

Theoretically, agents that reduce oxidant formation should be 
more efficacious than nonspecific, inefficient antioxidant vitamin 
scavengers. This is based on experimental evidence demonstrating 

that inhibition of NADPH oxidase–mediated superoxide genera-
tion (through pharmacological and gene-targeted strategies) leads 
to regression of vascular remodeling, improved endothelial func-
tion, lowering of blood pressure, and prevention of atherosclero-
sis. Strategies to increase antioxidant capacity without the use of 
exogenous antioxidants are possible by using drugs that selectively 
inhibit MRP1 to prevent cellular glutathione loss and thereby  
protect against oxidative damage, endothelial dysfunction, and 
hypertension (84). Another interesting approach is targeting 
glucose-6-phosphate dehydrogenase (G6PD), which is a source of 
NOX substrate (i.e., NADPH) (85). Inhibition of G6PD has been 
shown to ameliorate development of pulmonary hypertension, 
possibly through decreased oxidative stress. To date only investiga-
tional G6PD inhibitors are available.

Resveratrol and Other Polyphenols

Epidemiological evidence has suggested that polyphenols from 
fruits, vegetables, green and black tea, and some wines can 
decrease cardiovascular risk. Green tea polyphenols, for example, 
improve endothelial function and insulin sensitivity, reduce blood 
pressure, and protect against myocardial ischemia/reperfusion inju-
ry (86). Polyphenols of interest may include resveratrol, naringenin, 
quercetin, and catechins. Resveratrol, perhaps the best-known of 
these, appears to exert its effects in part by stimulating endothelial 
SIRT1, which regulates endothelium-dependent vasodilation (87). 
Resveratrol also appears to affect nuclear factor-E2-related factor-2 
(Nrf2) activity (88).

Dark Chocolate

Flavonoid-rich dark chocolate compares favorably with flavonoid-
free white chocolate regarding effects on blood pressure and insulin 
sensitivity in hypertensive patients (90). Recently, a population-
based prospective study of middle-aged and elderly women  
demonstrated that the regular and moderate consumption of 
chocolate (i.e., less than one serving per day) engendered a lower 
incidence of heart failure, hospitalization, and death (91). 

Conclusions

Oxidative stress in hypertension and other cardiovascular condi-
tions contributes to vascular injury by promoting VSMC growth, 
endothelial dysfunction, inflammation, increased vascular tone, 
and matrix metalloproteinase activation. These processes lead 
to altered vascular contractility and structural remodeling, char-
acteristic features of vessels in hypertension and other forms of 
cardiovascular disease. Foods such as dark chocolate, along with 
of flavonoids in red wine and inhibitors of the renin-angiogensin-
aldosterone system, suggest that antioxidant treatments may be 
vasculoprotective. New knowledge of mechanisms involved in 
oxidant stress in tissues, ROS production, and the fate of antioxi-

Table 2. Approaches to Reduce Oxidant Stress

Means to reduce ROS generation

Antihypertnsives:  carvedilol
ACE inhibitors
ARB
MRB
CCB

Statins
Allopurinol
PPARγ activators (TZDs, glitazones)
Aspirin

Diet (Mediterranean, DASH)
Exercise


