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1 � Special Acknowledgements from Harold M. Swartz for These 
Special Issues

I am extremely proud and grateful that so many outstanding scientists have contrib-
uted to this special issue highlighting the contributions of my laboratory to magnetic 
resonance, especially in electron paramagnetic resonance. The articles in the two 
parts of the special issue highlight how advances in both instrumentation and con-
cepts have made EPR of biological systems so productive. This raises my optimism 
that, where there are current limitations, further technical and scientific progress 
will make EPR of biological systems even more productive in the future.

While I am of course both proud and humbled by the many senior colleagues 
with whom I have the privilege of collaborating and exchanging knowledge, I am 
especially proud of my ‘academic children’, i.e., those who worked with me in their 
formative years as students, post-docs, visiting fellows, or young academics in my 
laboratories. This group includes many very bright and energetic men and women 
who went on to have very impressive careers, including many who have established 
their own research groups and produced additional excellent science as well as next-
generation scientists. This talented group encompasses Arif Ali, Bill R. Antho-
line, Goran Bačić, Hal F. Bennett, Rose Caston, Hsiao C. Chan, Eunice Y. Chen, 
Kai Chen, Ed S. Copeland, Franci Demsar, Jurek W. Dobrucki, Jeff F. Dunn, W. 
Scott Enochs, Bernard Gallez, Peter Gast, James Glockner, Fuminori Goda, Peter 

Applied
Magnetic Resonance

 *	 Ann Barry Flood 
	 Ann.Barry.Flood@Dartmouth.edu

1	 Department of Radiology, Geisel School of Medicine, Dartmouth College, Hanover, NH, USA
2	 Department of Radiation Oncology, School of Medicine, University of Florida, Gainesville, FL, 

USA
3	 Radiation Biology Branch, National Cancer Institute, Bethesda, MD, USA
4	 Biomedical Magnetic Resonance, Louvain Drug Research Institute, Université Catholique du 

Louvain, Brussels, Belgium

https://orcid.org/0000-0002-4035-3084
https://orcid.org/0000-0002-9211-2805
https://orcid.org/0000-0001-8428-4255
https://orcid.org/0000-0002-5708-1302
http://crossmark.crossref.org/dialog/?doi=10.1007/s00723-021-01459-3&domain=pdf


2	 A. B. Flood et al.

1 3

Gutierrez, Xiao-Ming He, Hiroshi Hirata, Huagang Hou, W. Brian Hyslop, Anna 
Iannone, Akinori Iwasaki, Ron J. Jandacek, Philip James, Lesley A. Jarvis, Li Li Ji, 
Jingie Jiang, Ching-Sang Lai, K. Jim Liu, Kyo Kobayashi, Steve Leichtweis, Karsten 
Mäder, Colin Mailer, Minoru Miyake, P.D. (Reef) Morse, Susan Morris, David O. 
Nettleton, R. Javier Nicolalde, Mark J. Nilges, Julia A. O’Hara, Tomasz Panz, Brian 
W. Pogue, Fraser Robb, Yasuko S. Sakata, Tadeusz Sarna, Phil E. Schaner, Steve 
Shen, Toshi Shima, Wilson Schreiber, Jason W. Sidabras, Alex Smirnov, Roger 
Springett, W. Karol Subczynski, Tamiko Suzuki-Nishimura, Aldo Tomasi, Graham 
Timmins, Ichiro Yamaguchi, Ben B. Williams, Ron K. Woods, and Luigi Zecca.1 I 
bask in the light of their special accomplishments and expertise.

I am especially grateful to the editors of this issue, Ann Flood, Steve Swarts, 
Murali Krishna, and Bernard Gallez who have worked so hard and diligently. And, 
of course, I am especially grateful to Ann who has had the leading role in conceptu-
alizing this special issue and guiding it through to its completion, including untold 
hours of effort to improve the clarity of each manuscript. Most of all, I am grateful 
to Ann because of the many ways that she has made my personal and professional 
life so satisfying, including her change in career, after she became emerita as a lead-
ing health services researcher, to become an outstanding collaborator for advancing 
so many of what started as my professional interests and making them our interests.

I also thank the tremendous help and tolerance of Kev Salikhov and Laila Mosina 
who have gone way beyond the responsibilities of the editorial guidance for having 
these issues as part of the AMR, facilitating and guiding at every step of the way to 
successfully herd the contributors (cat-like) into completing the manuscripts while 
not departing from rigorous peer review of each manuscript (except for the editorials 
and my histories which, in the tradition of the Journal, are not peer-reviewed).

2 � Manuscripts Included in Part 2 of the Special Issue for Harold M. 
Swartz’ 85th Birthday

Part 2 of the special issue starts with four manuscripts which present historical over-
views of Harold M. Swartz’ (HMS’) contributions to magnetic resonance. The ini-
tial histories are authored by HMS and present a detailed overview of his laborato-
ries’ efforts in three areas of magnetic resonance: (1) free radicals and paramagnetic 
metals in biological systems and associated EPR instrumental developments advanc-
ing in vivo measurements, (2) biodosimetry, particularly focused on using EPR to 
assess dose in large-scale emergencies, and (3) oximetry, particularly focusing on 
improving medical decision-making where hypoxia plays a key role in therapeutic 
success. The fourth historical overview/review is authored by Tadeusz Sarna and 
colleagues, and focuses on the contributions of EPR and its important implications 
for understanding melanins and their biological interactions. It particularly focuses 

1  My profound apologies if I have omitted anyone who should be included in this section or the histories.



3

1 3

Special Issues of AMR on the Occasion of the 85th Birthday of…

on the important and complex area of the interactions of melanin with metals and 
how these impact the potential cytotoxic effects of metal ions.

The next four articles present recent developments in in vivo EPR instrumental 
developments. Wilson Schreiber et  al. describe the major modifications that were 
made to in vivo EPR to make the instruments better suited to the needs of both the 
intended end-use (for in vivo dosimetry and oximetry) and the end-users (who need 
to have reliable and clinically relevant data available quickly and well integrated 
into clinical workflow including being operated by available technicians). Sergei 
Petryakov et  al. report on the development of surface resonators used with low-
frequency continuous wave in vivo EPR. These resonators have the flexible cables 
needed to conveniently attach the detection loop to the skin surface and the high 
sensitivity needed to avoid SRN problems associated with subject motion during 
in vivo measurements. Hiroshi Hirata and Harold Swartz review resonator develop-
ments in three contexts: preclinical oximetry and free radical measurements in small 
rodents, clinical (human) oximetry, and human dosimetry. They discuss guidelines 
for developing and optimizing resonators for each of these specific preclinical and 
clinical applications. Finally, Jim Hyde and his colleagues discuss their hypothesis 
that, with low Q-value sample resonators, dispersion EPR can provide better signal 
to noise. To achieve this, high microwave power is needed, and this is problematic 
for these samples. They found that the primary source of noise is phase noise at the 
receiver from leakage of microwave through the circulator. Their paper then focuses 
on the design of reflector bridges with the goal of minimizing this source of noise.

The next group of articles discusses the physical underpinnings for advancing 
EPR, especially in vivo EPR. Jerzy Koziol and Wojciech Froncisz lead off with an 
analysis of influence of spurious signals on automatic frequency control (AFC) in 
EPR spectrometers. While the primary source of spurious signals is leakage across 
the circulator in the microwave bridge, the signals reflected from the connectors in 
the line between the circulator and resonator further modify that signal. They dis-
cuss two ways to overcome the potential degradation in performance of the AFC 
from these spurious signals.

Joseph Kao and colleagues at U. of Maryland in Baltimore and the Eatons’ lab at 
U. of Denver report on the use of EPR lineshapes of nitroxide diradicals and their 
relationship to spin relaxation because of their importance of their use in structural 
studies. It had been suggested that the usual maximum distance of 5–6 Å, for their 
use as a measure of interactions for relaxation enhancement, might be extended to 
a distance as long as 9  Å if the linker in the diradical were more flexible. Using 
carefully developed synthetic pathways, they made two dinitroxides with interspin 
distances of about 9 Å and J >  > AN, but with more flexible amide and ethylenedi-
amine linkers. They then showed that modulation of dipolar interactions at distances 
of about 9 Å is not an effective electron spin relaxation mechanism, even for dini-
troxides with relatively flexible linkers.

Jay Zweier and colleagues report on methods to increase the speed of EPR imag-
ing with nitroxides. They developed and evaluated the use of fast millisecond scan 
EPR projection acquisition along with a novel reconstruction algorithm optimized 
for 3D spatial EPR image reconstruction from a high number of noisy projections. 
This reconstruction method utilizes the raw image projection data and zero gradient 
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spectrum to account for EPR line shape and hyperfine structure of any given para-
magnetic probe, without the need for deconvolution that is poorly suited for high 
noise data. Using fast-scan EPR imaging with this reconstruction method, they 
found that, while the approach seems effective, excess noise due to technical limi-
tations of currently available instrumentation limited the gains achievable with the 
new approach. It is likely that future developments of EPR instrumentation will 
overcome the problems with noise, and image resolutions approaching 100  μm 
should be possible.

Alex Smirnov and colleagues present an experimental verification of a prevail-
ing but not yet verified assumption of the use of nitroxides to measure oxygen 
levels. They measured the  effects of molecular oxygen in air and pure oxygen at 
atmospheric pressure on continuous wave EPR spectra of six structurally different 
nitroxides. Overall, the data further establish nitroxides as robust EPR molecular 
probes to measure the product of local oxygen concentration and its translational 
diffusion coefficient under a wide range of conditions such as pH and electrolyte 
concentrations.

The last set of articles in this special issue deal with EPR and biodosimetry, 
focusing on its clinical uses for retrospective biodosimetry after unplanned expo-
sures to ionizing radiation. Beinke and colleagues review the value of biological 
biodosimetry and EPR spectroscopy for medical management of people experienc-
ing acute radiation syndrome. They conclude that  biological biodosimetry (based 
on molecular biomarkers, especially gene expression analysis) and  in vivo  EPR 
represent very promising screening tools for rapid triage dosimetry in early phase 
diagnostics. They also note that biological biodosimetry can be employed to esti-
mate whole-body dose, while EPR dosimetry on nails, bone, or teeth could be used 
to determine partial body doses which in combination is very useful for medical 
management.

Vijay Singh et al. summarize the current state of development of drugs that could 
be given after exposures to ameliorate the damaging effects of radiation. This paper 
discusses the importance of determining who has actually received a life-threatening 
exposure, so that the drugs can be given to the people who need them. It concludes 
that EPR biodosimetry based on measurements in vivo of fingernails and toenails 
could be especially valuable, because it provides information about the heterogene-
ity of the dose as well as its magnitude.

Continuing a long-standing collaboration between groups in Japan and Dart-
mouth, Nakai et al. show that the often-expressed concern about exposure to sun-
light potentially compromising EPR tooth dosimetry is not really limiting. They 
carefully measured the effect of plausible levels of exposure from sunlight and found 
that this would not result in a large enough effect to perturb the utility of EPR tooth 
dosimetry.

The final paper is from a leading group of EPR biodosimetry experts from France 
and the US reporting on the feasibility of using clipped nails for biodosimetry. 
Tkatchenko et al. investigated the well-known problem that the EPR signal induced 
by clipping overlaps with the signal induced by radiation, thereby confounding the 
interpretation of source of the signal. While other techniques like soaking nails 
have been investigated to try to overcome this problem, this team analyzed the EPR 
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characteristics of the potentially confounding background signal versus the radia-
tion-induced signal. They concluded that it is very unlikely that EPR spectroscopic 
techniques can be utilized to remove the influence of the background signal for 
clipped nails.

3 � H.M. Swartz’ Citations in Magnetic Resonance

The numbers in this listing of HMS’ citations have been used consistently through-
out all three histories of EPR studies from the H.M. Swartz laboratories: Part 1—
free radicals and instrumental developments of in vivo EPR, Part 2—biodosimetry, 
and Part 3—oximetry. The numbers are derived from the curriculum vita for Harold 
M. Swartz. While the overwhelming majority of his publications are related to mag-
netic resonance (and thus included in the histories), some deal with his other pro-
fessional interests, most notably related to medical education. Consequently, some 
numbers are skipped in this listing, because references not included in these histo-
ries have been removed.

	 1.	 D. Hightower, H.M. Swartz. Measurement of Neutron Penetration by Tissue 
Activation in Biological Effects of Neutron Irradiation. Intl. Atomic Energy 
Agency, Vienna. pp. 141–155 (1964).

	 2.	 H.M. Swartz. Long-Lived Electron Spin Resonances in Rats Irradiated at Room 
Temperature. Radiat. Res. 24: 579–586 (1965).

	 3.	 H.M. Swartz, R.P. Molenda. Electron Spin Resonance Spectra of Some Normal 
Tissues: Effect of Microwave Power. Science. 148: 94–95 (1965).

	 4.	 H.M. Swartz, R.P. Molenda, R.T. Lofberg. Long-Lived Radiation-Induced Elec-
tron Spin Resonances in an Aqueous Biological System. Biochem. Biophys. Res. 
Commun. 21: 61–65 (1965).

	 5.	 H.M. Swartz, E.C. Richardson. A Correlation Between Radiation-Induced Free 
Radicals and Survival in Micro-Organisms Exposed to β-Mercaptoethylamine 
Under Oxygen or Nitrogen. Intl. J. Rad. Biol. 12: 75–88 (1967).

	 6.	 J.M. Brady, N.O. Aarestad, H.M. Swartz. In Vivo Dosimetry by Electron Spin 
Resonance Spectroscopy. Health Phys. 15: 43–47 (1968).

	 7.	 H.M. Swartz. Effect of Oxygen on Freezing Damage in E. coli. Ph.D. Thesis, 
Washington, DC: Georgetown University (1969).

	 8.	 E.S. Copeland, H.M. Swartz. Radical Formation in Cysteamine-HCl Gamma-
Irradiated in the Dry State and in Frozen Aqueous Solution. Intl. J. Rad. Biol. 
16: 293–296 (1969).

	 9.	 R.J. Jandacek, H.M. Swartz. The Conformation of Radioprotectant Compounds. 
The Crystal Structures of 2-Mercaptoethylamine Hydrochloride and 3-Mer-
capto-propylamine Hydrochloride. Radiat. Res. 44: 523–530 (1970).

	10.	 H.M. Swartz, E.C. Richardson, E.S. Copeland, R.T. Lofberg, R.J. Jandacek. 
Structure Function Studies of the Aminothiol Radio-Protectants. In Radiation 
Protection and Sensitization, W.L. Moroson, M. Quintiliani, (Eds.), Taylor and 
Francis, Ltd., London, UK, pp. 121–131 (1970).



6	 A. B. Flood et al.

1 3

	11.	 H.M. Swartz. Effect of Oxygen in Freezing Damage, I. Effect on Survival of 
E. coli. Cryobiology 6: 546–551 (1970).

	13.	 M.C. Johnson, H.M. Swartz, R.M. Donati. Hematological Alterations Produced 
by Nitrous Oxide. Radiat. Res. 44: 523–530 (1970).

	14.	 H.M. Swartz. Effect of Oxygen on Freezing Damage, II. Physical–Chemical 
Effects. Cryobiology 8: 255–264 (1971).

	15.	 H.M. Swartz. Effect of Oxygen on Freezing Damage, III. Modification by Beta-
Mercaptoethylamine. Cryobiology 8: 543–549 (1971).

	16.	 H.M. Swartz, E.S. Copeland, E.C. Richardson. Structure–Function Studies of 
the Aminothiol Radioprotectants, II. The Effect of Carbon Chain Length in 
Mercaptoethylamine Homologues. Radiat. Res. 45: 542–556 (1971).

	17.	 H.M. Swartz, J.C. Darin, J.D. Lewis. ESR Studies of Tissue Viability. In Proc. 
Ist European Biophysics Congress, E. Broda, A. Locker, H. Springer-Lederer, 
(Eds.), pp. 557–561 (1971).

	18.	 P.S. Fox, J.D. Lewis, H.M. Swartz, J.C. Darin. Electron Spin Resonance Spec-
trometry and the Determination of Organ Viability. Surgical Forum 22: 353–354 
(1971).

	19.	 H.M. Swartz, J. Bolton, D. Borg. Biological Applications of Electron Spin Reso-
nance. New York, NY: John Wiley & Sons (1972).

	20.	 H.M. Swartz. ESR Studies of Cells and Tissues. In Biological Applications of 
Electron Spin Resonance, H.M. Swartz, J.R. Bolton, D. C. Borg (Eds.) New 
York, NY: John Wiley & Sons, pp. 155–195 (1972).

	21.	 J.R. Bolton, D.C. Borg, H.M. Swartz. Experimental Aspects of Biological Spin 
Resonance Studies. In Biological Applications of Electron Spin Resonance, J.R. 
Bolton, D. C. Borg, H.M. Swartz, (Eds.) New York, NY: John Wiley & Sons, 
pp. 63–118 (1972).

	22.	 H.M. Swartz. Electron Spin Resonance Studies of Carcinogenesis. In Advances 
in Cancer Research, G. Klein, S. Weinhouse, (Eds.). New York, NY: Academic 
Press, pp. 227–252 (1972).

	23.	 H.M. Swartz, J. Weisner. Radiation Effects on Plasma Electron Spin Resonance 
Spectra of Cancer Patients. Radiology. 104: 209–210 (1972).

	24.	 H.M. Swartz, S. Ambegaonkar, W. Antholine, W. Mailer, D. McNellis, S. Sch-
neller. Electron Spin Resonance Spectra of Blood in Carcinogenesis. Intl. Union 
for Pure and Applied Biophy. Academy of Sciences of the USSR, Symposia 
Papers, Puschino 14: 209–223 (1973).

	25.	 H.M. Swartz. Use of Changes in Paramagnetic Metal Ions to Determine Cell 
Viability. Proc. 4th Intl. Biophysics Cong. (1972).

	26.	 H.M. Swartz. Toxic Oxygen Effects. Intl. Rev. Cytol. 35: 321–343 (1973).
	27.	 H.M. Swartz, S. Ambegaonkar, W. Antholine, M. Konieczny, C. Mailer. A Sur-

vey of Present and Potential Clinical Applications of Electron Spin Resonance. 
Ann. N.Y. Acad. Sci. 222: 989–1009 (1973).

	28.	 W.E. Antholine, A.G. Mauk, H.M. Swartz, F. Taketa. Electron Spin Resonance 
Spectra of Feline NO-Hemoglobins. FEBS Letts. 38: 199–202 (1973).

	29.	 H.M. Swartz, C. Mailer, S. Ambegaonkar, W.E. Antholine, D.R. McNellis, S.J. 
Schneller. Paramagnetic Changes During Development of Transplanted AKR/J 
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Leukemia in Mice as Measured by Electron Spin Resonance. Canc. Res. 33: 
2588–2595 (1973).

	30.	 C. Mailer, H.M. Swartz, M. Konieczny, S. Ambegaonkar, V. L. Moore. Identity 
of the Paramagnetic Element Found in Increased Concentrations in Plasma of 
Cancer Patients and Its Relationship to Other Pathological Processes. Canc. Res. 
34: 637–642 (1974).

	33.	 N.J.F. Dodd, H.M. Swartz. Effects of Ionizing Radiation on Dried Spores of 
Osmunda Regalis III. 35 GHz ESR Study. Intl. J. Radiat. Biol. 27: 205–210 
(1975).

	34.	 R.R. Varma, T. Sarna, H.M. Swartz. On the Nature of the Pigment in the Dubin-
Johnson Syndrome (DJS). Gastroenterology. 69: 875 (1975).

	35.	 T. Sarna, C. Mailer, J.S. Hyde, H.M. Swartz. Electron-Nuclear Double Reso-
nance (ENDOR) in Melanins. Biophys. J. 16: 1165–1170 (1976).

	36.	 P.L. Gutierrez, T. Sarna, H.M. Swartz. Experimental Considerations in Biologi-
cal ESR Studies, II. Chromium-Tissue Complexes Detected by Electron Spin 
Resonance. Phys. Med. Biol. 21: 494–954 (1976).

	37.	 T. Sarna, J.S. Hyde, H.M. Swartz. Ion Exchange in Melanin: An ESR Study 
with Lanthanide Probes. Science. 192: 1132–1134 (1976).

	38.	 W.E. Antholine, C. Mailer, B. Reichling, H.M. Swartz. Experimental Consid-
erations in Biological ESR Studies, I. Identity and Origin of the Tissue Lipid 
Signal—A Copper-Dithiocarbamate Complex. Phys. Med. Biol. 21: 840–846 
(1976).

	39.	 C. Mailer, T. Sarna, H.M. Swartz, J. S. Hyde. Quantitative Studies of Free 
Radicals in Biology: Corrections to ESR Saturation Data. J. Magn. Reson. 25: 
205–210 (1977).

	42.	 H.M. Swartz, P.L. Gutierrez. Free Radical Increases in Cancer: Evidence That 
There is Not a Real Increase. Science. 198: 936–938 (1977).

	45.	 W.E. Antholine, J.S. Hyde, H.M. Swartz. Use of Dy3 + as a Free Radical Relax-
ing Agent in Biological Tissues. J. Magn. Reson. 29: 517–522 (1978).

	46.	 H.M. Swartz, P. L. Gutierrez, B. A. Reichling. Electron Spin Resonance Studies 
of Liver. In Biochemical Mechanisms of Liver Injury. T.F. Slater (Ed.), London, 
UK: Academic Press, pp. 293–317 (1978).

	47.	 H.M. Swartz. Application of Magnetic Resonance in Cancer–A Critical Sum-
mary. J. Magn. Reson. 29: 393–396 (1978).

	49.	 H.M. Swartz, T. Sarna, R.R. Varma. On the Nature of the Hepatic Pigment in the 
Dubin-Johnson Syndrome, Evidence That It Is Not Melanin. Gastroenterology. 
76: 958–966 (1979).

	50.	 T. Sarna, H.M. Swartz. Identification and Characterization of Melanin in Tissue 
and Body Fluids. Folia Histochem. Cytochem. 16: 275–286 (1978).

	51.	 R.C. Sealy, H.M. Swartz, P.L. Olive. Electron Spin Resonance–Spin Trapping. 
Detection of Superoxide Formation During Aerobic Microsomal Reduction of 
Nitro-Compounds. Biochem. Biophys. Res. Commun. 82: 680–684 (1978).

	52.	 J.S. Hyde, H.M. Swartz, W.E. Antholine. The Spin-Probe–Spin-Label Method. 
In Spin Labeling II: Theory and Applications. L. J. Berliner (Ed.), New York, 
NY: Academic Press, pp. 71–113 (1979).
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	53.	 P.L. Gutierrez, H.M. Swartz. Paramagnetic Changes in Cancer: Growth of 
Walker 256 Carcinoma Studied in Frozen and Lyophilized Tissues. Br. J. Can-
cer. 39: 24–34 (1979).

	54.	 H.M. Swartz, W.E. Antholine, B.A. Reichling. Paramagnetic Changes During 
Development of DMBA-Induced Mammary Tumors in Sprague–Dawley Rats. 
Phys. Med. Biol. 24: 416–425 (1979).

	55.	 P.L. Gutierrez, H.M. Swartz, E.J. Wilkinson. Paramagnetic Changes in Cancer: 
DMBA-Induced Mammary Tumors Studied in Non-Lyophilized and Lyophi-
lized Tissues. Br. J. Cancer. 39: 330–336 (1979).

	56.	 H.M. Swartz. Free Radicals in Cancer. In CIBA Symposium No. 67, Submo-
lecular Biology and Cancer, pp. 107–124 (1979).

	57.	 R.C. Sealy, C.C. Felix, J.S. Hyde, H.M. Swartz. Structure and Reactivity of 
Melanins: Influence of Free Radicals and Metals Ions. Free Radic. Biol. Med. 
4: 210–251 (1980).

	58.	 T. Sarna, A. Duleba, W. Korytowski, H.M. Swartz. Interaction of Melanin with 
Oxygen. Arch. Biochem. Biophys. 200: 140–148 (1980).

	59.	 C. Lai, L.E. Hopwood, H.M. Swartz. Electron Spin Resonance Studies of 
Changes in Membrane Fluidity of Chinese Hamster Ovary Cells During the 
Cell Cycle. Biochim. Biophys. Acta. 602: 117–126 (1980).

	60.	 C. Lai, L.E. Hopwood, H.M. Swartz. ESR Studies of Membrane Fluidity of 
Chinese Hamster Ovary Cells Grown on Microcarriers and in Suspension. Exp. 
Cell Res. 130: 437–442 (1980).

	61.	 H.M. Swartz. Electron Spin Resonance Studies of Cancer Using Complex Bio-
logical Systems. In Free Radicals and Cancer. R. A. Floyd (Ed.), New York, 
NY: Marcel Dekker, Inc., pp. 81–115 (1982).

	63.	 H.M. Swartz, N.J. Dodd. The Role of Ascorbic Acid on Radical Reactions 
In Vivo. In Oxygen and Oxy-Radicals in Chemistry and Biology, M.A.J. Rodg-
ers, E. L. Powers (Ed.) Orlando, FL: Academic Press, pp. 161–168 (1981).

	64.	 N.J. Dodd, H.M. Swartz. ESR Signals of Lyophilized Tissue. Br. J. Cancer. 42: 
349–351 (1980).

	65.	 H.M. Swartz. Electron Spin Resonance Studies of Cancer: A Status Report. In 
Free Radicals, Lipid Peroxidation and Cancer, D. McBrien, T. Slater (Eds.), 
Orlando, FL: Academic Press, pp. 5–26 (1982).

	66.	 H.M. Swartz, S.M. Swartz. Biochemical and Biophysical Applications of Elec-
tron Spin Resonance. In Methods of Biochemical Analysis, D. Glick (Ed.), New 
York, NY: John Wiley & Sons, pp. 207–323 (1983).

	68.	 R.C. Sealy, J. Hyde, C.C. Felix, I.A. Menon, G. Prota, H.M. Swartz. Novel Free 
Radicals in Synthetic and Natural Pheomelanins: Distinction Between Dopa 
Melanins and Cysteinyldopa Melanins by Electron Spin Resonance Spectros-
copy. Proc. Nat. Acad. Sci. 79: 2885–2889 (1982).

	69.	 H.M. Swartz. In Vivo Electron Spin Resonance (ESR) Determinations. In Pro-
ceedings of Conference on Non-Invasive Studies of Body Chemistry. W. Wolf 
(Ed.) (1982).

	70.	 H.M. Swartz. Use of Electron Spin Resonance to Study Complex Biological 
Membranes. In Physical Methods on Biological Membranes and Their Model 
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Systems, F. Conti, W. E. Blumberg, J. deGier, F. Pocchiari (Eds.), New York, 
NY: Plenum Press, pp. 39–53 (1985).

	71.	 P.D. Morse II, H.M. Swartz. Measurement of Intracellular Oxygen Concentra-
tion Using the Spin Label TEMPOL. Magn. Reson. Med. 2: 114–127 (1985).

	72.	 M.J. Nilges, H.M. Swartz, P.A. Riley. Identification by Electron Spin Resonance 
of Free Radicals Formed During the Oxidation of 4-Hydroxyanisole Catalyzed 
by Tyrosinase. J. Biol. Chem. 259: 2446–2451 (1984).

	73.	 N.J. Dodd, H.M. Swartz. The Nature of the ESR Signal in Lyophilized Tissue 
and Its Relevance to Malignancy. Br. J. Cancer. 49: 65–71 (1984).

	74.	 H.M. Swartz. Electron Spin Resonance Studies of Cancer: Experimental Results 
and Conceptual Implications. In Free Radicals in Molecular Biology and Aging, 
D. Armstrong, R. Sohol, R. Cutler, T.F. Slater (Eds.), New York, NY: Raven 
Press, pp. 275–293 (1984).

	75.	 L. Hopwood, H.M. Swartz, S. Pajak. Effect of Melanin on Radiation Response 
of CHO Cells. Intl. J. Radiat. Biol. 47: 531–537 (1985).

	76.	 M.J. Nilges, H.M. Swartz. Quinone and Semiquinone Intermediates in the Reac-
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