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Preface

Electromagnetic radiation includes radio waves, microwaves, 
visible light, ultraviolet light, and ionizing radiations such as X-rays 
and gamma rays. Although unplanned and accidental exposure 
to ionizing radiation enhances the risk of harm to living beings, 
therapeutic and diagnostic applications of ionizing radiation in 
medicine have tremendously contributed to improvement in 
human health. These medical applications include diagnostic 
radiology, radiation therapy for the treatment of cancer, and 
nuclear medicine. After the discovery in 1895 by W. Rontgen, 
X-rays were immediately applied to diagnostic radiography and 
therapy in medicine. Ionizing radiations have also been used for 
food preservation and genetic modification.
 Cancer continues to kill millions of people worldwide. 
According to a World Health Organization report (2012), the 
number of new cancer cases worldwide is expected to rise by 
about 70% over the next two decades. More than 60% of the 
world’s total new cancer cases and 70% of the world’s cancer 
deaths occur in economically backward low- and middle-income 
countries. These countries have limited or least access to cancer 
treatment, particularly in high-technology-driven treatments 
such as radiation therapy. Radiation therapy is one of the most 
effective modalities of cancer treatment; approximately 50% of 
cancer patients receive radiation therapy in curative, adjuvant, 
or palliative settings during the course of their treatment. 
 Radiation dosimetry is one of the most crucial aspects of 
medical applications of ionizing radiation. Accuracy and precision 
of dosimetric quantification and measurement of absorption of 
radiation energy, i.e., absorbed dose, are vital in standardizing 
and developing therapeutic, diagnostic, experimental, research, 
and commercial applications of ionizing radiation. Radiation 
dosimetry of biological and clinical radiation therapy units has 
a direct impact on the accuracy and precision of radiation dose 
delivery and hence a significant impact on success of thetreatment. 
 The progress of biomedical sciences to the current level owes 
deeply to the constructive role played by physical and biophysical 
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principles, techniques, and tools. In this era of rapidly evolving 
scientific knowledge and innovations, increasingly complex 
and intelligent technologies have created newer avenues for 
collaboration between the disciplines physical and medical 
sciences. Physical and biophysical methods have played an 
important role in the diagnostics and therapeutic strategies for the 
treatment of diseases and continue to create unique opportunities 
for multidisciplinary collaboration between medical and physical 
science researchers, including cancer research.
 The Department of Physics, University of Pune, India, is one of 
the leading academic and research institutions in India. Traditionally, 
the department has pursued experimental and theoretical research 
in physics. In view of evolving multi-disciplinary trends discussed 
earlier, the focus was later diversified to interdisciplinary research 
and development problems pertaining to interfaces between 
physics, biology, and medicine. These evolving areas of research 
were further expanded to other fields, e.g., radiation biology, 
gravitational biology, and nanoparticle applications.
 Prof. P. B. Vidyasagar’s keen interest in interdisciplinary 
research and initiatives has created collaborations between 
academic researchers in the department and clinical physicists 
involved in cancer treatment at hospital-based radiation therapy 
facilities. Prof. Vidyasagar’s initiatives led to PhD thesis works in 
important areas of medical physics, such as chemical radiation 
dosimetry, radiobiology, and Monte-Carlo simulation–based 
investigations of cobalt-60 tomotherapy, by his hospital-based 
medical physicist students. Other areas of research work in the 
department include diverse topics such as the study of low- and 
high-atomic-number targets for X-ray production, radio-electro 
chemotherapy, nanoparticle applications in radiation therapy, 
effects of altered gravity on various plant seedlings, and other 
important areas in biophysics. The interdisciplinary research and 
development work conducted by the physics department over the 
years has produced a significant body of work. This work highlights 
different applications of physics principles in medicine and biology 
and physics’ contribution towards the improvement of human 
health, including the treatment of cancer.
 The available body of work has inspired us to compile the 
material in this book. The book contains 10 articles and is 
categorized into two parts viz., new techniques in radiation 
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therapy and effects of ionizing radiations on biological systems. 
The chapters are written by academicians, scientists, and clinical 
practitioners with wide experience in their fields. We believe this 
book will be immensely useful to students, teachers, academicians, 
and scientists with interest in interdisciplinary applications 
of radiation physics, including the areas of cancer therapy, 
nanomedicine, nanobiology, and gravitational biology.
 We are thankful to all the eminent academicians and researchers 
who have authored valuable contributions for this book. We 
are grateful to Stanford Chong and Pan Stanford Publishing for 
encouragement and for agreeing to publish this book.

P. B. Vidyasagar
S. S. Jagtap

Omprakash Yemul
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Foreword by Dr. Madan M. Rehani

The journey from intra-departmental compartmentalization 
to multidisciplinary interaction has been a long one that needs 
augmentation. While compartmentalization serves the purpose of 
in-depth specialization, the nature follows the principle of inter-
dependence. Every species is dependent upon other for effective 
survival. Thus, neither complete dependence nor independence is 
what nature teaches us. We need to see how we can use excellence 
in one field for the benefit of other. Physics has generations of 
history and is crowned with many inventions, whereas medical 
sciences need help of basic medical sciences and paramedical 
and physical sciences to solve never-ending problems. Even 
after centuries, the need of medical sciences for support from 
physical and biomedical sciences will continue. It is in this respect 
that we need to remain cognizant that physicists should always 
feel that they are needed in medical sciences. Rather physicists 
should consider it as their responsibility to contribute to medical 
sciences. Every young graduate in physics should ask himself or 
herself what they are doing to alleviate the suffering of billions of 
humans, and it should create restlessness if there is no involvement 
in solving medical problems. No year should pass without any 
physics department highlighting what it has done to support 
medical sciences. There are countless ways by which physicists 
can contribute. After having spent nearly 44 years in medical 
physics, I cannot recall finishing any year when I felt that 365 days 
in the year were adequate for the work at hand. The whole ocean 
always lies unexplored, like the proverbial Newton’s saying. Come 
out of your nutshells and the whole world is open to you. The 
current book goes in the direction of giving a small glimpse of 
what lies ahead for young physicists. The book deals with diverse 
areas as briefly noted below. The new advances in radiotherapy 
and imaging are showing much greater interaction to make 
radiotherapy more precise. Physicists are apt at precision and there 
cannot be any radiotherapy facility without a medical physicist. 
This becomes clear from the initial chapters in the current book. 
Investigations into cobalt-60 tomotherapy provide engaging 
actions for medical physicists as also FBX dosimetry for dose 
mapping. Fractionation is the heart and soul of radiotherapy and 
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there is ever-increasing need for research. Incorporation of drugs 
into liposomes when combined with the application of electrical 
pulse provides challenging opportunities. Nanoparticles are 
currently gaining importance. Their synthesis and application in 
cancer imaging and therapy are discussed. Results of studies on 
change in membrane conductivity as a result of UV-C radiation are 
presented and finally attention has been drawn to the potential 
effects of the low level of non-ionizing radiation from mobile 
phones. It is natural for any new physicist to go through the cycle 
of enthusiasm, rational understanding, and critical assessment 
before being able to contribute. The availability of information 
in modern time is not lacking. What is becoming limiting is the 
human capacity and capability to grasp. One needs to be aware 
that there is no substitute for hard work of learning adequately in 
any area. I congratulate all involved in this book for taking a step 
that has the potential to show direction to young physicists what 
lies ahead, a vast ocean indeed, when they enter the arena of 
bio-medical sciences. Happy reading.

Dr. Madan M. Rehani

Massachusetts General Hospital, Harvard Medical School, USA
Director, Global Outreach on Radiation Protection

Vice President, International Organization for Medical Physics
Secretary, Protection in Medicine Committee

of International Commission on Radiological Protection (ICRP)
Adjunct Professor of Radiology and Medical Physics, Duke University, USA

Foreword by Dr. Madan M. Rehani



Fighting Cancer by Radiation
Foreword by Prof. K. P. Mishra

I feel honored to be asked to write a foreword to the book 
Radiation in Biology and Medicine, edited by Pandit B. Vidyasagar 
and coeditors. Driven by my desire for seeking updates, I went 
through the volume with deep curiosity and found a comprehensive 
account of physical, chemical, and biological aspects of radiation 
therapy of cancer. Over the years, I have often felt the need of such 
a publication for the benefit of radiation researchers, clinicians, 
medical physicists, and instrument engineers. The book is a worthy 
source of reading, research, and reference.
 Let me begin by recalling that the world of science witnessed 
unusual excitement with the chance discoveries of X-rays by W. R. 
Roentgen and radioactivity by Henri Becquerel at the end of 19th 
century. Despite revolutionary progress, the world is faced with 
increasing incidence of cancer, and each year 8–10 million patients 
succumb to cancer. In clinics, apart from surgery and chemotherapy, 
ionizing radiation–based radiotherapy is a frequently employed 
modality for treatment of cancer patients. Radiation kills cells, 
but it equally kills normal as well as tumor cells. Consequently, 
often, patient treatment by radiation has to be abandoned due 
to unacceptable adverse effects on their body. The challenge for 
the success of radiotherapy lies in designing the radiation source 
machines capable of delivering the dose targeted to diseased 
organ thereby minimizing exposure to adjacent cells. In addition, 
radiobiological research on cells, animals, and humans needs to 
identify molecular targets in tumor cells for their selective radiation 
killing while sparing the normal cells/tissues from harmful effects. 
 Early teletherapy machines used Cobalt-60 radiation source, 
which suffered from limitations of focused beam to the target, but 
constant technical refinement helped developing medical linacs 
offering isocenter dose delivery and flexibility of using electrons 
or X-rays for radiotherapy. This book gives an interesting account 
of technological progress from cobalt teletherapy machines to 
present-day medical linacs commonly employed in cancer therapy. 
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 My irresistible interest in radiobiology and cancer research 
drives me to constantly watch progress especially in evaluating 
and analyzing available commercial radiation sources and 
newer radiobiological findings on cellular response to radiation. 
In accepting to write these lines for the book on radiation in 
biology and medicine, I am primarily guided by my urge to learn 
of recent advancements in the field. I must share that my curiosity 
was incredibly sustained in reading of the chapters from beginning 
to the end. Contributions have been meticulously organized making 
the volume a smooth and interesting reading for beginners as well 
as specialists in the field.
 Without doubt, focused dose delivery to the tumor site is 
central to improving the quality of radiotherapy. In this regard, 
an impressive account has been provided on the generation of 
bremsstrahlung radiation from materials of low to high atomic 
number by S. D. Dhole and his colleagues using FLUKA simulation 
in optimizations of neutron dose level within acceptable limits. The 
issue of the quality of the radiation beam has further been extended 
by Joshi, Vidyasagar, and Schreiner, who utilized the Monte Carlo 
Code system to improve Co-60 source design for applications in 
tomotherapy. A systematic account has been given to determine 
potential radiation output enhancement for a fan beam with 
cylindrical and rectangular beam shapes. It is noteworthy that the 
suggested Co-60 source design with rectangular beam shape offers 
effective conformal dose delivery to patients in radiotherapy and 
tomotherapy. Radiobiological studies have revealed fractionation 
of total radiation dose to patients for maximizing the radiotherapy 
outcome by reducing adverse effects on normal tissues. However, 
challenge to basic radiobiologists and clinicians continues for the 
optimization of the treatment protocol in fractionated radiotherapy 
by reducing adverse radiation effects to healthy tissues but effectively 
killing tumor cells especially useful in the treatment outcome of 
squamous cell carcinoma for head and neck cancer patients. 
 It is pertinent to accurately quantify and control radiation 
doses given to patients in radiotherapy. I enjoyed refreshing my 
mind with a comprehensive account presented on the essential 
features of radiation dose measurement by ferrous sulfate-benzoic 
acid–xylenol orange (FBX) chemical dosimeter. The protocol is 
capable of determining radiation dose in diverse applications with 
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photon- and electron-based radiotherapy. However, the need for 
further extensive research is much justified to develop a suitable 
dosimeter by overcoming the shortcomings of gel dosimetry.
 More often, the treatment of cancer patients fails because cancer 
cells acquire resistance to radiation and therapeutic drugs. The 
mechanism of resistance is attributed to the non-internalization 
of drugs into target cells. A novel approach recently developed to 
deliver otherwise impermeant drugs into tumor cells employs 
the electroporation technology, which is based on a biophysical 
method of permeabilization of cell membrane. The research work 
of Pratip Sil and others in our group as well as the progress made 
in other laboratories around the world have made significant 
improvements in enhancing the radio and drug toxicity to tumor 
cells. A novel method of radio-electro-chemotherapy developed 
recently opens exciting new prospects for effectively dealing with 
untreatable cancers. It is hoped researchers would find it stimulating 
and engage themselves in optimizing this approach for practical 
clinical applications.
 In past years, nanoscience and technology have opened 
exciting new vistas for the diagnosis and treatment of many 
diseases. To highlight growing new technologies, a chapter focuses 
on radiation-assisted synthesis of metal nanomaterials enabling the 
fine-tuning of defined molecular sizes and permitting multi-
directional distribution of nanodrugs in the tumor volume. 
This novel synthetic protocol offers enormous new insights for 
improving tumor radio-toxicity. A potential formulation of gold 
nanoparticles is a frequently utilized approach in the radiotherapy 
of cancer, which has been adequately and lucidly described by 
Prabhakar Dongre of Mumbai University. However, the formulations 
require standardization and optimization for fruitful applications 
in clinic.
 In view of the rapidly growing space expeditions, the area of 
space radiobiology has become a fascinating research direction 
with considerable implications to future space explorations. 
It is indeed interesting to understand the combined effects of 
altered-hyper-gravity and cosmic radiation on plants in controlled 
conditions. It is observed that the combined external agents cause 
deleterious effects on the growth of wheat seedlings and rendered 
the seed more sensitive to stress. This line of research is highly 
relevant to future space programs and intensified research is highly 
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warranted. The effects of UV radiation on the properties of cellular 
membranes are of profound importance for evaluating cellular 
responses. The editors have appropriately included studies on 
UV-induced alterations in the properties of chitosan membrane. 
Studies have shown the influence of UV on alterations in the 
permeability of the cellular membrane. It is suggested that care be 
taken during the sterilization processes and practical use of the 
designed membrane.
 The effects of mobile towers and mobile phone radiation 
on human health are controversial at present. The editors have 
thoughtfully included a chapter on this important topic. Because 
sample size is smaller and limited to adults, firm conclusions are 
difficult, but more intense research is highly suggestive. Some 
useful inputs have been provided for the reduction of radiation 
exposure by using cell phones only in emergency, curtailing the 
talk time, and communicating by text whenever possible.
 I am immensely impressed with the wide range of frontline topics 
covered in this fascinating book devoted to cancer radiotherapy. 
Needless to say, the rich contents of the book will prove to be a 
good reference and will help catalyze future advances in the 
improvement of the radiation therapy of cancer patients. Readers 
will feel inspired and motivated to take up the challenges of 
problems related to human health.

Prof. K. P. Mishra, PhD
Present: Professor Emeritus, BM International Research Center 

Jain Vishva Bharati Institute (Deemed University), Ladnun, Rajasthan, India
Former Senior Scientist and Head 
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