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Low dose radiation-A curse or a boon?
P. BALARAM, K. s. MANI

ABSTRACT
The increased use of nuclear technology has created fear in
the minds of people regarding its possible adverse effects
on living systems. This fear is heightened by press reports
of nuclear fallouts and of high levels of natural background
radiation in geographical areas in a number of countries.
The International Commission on Radiological Protection
and the United Nations Scientific Committee on the Effects
of Atomic Radiation estimate the risk of cancer from high
dose exposure to be 4.5% to 7.1% per sievert depending
on the projection model used. However, when the exposure
is to low dose background radiation, the available data does
not show an increased risk. This is possibly due to the
effectiveness of the inherent repair capacity of the living
cell. These observations have given rise to the 'hormesis'
hypothesis. Low dose radiation has in fact been found to be
immunostimulatory and this is now being exploited as a
possible treatment modality in cancer patients.
Natl Med J India 1994;7:169-72.

INTRODUCTION
A rapid increase in the use of nuclear technology in various
spheres of life has led to concern among the public about its
safety. News reports of nuclear accidents and of adverse
effects of low dose radiation exposure have contributed to
this concern.

It was initially presumed that any level of radiation exposure
is harmful. However, over the years, scientific data has
accumulated to show that radiation effects follow a
'threshold response' and exposures only above this level are
harmful. Recent observations have pointed to a 'hormesis'
effect-the beneficial effect of a hazardous substance.

An estimate of the extent of radiation exposure a person is
likely to receive in nuclear technology related events can be
obtained from the International Nuclear Event Scale (INES)
developed by the International Atomic Energy Agency
(Table I).

Today, 32 countries including India are participating in the
INES system. During 1991-92, none of the nuclear events
reported through INES was rated higher than 3. In fact, most
ofthem fell between levels 1 and 2.

Another cause for concern is the exposure to natural
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TABLEI. International Nuclear Event Scale levels

Accident
7 Major accidents (widespread health and

environmental effects)
Serious accident (major off-site impact)
Accident with off-site risk
Accident without major off-site risk

6
5
4
Incident
3
2
I

Safety threshold
o

Serious incident
Incident
Anomaly

Below scale (no safety significance)

background radiation. Areas with high natural background
radiation emanating from rocks and soils containing radio-
active materials such as uranium, thorium and potassium-40
have been mapped in countries such as China, Brazil and
India. In India, the coastal belt of Kerala has a high level of
thorium. I The radiation dose in this area varies from 1.5 to
20 millisieverts (mSv) per year ,2 the highest annual exposure
being 278 fJ-RIhour (0.0035 Sv/hour) outside a dwelling unit
and 1215fJ-RIhour (0.012 Sv/hour) for an individual.'

RADIATION AND CANCER
High dose radiation has always been associated with cancer
and congenital diseases such as radiation-induced neoplasms
of the skin in dentists.'

Studies of survivors of the atomic explosion in Japan show
a high incidence of cancers with a specific pattern in relation
to time after exposure." In the first 8 years, leukaemia was
the predominant malignancy which declined after about
25 years while solid tumours appeared after 10 years of
exposure. Later studies point to a strong dose-effect relation-
ship in leukaemia, lymphoma, thyroid, lung, breast and
salivary gland cancers." Two schools of thought exist-one
that cancers such as leukaemia, thyroid and breast cancer
do not have a threshold level and the other that they are
prevalent only in those exposed to a high dose. No conclusive
data is available with regard to the existence of a safe level of
radiation. The dose of radiation to which individuals residing
in natural background areas are exposed is much lower than
the dose at which adverse effects have been documented.
Most workers believe that the effects of low dose radiation
exposure are different from those due to a high dose. Thus,
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the effects of high dose exposure cannot be extrapolated to
those of a low dose.

Marshall? supports the view that a given dose of radiation is
less risky if received over an extended period of time. The
lack of an increased incidence of cancer and hereditary
diseases in the radiation 'hot spots' of the world further
supports this.8,9 Reports from these areas even suggest
a stimulatory effect of low doses of radiation akin to the
homoeopathic principle that hazardous substances can
be therapeutic when given at extremely low doses-the
'hormesis' effect. 10,11A number of mechanisms have been
described for this effect including enzyme activation,
increased DNA repair and immune stimulation.

DNA damage, repair and oncogene status
Ionizing radiation was the first mutagenic agent discovered.
The response to radiation exposure varies considerably
among individuals. These differences may be due to the
inherent variation in the ability of individuals to monitor and
repair the damage in their genetic material. The occurrence
of many cancers appears to be associated with the persistence
of DNA damage which is a reflection of a defective repair
system and is manifest as deletions (tumour suppressor
genes), mutations (oncogenes) and translocations.

Epidemiological studies reported so far in areas of high
natural background radiation have pointed to a lack of
increased incidence of cancers and related genetic
disorders8.11-16indicating that people residing in these areas
have either an enhanced resistance (inherent or acquired) to
radiation damage or an increased capacity for DNA repair.
Human beings are also exposed to various other factors
including chemical carcinogens which could act synergisti-
cally with environmental radiation.

Studies using in vitro cell cultures have identified multiple
mechanisms in cells to protect the integrity of their DNA.
Sklar demonstrated an association of cell lines transformed
by missense mutation-activated ras oncogenes with an
increased resistance to radiation. 17

Harris et al.18 and Grant et al.t? on the other hand, report
increased sensitivity to 6OCOradiation on clonogenic survival
and a decreased capacity for sublethal DNA damage repair
in cells carrying activated ras oncogenes. However, Grant
et al. 19noted high levels of ras p21in radio resistant cell lines.
McKenna et al.2o reported the radiation resistance of cells
transformed with ras and myc to be increased suggesting a
synergistic effect of the myc oncogene on radio-resistance.
Csraf-l is another gene implicated in radio-resistance. rat
protein kinases are among some of the serine threonine
protein kinases activated upon stimulation of cells. Using
DNA mediated gene transfer, the frequent presence of rat
oncogenes was noticed in transfectants of head and neck?'
and radiation resistant laryngeal cancers.P The failure of
radiotherapy in head and neck cancers is associated with
radiation resistance and efficient cell proliferation in these
cancers.P However, the extrapolation of this phenomenon
to low dose radiation is not clear.

It is not clear whether these oncogenes affect repair of
sublethal damage. Sklar suggested that genes whose protein
products are in and around the cell membrane can have
major effects on a predominantly nuclear process such as
DNA repair of mammalian cells.!? Their effects must be
indirect, as they are not in the right place to influence the
DNA repair mechanism. They might be acting by causing
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induction or repression of genes coding for specific nuclear
molecules involved in DNA repair or altering DNA or
chromosomal conformation so as to facilitate the access of
repair enzymes to the damaged DNA.

Reduced chromosomal aberrations have been noticed in
lymphocytes from persons who had been earlier exposed to
radiation.24-30 A repair enzyme poly (ADP-ribose)
polymerase has been implicated in this phenomenon.Pv"
Induction of this enzyme and other proteins by low dose
radiation is thought to be a mechanism of adaptation to the
background radiation. It is yet to be proved whether these
proteins, if introduced into the cell by electroporation will
lead to a reduction in chromosomal aberrations. Response to
low dose radiation is also reported to be prophylactic in
nature in that acquired radio-resistance was induced in mice
after exposure to 5-10 cGy of X-rays. 27

Another possible indirect effect might be through cell
cycle modification, since radiation resistance differs
considerably in different phases of the cell cycle. Radio-
resistant cell lines were found to have nearly twice the
number of cells in the S phase than the more sensitive cell
lines.'? Inherent cellular radio-resistance has been found to
be correlated with the rate at which the DNA double strand
is repaired.P-" Radio-resistant cell lines repaired approxi-
mately 90% of their radiation induced damage within one
hour of irradiation while more radio-sensitive cell lines
required 2 to 4 hours to repair the same fraction of damage.
Radio-resistant cells also had lower initial DNA double
strand break frequencies.

To summarize, the literature supports the view of an
increased production of DNA repair enzymes, faster DNA
repair and development of radio-resistance on exposure to
low dose radiation. These effects are beneficial and could be
the reason for the absence of an increased incidence of
cancers in people residing in areas with natural background
radiation.

Immune responses
The immune system is one of the prime targets of radiation
damage and is constituted by very radio-sensitive mammalian
cells.P Shielding of the spleen in total body radiation has been
practised since 1951. The damage caused is believed to be
dose dependent. The reports of an accelerated decline in the
immunological functions of the T lymphocytes and an age
related alteration in the number of certain subsets of T
and B lymphocytes in radiation exposed individuals is of
irnportance.I'<" Is the situation the same in long term
residents of areas with high background radiation? Studies
carried out by Japanese and Chinese scientists as well as by
us suggest that none of the immunological variables such as
lymphocyte transformation, NK cell activity, ,interferon
levels, lymphokine augmentation of cytotoxicity and T
lymphocytes are altered in residents of areas with high
background radiation when compared to controls.t'<"

One school of thought is that the stimulatory effect of low
dose radiation is due to the depletion or damage of the radio-
sensitive suppressor T cells which result in a rise in the T
helper cell/suppressor cell ratio" even though with doses
below 0.25 Gy no preferential damage of the T suppressor
subset was found. Uchida'? demonstrated that a low dose of
X-rays elevates the susceptibilities of human tumour cells to
lysis by autologous T lymphocytes and NK cells. Preliminary
data have shown a prolongation of survival in cancer patients
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when combination therapy with low dose X-rays and bio-
logical response modifiers was used.P These findings
suggest that low dose radiation often stimulates immune
functions.

IS EXPOSURE TO LOW DOSE RADIATION
PROPHYLACTIC AGAINST CARCINOGENESIS?
Recent studies in areas where there is a high natural
background radiation suggest that it may impart beneficial
effects as evidenced by reports of an absence of increased
incidence of cancers and other congenital diseases. A
number of experimental studies support these observations.
The protozoas and paramecia when exposed to background
chronic Y -irradiation respond by proliferation while
shielding of these organisms by lead reduced this effect.f' A
chronic two-month irradiation of rats with 7 cGyfY resulted
in an increase in the splenic and thymic lymphocyte popula-
tions." Similarly, exposure of lymphocytes to low dose
X-rays reduced the induction of HPRT mutations by
300 cGy of Xvrays" and also led to an increased survival in
human lymphocytes and fibroblasts." Increased survival
rates have also been noticed in mice exposed to low doses
(2.5-15 cGy) of X-irradiation prior to a second exposure at a
sublethal dose. Faroqi and Kesavan= observed that mice
pretreated with 0.25 Gy and 0.05 Gy were better protected
against chromosomal damage when challenged with a dose
of 1Gy of v-rays.Takai et al.44 demonstrated an enhancement
of antitumour immune responses by total body irradiation
with doses up to 1.5 GyllO fractions/4.5 weeks and suggest
that this could be used in the treatment of diseases where
there is immunosuppression such as AIDS and non-
Hodgkin's lymphoma.

A study from our centre suggests that radiation exerts
an antetardent effect on the growth of second primary
tumours." A number of reports are available wherein
radiation causes the chromosomal aberrations which are
associated with childhood leukaemia 10 but there are no
data, however, to show that these manifest clinically. This is
probably due to the increased capacity of DNA repair and
increased immune stimulation. Thus exposure to very low
doses of radiation should not cause great concern. Studies
have been mounted in the radiation 'hot spots' in Kerala and
the results so far support that a high level of natural
background radiation isnot hazardous. In fact it appears that
low dose radiation increases the resistance of the body to
higher doses. Scientists now suggest that a certain optimal
background radiation is essential for survival.
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