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Whereas increasing concerns about radiation exposure to nuclear disasters or side effects of anticancer
radiotherapy, relatively little research for radiation damages or remedy has been done. The purpose of
this study was to establish level of LD70/30 (a lethal dose for 70% of mice within 30 days) by total-body γ
irradiation (TBI) in a mouse model. For this purpose, at first, 8-week-old male ICR and C57BL/6N mice
from A and B companies were received high dose (10, 11, 12 Gy) TBI. After irradiation, the body weight
and survival rate were monitored for 30 days consecutively. In next experiment, 5-week-old male ICR and
C57BL/6N mice from B company were received same dose irradiation. Results showed that survival rate
and body weight change rate in inbred C57BL/6N mice were similar between A and B company. In ICR
mice, however, survival rate and body weight change rate were completely different among the companies.
Significant difference of survival rate both ICR and C57BL6N mice was not observed in between 5-weekold and 8-week-old groups receiving 10 or 12 Gy TBI. Our results indicate that the strain and age of
mice, and even purchasing company (especially outbred), should be matched over experimental groups
in TBI experiment. Based on our results, 8-week-old male ICR mice from B company subjected to 12 Gy
of TBI showed LD70/30 and suitable as a mouse model for further development of new drug using the
ideal total-body irradiation model.
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Ionizing radiation is a type of energy composed of
electromagnetic waves, like X-rays or γ-rays, and particles,
like alpha, beta, or neutron particles. Ionizing radiation
has extensive effects on rapidly proliferating cell populations,
such as intestinal stem cells or proliferative crypt epithelial
cells [1]. Additionally, the toxicity of ionizing radiation
can induce multiple organ dysfunction syndromes, such
as cerebrovascular syndrome, gastrointestinal syndrome,
and hematopoietic syndrome. Depending on the absorbed
dose, damaged tissues or organs could lead to acute
radiation syndrome and eventually death within 30 days

[2-4].
Such radiation exposure has been observed after
nuclear disasters, e.g., nuclear war or terrorism, or for
medical diagnostic machines, including X-rays, nuclear
medicine, and radiotherapy. In the case of large-scale
nuclear disasters, such as the Fukushima and Chernobyl
nuclear disasters, which generate a large number of
casualties, including military personnel and civilians,
plans for the medical management of radiation exposure
damage are needed [5]. In addition, despite a lack of
effective therapeutic agents for the side effects of cancer
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radiotherapy, approximately 30% of cancer patients
receive radiation treatment. Side effects of radiation
therapy cause not only early-phase symptoms, including
skin erythema, dry or moist desquamation of the skin,
mucositis, nausea, fatigue, and diarrhea, but also latephase effects, including radiation-induced fibrosis, atrophy,
vascular damage, neural damage, and a range of endocrine
and growth-related effects [7-9]. Moreover, radiation
causes genetic mutations, and these mutant cells lead to
carcinogenesis [10,11]. Since the percentage of radiation
therapy is lower in developing countries than in developed
countries, the use of radiotherapy is expected to increase
and therapeutic agents are needed to address the growing
concerns regarding the side effects.
Currently, in the United States, active research focuses
on the development of therapeutic agents against the
effects of radiation; Entolimod (CBLB502; Cleveland
Biolabs, Inc., Buffalo, NY, USA) is in the most advanced
stage of development (Phase II clinical) and is likely to
be commercialized [12-15]. In Korea, however, few
studies have attempted to develop radiation exposure
treatments, and no substances have entered the product
development stage.
Animal models can be used to develop therapeutic
agents for irradiation and to evaluate the efficacy of
radiation treatment agents [16,17]. To evaluate the effects
of radiation, various animal models have been used,
including rodents, canines, non-human primates, minipigs,
and ferrets [18-21]. In particular, mice are the most
frequently used animal model owing to their anatomical,
physiological, and genetic similarities to humans, in
addition to other advantages, such as small body sizes
and short generation times [18]. In addition, they have
various benefits with respect to the cost, space, time
requirement, and availability of a large number of strains;
accordingly, mouse models are widely used for medical
research. Therefore, the purpose of this study was to
develop a mouse model of total-body γ irradiation (TBI)
by determining the lethal dose of 70% of mice within 30
days (LD70/30).

Materials and Methods
Male 7-week-old ICR and C57BL/6N mice were
purchased from both A and B company in Korea. Male
4-week-old ICR and C57BL/6N mice were purchased
from B company. All the mice were housed in a
pathogen-free room under a constant 12-h light-dark

cycle at 22±2oC temperature and 50±10% humidity. The
mice were fed standard laboratory chow (Koatech Inc,
Seoul) and water ad libitum. After a week acclimatization,
the mice were divided into 4 groups based on their body
weight, which were control groups (n=5), 10, 11, and
12 Gy groups (n=15). The experimental protocol was
approved by the Institutional Animal Care and Use
Committee of Konkuk University (No. KU14089-2).
Total-body γ-irradiation (TBI) was performed on
anesthetized mice with intraperitoneal injection of Zoletil/
Rumpun®, using 60Co-radiation at Korea Institute of
Radiological & Medical sciences. Each mouse was
placed inside a well-ventilated acrylic container, receiving
10, 11, and 12 Gy radiation exposure under standard
laboratory conditions. After irradiation, mice were housed
in laboratory animal room at College of Veterinary
Medicine of Konkuk University and monitored every
alternate day for body weight and survival for 30
consecutive days. From the point at which more than
50% died in each group, the data of body weight change
rate were excluded. All data were analyzed using the
program GraphPad Prism (GraphPad Software, Inc., San
Diego, USA). Survival analysis was determined by logrank test and P<0.05 is considered to be statistically
significant.

Results
In the first experiment, 8-week-old male mice were
used to compare the LD70/30 between outbred ICR
mice obtained from companies A and B. The ICR mice
were exposed to a 12-Gy dose of radiation, resulting in
a characteristic radiation-induced gastrointestinal syndrome
comprising weight loss and death. All irradiated groups
showed dramatic reductions in body weight within 3
days (Figure 1B, 1D, 1F). Eight-week-old ICR mice
from company B showed body weight recovery after 3
days of TBI in the 10-Gy group (Figure 1B). A similar
body weight change in ICR mice was observed for
exposure to 11 Gy (Figure 1D), and dramatic weight loss
was seen in the 12-Gy group (Figure 1F). The body
weight change in 8-week-old ICR mice from company
A was greater than that of mice obtained from company
B for all levels of radiation. Mice from company A died
up to 15 days post-radiation for all radiation levels, but
mice from company B died up to 28 days (Figure 1E).
For 10 Gy, the mortality of radiated mice was significantly
higher for those obtained from company A than company
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Figure 1. 8-week-old ICR mice from A and B companies were irradiated using different dose radiation (10, 11, and 12 Gy). Survival
rate and body weight changes of radiated mice were monitored for 30 days. P values were calculated using a log-rank test (MantelCox test).

B (Figure 1A, P=0.0002). Similar results using ICR
mice were found for both 11 Gy and 12 Gy (Figure 1C,
P=0.0406; Figure 1E, P=0.0346). The LD70/30 level
for 8-week-old ICR mice from company A was approximately 10.5 Gy, while the level for mice obtained from
company B was approximately 12 Gy (Figure 1).
In the second experiment (Figure 2), 8-week-old male
mice were used to compare LD70/30 between inbred
C57BL/6N mice obtained from companies A and B.
High-dose irradiated C57BL/6N mice showed decreased
body weights within 3 days, consistent with the previous
ICR experiment. The survival rate of C57BL/6N mice in
the 10-Gy group for company A was 60% and was 87%
for company B. The survival rate of C57BL/6N mice in
the 10-Gy group was significantly different between
companies A and B (Figure 2A, P=0.0314). The
differences in survival rates between companies A and B
for both the 11- and 12-Gy groups were not significant.
In the 11-Gy groups, the survival rates of the mice
obtained from companies A and B were 20 and 40%,
while in the 12-Gy groups, all mice from company A
Lab Anim Res | June, 2016 | Vol. 32, No. 2

died within 13 days and 93% of mice from company B
died. The LD70/30 levels for 8-week-old C57BL/6N
mice from both companies were approximately 11 Gy.
In the third experiment, the difference in survival rate
between 5-week-old and 8-week-old mice in both ICR
and C57BL/6N strains was evaluated using mice from
company B (Figure 3). No 5-week-old ICR mice that
received a high radiation dose showed more than 40%
mortality. All 5-week-old and 8-week-old ICR mice
survived in the 10-Gy radiation group (Figure 3A). For
11 Gy of radiation, mice showed higher sensitivity to
radiation in the 5-week-old ICR group (60%) than the 8week-old ICR group (93%, Figure 3C, P=0.0333).
Compared to the survival rate of 8-week old mice in the
12-Gy group, a slight, but insignificant increase was
observed in the 5-week-old ICR group (Figure 3E,
P=0.2143). For the C57BL/6N strain, all 5-week-old
mice survived, and a slight decrease in the survival rate
was detected in 8-week-old mice using 10 Gy (Figure
3B). The sensitivity to radiation exposure for 5-week-old
C57BL/6N mice was higher than that of 8-week-old
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Figure 2. 8-week-old C57BL/6N mice from A and B companies were irradiated using different dose radiation (10, 11, and 12 Gy).
Survival rate (A, C, and E) and body weight changes (B, D, and F) of radiated mice were monitored for 30 days. P values were
calculated using a log-rank test (Mantel-Cox test).

mice for 11 Gy (Figure 3D), but the opposite pattern was
observed for 12 Gy (Figure 3F). Compared to the 8week-old ICR and C57BL/6N mice, the differences in
survival rate for 5-week-old mice for different radiation
doses were not significant.

Discussion
Despite increasing concern regarding radiation exposure
from anti-cancer radiation therapy, nuclear war, or nuclear
accidents, which can lead to skin diseases, genetic
mutations, or even death, few studies have examined the
effects and therapeutic agents for radiation exposure
[9,22]. The development of treatment agents for radiation
exposure provides a market for new treatment agents,
but also minimizes military damage by establishing a
system for protection against nuclear attacks. Establishing
an animal model to evaluate the efficacy of radiation
exposure treatment agents and to predict side effects is
essential. To establish a mouse model of TBI based on
the LD70/30, body weight changes and survival rates of
ICR and C57BL/6N mice were observed.

In the first experiment, to compare the LD70/30 of
mice obtained from manufacturing companies A and B,
ICR mice were exposed to high doses of radiation and
changes in their body weight and survival were monitored
for 30 days. Changes in body weight for ICR mice from
company A were greater than the changes observed for
mice from company B. In addition, the survival rate was
significantly lower for mice from company A than
company B, indicating differences in susceptibility to
radiation among mouse manufacturing companies. The
LD70/30 levels in 8-week-old ICR mice was about 10.5
Gy from company A and about 12 Gy for mice from
company B.
Sensitivity to a high dose of radiation was compared
between C57BL/6N mice obtained from the two companies.
Compared to ICR mice, the overall mortality rates of
C57BL/6N mice for every radiation level were higher,
except for 10-Gy irradiation for mice from company A.
Only 10-Gy irradiated C57BL/6N mice exhibited a
significant difference in survival rate between the
companies. In the outbred ICR groups, differences in
survival rates for all levels of radiation between companies
Lab Anim Res | June, 2016 | Vol. 32, No. 2
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Figure 3. Survival rate of 5-week-old and 8-week-old mice in both ICR (A, C, and E) and C57BL/6N strain (B, D, and F) were
monitored for 30days after total-body irradiation. P values were calculated using a log-rank test (Mantel-Cox test).

were significant [23]. The irradiation level that represents
LD70/30 for TBI in C57BL/6N mice from companies A
and B was approximately 11 Gy.
To examine age-related differences in radiation sensitivity,
5-week-old mice were used in the third experiment. In
5-week-old ICR mice exposed to all radiation levels, the
survival rate was greater than 60%. In contrast to the
similar survival rates among the 5-week-old ICR groups,
8-week-old ICR mice exhibited dose-dependent survival
rates. Significant differences were observed between the
11-Gy 5-week-old and 8-week-old groups; however, for
10 and 12 Gy, there were no significant differences
between mouse ages. Similar to the results obtained for
the ICR groups, no significant differences were found
among the C57BL/6N groups.
In conclusion, differences in the sensitivity to radiation
exposure according to mouse age were not significant,
but we found differences in sensitivity with respect to the
mouse manufacturing company, especially for outbred
ICR mouse. Therefore, 8-week-old ICR mice from
company B for a radiation level of 12 Gy was chosen as
Lab Anim Res | June, 2016 | Vol. 32, No. 2

a mouse model based on the LD70/30 for TBI, rather
than C57BL/6N, which exhibited high mortality. The
mouse model established in our research could be used
to develop therapeutic agents for radiation exposure or to
evaluate the efficacy of treatment agents.
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