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Acute Response to Co-60 Total Body Irradiation (TBI)
With 600 cGy at 3 Different Does Rates in the Mice

Cheol Hoon Kang, M.D., Sung Kyu Kum, Ph.D.
Sei One Shin, M.D. and Myung Se Kim, M.D.
Department of Therapeutic Radiology, College of Medicine, Yeungnam University, Taegu, Korea

The acute effects of variable dos rates to total body irradiation (TBI) were investigaed with 600
cQy of single exposure in the mice as a preclinical model. Total 80 micé (ICR) were used. Twenty
of which served as controls, receiving no irradiation.

All irradiated mice showed a universal decline in their weight and white blood cell count. The
degree of weight loss and leukopenia were similar at 3 different dos rate but slightly prominent

with 15 cGy/minute group.

The degree of recovery among the groups showed no dose rate dependence. Our results
suggest that TBI with 15 cGy/mimute may be applicable for clinical therapy with careful evalua-

tion of patient’s condition.
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INTRODUCTION

Bone marrow transplantation is a frequently
employed treatment for certain types of
hemopoietic and immune deficiency disorder’?,

In order to achieve a successful graft, im-
munosuppression is required before transplanta-
tion. The most commonly used method of im-
munosuppression and tumor reduction is total
body irradiation (TBI{) with supralethal dose conjun-
ction with high dose chemotherapy?.

TBl is usually administered at low-dose rate (5
-10 cGy/min) in a large, single exposure*®. There is
a limit to the extent one can adjust the patient to the
field size. In order to fit the field around patient, to
enlarge the treatment distance, and to use the
diagonal of the square field by collimator rotation
are necessary.

The main disadvantage of the larger distance,
however, may be the adverse effect on the treat-
ment time.

Advantages of higher dose rates are that the
machine time is decreased and that patient
discomfort is shortened®.

Acute non-hemopoietic toxicity of TBl depend-
ed on the dose, the dose rate and the total treat-
ment time and not on the fractionation regimen™.

The therapeutic effects may be increased by
variations of dose, the dose rate and fractionation
regimens as well as shielding of critical organs.

The optimal dose, dose rate and fractionation
schedule has not been defined in our department,

therefore, we investigated the influence of dose
rate on acute toxicity such as weight loss and
peripheral blood changes which are important to
evaluate patient’s general condition to care one
from post-TBI complication.

MATERIALS AND METHODS

Eingty ICR mice of both sexes were used in the
study (Table 1). All mice were 30+1 days old and
body weights were 25+2 gm (male) and 23+1gm
(female), which were proper age group for animal
experiments based on our previous report®,

The mice were irradiated with the same c0o-60
teletherapy unit (C/9, ATC, 6000 Ci) used at the
Yeungnam University Hospital through a build up
layer of plastic approximately 0.5 cm thick.

For present study, three dose rates were
chosen, 5, 10, and 15 cGy/minute, which fell within
the range of dose rates in current clinical use for
TBI with co-60 teletherapy unit in our department.

The dose rates were measured using an 0.6 cc
Farmer type ionization chamber, PTW 30-351 (PW-
Freibury) and electrometer-500 (Victoreen).

All mice were evaluated for 9 weeks after TBI
and analyzed changes of body weight, hemoglobin,
WBC, and differential count.

RESUITS
1. Acute Effects on Body Weight

Progressive decline of body weight were seen
from first to third, fourth, and the third week’s follow
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up, group I, II, and Il respectively.

Recovery of weights were seen from sixth, fifth,
and fifth week’s follow up, group I, II, and III
respectively.

Threre were no remakable difference of weight
loss or gain among the study groups.

2. Acute Effects on Hemoglobin

Slight decline of hemoglobin were seen in the
first several week’s follow up, afterthen nearly
constant level of hemoglobin were seen, But there
were no remarkable changes throughout the follow
up period.

3. Acute Effects of White Blood Cell Counts

Nearly complete disappearance of WBC except

Table 1. Study Grouping

Groups 1(;2;2' I(I():%ss ;ate Nt:mber of inice
(cGy) minute) wiale/Female)
Control 10 10
Group | 600 5 10 10
Group 11 600 10 10 10
Group i1 600 15 10 10

several degenerated cells was seen from first to
third week’s follow up, from 4th week’s follow up
neutro-phils were major element of WBC but pro-
gressive decline of neutrophil counts and reci-
procal increase of lymphocytes counts were seen.
There were no dose rate dependence throughout
the follow up period (Table 2).

DISCUSSION

Allogenic bone marrow transplantation (BMT)
has developed into a long effective therapy for the
patients with hematologic malignancies, prior to
bone marrow transplantation, conditioning ther-
apies such as high dose chemotherapy and total
body irradiation are necessary?~®,

Commonly available regimens include single
agent or multiple agents combination chemother-
apy in high dosage and total body irradiation using
various techniques.

For recent several decades, a number of differ-
ent approaches are described in which one can
meet the technical requirements for TBI. The most
important problems to solve are how to obtain a
homogeneous dose distribution, and how to keep
the dose below tolerance of critical organs!?.

The different solutions to these problems have

Table 2. Changes of Body Weight and Peripheral Blood Picture

Follow up (weeks) Pre RT 1 2 3 4 5 6 7 8 9
Body Weight Control 235 24.1 254 26.1 255 294 307 31,5 203 308
{gm) Group | 241 221 18.5 180 210 210 246 26.1 269 262
Group |1 23.6 215 19.7 18.3 18.1 240 260 260 264 275
Group |1 23.5 218 192 18.1 184 204 210 250 264 26.0

Hemoylobin Control 15.0 14.9 15.0 14.8 14.7 15.0 148 15.0 13.2 14.1
{gm/100cc) Group | 15.2 145 13.8 14.5 14.2 15.2 153 15.2 15.5 14.8
Group 11 15.3 147 134 14.3 15.8 15.8 143 14.3 149 15.0
Group 1] 15.2 13.9 14.6 14.4 14.2 14.7 154 15.4 150 154
Lymphocyte Control 67.0 613 645 656 66.7 695 643 635 640 683
counts Group | 74.0 263 396 644 668 692 675
Group |1 73.7 16.0 470 540 710 720 700
Group 111 73.0 16.4 273 515 66.0 670 635
Neutrophil Control 22.0 300 263 225 237 22.0 25.1 285 278 220
counts Group | 13.6 61.8 476 25.6 22.8 18.0 20.3
Group il 13.6 700 350 31.0 19.0 14.0 19.0
Group i 16.0 728 500 39.0 19.0 205 25.0

Control group
Group t1

: No irradiation

: 10¢Gy / minute

Group |

5 cGy / minute
Group 111 : 15 ¢Gy / minute



their advantages and disadvantages. These are,
however, two factors which seem to play an impor-
tant role in the determination of the technique of
choice.

“The first is the treatment schedule; single dose
or fractionation, high dose rate or low dose rate.

The treatment schedule is of direct influence on
treatment time and on the number of treatment
sessions®. This inturn leads to the patient's com-
fort, the reproducibility of his position, and on the
accuracy of the radiation.

The second is determined by local circum-
stances, such as the maximal obtainable field size
and the available irradiation machine.

The original technique developed at Seattle
used simultanous radiation from 2 opposed Co-60
sources to treat anterior and posterior, then 2 later-
al fields.

A total dose of 1000 cGy was administered as a
single fraction using a low dose rate of 5cGy/
minute®!112,

Most centers.lack the purpose-built equipment
to reproduce this technique and have had to modify
it.

The university of Minnesota team used 2 lateral
large fields on a 10 MeV linear accelatator. A total
dose of 750cGy was administered as a single
fraction with a dose rate of 25 cGy/minute which
was considered biologically equivalent to the Seat-
tle technique®.

In present study we choose 600cGy single
exposure corresponding to LD 50/30 of the mice!®
with 3 different dose rates, 5, 10, and 15 cGy/minute
which took 120, 60, and 40 minutes, respectively.

Radiation damage of the hematopoietic tissue
upsets normal balance between the circulation
blood cells, the rate of replacement, and the
body’s demand for them by reducing or interrupt-
ing the supplying of blood cells. The circulating
lymphocyte is sufficiently sensitive to total body
irradiation, unlike the other circulating formed
elements.

Many reports'¢!® suggested the most pro-
minant acute effect of total body irradiation is a
reduction of circulating lymphocyte count but
hemoglobin value was more resistant than white
blood cells. In present report, decline of body
weight began from first week of follow up but after
6 th weeks of follow up showed recovery to
pretreatment level and progressive weight gain was
seen irrespective to dose rate. Hemoglobin level
was nearly constant throughout the study, which
suggests erythrocyte is highly resistant to 600 cGy,
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TBI at 5-15 cGy/minute dose rate range.

in the case of white blood cell, the first week'’s
examination showed almost all of the white cell
were not seen and lasting up to 4th weeks follow
up. From 5th week’s examination, neutrophil count
rose prominantly with reversed lymphocyte/
neutrophil ratio but no dose rate dependence.

Two to three weeks after this phenomenon
lymphocyte count recovered to pretreatment level
and kept their constant levels.

These findings were similar to the report of Lee
et al®Vin the case of whole abdominal irradiation in
the mice.

CONCLUSION

We have analyzed acute response to total body
irradiation 600 cGy single exposure, with 3 different
dose rates (5, 10, and 15 cGy/minute) in 80 ICR
mice. Obtained results are follows:

1. All irradiated mice showed universal decline
in their body weight and white blood cell count with
no dose rate dependence.

2. The lymphocytes were most sensitive to T8I
but showed complete recovery after 9 weeks of
follow up with no dose rate dependence

3. The neutrophils were early appearing white
blood cell from 4th weeks' follow up with no dose
rate dependence.

Above mentioned analyses demonstrate that
TBI with increased dose rate up to 15 cGy/minute
could be performed in the mice with no demon-
strable additional toxicity but further study using
other various animals or treatment regimens should
be carried out before clinical application.
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