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The Experimental Studies on the Pulmonary Radiation Injury
By

Masaru Oikawa
Department of Radiology, Iwate Medical University, School of Medicine, Morioka, Japan

(Director: Prof. Dr. Sannosuke Tarusawa)

The precise mechanism of radiation damage to the lungs is not established. Histologic studies by se-
veral workers on both clinical and experimental pulmonary radiation injuries have suggested that the ge-
netic mechanism of this damage is of allergic nature. The allergic theory postulated by these workers
was principally based on the following observations:

1) Histologic characteristics of pulmonary changes seen in the variety of allergic disorders.

2) Lesions similar to the irradiated area seen in non-irradiated areas as well,

On the other hand, several papers seriously questioned this hypothesis. The purpose of this inves-
tigation was to repeat these earlier studies with more carefully designed experimental procedures in order
to determine if pulmonary radiation damage occurs in non-irradiated area.

Besides these studies, pulmonary alveolar lining surfactant which are thought to be product of large
alveolar epithelial cells (type II cells) and are responsible for the maintenance of functional and morpho-
logic integrity of lungs is studied using alveolar bubble stability method after Pattle.

The results obtained are as follows:

1) When irradiated, lungs of rats showed histologic changes similar to those scen in man with radia-
tion pneumonitis while it was unlikely in lungs of rabbits.

2) That in rats alveolar bubble stability ratio tended to decrease at the early stage of the pulmonary
radiation injury suggested the primary appearance of the injury in the pulmonary surfactant systems (pro-
bably type II cells).

3) The early histologic changes characteristic of the injury in rats were edema in the alveolar space
and interstitum, fibrin deposition, bizarre cells, foamy cells and atelectasis.

4)  As the intermediate changes, very much alike to allergic inflammation, there appeared capillary
thrombus, the Masson body, and onionskin.

5) The changes stated in 4) were also seen in the non-irradiated lung though less frequent. In the
present study, there was no qualitative difference in the pulmonary damages between irradiated and non-
irradiated areas.

6) These results favor the allergic involvement in the pathogenesis of pulmonary radiation injury.
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Fig. 1 Schematic representation of irradiation plans.
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tFig. 2 Method of irradiation.
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Fig. 3 Preliminary examination by phantom: Sca-
ttered radiation dose of B point (17.5mm be-
side the center of A area) was measured when
the irradiation was given to A area.

Table 2. Scattered radiation dose showed 3.9 per
cent on the left lung when the right
lung was exposed x-rays irradiation.

Expmu.r? Dose Ra(tl’ii:iti‘:::(iiise _B %100 (%5) |
i I (B | A ’
8R 0.27TR | 3.4
12 - 0.55 4.6

16 0.75 | a7

24 ! 1.3 . 3.2

40 Il 1.9 , a7
T ' 3.0 i 3.7

120 | 38 | 3.2 |
~ Average | i i I ] 3.9

Fig. 4 Rat, fixed on a wooden plate equipped with

a net of 1 cm-fuse mesh and X-ray film, was
exposed 5 times every other minute. The pic-
ture shows the deflections of lung configurati-
on due to rat's movement. The deflections in
bilateral directions extends but 0.3cm or less.
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Table 3. Histologic findings of the lungs in
normal rats (control).

Case Number 1 2 3 | 4 | 5 |
Lungs R LR LIR LR LR L|
L U Y NI _—l
Edema ]
B i ra— |___ S SN
deposition |
b Hyaline | i |
g | membrane N I
- Large mononu- [ |
= clear cell |
8 ———————————————— | —— | o—— — | ——| —
= Foamy cell 4+ 4+
q I ——— | e |
| Bizarre cell [
B0 ] e |
_leucocyte S ‘
. Edema :
= I_c_]l —_— — ) —— e
o= | € | |
22| infilwation | [T+ |
R e | I e P e e
| Fibrosis |
| Thickening of the | 'i R
|_vessel S S A N
Capillary thrombus | | | ! i
Onionskin | | I ‘
Masson bhody ‘ !
§ | Atelectasis | |
§ f. “Br(mchitis . I+ | | |h
e | B A L N S
3 | Ahcsmﬁs | | ‘ | |

- i [ |
Radiation pneumonitis ‘ | | |
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Table 4. Histologic findings of the lungs in rats after the completion

Case Number

1 2

3

Overall Time

5D

5D

4

5D

5 6

5D 7D

Total Radiation Dose

Time After Irradiation

M

Lungs

R L

250R | 250R

250R.

250R

250R. | 350R

3501

1M

IM

1M IM

R L

R L

RL|RL

Edema

IM

R L

Fibrin deposition

Hyaline membrane

Large mononuclear cell

Foamy cell

Alveolar space

Bizarre cell

Neutrophil leucocyte

Edema

Cell infiltration

wall

|+

Alveolar

Fibrosis

Thickening of the vessel

Capillary thromhs

Onionskin

Masson body

Atelectasis

Bronchitis

Compli-
cation

Abscess

Radiation pneumonitis

Fig. 5 Lungs of a rat sacrificed at the third week after the completion of 7,000R
irradiation. Note the liver-like appearance in the middle and lower lobes
of the right lung. Left, dorsal view; Right, ventral view.
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Table 5. Histologic findings of the lungs of rats after the completion
of 5,000 or 7,000 R irradiation.
Group A c D
NeEeof : . I =
Irradiated rats » 24 - - . 22 =
Overall Time 10D 14D 5D | 7D
Total Radiation Dose 5000R 7000 R 5000R TODOR
Time After Irradiation 1—-2M 1—2M 1—2M 1—2M
Lungs R | L R L | rR | L R L
Edema —  [14(58.3%)| 9(37.5%)/16(64.0%)[14(56.0%5)20(90-095)| 8(36.42)[22(91.795)| 6(25.0%)

Fibrin deposition (13 (54.2) 10 (41.7) 10 (40.0) | 4 (16.0) [18 (81.8) | 2 ( 9.1) |16 (66.7) | 8 (33.3)

§ Hyaline membrane| 0 ( 0.0) | 0 ( 0.0) 0 (€ 0.0) 0 0.0) [ 0(0.0)[0(¢0.0)/0¢(0.0)0¢( 0.0
=9
= | Large mononuclearyg (79 9 15 (62.5) 20 (80.0) |16 (64.0) 20 (90.9) 14 (63.6) 20 (83.3) [18 (75.0)
L]
$ | Foamy cell 16 (66.6) | 8 (33.3) 22 (88.0) 18 (72.0) [22(100.0) |14 (63.6) [24(100.0) [24(100.0)
< | Bizare cell 11 (45.8) | 3 (12.5) [12 (48.0) |4 (16.0) 12 (54.5) | 2 ( 9.1) [14 (58.3) | 8 (33.8)

cyte

Neutrophil leuco- 117 (70.8) |17 (70.8) |20 (80.8) [18 (72.0) (20 (90.9) | 6 (27.3) |16 (66.7) | 8 (33.8)

5| Edema 9 (37.5) | 8 (33.3) |10 (40.0) |11 (44.0) [22(100.0) |20 (90.9) |22 (91.7) 24(100.0)
$F | Cell infiltration |12 (50.0) (11 (45.8) (14 (56.0) 18 (72.0) 20 (90.9) |20 (90.9) 24(100.0) |22 (91.7)
< " | Fibrosis 13¢12.5) | 0 ( 0.0) [ 4 (16.0) | 1 ( 4.0) 10 (45.5) | 2 ( 9.1) | 8 (33.3) | 8 (33.3)

Thickening of the vessel 11 (45.8) | 5 (20.8) [11 (44.0) | 7 (28.0) [22(100.0) [20 (90.9) (22 (91.7) |22 (91.7)

Capillary thrombus 5(20.8) | 2 ( 8.3) |3 (12.0) | 3 (12.0) |10 (45.5) | 6 (27.3) |10 (41.7) | 4 (16.7)

—

Onionskin 0(0.0)[0(0.0)[0(0.0)[0(0.0)|4(182)|0(0.0)0|2(8.3)|0¢0.0)

Masson body '3(12.5) (1 (4.2) | 2(8.0)|0(0.0) 4(18.2)|2(9.1) |4(16.7) |2 (8.3)
2 - | Atelectasis 10 (41.7) | 6 (25.0) [12 (48.0) | 9 (36.0) 18 (81.8) | 8 (36.4) |16 (66.7) | 8 (33.3)
g% Bronchitis 20 (83.3) [18 (75.0) [21 (84.0) 20 (80.0) 20 (81.8) (22(100.0) [24(100.0) [24(100.0)
) (]

Abscess [ 7(29.2) | 6 (25.0) |8 (32.0) | & (20.0) ' 8 (36.5) | 8 (36.4) |10 (41.7) |4 (16.7)

__Radiation pneumonitis 11 (45.8) ' 3 (12.5) 112 (48.0) | 4 (16.0) 12 (54.5) | 2 ( 9.1) |14 (53.3) | 8 (33.3)
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Fig. 6 Alveolar spaces of the irradiated lung are
filled with foamy cells (4 weeks after the co-
mpletion of 7,000R irradiation). H.E. stain.

Fig. 7 Note the so-called bizarre cells in the alv-
eolar spaces of the irradiated lung (4 weeks
after the completion of 7,000R irradiation).
H.E. stain.
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Fig. 8 Note the onionskin-like appearance around
the ductus alveolaris of the irradiated lung (4
weeks after the completion of 7,000R irradiat-
ion). H.E. stain.
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Fig. 9 Masson bodies are seen in alveolar space
of the irradiated lung (4 weeks after the co-
mpletion of 7,000R irradiation). H.E. stain.
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Fig. 10 Thickening of the vessels are seen in the

irradiated lung (4 weeks after the completion
of 7,000R irradiation). H.E. stain.
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Fig. 11 Alveolar spaces of the non-irradiated lung
are filled with foamy cells (4 weeks after
the completion of 7,000R irradiation). H.E.
stain.
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Ilg. 13 Masson bodies are seen in alveolar space
of the non-irradiated lung (4 weeks after the
completion of 7,000R irradiation). H.E. stain.

Fig. 12 Note the so-called bizarre cells in the al-
veolar spaces of the non-irradiated lung (4 we-
eks after the completion of 7,000R irradiati-
on). H.E. stain.
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Fig. 14 Thickening of (.he \essels. are seen in the
non-irradiated lung (4 weeks after the compl-
etion of 7,000R irradiation). H.E. stain.
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Table 6. Frequency of radiation pneumonitis
in irradiated rats.

i | Number
| of Irra- Radiation
Group | diated Lunge | Pneumonitis |
Rats | |
" Right 11 (45.8%)
A 24 | Left 3 (12.5%) |
. o5 Right | 12 (48.0%) |
Left | 4.(16.0%) |
Right 12 (54.5%) |
C 22 | Left 2 ( 9.1%)
Right 14 (58.39)
D 24 | Left 8 (33.3%)

Right =irradiated lung
Left =non-irradiated lung
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Table 7. Alveolar stability ratio.
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Fig. 16 These alveolar bubbles are of the third week afler the completion of
7,000R irradiation (alveolar bubble stability ratio 0.51).
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Fig. 17 The alveolar bubble stability ratio in the lung of control

rat is 0.94.
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Fig. 18 Changes in stability ratio of the lungs at

varying times after the completion of 5,000R

irradiation.
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Fig. 19 Changes in stability ratio of the lungs at
varying times after the completion of 7,000R

irradiation.
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Fig. 20 Possible mechanisms in the development of pulmonary radiation injuries.
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