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Table 1. Effect of whole-body irradiation in
vaccinated mice on the 24th day after
300 rad irradiation

No. of
Treatment*! mice LDj,*2 PD; *3
employed
VR 25 >1.6x 1088 >4.2
\% 20 >1.6x 1083 >4.2
R 20 1.6 x 10%5 0.2
Control 25 1.6 x 10%3

*1 V. Vaccinated on the 12th and 8th day be-
fore irradiation.
R: Irradiated.

*¥2  LDg,: Calculated by  Behrens-Kirber’s
method.

*3  PDsy: LDjg of vaccinated mice/LDj;, of con-
trol, figures relate to log 10.

Table 2. Production of immunity in whole-body
irradiated mice

No. of
Treatment*! mice LD;o*? PDy *3
employed
RV 25 >1.0x10"% >5.25
A% 25 >1.0x 10" >5.25
Control 20 1.0 x 10225

*!  R: 300 rad irradiated.
V: Vaccinated on the 24th and 32nd day
after irradiation.

*2  I.Dgy: Calculated by  Behrens-Kirber’s
method.

*3  PD;y: LDy, of vaccinated mice/LD;, of con-
trol, figures relate to log 10.
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Fig. 1. Effect of vaccination on survival in whole-
body gamma-irradiated mice. Open sym-
bols indicate cleanly-fed-groups and closed
symbols indicate pseudomonas-fed-groups:
circles represent vaccinated mice before ir-
radiation and triangles indicate non-vacci-
nated mice.

Table 3. Effect of whole-body irradiation in
vaccinated mice on the 16th day after
600 rad irradiation

No. of
Treatment*! mice LDjg*® PD; *?
employed
VR 29 >1.0x10%5  >0.67
R 14 >1.0x10%5 >-—-0.33
Control 18 1.0x 10282
*1  V: Vaccinated on the 8th and 4th day before

irradiation.
R: Irradiated.

*2  LDjgy: Calculated by  Behrens-Kirber’s
method.

*3  PDgy: LDs, of vaccinated mice/LDj, of con-
trol, figures relate to log 10.
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Fig. 2. Effect of whole-body gamma-irradiation (600 rad)
on survivally in clean fed or Ps. fed ICR SPF mice*

Table 4. Effect of time-

BABOKE T~y 200 M % NAC X THE |
TR 5 L TH B, BE16AHI
BB TW3BRO= v 2 LA B BERBAREIZL 2
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interval between immunization, gamma-irradiation and bacterial challenge

Groups

0 4 8

Days from single whole-body gamma-ray irradiation (500 rad)
12

16 20 24

Ir*!
Ir
Ir
Ir
Ir
Ir

C* 1,1, 1, 1,1

C

Cl1,1,1,1, 8%

L1110
ci1,1,1,1,1
cC1L,1,1,1,2
C1,1,1,1,8

Ir
Ir
Ir
Ir
Ir

Vi
Vv C

A%

C1,1,1,2,8

1,1, 1,7,% S

CS,8,8,8,8S
\% CS,S,8S,8,S

vV

Ir
Ir
Ir
Ir
Ir
Ir

CLLIS,S
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<< ad

cCLLLS, S

1,1,2,7,8
C 1139.%9%7‘_1'
C1LS,8,8, 8
CS§,S8,8,8,S

Ir
Ir
Ir
Ir
Ir
Ir

Sr*¢C 8§, 8, S, S8, S
SrC 8§, 8, S,

S, S

SrC 1,1,2,7,8

SrC 1,2,3,4, 4
SrC S, 8,8, S, S
SrC S, S, 8,8, S

Control 1
Control 2

\'% CS,S§,8,8,S

SrC 8§, 8,8,8,8

*1,
*2:
*8:
*4.
*5:

*6 .

8Co gamma ray 500 rad whole body irradiated.

Survival on 10th day.

isolation.
0.2 ml of immune-rabbit-serum ip administration.

Intra peritoneal challenge with mucin suspended Pseudomonas aeruginosa dose of 0.2-2.2 x 104,

0.5 ml of MMAF vaccine administered from ip route.
Numeral indicates the time of death after challenge,

bar shows none of Pseudomonas aeruginosa
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Table 5. Effect of various treatments in passive
immunity for irradiated mice (500 rad)

Treatments*®

V R B IB P 1P S 1S

o O 11135

O O 228S8S

O o O 11288

o O O 112SS

O O O 11118

O O O 111SS
o O O O 11123
o O O O 11123
C O O O 111SS
o O O 22S8SS
O O o O 1SSSS
O O O O 11123
o O O O 22288
O O @) O 113SS
o O O O O 11222
O O O O O 113SS
O O O O O 11228
O O o O O 11288
o O O 11128
o O O 11122
O O O 123SS
O O O 11112

*  V: Vaccinated 4 days prior irradiation. R:
Irradiated. B: Normal mouse blood trans-
{fuscd. IB: Blood transfusion from immune
mice. P: Transfusion of peritoneal cells from

IP: Transfusion of peritoneal

S: Transfusion of

spleen cells from normal mice. IS: Trans-

fusion of spleen cells from immune mice.

All mice were challenged with dose of 10* ' x

LDs,.

normal mice.
cells from immune mice.
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LB, BB LM TIRMHEION S22l HOMITE W
THRHERABERCMBI R 2E S 1ZBbh L. B2 D
IR T IR RS AR I R 1T - 2B TR %RI2A H
TR THERPHR L rFEI NN, 168
HITREEHFITNT 2 08 RSB LT b, 4
H#%D20H LIBRIZ R AT HEIEMEL L Tnd, ks
MICRE LT -7~ 2 $16HH Z TIIARER % 5095
FRL, 0BHICE 2L RERR L. COBIRE
5208 UKD 502 M1 L B — BRI IT = =
7ENTWIHGFTENBKE L -0, SITEMIZ
BB L T B o sbs16 B H D S Rl % S
B THILTHEEINZI0hDEBOHITEZ LN,
Dixon® [ZX N FEHME N7z 500mg 4 7 V' a7

) B ROMF P SHERT LIRS HTH S &
WHHS, RERO0BHER L REICMEET 56
1413 secondary type antibody Td& 2 "[fE¥EAH 5.
Lre D OERTHEBIBKNOECTEDES 1T
BRL TV B REDRY S LT TH 7. —Fifk
WRIMHICK 228 CEI2HH L16HHD= v =
BHBIE N o cA4 H, 8 H, 20H, 26HHD=
v RBHRINTEHE Y, Donald 5 @ 350rad M4t
=Y R T6~14HEDMICREMNHED 2 H R
IBHURRIBIEFRITAD, L3I EgInsne
WS MG Stewart SO D EiERER O BiTE
4H~21HOBITMHIE N, ZRUMTILUBRT I
HEINENENIHELIALLI ZBHLTH-72. T
DRPOEFERIZBN T % S BT CRAMAD
BB 1T dH - 72 0512~16 B O BITIE F LC208 &
BB L L BA 2 Fasiiok 2. ST E Lo
LM E D H e v A OBRNORMBEDEMAI16H %
T EMATH - 2D Txt LRITMAIT X 2 P55
Kb oM E LT, 12HAS20HE T= 2 v
77—V DRARIE, RMIZEZERARBOEBE, W
SHT X RO B, RRIMIEO &EITHT 2 BIGH
M, KRMEEMEAHHAEEINS L 224 LMz
HRPUAD A ITHB < 72 01213 7 $IRSZHE O "
Rldsuh B 7 & B2 DR AR I N 2,

KROHED O WA %I2~16 HOMIT HBI 8T 3
R RIET S BRI LT 2N BB STk - 72D
TIEH~ Y A ER0E~ v 2 DMk, Bramta, F
fDEIEICL MM~ T ANDIEGIHOIERE TR AT,



144 EREE -

BBz

ZORPEO= v 2 IMEEAEIRTLTVWL LEL
SNBH SN FEMETH > TIHAMBORE
3D L, B SEEIEE TO RO B\ RRIE R
ERTRPIBEOHNELPEIN. EREERTH
B2y 2 CREEBEINELZELZIDOREL, DT
PIBHARE L2 v A IRE~VRAEMEERE <
RADBEMBERIELZ LD T H80BEKLT-D
HTHoTo. L LEEBI S~ v X (T~ ¥ R
LR ADBEMREREAHBE L IDRZAHIE
T35 AEHRFORERERY, HFroflaby
23+ %= v =R recipient OISO B HEI BHEHI N
7. DEDESIT v MBHB< Y ROREIIEZD
BB, AEHIZR ALYV oL b2RERBR
53005 EEbN, Bit=vRITBT L RN
SDHMAMBFTRBEBNAALNALET e —FhoRL
SNETNE %S EnD, FHICHMANAESINTZEKA
fiFOME, HEGHEOBEHORE KEOLRELL
DERBRERTHEHERLY ENSDO—EITDODNTDE
RIBAELESTHTH 2.

B’ #

ICR = xiTa k60 r=ielgl T, &
Ye L B ITRIZTHEB IO CRIBE - MMAF v 7
FUERVNTLONAER, ROXD aRiREIR

1. ICRSPF =9 xizZa "y 60D 7 # 600 rad
AR L CBBEEKEKTE LK EIIMIC
FERRURRNE P I 2 E 5 T L As kT,

2. BBEE MMAF v F itk sl ICR
Bfk=o = LEEER< 7 R{T2 %0 F60D 1 £ 600
rad TS UREEBKRETD &, WA Y 25
WIEE R (86%) R LT-DITHL, 77 F riEsE
ST v RIIEFAEER L.

3. ICR B~ v R|Za,3v 604 < # 500rad
PR LANBIC7 7 F OB L, REORHA, K
Lo ECH, BAHRI6H T TG L REERHE
Man{, B, BElLcagoRiImEInk, L
HL20H IR 3L ICe e A RIELREA L 7o,

4, ICR BER=v xZ3 % F60# » =< # 500 rad
WML CRRBERROEG SEMF M LT
Myt 12 8, 16 HEDO= v RIHMFTHRINL
oo BI0A HET L2200 HUBTIRPIEI I NI,

BEE AT SRR AT (B R ERT ot
LS ) B S 504 012202, 514E 111502, 524 210703)
KEDFbN-bDTHS. CCICBLTHELRLET.

T v BRE N D R EEELE - tERBAFE
SEIR I R PR A SR IR RIS A B B iR S AR M B LU~
2D EFFTIC W TR A TEG 72 BIRB K PEFRE 1%
ER RN RIS S T B R ICREOWELERLET

X [

1) Allen, J. R., Van Lanker, J. L. and Wolf, R.C.:
Pathologic alteration produced by total body irradia-
tion in monkeys. Am. J. Path., 48, 317-331 (1966)

2) Bauer, H., Horowiz, R. E., Paronetto, E., Einheber,
A., Abram, G.D. and Popper, H.: Influence of the
microbial flora upon response of serum gammaglobulin
and lymphatic tissue to irradiation. Lab. Invest., 13,
381-388 (1963)

3) Dixon, F. J., Talmage, D. W. and Maurer, P. H.:
Radiosensitive and radioresistant phases in the anti-
body response. J. Immun., 68, 693-700 (1952)

4) Dixon, F. J. and McConahey, P. J.: Enhancement
of antibody formation by whole body X-irradiation.
J. Exp. Med., 117, 833-847 (1963)

5) Donaldson, D. M., Marcus, S., Gyi, K.K. and
Perkins, S. M.: The influence of immunization and
total body X-irradiation on the intracellular digestion
by peritoneal phagocytosis. J. Immunol., 76, 192-199
(1956)

6) Ernstrom, U.: Effect of irradiation on the release of
lymphocytes from the thymus. Acta Radiol., (Ther),
11, 257-276 (1972)

7) Hahn, F. F., Goldstein, . E. and Dungworth, D. L.:
Effect of whole body X-irradiation on pulmonary
bactericidal function.  Rad. Research, 47, 461-471
(1971)

8) Hodge, ¥. A., Leif, W.R. and Silverman, M. S.:
Susceptibility to infection with Pasteurella tularensis and
the immune response of mice exposed to continuous
low dose rate gamma radiation. J. Infect. Dis., 120,
356-365 (1969)

9) Liu, C.T. and Hilmas, DD. E.:  Effect of X irradia-
tion on survival of rabbits with staphylococcal B
endotoxemia. Rad. Research, 76, 402-409 (1978)

10) Liu, C. T., Griffin, J. and Hilmas, D. E.:  Effect of
staphylococcal function and survival in X-irradiated
rhesus macaques. Am. Vet. Res., 39, 1213-1217 (1978)

11) Makinodan, T., Kastenbaum, M. A. and Peterson,
W.J.: Radiosensitivity of spleen cells from normal
and preimmunized mice and its significance to intact
animal. J. Immunol. 88, 31-37 (1962)

12) Matsuzawa, T. and Wilson, R.:  The intestinal
mucosa of germ-free 1ice after whole-body X-
irradiation with 3 kiloroentgens.  Rad. Research, 25,
15-24 (1965)

13) Miller, P. C., Hammond, C. W. and ‘Thompkins,
M.: The rcle of infection in radiation injury. /.
Lab. Clin. Med., 38, 331343 (1950)

14) E)ER : WEBY KLY - EPFE~0IGN. p. 245-
271, IR 2B, EHT (1973)

15) EER : BEEY—EY  EPFE~0IH. p. 129-



HvegRst~y e ERBEY 7 7 OREICOWNT 145

300, B IEMM,. WA (1973)

16) Nelson, E. L. and Becker, J. R.: The effect of whole
body X-irradiation on the bactericidal activity of
phagocytic cells. 1. Survival of Pseudomonas aeruginosa
within phagocytes from peritoneal exdates of mice.
J. Infect. Dis., 104, 13-19 (1959)

17) Nutter, J. E. and Guss, M. L.: Influence of sub-
lethal X-irradiation on immunity of guinea pigs
administrated live tularemia vaccine. Proc. Soc. Exp.
Biol. Med., 126, 450-452 (1967)

18) Sato, H. and Diena, B.B.: A polyvalent pseudo-
monas vaccine. Rev. Can. Biol., 3, 93-97 (1974)

19) #MEZ - EREL : FrF=va vikEe g2
TEIRBEY 7 F VOREBIOVLT. EARFRNRE,
No. 30, 131-137 (1980)

20) Schildt, B. E. and Erikson, K. H.: Function of the
reticuloendothelial system in whole body irradiated
mice. Acta Radiol. (Ther), 11, 48-58 (1972)

21) Shechmeister, I. L., Bond, V. P. and Swift, M. N.:
The susceptivility of irradiated mice to infection as a
function of post-irradiation time. J. Immunol., 68,
87-95 (1952)

22) Silverman, M. S., Greenman, V., McKee, A. E.,
Hadley, K., Hodge, F. A. and Buriss, C.:  Cellular
response of mice to infection with Pasteurella tularensis
(live vaccine strain) following continuous exposure to
low gamma radiation. J. Infect. Dis., 120, 366-371
(1969)

23) Smith, W. W., Alderman, 1. M. and Gillespie, R. E.:
Increased suvival in irradiated animals treated with

bacterial endotoxin. Am. J. Physiol., 191, 124-130
(1957)

24) Smith, M. R., Fleming, D. O. and Wood, W.B.:
The eflect of acute radiation injury on phagocytic
mechanisms of antibactericidal defense. J. fmmunol., 9,
914-924 (1963)

25) Stewart, R. H., Pribnow, J. F. and Silverman, -. S.:
Effect of chronic gamma radiation on airborne infec-
tion of mice with Listeria monocytogenes. Rad. Research,
24, 96-107 (1965)

26) Taliaferro, W. H. and Taliaferro, L. G.:
ment of natural hemolysin in adult rabbits after
radiation.  Proc. Nat. Acad. Sci. U.S.A., 53, 139-146
(1965)

27) Vick, J. A., Degraaf, R. and Berdjis, C. C.:  Inter-
action of ionizing radiation and Escherichia coli endo-

Enhance-

toxin.: 1. Effect of radiation on endotoxin shock.
Milit. Med., 133, 387-390 (1968)

28) Vittorio, P. V., Watkins, E. A., Dziubalo-Blehm, S.:
Changes in the sensitivity of X-irradiated mice to
bacterial endotoxin. Can. J. Physiol. Pharmacol., 45,
395-400 (1967)

29) Wilson, R.:  Survival studies of whole body X-
irradiated germ-free mice. Rad. Research, 20, 477-483
(1963)

30) Wilson, R., Thomas, A.B. and Bealmear, P. M.:
Alteration in serum iron in germfree and conventional
mice after whole-body X-irradiation. Life Science,
8, 401-419 (1969)

Summary

Radiation protection experiments were frequently affected by bacterial infection especially Pseudomonas
aeruginosa.  This paper deals with disclosing whether Pseudomonas aeruginosa vaccine protect the irradiated animals
from infection. Two groups of conventional mice vaccinated 8 and 4 days in advance of 600 rad whole-body
irradiation of °Co, and of those irradiated, but not vaccinated, were fed separately with or without living pseudo-
monad. Through the observation period none of the mice died in the vaccinated group, while in the non-vacci-
nated mice, the mortality rate was 86.6%, in the pseudomonas fed group and 6.69%, in the clean fed (sterile water
and pellets in sterile cage) one.

It was noteworthy that if an SPF mouse was substituted for a conventional mouse in a similar experiment,
both groups irradiated without vaccination showed high mortality, and pscudomonas septicemia was induced in
the pseudomonas fed group. Development, durability and restoration of immunity affected by irradiation as
high as 500-600 rad were carried out in variably conditioned mice. Results exhibited that the acquired im-
munity was considerably masked at least until 16 days after irradiation, and development of immunity was also
disturbed by the 16th day. However, when it continued to the 20th day, specific resistance was restored almost
entirely, in both the pre and post vaccinated groups. Interesting phenomena were obtained when the irradiated
mice were administered immune rabbit-serum just prior to challenge. The mice belonging to this group were not
resistant on the 12th and the 16th days, however, fairly strong protection was observed on the 4th and 8th days
and immunity was restored on the 20th day. That is to say, an immune serum injection was the most effective
treatment in the sense of a reduction in the immuno-suppressive period. Transfer of immunity to irradiated mice
was studied, using blood and variable leucocytes isolated from both the vaccinated and the normal mice. Limited
protection was expected by means of blood-transfusion from the immunized mice.



