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ABSTRACT

Series of experiments were conducted to determine lethal does of X-ray and Neutron on Toxoplasma gondii,
strain RH and IRI. As well morphological changes of Toxoplasma gondii irradiated or not were compared by
use of electron microscope. The pathogenicity test of the irradiated and nonirradiated Toxoplasma gondii was made
in mice guinea-pigs, rabbits and pigs:

The letahl dose of X-ray and Neutron on RH and IRI strain and the growth rate between two strains after
irradiation were shown little differences.

Morphological changes were not observed until 18th passage was made. After then, the growth rate was
decreased apparently, and atrophied forms were frequently observed in electron microscope.

Survival time of animals inoculated with irradiated strain was longer than that of animals giving non-irrdiated
strain, and Toxoplasma gondii were isolated from all the dead animals. But it is of interest that pigs survived
after injection of Toxoplasma gondii remained health and much attempts were failed toisolate Toxplasma gondii
remained health and much attempts were slaughtered them.

Animals were succumbed after injection of Toxoplasma gondii without any relationship with serum titers. (HA

antibody)
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PBS—NRS= 23 #4¢rh
AAEL pH 7.29 0.6% PBS—NR SE 3m/d] =
fekgieh. 2El: @A APE A3 g (2
) o 2A AEskgcl.
vk AR Y TEH A
AP L 56°Cal A A w535 ghgivk.  0.5ml
9 #4& A4 oz pH7.29 06% PBS—NKSol
1/322%5 1/8192712) 48 3| o] 37°Cel A 247k
E<k 0.05miy el ez el YWyo 2 ¥
Aol A ok wha| kgl o,
HAZM: 943 8783 ¢ 2o aF S4u+2 7
E3tgvh. 1:32 o] 5hE vehile AL 2P n AT
st 2 o] AML ok o w Bty
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A 8 & 3

1. Z3 ] qk T.P7F AFe}x ). Hela cellsol] A 3 =& 54
Ax19 A g mEAE k] glel A B =E 57 g T.P/HRAEFTA 344 s glos 10414 A%
S T.P/H AEF 3¢a 7HA o} @ArlA Akl Al Vel sS4 RS gk, T.PY #5E AL AR A4 A
dor EAMEZH ddAE 102014 AL FHIA EE Aol £ W oFel givt.
= gpde] BRI EA gedAE= WFF 7L sH4

E 1. E&%elsvt RH 2 I RIS 2okl o ¥la
Table 1. Effect by tissue culture on RH& I R 1 strain of Toxoplasma gondii.

73 ¥4 A

A . .
k2 = o Days after inoculation
Tissue Strain Inocdulat
ed dose 1 2 3 4 5 6 7 8 10
= A1 A3 Swine kidney RH 0.5ml - — -+ -+ + -+ + + + +
IRI » - + + + + + + + - +
3 &} Testicle RH 2 — - + + + + - - - -
IRI P - - + + + + - - - -
Helas) ¥ Hela cell RH z - -+ + -+ —+ + + + -+ +
IRI 4 -~ — + -+ + + + + -+ -+
Al & o} Chicken cell RH z - - -+ -+ + + + + + +
IRI ” - - 4+ 4+ ==+ o+t
+ Positive — Negative
E 2. E4%ebsv RH ¥ I RI Fol pAdEAe] djt 24 v
Table 2. Effect of tissue culture by 7y ray irradiation on RH & I R I strain of Toxoplarma
Al 2l 3} T
Z 4 &+ r3 A % Passage generation number
Tissue Strain r ray dose 1 2 3 4
Chicken cell RH 1, 000y 3-4 1-2 Negative
s 5007 4-5 1-2 1 Negative
Chicken cell IRI 1, 0007 2-3 1 Negative
4 5007 4-5 3 Negative
2. rA Y zAd%s ash RH straing 4] 742] A ge] 7hgstgde 4E IRI

30, 000~50, 0007 4127l gle}A T.P & Aoy straind 2o 7hxl=k Al = glet. 50007 44 RH
&40lgith. T.PE 20,000~15,000 Akl 4 A Strain& 49 H-e] & FAFE 4 ggieh
& T.Px 2dlalA S40lgle 10,0007 ZAtdlA
% 3. EaZFe}ast RH Y IRI Feol r 4 A A ola
Table 3. Effect by high y ray irradiation on RH &I R I strain of Toxoplasma gondii.
Al E | *

q % F Passage generation number
r ray dose Strain 1 5 3 . s
RH Negative
30, 000 RH g
RH v
25,000 RE ’
RH 150(10) Negative
20, 000 TRI 52(12) p
RH 917(2) 2z
15, 000 IRI 42314 2
10, 000 RH 158(5) 51 (8) 36 () 48 (1) Negative
4 IRH 58(5) negative
5, 000 RH 164(4) 138 (6) 19 (5) Negative
’ IRI 84(4) 57 (6) 4 (6) Z

¢ D8 FAYEU4 average survibal day
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3. 31 Neutron fluxe] %3} 1l A SA4e] ook, 1.05x10% 3 0.7x10%8] =4}
RH strain @ TR straing 1.19x10® = 1.26% 24 9 34 AF F4e] Hee
10" r/cm?/sec® FAHPY S o] RH 2 IR strain®

E 4. E4£Eel2st RH % IRIF 544 2Abdkl g vz
Table 4. Effect by high neutron irradiation on RH&I R I strain of Toxoplasma gondii.

A
= 4 =2 % F Passage generation number
Neutron flux Strain
1 2 3
3 RH 305(5) Negative
1.26x10' IRI Neg(atgve
3 RH 48005 Negative
1.19x10? IRI Neg(at)ive
13 RH 470(6 Negative
1.05% 10 {¥ k1 1558 o
13 R 5 128(8 Negative
0.7x10 {TR: 154(6) 51(10) 5
() i Average survibal day
4. RH ¥ IR strain®] ] A}A1=k strain oFx}l= vF2E AR b, ey neutrong-

35,0007 % ZAF8k RH straing A wh92F 244 1.33x 10" A gkel] FAbgk IR 1 strain & PFg ob¢
ZArk. 2 IRI straind 395 299 wh$£F A &% 4rek goron) dheof] neutrong- 1.33% 10° A gkl
ARAZ ek 40,0007 A wh-2F 2 ARA A X et Zz4F3 RH straing A E% vh$2x 2245 g ).

e
RH strain®] =AM %L 40,000r o]gli IR I strain 6.25x 10" A 2] neutrond 400 FEEqk8] zA:= TP
& 35,0007 °1givt. oAl B%FE Fx kgkch.

neutrong- 1.26x 10" A% XA IRI ¥ RH

5 E&¥Felsvnt RHY IRI F98 r A A
Table 5. Lethal dose on RH& I R 1 strain of Toxoplatma gondii by 7 ray irradiation

A A & up 9 & 4 F F o A
Radiation dose Strain No of inoculated Days after inoculation
of y-ray mice 1 2 3 4 5 6 7 8 9 10 11 12
+
30, 0007 {R H 8 b DY
IRI 3 D+ DI D:
35, 0007 {R H 3 D D D
IRI 3 D+ D+ . K-
RH 3 D+ D+ K—
40, 0007 IRI 3 k=
K —
D : Death K : Killed + 1 Positive — ¢ Negative

® 6 54Fehant RH 9 IRI 49 $A4 A4
Table 6. Lethal dose on RH& I R I strain of Toxoplasma gondii. by Neutronirradiation.

43 ¥ _d A
3 A A % A Eo s -
Radiagtion dose Sti—in No of Inocula- Days after Inoculation
of neutron ted mice 1 2 3 4 5 6 7 8 9 10
D+
RH 3 D*
1.26x 10 D+
-
IRI 3 D* D*
D+
RH 3 DY
11.33%10* D*
K-
IRI 3 K-
K-
K-
RH 3 (™
1.4x 10" K~
K-
IRI 3 . K~
K-

D : Death K : Killed + :Positive — ¢ Negative
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R
5 g EA £2

RH straing] 7}4 gko] velhe el 24T 2
B F78¢ ek = oA eddipsoid 34 hebd e
(AL 13xD

5007 =t thermo-neutron$- 9, 375X 10'°n/cm?/sece] =
A%k 1080 8] RH strainzt ] 2443 RH strainz}e] 3
e ghd ol zlhe]= gl

28]} thermo-neutron flux& 9, 375 10*° n/cm?/secs]
Z A 21 &) RH straing vhrb 4-231x1 X33 $]
23 2T Eebg debiach (44 4,5 BF2)

TR straing] 7% gl ehbe F: 228 2
ellipsoid 3 o] 3] t}.

Thermo-neutron flux& 9, 375 x 10'°n/cm?/secel] FA}3F
1849 IR straing] Fel & fxd e I E v
ehfles o]EY ofd AL U7 A%ed E AL
ezk T Fe & Jebd gk

Neutron flux 1.4x10%e] FAHsF 199¢] IR I strain
L 2d vlastd #AE +5 8 FHeA A

1891¢] IR straing 1,0007r¢] ZAH& <] T.P
8 Fdypo sigsiga AReA Jelueh AW
WA e FRHA ok (A 932D

RH straing wh$-2 Fule] dFdcz F38 o
T.Px FUa4 wxE g4k eobrh. (kA 10,11
#xz)

500r% 243 214 RH ¥ IR straind 559
24 A At Qg el F2A Rl glelA
ol gk Y& bl A ggteh. (AhAL 12,13 32D

1,0007¢]] =zAF2 18:1¢] RH ¥ IR strain® =g
AW A g9

RH strain® dukd oz dgfzze] Fesh visd §
BE el gkwe] IR strain® ellipsoid®-g- v}e}
Welvh (AH 14,15 #2)

6. A== A £

RH straindl 4 714 go] vehvte & 5T
Bolgeh (A3l 1682)

1,000r¢] =A}% RH strain-& &
o AL 99 $3¢ dehiges
Welch (ahal 17 3z

9, 375 % 10*°n/cm?/secs] thermo-neutron$- Z A} 104
¢ RH strainz} o] 2F 2ol & 2ol 7k @ et (4FAl 18,
19 #=)

RH strain (#}51 20)#] ellipsoid 3 5007 A%l =
ANE A FAle whpad 106 AWARE dsEA
ok wkd 220 Al FAE ETIE AL et
Wz =29 94 vepich. 28z %o FErh gondii
Well relvtglel. (AHAL 21,22 F2)

o,
e

o

32

2

ofl
o

]

F4 ¢
FEa4¢ v

B

oX

-

181 ¢] RH straing 5007 Aol 24 F& A FA
= ellipsoida}ar &7 B4 Jebigd T.PHol &
& Zxsb g ((hal 23 FaE)

IR strain?] dlx7& gt e
ch Akl 24 Ax)

1,000791 ZAFeE 10818 IR straing elliposidy 2
Fxa4e Jebiglsh
22 mE 9 4256 ggrh (hal 25 F2)
22z zaAlWd ol A <F straing] FA-L #§ st
o T
,2

A8 vhehd

PEARE &5 Axe Y shgde. (R
7 &2
1,0007¢] ZA+g 199 8] RH straing Ab7idl o} f4¢
i w3 el gk (hal 28 FE) '
A2y vheze B A de d=d 3
& e Aoleh
1,00074) ZAMg 1998 IRI Hl ok 3tAl
245 = AEy $%e depgdeh. 2 e AE
3+ d3bol 7 gk 1,00074] EA 1994 IRI
strain-& ellipsoid® 3+ 271 7F =& Ae) ghe] vebyteh
(AAl 30 FH2)
7. Feulgen® ul-$-
DNA e & asis $latd A =R Aeleh. et
e 43 or 39 R
8. r-ray ug-x}.xi ZF AR
s}, y-ray 5,000y FAF
oAl ul=tek Al stgw ok RH 2 IRI
L6y mi 7o 7bA whg-zo] ANE TPy Ais
o] z+-¢ Holgvh 82 ¥ 1374 T.Px r-ray
A& A EHA ke
a2zt RH 3@ IR straing 77 124 9 13e]7h
A AEEA Gkt
5,0007 24 T.P4 F4d A9 o
o=, RH strain ®v} IRI strainel] o §8 43¢ o]
gk (7,8 FF)
1} y-ray 1,000 FAF
E9 o 10¢] Vel ubel 7Fe] o] & straing- 10% 71
ALAN A AT A T.P 4% 4ste 4%E ¥
olglr}. T E 244 ;o % AldE 1y 4
Astgdrlt. IRI stran®] $% A8 s Al iet
FxetE g WerskA S-S 2oyt
RY strain®] =48 np¢2al4 IR strain?] 54
2o o gsdlged T.PY zx8 ASf(EAL 48
el A B2 sgen, 2T A Fabd A A&
259k 2 2l A AES 4 Aot
t}. r-ray 5007 A
211 2 126 Vel wke} o] o] & straino 24 11

p:.
26

n-e
strain-<

strain
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7A ALHA 24 4 AAE AA4€ | T.PY &
ZFaH gtk $49L 17037 vz F3io
gl Neutron 3.5x10n/cm?/sec =z 4}

E 13 9 140]] vbeldups} 7o) o] straing 6 =:
7 72 AlGAA 24 Ad eFd T.PY U4+ Al
E8 4 &gt

8d o]F = zAMSER] 4E AR sgoyt T.PE RH
strainel] gle] A& 1200 F-6] IR I straine] gleJA]E 11

+H 2E2% 4 gk

IR strain®] $4]& af -9

Z5 2 gt

v}, Neutron 1.4x10'® n/cm,/sec F A}

15 9 166l 4] B wpe} o] 11 712 o] & straing
ALzl g AREFE TP & 2&dte A¢E 2o
9ot IRT strain®] $4L o[ZA-E& ZAEA ¢z Ald
et TAE w9 ek st 530 F-E Al 44 5
9t RH strain®] F4.& 173 3] =19 o353t}
AL FFE 4THA A vdelgter Ty ALHq =
A8 Alddl g4 A A& HY 55 A AE

= gl ool

WleFshel o 35 o 5 2

ul. Neutron 1,125 x 10" n/cm?/sec ZA}

E17 % 18414 B nhe} zEo] of straing 10v] 712] A
LA =4 Ad sgdel. RH straing] =4 IRI
strain®] F4 ¥l o] okFFgd k.

T.-P4 48 th& 24
7}7& s N

HY JadF++
942.1&_’% =gk

Mmetd Rz el 4

6ol ol A A =gl 3 5000 o A

strain&- 53w ol A A &4 = 9l e}
Ale 7-ray 5007 Z A4}

50078 ZAFEE F oF straing Ajw A
a8y dibd ez TPY 4=
AT W 3 EHge.

RH strain®] 54 40 Fo] 7H4 wlmd ok3aly
v IR straird] F4-2 vlma dgicl. 28 469
Fol AL 7 dgdeh. (B 11 12)

oh 1,000r Z4F 23 ZAA (E 4
vkl zro] RH strain®] F4.2 140 A Ao =§4 4
A8 Jebgteh. 2l 150 ol A o9 whe] F4] kg
t}. Toxoplasma$d 3491 £ 41 Foll 714 Alslky
th. IR straind] gleiA] T.P& & 504 wla
4 Aok

Zeiv 61 Fol sHA = gE F48gch. TP #
A£v by oz zAgre] glo] 2~33 A LW A Al
T el 35 Hgleh. ("YW

2. Neutron 22.57x1x7.0x10" n/cm?/sec ZA4}
Aol AFT.PY 9 F&E
gamma-ray = T.neutron®] zi} 9 Aol 9k 2},
41 AW Foll 714 RH strain®] 542 vl we] &
7F Hglx =¥ IR straing 429 Ao Fo 744 2
F40 7t HA5sh (24D

Zt. Neutron 5,415%x900x 10" n/cm?/sec F A}

T.PY 4 zAdl 84 zasgch, 21925 T.
PY fu z48A ¢ 28 v 3 A d43)
Al FFgreh ol -2 |AE RH straind] gle] 4
53 70% Fol 7FA ©l% {A skgdeh (2@ P

45 gl o}
zAFgho] gle] 3 43 Al

neutron FA} %

IR straing ¥ebeh 2444 vebligleh. IRI
E 7. S4Felavt RH Fol] 50000 241 vlmAl g
Table 7. Effect by 5,000y irradiation on RH strain of Toxoplasma.
Al o 4 Passage generation 1 2 3 4 5 6 7 8 9 10 11 12 13 1
o = 4~ No. of Toxoplasma 94 77 8 23 15 8 4 2 6 2 1 — — 76 51
w28 3FAWELS Average survival 745 6 785 12 11 11 10 1 11 12 12 5
days of mouse
2 Passage generation 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
z No. of Toxoplasma 57 25 31 16 29 34 25 50 69 51 31 49 64 71 63
2 Average survival 6 7 6.5 7 5 7 3 7 6.5 5.5 8 7.5 7 7.5 6.5
days of mouse
z Passage generation 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
7 No. of Toxoplase 56 39 59 56 112 97 109 117 189 121 89 414K 331D 291K 4K
- Average survival 8 7 8 6 6 7 6.5 7 5 5 5 5 7 9 11
days of mouse
¥ i W] 2 A o] non-radiation passage, K : A2 3 Killed, D : Dead,



X-Ray ¥ Neutron ZAlell 2}3t Toxoplasma gondii®] #HUA 2 Felhd &zl o st 31
¥ 8 E4Fetzst IRI Fo 50007 24 vlwA Y
Table 8. Effect by 5,000 irradiation on I R I strain of Toxoplasma.

Al o 4 Passage generation 1 2 3 4 5 6 7 8 9 10 11 12 1 3 4

o = 4 No. of Toxoplasma 8 64 43 19 13 4 21 25 12 5 — — 55 31 37 13

vl¢2e] HFE AE4 Average sdrvival 7 6 6 7 9 10 7 7 7 9 11 11 5 6 6 8
days of mouse

2 Passage generation 5 6 7 8 g 10 11 12 13 14 15 16 17 18 19 20

7z No. of Toxoplasma 21 24 9 19 11 12 15 18 8 4 4 3 4 6 5 5

2 Average survival 7 6 7 7 3 7 6.5 5 4.5 6 4 6 5.5 5 5
days of mouse

s Passage generation 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

2 No. of Toxoplasma 7 7 8 9 13 4 9 9 12 19 8 9 15D 1K 24K

z Average sureival 6 6 5.5 55 5.5 6 6 9 4.5 5 5 5 7 19 9
days of mouse
2 9. E4Fgsct RH F4 1,000r 24 vizAE
Table 9. Effect by 1,0007 irradiation on RH strain of Toxoplasma.

Al o < Passage generation 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

4 * 4 No. of Toxoplasma 194 142 94 78 53 23 18 25 19 5 8 7 15. 19 42 48 69

upg-20 #HFAFYS Average survival 5 5 4 7 65 6 6 8 7.5 8 8 5 7 9 8 7 7

days of mouse

2 Passage generation 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

2 No. of Toxoplasma 100 94 124 118 109 51 64 102 122 157 150 126 154 174 184 176 185

% Average survival 6 5 6 6 5 6 8 5 7 3 6 6 6 975 6 7 7

days of mouse

2 Passage generation 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51
2 No. of Toxoplasma 128 170 193 132 141 189 189 179 171 300 256 170 664 1129 103K 3K
2 Average survival 6.5 86565 6 6 6 7 7 6 65 b 5 6 7 4
days of mouse
E 10. 4&Eelant IRI Fo 1,000 2A4F v 2A
Table 10. Effect by 1,000y irradiation on I R I strain of Toxoplasma.
Al o 4 Passage generation 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 27 18
3 2 4 No. of Toxoplasma 135 130 88 128 78 50 18 31 15 8 9 21 25 25 15 12 35 50
u}9-2 0] -FA 44 Average survival 5 5 6 6 5 55 6565 8 885 5 6 9 8 7 7 7
days of mouse
< Passage generation 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
2 No. of Toxoplasma 34 31 40 64 51 33 41 34 23 11 13 8 12 15 8 16 17 16
% Average survival 5 6 5 45 45 8 5 9 3 6 6 4 45 7 55 6 55 5.5
days of mouse
2 Passage generation 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56
2z No. of Toxoplasma 6 9 10 13 20 19 26 17 20 23 21 25 28 31 3 7 41K 1K 62K4K
k4 Averagesurvival 55 5 655 6 5 6 655 6555 5 5 65 7 8 4 8 10 6

days of mouse
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E 11. E4&Fet2nt RH F9] 5007 4+ 8l 2AE
Table 11. Effect by 500y irradiation on RH strain of Toxoplasma.

Al o < Passage generation 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
o = 4 No. of Toxoplasma 95 73 129 45 8 36 31 69 79 52 27 45 52 66 89
a8 H{FAEL S Average survival 5 4 7 5.5 5 6.5 7 6 6 7 8 5 5 7 8
days of mouse
z Passage generation 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
2 No. of Toxoplasma 86 184 245 135 181 186 138 142 178 199 125 115 128 223 266
7 Average survival 6 6 5 5 7 6 5 6 6 5 6 3 7 65 5.5
days of mouse
z Passage generation 31 32 33 34 35 3 37 38 39 40 41 42 43 44 45 46
2 No. of Toxoplasma 214 222 254 231 223 189 351 258 212 178 194 187 186 221 328 189K
4 Average survival 7 6.5 6.5 7 6.5 7 6.5 7 6 6 6.5 6 6 6 5 5
days of mouse
X 12. E4FelAct 11 R Fd 500y A} ¥ A §
Table 12. Effect by 5007 irradiation on I R 1 strain of Toxoplasma.
Al ] 4 Passage generation 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
A 2 4 No. of Toxoplasma 147 144 148 117 35 18 31 21 19 14 11 8 25 22 26 38 71
vpo 29 A EQ 4 Average survival 5 4 7 45 75 7.5 5 7 65 7 8 8 7 7 7 6 5
days of mouse
2 Passage generation 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
2 No. of Toxoplasma 45 54 35 37 19 27 53 31 21 11 — 26 17 17 27 19 15
% Average survival 5 6 5 5.5 6 7 5 6 3 7 - 6 4.5 4 8 5 6
days of mouse
2 Passage generation 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51
% No. of Toxoplasma 20 25 15 19 15 23 22 21 28 23 22 31 49K 32D 28K 56K 2K
v Average survival 55 6 55 6 55 55 55 5 6 6 5 5 5 6 5 5 8
days of mouse
E 13. Fa¥ehart RH ol $47H3.5x10"n/cm?/sec) 24} vl @A g
Table 13. Effect by neutron irradiation on RH strain of Toxoplasma. (3.5 X 10**n/cm?/sec)
A o 4 Passage generation 1 2 3 4 5 6 7 8 g 10 11 12 13 1 2
B = 4~ No. of Toxoplasma 113 94 83 75 12 16 5 6 16 2 3 - - 140 114
up$-4 9] A U4 Average surivival 6 5 7 8 7.5 11 9 95 85 11 10 12 11 5 6

daxs of mouse

Passage generation 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
No. of Toxoplasma 76 59 53 30 36 76 91 78 82 55 79 86 104 62 99
Average survival 5 6.5 6 7 6 6 7 6.5 6.5 7.5 7 7 7.5 7 7.5
days of mouse

N

>

Passage generation 18 19 20 21 22 23 24 25 26 27 28 29 30
No. of Toxoplasma 138 122 107 136 139 173 140 116 191 173 71 568 0
Average survival 7 7 6 6.5 7 7 6 7 6.5 5 5 5 8
days of mouse

AN

>
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X 14. BEA£EgAn IR Fo] FA2(3.5X10"%n/cm?/sec) ZAF wlTAE

Table 14. Effect by neutron irradation on I R I strain of Toxoplasma (3.5 X 10**n/cm?/sec)

a3

o < Passage generation 4 5 10 11 1 2 4
= 4 No. of Toxoplasma 71 31 2 - 446 22 11 10
3 FA8 F Y Average survival 5 4.5 8 11 12 5 6 7
days of mouse
z Passage generation 5 8 9 14 15 16 17 18 19
z No. of Toxoplasma 19 18 16 2 9 6 5 5 6
¢ Average survival .5 7 7 5 4.5 6 4 5 6
days of mouse
7 Passage generation 20 21 22 23 24 29 30 31 32 33 34
7 No. of Toxoplasma 7 4 4 5 4 14 12 12 27 12K 2K
% Average survival 5 b 6 6 6 5 5.5 5 5 8
days of mouse
X 15. E&Fel2ul RH Fo) F42. 4 x10%n/cm?/sec) F2} vl ZA| Y
Table 15. Effect by neutron irradiation on R H strain of Toxoplasma (1.4 X 10'2n/cm?/sec)
& 4- Passage generation 4 9 10 11 12 13 14 15 16 17 18
2 4 No. of Toxoplasma 134 104 159 146 127 46 30 17 11 5 15 20 38 44 57 129 112
5§ T &Y 4~ Average survival 5 8 10 7.5 8 7 7T 7 7 6 5
days of mouse
2 Passage generation 19 20 21 22 23 24 25 30 31 32 33 3¢ 35 36
2 No. of Toxoplasme 89 81 60 66 64 152 108 138 117 147 150 125 202 159 153 174 133 141
2 Average surviva 5 7 6.5 6 7.5 6.6 7 7
days of mouse
2 Passage generation 37 38 39 40 41 42 43 44 45 46 48 49 50 51 52 53 54
2 No. of Toxoplasma 144 153 222 201 203 259 279 182 268 153 1198 341 276 11K 3K 2K 2K 2K
z Average survival 6 6.5 6.5 9 9 9 10 9
days of mouse
E 16, S&Fzhzvh IR Foll $4#1.4+10" n/cmm?/sec) 24} ¥ LAY
Table 16. Effect by newtron irradiation on I R I strain of Toplasma (1.‘4X10”n/cm2/sec)
o <~ Passage generation 4 5 10 13 14 15 16 17
= 4 No. of Toxoplasma 53 37 32 23 23 12 16 41
33 F EY 4 Average survival 7 7 7 8 6 6 6
days of mouse
2 Passage generation 21 22 27 8 29 30 31 32 33 34
2 No. of Toxoplasma 35 36 5 2 9 8 9 10 12
% Averagesurvival 5 5.5 6 7 45 45 7 55 55 6
days of mouse
- Passage generation 38 39 44 45 46 47 48 49 50 51 52
2 No. of Toxoplasma 17 1 27 37 30 25 26 33 1 1 2
4 Average survival 6 55 6 5.5 6 4 6 5 5 5 7

days of mouse
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¥ 17. B&Fel2ot RH F

T-neutron (1,125 x 10" n/cm/sec) FA} v A

Table17. Effect by T-neutron irradiation on RH strain of toplasma (1,125 x10"n/cm?/sec)

A o) 4~ Passage generation 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16
o 3 4~ No. of Toxoplasma 147 224 52 61 53 75 37 56 68 55 156 175 134 189 313
oh9-£ 98 538 &£ 4 Average survival 6 5 5 6 7.5 6 5 6 8 6 6 6 7 6 5
days of mouse
% Passage generation 17 18 19 21 22 23 24 25 26 27 28 29 30 31 32
2 No. of Toxoplasma 162 226 185 163 126 113 181 159 146 125 188 202 213 223 198 266
z Average surivial 5 5 6 6 6.5 5 5 3 6 6.5 6 7.5 6 7 7
days of mouse
2 Passage generation 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49
2 No. of Toxoplasma 211 144 248 196 256 257 251 226 220 173 216 348 185 870 170K 1K 2K
2 Average surivial 6.5 7.5 7 6 6 6.5 6.5 6 5 6 5 5 5 9 10 11
days of mouse
¥ 18. E4&Eel20t I RI Fo T-neutron (1,125x10"n/cm?/sec) Z A+ v] A} E
Table 18. Effect by T-neutron irradition on I R I strain of toxoplasma (1,125X10'n/cm,/sec)
Al =] <~ Passage generation 1 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18
b} Z* 4 No. of Toxoplasma 174 147 61 27 26 77 22 20 25 32 27 35 24 42 88 40 44
npo-~0] HFHEL4 Average survival 4 7 5 9 84565 7 8 6 7 6 7 6 5 5 6
days of mouse
2 Passage generation 19 20 21 22 23 24 25 26 27 28 290 30 31 32 33 34 35 3
P No. of Toxoplasma 50 76 50 39 27 33 25 7 17 18 18 18 10 16 20 16 23 19
s Average survival 6 5 5 5 5 3 7 7 5 5 7.5 45 6.5 5.5 6 6
days of mouse
2 Passage generation 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53
7z No. of Toxoplasma 20 18 25 22 21 17 31 29 23 27 42 58 10K 133D 1K 2K 2K
2 Average survival 555 6 5 6 6 55 55 5 5 5 5 8 5 10 11 10

days of mouse
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Table 19. The Pathogenicity test of irradiated strain to mice

= Ty & Q
£ A A F 49 ;}ﬁi—rf-‘F ® Survival diays * BT AE A5
Strain  Irradiated  Inoculated o 0 Ave. survival
dose route tested 3 4 5 6 7 8 9 10 21 35 days
1P
R5 500r (40, 000/head) 7 1 3 1 1 1 9.1
3
16 500r 2 3 10
R9 1. 000r 4 3 2 1 7.3
19 1, 000r z 9 3 1 2 3 7.5
R7 Neutron z 9 1 1 6 7.2
1sec
Neutron 7 8.5
17 1sec. 2 5 2
T.Neutron
R8 15min® 9 1 1 7 7.6
T. Neutron
18 15min. 4 9 1 1 4 3 8
RH Nontreated z 8 1 3 2 1 5.8
Total 64 1 1 3 9 5 23 11 7 1 1 9.2
Ave. survival days of total
E 20. Aol 2448 439 sludel A P44 A
Table 20. The Pathogenicity test of irradiated strain to guines-pig.
2 A4 %A EE ARTE Y et Tays T B F =Y S
Strain Irradiated Inoc;Ia No. of Survival deys - Ave. survival
dose redroute tested 1 2 3 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 27 29 39 50 days
IP(100, 000/
R6 500r head) 9 11111 1 1 1 1 11.1
16 500r 4 3 1 2 12.5
RY 1, 000r 2 6 31 211 8
19 1, 000r % 6 3111 1 12.6
R7 Neutron 2 10 22 2 1 11 1 8
1sec.
17 Neutron % 6 1 1111 1 1 12.1
1sec.,
R8 T.Neutron 2 6 1 3 1 1 13.2
15miu,
18 T.Neutron  » 6 1 111 1 1 13
15min.
RH Nontreated # 5 11 2 1 8.6
Total 57 323433655 73111111121111 $11.7
$ Ave. survival days of total
E 2L wWAlel 244 439 Eoldl @ Wy Ay
Table 21. The Pathogenicity fest of irradiated strain to rabbit
A F a- ) x HFYE
z 4 % & Q7 P sl des 9
Strain Irradiated }noc&x- No. of Ave. |
dose oo tested 2356789 10111213 141923242931 34 44 45 50 55 50 6870 72 71 91 102 110 135 My
R6 500r 1P(200, 0
00-head) 6 1 1 1 1 1 1 42.6
16 500r z 2 1 1 60
R9 1, 000r z 2 1 1 68
I9 1, 000r 2 6 11 21 1 23
R7 Neutron z 8 12 1 1 1 1 1 25.5
1 sec.
17 Neutron 2 8 1 1 2 1 11 1 25.5
1 sec.
R8 T.neutron 2 8 1 11 21 1 1 1 35
15 min.
18 T.neutron K 8 11 1 1 1 1 1 25
15 min.
RH Non treated <+ 4 11 1 1 8
Total 52 1223363 511131111211111111111 2 12 1 ¢29.4

¢ Ave. Survival days of total ¢ Ave. Survival days of total



36

<k Aot Wrtglvh ZEv 44 slEE 2H TPE &
g A Eslgot EElsx 2t (F 21 F32)
gk el glej A a4
1874 AAE 24 8 Ml @ straing YFIP o
o gt el Ak P QS-S G
T.P straing A FA ZE AEFEL vhda 2& 4
744 5*‘% viebi geh 4835 A da 2 ek
91 :?ii F4AE Jdebigel. 42 AAE AR ES
= o »ﬂ Astd b 2y 29 é F4L veh A

ket
gt

o] F § 3%F& 23 TAF FY vl Ao =
a5 nE AL g A dEsA 2E5A F
Ag el gtk 2%Ay & g &L A AZdskg .
AMERE B 7, o8 e, @skd, H, AT dy
712 38 T.PE 9 45 kg ot Relalx Zahg
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Table 22, The pathogenicity test of irradiated strain to swine.

4 & 94 A

AF2A - AgEs i Tieds
Strain i%r_ragi}ateag Inoculated No. of Survival days Ave. sourvival
dose route tested 8 26 30 31 32 37 49 111 ¢li3 days
R6 500r IP&Z. 000, 000 2
head) 1 1 28.5
16 500r z 2 1 1
R9 1, 000r v 2 1 1 19.5
19 1, 000r 2 2 1 1
R7 Neutron z 2 1 1
1 sec.
17 Neutron 2 2 1 1
1 sec.
R8 T.Neutron 2 2 1 22.5
15. min.
18 T.Neutron
15.min. 2 2 1 1
RH Nontreatee z 2 1 1 33.5
Total 18 1 2 1 2 1 1 3 1 ¢5
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Table. 23. Indirect hemagglutination test on rabbit serum.
4 F F 54 8 3 9 7
g ?z;rad?];te:} Serum.titre after inoculation by weeks
Strain dose 2 4 7 10
32, 128, 512, 2048 32, 128, 512, 2048 32, 128, 512, 2048 32, 128, 512, 2048
E6 500r # - - — # H#+ o+ — + o+ = - + - - =
16 500r #o+ - = o o+ = Hos = - + - - =
RO 1, 000r H o+ - = # o+ o+ — W o+ - -
19 1, 000r #+ H#+ - — # OH O+ = T - - =
R7 Neutron # o+ = H+ - - - wH H = = - = - =
1 sec.
17 Neutron H + + - + - - = H - - = H - = -
1 sec.
R8 T.neutron # o+ + - " H o+ - o oH o+ - H - - =
15 min.
I8 T.neutron # H - — # H H - #H = - = # - - =
15 min.
RH Non treated + - = - # H o+ — Dead
E 24—1 A Yo AHYTLA AY
Table 24~1. Indirect hemagglutination test swine serum.
FEHH 4 F F 8 3 9 7
- f-':‘ra dﬁte? Inoc?x_la iNﬂ:‘?; Serum-titer after inoculation
Strain dose ted swine 7 days 14 days 28 days 42 days
roure 32, 128, 512, 2048 32, 128, 512, 2048 32, 128, 512, 2048 32, 128, 512, 5048
R6 500r  IP(2, 000, 1 # H+ - - # H+ + - # H — - Dead
000/head) 2 #t # H — # H o+ = Dead
R6 500r 2 3 ## #+ - - # - - - #H + - = H#H# # + -
4 # H+ - - # H#H - — I s Dead
R9 1, 000r 2 5 M - - - #H H - - # + - - Dead
6 H+ - - — Dead
19 1, 000r v 7 #“f - - # H+ - - H# + - — #H H -
8 # H+ + - # H o+ - # H H+ + A+ = =
R7 Neutron % 9 H H - - # H#+ + - @ H + - # + - —
1 sec. 10 # # - - # H+ - - H#H + - - #H# H - -
17 Neutron s 11 #w oH o+ - O H - o H + — M H H o+
1 sec. 12 #w o+ - - # H+ + — # H+ + - #H H + -
RS T.neutron  # 13 Mo H - oM H — Dead
15 min. 14 #t W H = W H - Dead
18 T.neutron 2 15 # - - # H - - #H H - - # o H -
15 min. 16 # - - - #H + - = #H + = - H H =
RF Nontreated # 17 " o# H - WM+ - W M H — Dead
18 # o # + - W o+ - O - — Dead
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X 24~2. HX Ao B 7 FTLA A

Table 24-2. Indirect hemagglutination test on Swine Serum.

4 % F 8 3 9 7
F 2 A4 = I:ic%ulateli 15\711021:?; Serum.titre after inoculation
Strain Irradiated route swine 49 days 56 days 70 days 87 days 106 days 113 days
32,128,512, 32,128,512, 32,128,512, 32,128,512, 32,128,512, 32,128,512,
R6 500r IP(2, 000, 1
000/head 2
16 500r 2 3 o o+ oW oM H W oM W H W+ Slughtcred
4 Clesh-)
R9 1, 000r 7z g
19 1,000r » 7 # o - #H S+ H + M H - M H 4+ Dead(®AD
8 # H+ — i H o+ #w H — # H — H# +H —  Slaughtered
R7 Neutron 7 9 Dead
1 sec. 10 e+ - W H - W+ — #M 4+ — 4 + —  Slaughtered
17 Neutron 2 11 oM+ M oH o+ W H A+ H o H - Slaughtered
1 sec. 12 Dead
R8 T.Neutron v 13
15 min. 14
18 T.Neutrno 2 15 it # #oH# + W H o+ #H H o+ #oH o+ Slaughtered
15 min. 16 Daed
RH Nontreated 2 17
18

¥ abdel 244 4% ATF 429 REFAS

Inoculation RH strain on 42 days after inoculation of treated strain
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SUMMARY

Toxoplasma gondii, RH and IRI. strain were irradia-
ted with r-ray or neutron respectively, and compared
their multiplicity, pathogenecity and the other biologic-
al behavior comparing with untreated strains. And the
lethal dose of r-ray and neutron on TP were also esti-
mated.

1. With r-ray irradiation, the lethal dose on RH
strain was 40,000 r, and 35,0007 on IRI strain.

2. The lethal dose of neutron on RH was 1.40x10*
n/cm?/sec and for IRI it was 1.39x10* n/cm?/sec.

3. Irradiated strains were not favourably grown on

chicken cell culture.

~ but after 18th passages, the

4. After the r-ray or neutron irradiation the number
of TP was severely reduced, but through the further
three or four passages, the multilicity was much resut-
roed.

5. Morphological changes were not distinct between
irradiated and untreated strains until 10th passages,
irradiated strains were
shown to be shrin age and freguently observed stypical
forms.

6. Survival time of mice, rabbits, guinea-pigs and
pigs inoculated with irradiated straine were longer than

the animals given untreated strains.
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7. 16 pigs were immunized with irradiated RH stra-
insand chllenged with RH strain. of them 5pigs were
survived and very healthy, after slaughtering them on
113 day of injection, much attemps were made to isol-
ate TP from varions organs but failed.
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L =

%2,500 X2, 500
Fig. 1. RH straim of Toxoplasma gondii. Fig. 2. RH straim of Toxoplasma gondii by
(control) Soog irradiation.(10 generation)

x 2, 000 % 2,500
Fig. 3. RH straim of Toxoplasma gondii by Fig. 4. RH straim of Toxoplasma gondii by
T-neutron (9, 375% 10 n/cm?®/sec) T-neutron (9, 375X 10 n/ecm?®/sec)
irradiation. (10 generation) irradiation. (21 generation)

X 2, 000 % 2,500

Fig. 5. RH straim of Toxoplasma gondii by Fig. 6. IRI strain of Toxoplasma gondii.
T-neutron (9, 375X 10 n/cm/sec) (control)

irradiation. (21 generation)



Fig. 7. IRI strain of Toxoplasma gondii by Fig. 8. IRI strain of Toxoplasma gondii
T-neutron (9, 375X 10 n/cm/sec) by neutron (1.4 x10 n/cm?/sec)
irradiation. (18 generation) irradiation.

%2, 500 % 2,500
Fig. 9. IRI strain of Toxoplasma gondii by Fig. 10. RH strain of Toxoplasma gondii
1000r irradiation. (18 generation) in mouse brain

% 2, 000 ' 2,500
Fig. 11. IRI strain of Toxoplasma gondii Fig. 12. RH strain of Toxoplasma gondii by
in mouse brain. (control) 500r irradiation. (21 generation)
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%2, 500 X 2,500
Fig. 13. IRI strain of Toxoplasma gondii by Fig. 14. RH strain of Toxoplasma gondii by
500r irradiation. (18 generation) 1000r irradiatien, (18 generation)

- x 2, 500 % 2,000
ig. 15, IRI strain of Toxoplasma gondii by Fig. 16. RH strain of Toxoplasma gondii.
1000r irradiation. (18 generation) (control)

3,

% 6, 000 x 30, 000
Fig. 17. RH strain of Toxoplasma gondii bv Fig. 18. RH strain of Toxoplasma gondii.
1000r irradiation. (18 generation) (control)




x 20, 000 x 20, 000
Fig. 19. RH strain of 10th generation passage Fig. 20. RH strain of Toxoplasma gondii.
Toxoplasm gondii with T-neutron (control
irradiation. {9, 375X 10n/cm®/sec)

) x 20, 000 % 40, 000
Fig. 21. RH strain'of 10 generation passge Fig. 22. RH strain of 22 generationopassage

Toxoplasma gondii with 500r Toxoplasma gondii with 1000r
irradiation. irradiation.

%10, 000 % 30, 000
Fig. 23. RH strain of 18 generation passage Fig. 24. IRI strain of Toxoplasam gondii.
Toxoplasma gondii with 500r control)
irradiation.
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% 10, 000 ) T x 11,000
Fig. 25. IRI strain of 10 generation passage Fig. 26. IRI strain of Toxoplasma gondii
Toxgplasma gondii with 1000r in Host cell. Ccontrol)

rradiatiqn

% 12, 000
Fig. 27. RH strain of Toxoplasma gondii
in Host cell. (control)

X1
Fig. 28. RHstrain 19th generation p;;ssage
Toxoplasma gondii with 1000r

X 10, 000 o ' . X 16,000
Fig. 29. IRI strain of Toxoplasma gondii. Fig. 30. IRI strain of 19generation passage.

(control) Toxoplasma gondii with 1000r
irradiation.

Note E R : Endoplasmic Reticulum
T P : Toxoplasma Cell M C : Mother cell of the parasite
C :Cyst T M : Mitochondria of the Parasite I M : Limiting Membrane

N : Nucleus G : Golgi comples D C @ Daughter cell of the Parasite
C N : Conoid H C : Host cell




