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Serological and immunological studies in rats infected
with Paragonimus ohirai Miyazaki, 1939
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Biological Laboratory, Faculty of Education, Kochi University

Abstract

Serological and immunological situations were examined in the rats infected with Parago-
nimus ohirai Miyazaki, 1939, employing the various methods of sensitization, such as oral
infection and pleural transplantation of the metacercariae and implantation of the young
adult worms enchambered in diffusion chambers.

In oral infection, most of the worms migrated into the liver of the host on the day 14,
while in pleural transplantation almost all of the worms remained in the pleural cavity
and lungs of host without migration into the peritoneal cavity or the liver. Enchambered
P. ohirai young adult worms (20-day-old) were implanted intraperitoneally, subcutaneously
or both into the rats. It was ascertained that the worms implanted could survive 25 days
or more in the chambers located intraperitoneally or subcutaneously in rats, Serological
examinations revealed that the albumin had a tendency to decrease gradually with the elapses
of infection in all cases of experimental groups except the case of diffusion chamber
'implantat_ion. More rapid decrease of albumin was recognized in the rats infected orally
with P. ohirai metacercariae, when it was compared with the rate of albumin in the
animals received pleural transplantation of the metacercariae. In the group of diffusion
chamber implantation, the albumin rate was relatively constant throughout the experiment,
though slight fractuations were recognized among the groups of chamber implantation. On
the contrary to the decrease of albumin, the amount of 7-globulin in the rat sera increased
with the elapses of infection. Marked increase of y-globulin was found in the animals 14
days of oral infection, while no remarkable changes were recognized in the group of
pleural transplantation with the metacercariae until 25 days post-transplantation. Among
the groups of chamber implantation, the rats implanted intraperitoneally showed a relatively
high rate of y-globulin, while the rate in sham operation was approximately equal with
that of normal rats examined, By agar diffusion, more numerous and clear precipitin bands
were detected in the sera from the group of oral infection, as compared with those from
pleural transplantation or diffusion chamber implantation. From the results obtained by the
various methods of infection (sensitization) with P. ohirai, it was suggested that the
mechanical damages against the host organ, relating with both the migration routes or the
location of worms and the metabolic products of worms would influence on the host
immune responses.

KEBH Paragonimus ohirai Miyazaki, 1939 D4 &7 7%, £4 a2 %X 1 Rattus
norvegicus albinus ICEDBET 2 &, PERORXEHVEEH X I OFET, —EPRFELL
o5, MREIEL, REEICERS RO S HATRRBT S KA, 1963) . Lo, R
WhdAswnh ) TE, BE X I0ORENCEBETSE, ROKBMNIFBBTISCL
1<, MEEEHBTRE « KRBT 5 EhBoMcEns BD - BRI, 1969 . Lids~T, &
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FAX IO, KERBRBORE « RBICE -T, BT ULIMBBETHOZ LSRRI, —
%, BO% (1974) 3 Diffusion chamber #iHFKEMTEHEOGERE, £4 327 7 X 1 ICARN
Kﬁﬁbtaca,Eu,mmDE%Cbtariﬁboéca%ﬁbfwé.%CT,A%WT
2, EBRULAWS 22 0OBEEERY, KAEMBERERSL A 22 32X I 0MBEREARTS S 0KKHA
EERRIC DWW THEN L, BEEOSNILIBEHYOFTERICHT ZRIE (B8 ofF%
BRTLCER, tOFEREBEOBFE—EEFLELGBEHE—EM3 LT, BrkbsmRcEHT
2HDEELIONS. ‘ -

ME s & U HE

AKER TR 2ErhY) 7, ZERBRED BUWNFOTERRLA 20XV 5 4 Sesarma
(Holometopus) dehaani D o3I NI bDTHE. TAERICH W44 32 32X (Wistar
King) 3, AEZEAMEHEZTHE, FHILAHKT 135g~4072 DD THSE. TNHDFXIIC
q, EBS, £y eadoEREE (MF) LAkEGRESAL.

ARENHY T OBRHREICELTE, Bov=— B2 EMEEAY, 2 X 0BEER
~ERICEALL. FLRERA~ND 22 h ) TBEICE: > TR, X I RBICGAALZEE,
FNEBELTAZR LAY TEBELA. —F, COEBRTIE, Difusion chamber ¥t dhi&D *
XIPEEEHZ CIETAOBZR A7, Diffusion chamber & LT, BEMEBLAT 2 ) il
o) v (BE 1.0cm, A4 1.4cm, "EE 1.0cm) & Millipore %@ Millipore membrane
filter (pore size: 14y) ZFM\ 7z, Z @ Diffusion chamber IZEOMPLL M 27 + X THEROK
FhifH20B8 4R EHAL, 1HOAXIHAD 48 (245 /chamber) FOEBHETALICL
fo. BOBRKICOWTR, ETRETCTRGOTRERL D, BETERICH R4k0 S 2R,
N=s Y v e RbLTMTA o vinERAKK (0.9%) T, HEEEKEL 72D 5 chamber PRICH L
#o. SitkHER: chamber M4 32 3 X B H L VEBETFAOBRIC B - Tit, BHOE L7
DETLI—LEEL, Y ITH . 5cm O/NIEEEINA . £0#8, CDEEOMED chamber
AL, WS ERZALL. UB, ChoOBIE chamber 1220 T, #1288 BiIcBUIO B
L, RKDEFEETEF TR~ L.

KEICHWOh/ 2 X3 @E&mbvm%@ituﬁMﬁ%m Table 1, 2 B XU 6iCRE
NALBOTHE., WMKEBELTE, £t h Y 7OROBSETCVICBIERNBEETE, O
MM AEERL 7. —F, Diffusion chamber BHEBTIE, FA—3X k21T, BHRMEE
| DELL. ,

A4 202X IDOMBEEBEAZD, tra—2« TE5F— EBEHRBETE /. D
B4, XFkicid Separax (BLXER7 « v aBkX&4) £V, BUE 1.7 cm, RE Scm o
FHkic 0.001 ~0.002ml OMEZHELD 4 © 6 DRBIBHLADS, ~oF—LEHKS
(pH8.6, #=0.06) T, g lcm &7 0.8mA DEANTSO~60 4, BELA. DVTE
RBkiH /v —3RTIAMGPBLADSL, 2.3% BB TRA, LRSEr. 208K, TREE
574 vTHILL, ¥ b 4—4%— (DENSITOROL DMU—2, TOYO, slit 0.3 mm, filter
506 my) Tk S TERUA.

i, REMBERTHELM a7 X3 T@ﬁ%ﬁ&@ﬁ%%%oﬁ%f Ouchterlony k% 5E
WL, PoBE#R (precipitin band) OHERFEEBHICII~NL. COBASOFEEL LT, pH
7.4 ) VEREBRIC L ZREMBHRELEAC L. CORBEENTNOEBREL 5B SN M
%, i (1974) oFBickY, hvTFUvRETEGSE, P& THRTINTS5 92 10B TR
B, BFEECRE LT v FEEE - 0L :
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1. 228 ToOROHREL JUREABERICE T 3R

A2 ENHY TOROERES SCICKRERBRICK 2 BE&O BRI, Table 11X 2R
ENHEBOTHE. WTFNOEBEAICD, HBA-V20EOKREMBERA 210 ) TERO.
BYeis 5 B 5 100 BicE o ni BRI, RORSRTIT.0%~58.8% (Fi938.0%) , KR
BEEE4.0%~93.0% (F161.9%) ThH 7. BROREHTE, REMERCERS hicBED
90.4% (47/52) HFBTRESH, HEOZAICIBMLVKRESNBH SN Thickl, B
BEABEBETE, K14 855 30 BEOMIC S B0 A ARSI, SERES hricd ¥4
V. E 2 RCE G AROSEEERTIR, MBEETH RAEENRSON, A&t h ) TOREE
NEEET, RREERshsERsSO L. L, BEISABLU40BRICEEE,
ThOBTDH, KEIORELHBORD S MA» SERS N, BOREHTIE, COREICE
WTHBEXX I OFEIC, ROFBEILBZRENBH SN, VINOELEIM4E»S20BHKD
bOICHETSE, REIBETHY, BRICE>ERAZRL . '

Table | Results of the experiments in which P. ohirai metacercariae were
orally introduced into the albino rats

Days arter N O Noj of N of [LGWE, T S .
feeding used used recovered r%t?z) abg;\zlt';al liver %1:“,’5?,1 lungs C)llfxtggsm
5 5 100 17 17.0 17
10 5 100 25 25,0 19
14 5 100 52 52.0 47 1
20 - 4 80 33 41.3 6 20 7
25 5 100 57 57.0 20 11 23 3
30 5 100 40 40.0 5 3 19 3 10
35 4 80 47 58.8 : 2 43
40 5 100 39 39.0 4 35
100 5 100 17 17.0 17
Total 43 860 327 60 100 48 i1 108
Average 38.0

Table 2 Results of the experiments in which P. ohirai metacercariae were
transplanted into the pleural cavity of the albino rats

Days alfter No. of No. of No. of ;:‘éf)rj‘egrey No. of worms in
transplan- rats metac. worms . -
tation used used recovered ra(to/%) abgg,?tl;lal liver pé::gg} lunlgs C}lllsjt:gsm
5 5 100 -32 32.0 32
10 5 100 46 46.0 34 12
14 4 80 58 72.5 1 1 55 1
20 3 60 43 1.7 34 5 4
25 5 100 93 93.0 1 _ 41 2 49
30 5 100 92 - 92.0 2 23 67
35 S 100 81 81.0 12 69
49 S 100 61 61.0 9 52
100 5 100 14 14.0 3 il
Total 42 840 520 4 1 243 20 252

Average 61.9




84 MO XREPHHFRME HgE HREE

AR BRI BELA 22 2 X I OMBEAOERICDOWNWTE, Table 3B L4ITIRL
LBDTHE. COBPE, MBELTEREFA 323X 3ROMBEEER LA, THT
LY S31+3.79%, e— s o7 Y v 17.122.29%, ae— 70T Y v 6.0+1.70%, f— 7' 7Y
v 5.3%1.62%, 1—2s 971 v18.945.00% THV, A/GiZ1.1+0. 16 R L. xZ€nH )Y
7®&D&%$;UW%W$EﬁM3657W7£7ﬂmoht$6&,ﬁﬁ&ém@%&@u&
BN-TE L BOTAEEONAONA. BROREREOT VT I viid, BB SBLI0ETRE, E
BAE (53.1%) ich, W BAMIMUASS, 148 RIS &, Wik, B L TWBKICIT36.3
%ETETL, COFEMEHLE 100 BETHOL. —F, RENBEBICENTE, TA7 YD
BORBERICH~REE, DO THEH, KG40 BERTII28.7% LFELSEFLL. €0
#, BE100 Bitk W TH33.0%%RL, TA7 i viloRSHEFRELAL. Ub, MEREE LK
LT, BERTAT I vIOEHSS bk, SORERTSALIMTSHD, WEANBEE
TIF30BELIETH - 7c. ‘ o : ’

Table 3 Cellulose acetate electrophoretic analysis of serum proteins in albino
rats which were orally introduced with P. ohirai

Dii)f,ic%{ct)ir Albumin Globulin - A/G ratio
: alpha-1 alpha-2 beta gamma
5 59,146,51 15.4£1.70 5.8+1,50 4,8£1,77 14,942.53 1.540.38
10 56. 514,61 14, 0£3. 44 6.1%1,53 4,70, 86 18,742, 24 1.3+0.26
14 51,25, 27 15.4+£2.79 4,8+2, 40 5.1£1.68  23,5+3.72 1. 140,22
20 55.9+3.76 8.4+2,27 5.2%1.81 3.9+1.47 26.6+2.67 1,.34£0,20
25 37.6+2.48 14, 71,71 12,0£2,94 6.8%0.75 28.9+5.20 0.6£0,07
30 43. 7+6. 85 13.2£2.77 9.3£1.52 7.541.09 26,3£5. 56 0.80,25
35 41,3+4,63 12,5+1.62 9.6x1.70 7.0£2.00 29.6%1,98 0.7+0.14
40 36.3+3,54 17.6+2.51 6.6£0,15 7.5+2,98 32.0£1.59 0.6£0,09
100 35.745.07 17.9+3. 14 8 6.

LT£2.51 240,80  31,5+1.66 0.6+0.14

Table 4 Cellulose acetate electrophoretic analysis of serum proteins in albino
rats which were transplanted into the pleural cavity with P. ohirai

Days after . Globulin .
infection Albumin alpha-1 alpha-2 "beta gamma A/G ratio
5 52, 846, 69 20,65, 19 7.7+2.52 4,942, 10 14.0£1.35 1.240.32
10 52.647.28 15,5+2, 18 8.442.59 561,60 17.9%2.73 1.2+£0. 39
14 46,96, 34 21.3+£3,10 9,5+1.00 3.1%£0.75 19,2+3.07 0.9+0.23
20 55.7%£6.176 12.6£2.16 5. 4+1.73 6.2%3.16 20. 62,59 1.3%0. 42
25 48.5+6, 31 18.6£2.17 8.5+2.88 . 4,3%0,95 20.1+2,61 1.0£0. 23
30 33.3+3.42 23.7+2.94 11.5+1.73 6,4+1.39 25.1+0.98 0.5£0.12
35 39.7+2.72 14,9+3,00 10, 7+2. 20 7.8x1.25 26,9+1.79 0,7%£0.10
40 28.742.27 22.6%2,21 10,5+£1.57 6,51, 84 33.7+4.84 0, 4+0. 07
100 33.0£2.39 20.2+£2,32 7.4%+2,36 4,8%0.72 34,64, 72 0.5£0, 05

@, w—2 7Y Y T, RS LICREBRO BB ISR, BEALBONED -
7. L L, MEETHERLTA5E, REABERET, VThOoBRIcENTS, PPEVES
ReE@EEAMNSGONE. T4 f—2 07 Y vid, ERPEMEZELT, WIhOBTHRERPICHEL SR
EREBHIRIEC, AEHEOZRLHSH TR, :
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~ﬁ,ﬁ—¢D7Uymow165&,7w7iv#—ﬁﬁ®ﬁT%ﬁbt®mﬁb,r—fnf-
) VT, REERBICHET - T, BohNmMsAE L. Thbb, BOREHTE, RER4
B SRIMUEES, 35E, 5408 HICIE30%RIRICEL, BP0 BICE-Th, UEBWEER
L7 —%, RERBERTE, FEORERTAONA LD BAKAHMEEL, SELL25H8E
Tiz, 14.0~20.6% 2RLT, EXME (18.9%) LkEDUD 7. L, & 30 BRI IC S
&, T—ro7 Y L 25.1% %R U TREICHML, 408810 33.7%IGELT, ZofFmiE
100E# 3 T /o Lidi-T, @%0&%,?thMEu%Kﬁ5& r—7e7 ) vRd,
MBS HIIIZRBRGSEERL .
A/GEOEBICONTHBE, KTERBEA 2€rh ) 7TORORSETE, 258 LUKIC A/G
BORESS S, ChicHl, RENBERTE, AETHER0BLECS SN, FEREC
D BAERBBH LN, ‘
Ouchterlony BIC & »T, BREF M 32 3 X LM POULBTUATRERE U728y, Table S
CRENEEBVTHE. CHICEBE, B/ v M, MBS bICKRREI0ED 2 X L mEEFIC
EUBTIE L. BORERTE, 4E#ED, 5 band BRABAIKLED, 208 L25BHTE, &
CICBRLY band A%< A oM. TAREB0EB LU3SBICH VTS, T3 AL LD band H5ih
B L, 408 T3 band 23 < AL DS, L band SR EN. —F, REABERO
B, 0B®ARS &, MYES5AET, & AEH0~1KD band DB THY, Ld band
158<, BOREBRTHEEIN/A LS HE band 3BHONAM -7, L L, RERIKTS
&, band BB SAEBL B ERMIC, BOWK Y FEERT 3 EENA LN 7.

Table 5 Precipitin bands by agar double diffusion between sera from rats . '
infected with P. ohirai and whole worm antigen of adult P. ohirai

Days after infection Oral infection Pleural transplantation

5 0, 0, 0, 0, 0 0, 0, 0,0, 0

10 L1, 2 0,3 2, 2,3, 2,2

14 4, 3, 0, 2, 2 0, 1, 1,3

20 - 1%, 1%, 1%, 3% 1, 1

25 3%,2, 2%, 2,1* 0, 1, 1, 1, 1

30 3, 4, 3, 4,2 1, 2,3 2, 2

35 3, 3, 4,3 2, 2, 1,1, 2

40 2,1, 1, 2K 3F 1*,1, 0, 2, 0

* Clear prempmn bands

2. Diffusion chamber HtREid{ko 3 X I hRBHEIC X 5 BEk

Charmber WTOHREDEFRRICOVWTA 3 &, BEERABEBTE, HRE Q0ESH) DO
TREIBHTEH, 55.0% (11/20) 2R L7 ExBEEIETOMABERCENTD, HOFE
TERIES8.3% (7/12%) OBWEERLUAY, BEELRTTORCEGE, BIZRETH 7.
—%, BETBEBTE T 2Bick~, ROBTRED TR, 12.5% (2/16) THD, KT
BHEOBMNBOEFECHELIDBLT VA C EARRBEN.. ik, EEREIC OV THEBEEETTH
Np LT B, ENSORBHVKAERBROBREELH T, Lichi-T, RARHKORBR
B b0 HESN, BEFX LICHTAHMENBRRMNCEINLEDLEZELONS.
MEBEOHEEH 50, RkkER chamber OBIMEBEE, K THIES, B - K TOmES
BHERE, SIREEE (chamber MO A#iE sham opertion) DAXID5H A ICRm L, BRI
ARH7. BON-MBREOETROERT Table 6 KRS NAELDTHE. BEABREE
TOTLT I VEIE, 43.7%~51.2%THY, COMERIMBBHCE~S & HECEDIRES, &
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Table 6 Fractuation of serum proteins of the albido rats in which enchambered
young adults P, ohirai were implanted intraperitorneally or subcutaneously
using diffusion chambers

Days  No. of Globulin _
Groups implan. __S€ra  Albumin ‘ A/G ratio
tation SXamined alpha-1 alpha-2 beta gamma
A 10 S 47.9% 2,53 12.7£3.89 6.7+0.42 8 1%1.06 24.6+2,09 0.9+0,11
25 5 51.2+ 2.90 11,8%+0.61 6.6k1.47 6,4%1.16 24.0+2,63 1.1%0,12
20 5 48,6+ 5,73 10.94+2.66 6.5+0.44 7.6%3.72 26,4406 1.0+0,20
25 5 43,7+ 3,06 13,2+3.05 7.9+2.13 “7.2:1:1. 84 28,0£2,42 0.8%£0.11
B 10 S 54,64 8,34 12.0+£3.39 5.6%0.66 8 322,36 19.5+3.32 ’ 1.3%0, 42
15 5 5.4+ 2,50 11.1+£1.24 6,3%0.53 7.6%1.70 23,6+3.43 1.1=£0,12
20 5 52,94+ 3,47 10.2+£3.06 6.7+1.47 4.8+0,77 25.4%2.91 1,220.18
25 5 56.6+ 7.58 9.7+£1.96 4.4%2,37 6.5+0,47 22.8+3.47 1.4%£0,37
C 10 5 44.1£10.70 12,10.45 7.5+2.34 13.2%£6.17 23.1i3.49 0.8+0.35
15 5 47.7% 6,11 11,7%2.01 8.2+2.07 7.7+£0.67 24.7+4.30 0.9+£0.25
20 '
25 5 55.0+10.78 10.2+1.50 5.3%1.97 6.1+1.73 23.4%5.79 1.340,49
D 10 5 56.9£ 4,07 12.0+£4.35 7.0%2,07 5.3+3.12 18.8%£4,30 1,340.21
15 5 50.0+ 6.91 15.8+3.27 6.5+1.91 7.543.15 20.1£4.05 100,25
A : intraperitoneally implanted. S
B : subcutaneously implanted.
C : intraperitonieally and subcutaneously implanted.
D : sham operation (control).

RSEICRBEVEERL. SARTBEBROT L7 3 ViS5 4% ~56.6% &, & DZEMiIEE
PEC, MRBEREDD 70, 510, EERERTOMFBMEITIR, BENBREBE REST
VT I VEOBETHA LN, BRERIOALSISETIZOLEOEME SN, Rtk#E Difusion
chamber ZBHEL /- 3HD a1, f—2' 07 Y B &L 7297 ) vk, sham operation (&
RED Dzhichk~, WINSBEELSBVRAONED ok, T—2 07 Y ¥V KD0THEE, Bh
th#EFs chamber i 3% (A, B, C) Tk, I0A®» 5258 E T, MBE (D) OES -
EAEREMsE NS, TAERBRPEOHD T, chamber OBERBEBT, L0 T7T—2o07 )Y
vEMNE LN, A/G TR, BEAND chamber BEEEMEEF TOMEBERIZ, 0O
EWEERUAS, BRTBEE, NRBEEES A/G HERLA.

SutkHERy chamber ZBAH L7 3B @ & X I MU#IC DT Ouchterlony %R A, HMILAR
TR LA B8Ok Table 7 ICRLAEBDTHA. 2hicks s, 3#EHICIORE
2O USRS SNnicds, HMEBESLS KOEREEIETOMABHEBIICE TS band DR
3, RTBHEBOBQICEBEL TS LI3EANAbN:.

Table 7 Precipitin bands by agar double diffusion between sera from rats
implanted with enchambered P. ohirai young adults and whole
worm antigen of the fluke.

i ; Subcutaneously
Days after Subcutaneously Intraperitoneally : h
implantation implanted implanted and "}g%']):;'tte%nea”y
10 1,0, 2, 1, 2 2, 2,0, 3,3 3, 31
15 1,1, 1,0,0 2, 2,071, 1,
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A, KEREREICEEEF4 2327 53X I0OKRGEICENT, W DOhOREFEH S W RIEE
ERVBCEICED, ARBOBEANBTOROPL, BB (FABL) OBICHL, +X
INEDESUER (B 2RT0r%E, OBREOBRCHAELOE,» SRE LA, CNETIK,
B R & 2 58 £ T 00 PR BIC L 7S S Bk R S B OO M L E/icon TR, 2, 308
LB LG GEAR, 1959 ; 32, 1958 ; £H, 1968, 1969 ; Tada, 1967 ; R - £H, 1977) .
LD L, ChOOEER, WFhbA2en ) TORODBHRICLZRHETHY, 4EHO LS ICK

L OWHBOREEEEL DD TR,

BEAAL 32 2 XCEFBETALT I VOBEMICONTHSEE, A &wih ) TORORERHE
WENBREETE, BERZRBRLSEANA LN, 773 VR EEEBICEL TR L. Th
IR L, SikYEEs chamber BHAEER TR, BEELTAT I VO BOE EHONEL 7. ER
(1958) 2 B AT Schistosoma japonicum (Katsurada, 1904) icf@&gLz o+ £7T, EH
BTLVT I VORBLERED, ChdBOBAKLZFEEOHES, RIMRECETOERICKSHF
BERECRRT I DE L. F48H (1969) RERENEEOFEL JUBECE S5
BETAT I vEOBEEERHLTWVS., 2hicksd, X I1E2FXELLES, BESLURF
mr@%gcxg)%@mgwgmm&gp miyazakii Kamo et al., 1961 1€ & B BT B L
, REFFRSIcL3E20E0%, FAT I VOROBELOENS. LidisT, ChdOWE
w;aa BEIBYOFBELT V7 I VRORSEE, BELBRIKHELVALS. #2200
7Y T OMBERBERTE, BEREABTUIFBICEAT 2RI, REALRHINE 2. L
TehioT, COBDIXITR, 2ORBHI, FROBKNLEE (ROFEAKLLL) 2Z0TH
@w.%@b&ﬂ&%ﬁém%ﬁﬁﬁﬁf,&&Eﬁﬁ?W7iVE®ﬁ¢#6QﬂtCt@,%
RO ERALUAORERORBEY, BRUSOBBIRFINEINECEERRELTNS.
—F, 1= 07y voEn, SOBRS5EERERABERET, FLRUIERERLL.
Ths, BOREHTRE, FEAOZARENL RIS BEORKYE148 B SHRENL
B0 L, REABEETE, BXOMBKcho SHEOFRIETE 5 BRY308 Hh 5 R1UC
#WINL7:. YESRK 084%) %#E L7 Diffusion chamber BHERICE LT, #OKRSE
BORERNBREBIZEZRA -2 07 ) yIEBNRES OB 7. L L, chamber OFER
B, RTBERH, m%&&Twﬁﬁﬁﬁﬁmbvw%wﬁ(E¢mbmcMmmrmaﬁﬁ)m
i, MERGOHPEENIA SN,
ERSVALBREIGICE - T, BPigIREHE~r s A, RORSETR, ROFBEALE
ATSESH O R HL 14 RED O B O precipitin band 2SR &N, 30 B 5358 #ICIIFEIF3
ALl Lo band p5& SNt [—F, WEABETR, BY308HO X M & KFEMHRR
PREOMT, WEEICHL band BB SNAIKT EY, —RICHBRAROBEAG, #O%
EBC W ~TEOERZR L. Z7- Diffusion chamber %L EBRTIE, ETFBERTO
band FEERH85<, LW, chicstlL, MOBEE 2 B3z band BERERL .
ZDERT, $hEmHEE: chamber OBIEIC LD, BREI0E K> S BREHAM (RIEAR ZALT
1212—%E L7 band EELED ONALCEIZERASNS. ' »
PlEnc &nd, KEMBERICE 2 BREH 2 VREMEEDEROICED, BELM1 273X 1,
ﬁwwmﬂbfwéc&mm%éht BEXEHY (F14 223X ) EXEHBROMICHE, RRE
DNBND KT, HOREY - RBOFARE BTICBIR) & ICHE L M, RE¥
WRBENEETS. choZBEohicT s sid, MEOBEFFEKBELES LT, BELL
ZA.
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REMBRICE S 432 2 X IERICEOT, EROCBITREEEZ 2 BA0, BIESAE
EZEEOMBEREABRPTEOEBICONTENS 2048, SEOERTIR, A &2trh)
TORODBELIUREABBEREIR T 2. SoIcYRE (2084 H) % Diffusion chamber ic
MBL, chisBHBELTEERICLIABIEERA:. COBAIE, chamber ORI, B TH
R, BREXETORBFBIEN S ONCHREEE LT chamber 0 4%l (sham operation) @ 4 Bf%
B BONABRRROLBDTHS. |
BROBREHO KERRARER, 20KBAMNEA 2732210 FEERT, RE - RBRLADIK
MU, MEABESOSREG, BELAESREC LT, B0 RoSHERNTRR]LE:. F/-
Dffusion chamber Rtk 3+ X I ENICHET 2 &, —EMMAELTHEEEZBLAL. C
NODEBBCODVWTHEBRAOER A TAH5 L, RORSHLMERBERTE, BEREIC
RESTALT I VROBOHERTH -4, LivL, BWEMICE 77 1Y BB Uiss 5
HEZERNAON, TORAEHIETRREI4AE, AETEABEIOEETH -7, —F, Sk
#eFs chamber ZBHI N2 X I T, ME, KT, MELETOTMFBEOERT, BEBA
KL BWPBERNED SN, L, TA7 3 Y OEHIEE, SBETORYEMIM (RIELRD)
ZHELT, NEVEBICH 7. T—su7Y)vid, TAFhOERBICENT, TALTIV D
BAICHIE LA EMERLUA. 85 a, a2 BLU .3—9"‘37"') v, R E ORJICBARE
SRR RE R0 7. Ouchterlony B & 0 HBIHAREA~fECAH, BRORSHTOW
PR (precipitin band) EEROEROEWTH Y, DW\Tx 2§ 7 OKMBENBHEE, REER
chamber BHEE CTd - 7. chamber BEB CRE FTEHEAZF 13X 3 <, band HtH78 < T
band B S, ThoDERE, E@@Iﬁkﬁf@fgﬁﬁﬁt (FEBAD R L EER
OB EERAC, REEDCLAERY, BEDBORFCRIZTEEERTHOLLT
BEEaNn5.
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