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ANCBTF B ¥+ —H RIROIREBRRRFA A ZE 13 < 2
LT TER Y, FILTIE Tafuri et al., (1973),
Lopes et al., (1977) OBMIZHEZRPIFEICE TREL
TETWS., —HERIIER LY ¥ —F2FICO»
Tix Sanabria (1964, 1968), Tafuri (1968, 1969)
SO, MOBEMIEENFTREREL TS, L
Ly v —HRAROREBAER F—oDEELMELZ 5 5
BRRAREIZE LTI Abath and Carvalho (1966) @
TR & BREARBERIITSE & R 5 DA T, MRS
BIFTRIEHE ShTunin,

BxBER, vV REAWTERYY v — V2K %
ERIL, O, BB OW B EENREIT
LT, TAUCHHIE S ETIER Of fskOBER DL
B EBERL, v -V RAROBEHIRE ORBAIED
BRICHED TE. FRICBWTIEZ 0—EDORFED—
BRLLTfTok, ERVy—H R/~ 22 B1T 544
B BHIREDBEMIERFHET RIC DTk~ 5.
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MHERUAHE

EBRY v — VW RAF~ T AOMERL : fEF Lz Trypano-
soma cruzi (T. cruzi) 1% Tulahuen #Tdh v, XEH
NIH X Y45 &h, UY#H=EICTdAY R~ U X DEEBA
IR E Bk R B S ¥ B 2 it Lo THEERE L Tw
550 THD. EBRIZIX ddY T8~ 2 ( 8iA#20~
25g) EHV, ZOMEEEIC ARF~ v 20 5.0 BEFiC
Y V&% T. cruzi miREIHBAE15, 0002 HERELY ¥ —

*BISKEEFRFE R ERE
T BISKEEFHEMSEM AR

HRARETNVEER LI, ZhoD~ T2z LTt 1
E#ICIRERIRGERM 217V, MER s E B L=
DORHERINL TERE{TOK.
BEHRURIOERL, BIE : MBI RGBSR S ER T
Bl 2 LT S>DREYe~ U 2 FEBRME E LTHW:. <
Y AFERICT, TREIRICHHALZ0.5% 72—
TAFE R, 0.1IM # 2 PUEEET pH 7.3% 15531,
EHEAICEA LTS ERBEE 21T, Z0OHEBICER
JERBFHEZT VL, 4% VE—ATAFE FT 1
M, 4CIZTHIEE, 1 %A 2 IV A8T LR, 4Cic
THEREEIT 27 KEEIX0.1IM & = DVEREE K pH
7.3, BiKiZ= & —, 7+ N RFIE AT R
Btk Luft (1961) 2% U TR ¥ U5 a2 47
o7z, 7#ENZIX Porter-Blum MT-2B Ultramicrotome
(Sorvall) IZTH T 2AFA 7EHANTITY, BEIIER
V7, B0 _—HLER{To%, Az HU-12 AS
RIEFHEMSIC X > TIEEE 75Kv iz TIF o7,

B R

1. B 18EE

B 138 B it B8 W T B HAHICIZ—II sarco-
plasmic reticulum (S.R.) D LMERE %D 5 DHT,
f AR I L BE 3 e o, B LRI ICETE
T BHIFMBEIT LIEZ LT T. cruzi DRBRENSR SN,
Zefa BEGROBEREN.. T. cruzi I—BORRIESR
FoZZMNICTETE Lie. T O MK EREMICIER L Bb
Niehd, ZoRESEICHROT, BRI EREED O
ftEN RN (Fig.1).
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LTW3%, ZH b @ MKTIE multivesicular body
(Mvb) OHE (GHifa Co), MIKEOXRE, I=V £k
Witk zEh— ORI X Uﬁi%%ﬂ@@lﬂﬁ(?’fﬁﬁﬂgﬁ,
wOEMFRN BN, 1EE XY HHEED Mo 8
B OEMOBENETLTWS b0 LBbhik. HFE
E S T. cruzi @ o T BEES I fRIC kT
% L Bbih o e, lysosome BiEEKI, Osmiophilic
inclusion body, K/h® dense body iz X->THDH b
nTW5B. T.cruzi Bkix 1B & F UL HEICHFE
T aMBEANZRICR N, WTRLERGRERL, PiC
BAEEEOGLEDNE DL H oM. HMED sar-
colemma X Z DREHITHLARBER LEbh 3% % RL
Tn52, S.R. DI LIZEEIT L, sarcosome DFMED
—EHELRLND L ik o7 (Figs. 2,3). %7zl
EEICHE LCHBHER D 7Y 27 VIR LTS
I oicEbhiz (Fig.4). LA L myofibril nEEFlic
BC B R ol

3. RY:3iHAE

B 38 E TS DM T. cruzi B{EREH
FF1E L sarcoplasma @ myofibril it difASfic EPES
ATW5B. %7z sarcosome b AN D TR AT
CIoTEEshz L O IRERBLTWAGERT. Bk
D% < 1% amastigote Bl TH o7 (Fig.5). Flclifk
o RSB T B bEXY DRLR 5
BHEEABESh. T4bbFig 6 IZRW TR
Mi, Mz T myofibril 2L, 7V XATDERKE
7& sarcosome HMEFE L TWie, DL myofibril
oW, WhRLESCBEL, HEERCESIL T
7. MRS Ms TBWTIX T. cruzi BB R LN, %
DSy sarcoplasma DEMEITSEIC M1, M: TR LI
7o L RIED M #5R T 25, sarcosome DEEFHIT Hifk %
ok oicBESh, BfEICET S myofibril @ 9 HiTi
Sl b BEICERES NIRRT EBHL TS50
Hote (Fig. 6). TN OB L FICHEKBIERT 5 &
myofibril PEFIFDL L X I R OARICEL, FiCA
BRI ERREESHGLTH D, ZHROHBERLPD
SteabEohnie (Fig.7). o#i&hic sarcomere (&
etk L, RboTZ VRATOEFELIEMLYE, &
FRBREEDE\ sarcosome AEHEL TW 5 (Fig. 8).
T. cruzi L TW5 sarcomere bR EME 2R TH°
bR R B (R ch TR Y,  BEFERO sar-
comere DM LA DBRBENEMBEREZT L T Wi
(Fig.9). ¥ 7zmyofibril LI ITIL 7Y =2 7 L FRKL
LIRBARLZBTEE ® b o KMOBRNSBIELL

(Fig. 10). T. cruzi HRLHIAEL TS myofibril i
%@ myofilament DHAFREFIZ 13 fichTc
TELTW (Fig.11). %7 S.R. » B{bb—k TRk
LEBLWEGLE LN TWS, -l o fiRt
B, ESURESIH B S hi- (Figs. 12,13). Zh b %M
HMBRE I3 S RO BEMaoRE Roh, T
IR DRI G 2R L, Th O OBMES T. cruz
BROEE L FEENICBIRE RV X ) I Bbh DN,
1EE, 2 BEICHE_THRETARREE L > TR
T LR E Tz,

4. RY43EAE

Bt 4 BRI BIRENTDIHMAZLD invagina-
tion Th 5. +RbBLFigldlcR{m LI L, ELFD
#la (Mi) @ myofibril 132 ZDOREHEEEZ K E,
—¥ iz membranous body (Mb), lysosomal-body
(L.b), ZM sarcosome %% R.%523, Z® sarcolemma
BRIBLTH D, ZhooiarfhEml Hikmns
2AEWEL, invagination DHEEELTWS. —HIh
5O, ROBEBMICS LIELIE T. cruxdi i
EHFEEL, ZRENSEOEEGEY RS, BEEHIZ
BEHICERGHBETLTWS. Z ORI BT
BE5HIEE (M:2) b3 TIiT sarcolemma DK, sarco-
some NZZfa{t. (Sa.r &HI), S.R Dk, myofibril
DEFIDEI, BEEHEEOHREV BRI, LirL
Fig.15i27% L7 MM Tkt EF O golgi SR 1F 5457
WERIR O BT DR WVERRLO I & R 7 23 i i
BHEOIIIR 2N TR Y, FHMEOEMITR Y —k
Tk doT.

5. BYS5EA

5 B I E A5 HIA0 BT ST L sarcolemma DK
8, sarcoplasma N TO—EORFEICHENIZETFH
EOEWER OETE, BTEBEDE sarcosome DHY
3, & sarcosome D7 Y A THIE LETOZ AHERD
EHAEDOHIALEN R 5, myofibril X ZDHEEXE,
DIENCBTEE DERWERR Z L5 D 5 T, sarcoplasma
efkicEib LB sz (Figs.16,17). %7z, %
XS Ue B ic I 2 ISR A L CTAE LT L Bbh b
BNHARZEOAREREOK L LTRLI, HAKAIC
1 myofibril, 25 sarcosome, I =V VERHEEHEN
LI UIEHEELE, T oReBEERIcE S.R, Xik
golgi DIgLE Bbh 32 EI£ Roiiz (Fig. 18).
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FTTIRHALPIRENTVSY, RAIEBEBHZAVTER
B~ ZAOBEGEBEL, REVXHHKD L Oy
ZHBhEHALMTLIY & L.

RRYSERE T O— > ORI F—BRY e B W T
T. cruzi BRRGED FEITITE L AL BIRE  HRKaS
BADROTVASNVOEMERTETHS. T LTHRE
ENTHHAEORET VTG Y % — T RIROLHHT R
(Tafuri et al., 1973 ; Lopes et al., 1977), EBT +
— H ZIRLMFHET R, (Sanabria, 1963, 1964 ; Tafuri, 1968,
1969) , FHZERERE ~ ¥ 2 DFFFTR (Michel ez al., 1960),
ANOFHEBROFTR (IWHE L, 1968 ; Bk, fFE, 1974 ; K
T, @&H, 1977) L —E, Xk oS THRET S
TR cHholk.

B T. cruzi BREAIH XY HBR L 2HHlE SR ©
AR T2 DN T, S.R 2D L 0D, {HEK
IZES>TW5. S.R &I/ kL LToD T-system
L ED CHAIIRREICE LR b ORlMEEY
OhEEDETRERBEICRO>TVWELEX LN,
S.R oM, ki denervation 12X AHEBEDES
bBlE a5 (Hughes and Brownell, 1969 ; Engel
1970). ¥7z, S.R OZ&M:icE#E L glycogen particle
oY, WRLELS 2BELBbh3. —MERTE
B/ kL I 5 Z D S.R, & glycogen particle
Loicix, » 3B FET ST &% DeMan and
Blok (1966) ix#&ELTHY, ik, HHRORHOT
ZNVEF—JHE LTD glycogen particle DIEFERNLIZ A
BN TO S.R LIEREICH Y, T7bb glyco-
gen particle (¥ S.R DEIZfIEFE L THEELTWS LD
LEZ 5N TW5 (Wanson and Drochmans, 1972) @
TIOWMAFOERIIEE T 5 5. Trypanosoma
gombiense [FEHe ~ 7 A DFFHMIZB W T glycogen
particle DELWEBYRH o7 O i (Richard et
al.,1972) 1 Y, FRBERGz BT 2EFEMD glycogen
particle DETREIXEKD 5 LD H 5.

MR sarcosome DEFIIDH HFD FHERBICB W T
subsarcolemma IZEE SN TW3 (Shy et al., 1966).
SEF A bMOGERL TR D2, FHRERNICEES
% T. cruzi JEAFE~D ZM: sarcosome DEFZ DT
A3, Z D sarcosome D EFEIEH T. cruzi OHKEAN
HARE L EHERRD D B 0 ENMISHOMBEL LTESh
TW5. Fiz sarcosome HAD BTG5 L L TORNE
DEHE, FHAKHIICE L QIR RER O RN R E
e, HBANTENDLEEFED overproduction DFERTH
A9 Lo ENRH B (Luft et al., 1962 ; iR, RH,
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1973).

FEHBAL DRE DRI EAESR D 5 HIEEE AK DR R %
HEIEMMREZIZ >\ T D (FER, 4628 51968 ; Carpenter
et al., 1970) DOPTR & BT 2 bDTHok. %72,
BOBGREFTNC > W T DEAR SR L VR Z B84
REF L 28R, db=o (1968) DRME, FHEAR
BICEO P RBEI R CHEGREFIN R 5 £ T3 (Laird
and Walker,1964) DR H 5. LL, FERBRDHE
A T. cruzi OBYIC X BHROELOBREICHIT BFTR
THHIDOTHLABREICIENLDOTEARVWREEZON
5.
RO TN CEFRCBE SN 72 b O RZHRDH
&, V7Y, MBS AR OFIREME, myo-
fibril OWIRETH 5. TH 5 DOEMFT RO —ERIE Mac-
donaldo and Engel (1969) ®##n L LT 2 LD TH
27z,

ARERICBT U EOBMEERIE T. cruzi BEEOH
MAFEECEZEBELTWRWE S IB 2. Zhbo
BT REIC X AR L+ 5 & v, Tafuri
(1969) IZE2THLTRRENTWS X 9T, T. cruzi X
D GIRBMMEDO SRR RET 5 L O WA, Hl2XEAY
BEEFENFW SN, ThP—KCHRGEZREET
BILICXB0MS LRV, %72, Bl SR ®
L ZhicBl &8 Cazt ORBBEE» B Cat K
O EASREFZCEEHRRECERT 2L %
% b b, Busch et al., (1972) i3 Ca* Z@RICHIR
BHEICE S BB Z LIC Lo T ZHMOMENRZ BT &
EHELTWS. T. cruzi (I T HHERE L
BHLEZLNTVSEA, b LIANHEETHIIER
TR LIRED DR & b — TR LD L
EZ2BDERHBG L. HE ReLDOBLFHR
DWW 2L denervation 12 Xk BHIRE L FHED L D
LEbhs. L, ERRBREICEIST <V X A
T. cruzi 23 5%, MO BRI FEEL
ol D4 (Sanabria, 1968) b H Y, Fiz, —
F TR HEDO Y 2 7 NI 2Bzt 59
|4 (Tafuri, 1968) HFEETS. Ledi>TT. cruzi
B X BHRED A =X 5 UTIMRIEME, HK
M, B BWIETEHED overlap LB WEFNLTFET S
AEEEZBETELRW, BICHERRENLETHH .

WHaN T. crusi BRICEILTIE, REBRICBWTIX
BRI R B HIREN I B TR DO RE I BT R 72
IEiRIE s O 3% & R (Figs.1, 2, 3, 19, 20).
Z 1% Nogueira and Cohn (1976) KO Milder ez
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al., (1977) %% in vitro DFEBRTHIE L7 phagosome
membrane EHPILTWB X S IcBEbhiz. Z DK%
Bz de T. cruzi 3= v 77— B ALRRERR
e L bIRPERLTW L IR TS, Z OEFREEY
1Z Brucei group ?® Trypanosoma ¢ surface coat
(Vickerman 1969) L idBH S MR DTV, F 77,
b EREE I R T oo 3hE E o BIEE R
BEIhT, B, T crux BEPBARBCEREN
72 Td 55 phagosome & HIEKHH TT TIHEL=Z
LizkBLELZDBZENTELY. T. crux THIBEAIC
BWTHOE ORI FAR B & i Y fi5EMEN
IZEHE contact LTW3BA,
L @4+ % LLRIC phagosome membrane # fifAHH T
WSS LT T T. cruzi OEFEBRD TERITH
V, ¥ INEBEETIG T. cruzi XHEA T
BHCBE SN B30 b LRy, WFRIZLTH ZDOfEE
BRIEEMOBK, HREEEDZLDOTHY, BHEEK
BRFTHS.

phagosome %% lysosome

AERN D T. cruzi BRYHEEPOMHIRE DR L L
T, F—RBRYREEICc BT, T. cruzi REEDFEIZIT L
A EBR K BRI A DRI DT LRIV OIRE &R
T LMol

BRIk Roh 2B SR Ok, W, H
%, glycogen particle DJ®>, sarcosome DEMER
ik EFEA~OHERE, Tl ogIRES, EEAKOH
B, BEBHEOEME, TRhbbZROWEER, Y7 ¥F S
b, FHEBK, BREETHY, BEOFTA2S, Zh
LOBRED A =X 5k LTEEE BiRYE &
BWETEE D overlap L7cBIDWFH G IEET 5 FIREME
DD Lol Eiz, MW T. cruzi BEiC
BB U Uk YA 0 57 TRUBUR RPN b {401 BT Y 7 R
EMOMEIBE SN, LrL, ZOEFEEYIIN
MR R B S IY, ZoREEEm O mkK, H
Bz oW TRBELOH 2 LD TH YV BAREICERFTH
5.
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ULTRASTRUCTURAL STUDIES ON THE EXPERIMENTAL CHAGAS’
DISEASE IN MOUSE: FINDINGS OF THE SKELTAL
MUSCLE IN THE ACUTE PHASE

SacHio MIURA, KE1izo ASAMI, YosHiIMASA KANEDA, Tsutomu TAKEUCHI,
MAsANOBU TANABE, SEiki KOBAYASHI
(Department of Parasitology, School of Medicine,
Keio University, Shinjuku, Tokyo)
AND
TATsusHI FUJIWARA
(Electron Microscope Laboratory, Keio
University, Shinjuku, Tokyo)

Various degenerative changes were observed with the fine structure of skeltal muscle cells
of mouse infected with Trypanosoma cruzi. Lesions were irregularly distributed in the muscle
cell even at the same time of course of the infection, and appeared not to directly relate with
the presence of the parasite.

Primary lesions were summarized as follows: 1) sarcoplasmic reticulum: swelling;
dicrease in number ; blurring 2) glycogen particle: decrease in number; blurring 3) sarco-
some : irregular distribution; vacuolization ; abnormal increase of cristae; aggregate formation
around the parasite 4) nucleus: formation of abnormal inclusion ; chain formation 5) myofibrils:
blurring ; zigzug formation; streaming of Z line; waving of sarcomere.

Although these degenerative changes seemed to be either myogenic or neurogenic, both
mechanisms may be involved in combination. 7. cruzi was found in mononuclear cells in the
interstitial space of muscle tissue at the early stage of the infection. The parasite seemed
normal in these mononuclear cells and was found to be associated with a fragment of membra-
nous structure. However, this membranous structure was not observed with the parasite present

in the muscle cell.
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Explanation of Figures

Skeletal muscle cell of the experimental mouse with 7. cruzi. Note
presence of eosinophil and myoblast with parasite (Tc), and fragments
of membranous structure (arrow). (1 week) 15,000 X

Note presence of degenerative mononuclear cells (C1, C2) in the inters-
titial space. Mvb ; multivesicular body., Arrow; fragments of memb-
ranous structure., Tc; parasit. (2 weeks) 7,000%

Skeletal muscle cell and degenerative interstitial cell with osmiophilic
inclusion (Oi); Lysosome (Ly); Lipid (Lii) and Parasites (T1, T2) The
parasite was found to be associated with fragments of membranous
structure (arrow). (2 weeks) 10,000 %

Degenerative skeletal muscle cell which shows swelling of sarcoplasmic
reticullum and decrease in number of glycogen particles. (2 weeks)
20,000 X

Intramuscular nest of parasites; Sarcosome (Sar); Myofibrils (Myf).
(3 weeks) 3,000X%

Pathologic alteration of muscle cells (M1, M2) in the absence and (M3)
the presence of parasites. (3 weeks) 3,000

Z line have been blurring (arrow). High magnification of part M2 in
Fig. 6. (3 weeks) 15,000 X

Aggregate formation of sarcosome around the parasite. High magnific-
ation of part M3 in Fig. 6. Tc; parasite., Sar; sarcosome. (3 weeks)
10,000 X

Various lesions of the myofibrils surrounding the intracellular parasite.
(3 weeks) 10, 000X

Intramuscular nest with marked parasitic proliferation. (3 weeks) 15,000 X
Abnormal arrangement of the myofibrils in the infected muscle cells
(cross section). (3 weeks) 15,000X

Degeration of the muscle cell in the absence on the parasite. (3 weeks)
10,000 X

A pathologic change of the muscle cells. Note the chain formation of
nuclei and infiltration of mononuclear cells. (3 weeks) 5,000

A pathologic change of the muscle cells (M1, M2) with invagination.
Myb ; myoblast., Mnc, mononuclear cells., Sar and arrow; swelling of
the sarcosome., Mb; membranous dody., Lb; lysosomal body.(4 weeks)
5,000 X

Note a number of dense particles present in degenerated muscle cells.
(4 weeks) 5,000%

A lesion of the muscle cell with abnormal sarcosome in a square. (5
weeks) 10,000 X

Abnormal sarcosome: Sarcosome inclusion (arrow)., Swelling of sarco-
some (Sar) 35.000X

Intranuclear inclusion (arrow) of degenerative muscle cell. (5 weeks)
6,000 X

Figs. 19,20 Membranous structure (arrow) observed with degenerated mononuclear

cells in the interstitial space. Tc; parasite. (2 weeks) 35,000X
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