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AN ELECTRON MICROSCOPIC STUDY OF THE
SERTOLI CELL IN THE HUMAN TESTIS

Hidenori TAkKAYAMA
From the Department of Urology,
Faculty of Medicine, Kyoto University
(Chairman : Prof. T. Kato, M. D.)

1) Electron microscopic observation of the Sertoli cells in the human testis was made on
54 clinical cases, including 5 of normal adults, 2 of infants and 47 of infertile patients.

2) On the Sertoli cells of normal adults, the junctional specialization of the cytoplasmic
membrane, lipid droplets, endoplasmic reticulum-spherical body complex, annulate lamellae and the
limiting membrane of the seminiferous tubule were described.

3) In the Sertoli cells of infants, the junctional specialization of the cytoplasmic membrane,
annulate lamella¢ and endoplasmic reticulum-spherical body complex were not seen, and lipid dro-
plets and endoplasmic reticulum were poorly developed.

4) Light microscopic structures of infertile testes were classified as follows: (a) immature
type (b) germinal cell aplasia  (c) hypospermatogenesis  {d) germinal cell arrest (e) peritubular
fibrosis, and (f) tubular hyalinization. An electron microscopic study was made on each type.

5) Three eunuchoidal men showed the immature type, and the differences between the normo-
gonadotropic and the hypogonadotropic eunuchoids were discussed on the cytoplasmic elements of
the Sertoli cells.

6) On the germinal cell aplasia, two types of prominently and poorly developed endoplasmic
reticulum in the Sertoli cytoplasm were seen. Three of cases that showed the germinal cell aplasia
on the light microscopic observation contained the portion of sperm head and tail in Sertoli cells
on an electron microscopic observation. Comparing the fine structures of these Sertoli cells, it can
be speculated that the germinal cell aplasia having prominent endoplasmic reticalum in the Sertoli
cell is congenital in origin and one having poorly developed endoplasmic reticulum is acquired
in origin.

7) According to the cytoplasmic structures of Sertoli cell, the Sertoli cells in the hyposperm-
atogenesis could be classified as follows: (a) the Sertoli cell showing nearly normal structures
(b) the Sertoli cell with the prominently developed endoplasmic reticulum (c) the Sertoli cell with
the poorly developed cytoplasmic organelles, and (d) the Sertoli cell of immature type.

8) The fine structures of the Sertoli cell in germinal cell arrest were variant according to
the point of arrested maturation. The Sertoli cell may play an important role as a cause of germinal
cell arrest.

9) The Sertoli cells showed different structures in two cases of peritubular fibrosis. Common
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findings on these cells, however, were thickening and irregular projections of the basement

membrane as well as thickening of the collagen fibrous layer by increased collagen fibers.

10) The hyalinization of tubules was seen in 3 cases of Klinefelter’s syndrome. The evidence

of spermatogenesis in past was obvious in all cases by an electron-microscopic observation. The hya-

linization of tubules seen by light microscope was electron-microscopically observed as a thicken-

ing and irregular projections of the basement membrane as well as an abnormal thickening of col-

lagen fibrous layer.
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Reynold 30 12 X B ua 0 Bt R 35 2 72 L,
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1. ERRAEAOEE

A b Y iR E MR AT, Rk
ORICEMEYEE LTWAEVWIREY 2 LT
b, A b UK UV i E < OBRREfEEA B L
Tw%. #faBiz e by SIREESHEE L O 58
AEBMAEE LW 2HG L CIRAYRICL, i
by SRR R LT A A e N W IR IS
MRS LrELTWS Figl)., T, 20k
7o R COZHE LTV BiEn bt L, T 5
HE o> P D> A EDIC - h B PAT L O & b
A cisternae WA TWAHONEDBRE. MR
LNtk & O A ET 2 REZEE R 2 ) HllE
BOFN L BTFEECRLD EZAHNLVE, ZOH
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tilament & BN A HEEIHELTED, T4y
B MR O NEDC BT ETEE OB VIR &
Bh, Zhik intermediate junction ¢ EZ Bhb.
Fio, HEWAT UTES MBS M T HEBELTE
THEEOR 1 OREAEE LT\ 303, Ziul tight
junction ¢ Bl b, UL, W5 desmosome
DI RFRRIRA DI, B, 20X 5 IR
I H LIS MR NG TH B Z EANT LA

ETHHH, & EWWHRAREOBYILY AV — 28RN
FELTVSORHEDLRE,

D LS Y MR OB TR
BRI LT 2 OVR TR 5 %5 (Fig. 2).

&AM =AY A E M, BRAER BT
MR LB LT SE A0 DB BRI EE
SO, CRRBEIWT LT, HEL TS50 TH
B, L L BFHESBEE LTS L2 A TlL, Naga-
no2» Yiv o, T B D & <, /NafEoD cisternae p33F
TTLTEDE TS,

R bV HRORERICERE I WL X
REBIC T o T B & DT Oie il <7y,
fMifA 121 2 FECGAL TS5 E0 5 2 & Tk
<, HMEEC e ) BN AET, HiaE
FERITICHEREROMEREEESEE LT
HDH. o, BEMRIEERCEEEL 258
e P VHEEA N LT BEA L NEDOND.

2 = ORERMFLEE L OV BE, b ) Ml
OMfREN RO & JEOT, BEECELT3
BAEVRHY, S0 5 IO EC IR A
B LTHFETLHEAIEDDR Fig.3), Z hixx
ANV RS REIETEE L ORIT. AR OWER
BEET 5 X I RERELE AR LT 2D TR wD»
LB,

54

— iSO TR Lo kE L, BRBE-
TEOTREN s LTV 505, Ui LIESEEIT R
feAZRH L TEHY, ZhiEigdimicdiot, o
Z & eioFifal kESCRAEIh s Fig. D,

BEEE T, I<BELLBMERELTOS.
PR B ES—HHERCROITHE Y B LR E
J% (Pars amorpha) & vk & b By X 5 CHERE
%% L7z nucleolonema &/mBELD, THANEERT
L, && & ORI 1 =2 73 # 2 gl MER
bbbz ENHBD (Fig. D).

DX DIMEN LI FE LTSI & RNA
HHL, BEAER EOFER I Z ERERTELDEE
s,

i =]

N D e b U BB U IMESE S L S FEL
Tk, BHEO TR D LB b in vz s
FEENE L. PNakoded IEANE S HEE N
I DELLELBDLNID. L ECBEHEEEOT
INEAEITHECBIT LT A ERRBs b5 Z &3t
55, HEDIEDOSILIC I A B F4ET 5
ZE XD A EEONRENETTESILTABRD S
EREN PR OTBIERD S\ I NERTH B
ZERE L, MfRT A D Z L X FROL OEEDD
i MSE ORI R E oS AR R
FelsAs, B L2 & < 4 b ) ffaRES S LT w
5E AT, MlEORMC VT, MR ET
LT NaEREA CHEEMBERPER L 530
®, B0 REY & 0&E X5 CBROESIZ: L
T5300H5.

Ty —HE D COREOMRENSMCILE T
EE - ERZEDT, HEORETE . 10—
N, M, B EAERD DA, SWBRCE R LTV
%Y BIrELBDLRILL.

Sbrfd | RRRO I BEASmREESE T, X<
FEL TS, Bl BuEmiE: o iz g
PEEAH LTV 2 X5 R - THIERCEL
T BEETE, RREN - O EE L CHEET S
ZEMNE. READORRETY, BRW, BREE
2BHHH, —BEEETHDLZENEL, k& XL
0.2~1p L RPNEEFZFTHB, KEVL DO TIX
2.5~3u b ETLZLONDS.

AR MEEE X D b TR BETEENS
LA, EHIRC AL 53, BTEEIRS V.
%72, EE N T it intramitochondrial granule »3%
a@bbnd Fig 3). SRR —Bedid, W
R vz EARER L, ROFHEOPEERE LT
HHAE D, HRECE LV X 5 L e b
nn. IR, FOFROMEITIRD SR .

falsS - v b U MERER TR G B oS R
BTG, THIZHIRENCEE, (X HEYRLT
FEL T35 (Fig. 4). HREMCIL 1 ooBEMEL%
FHLEERCHE, 3 2BMAEOL0 (13D,
IR A & e T ARETE, E s ANWERRD LD
(IbI) A0 LOREDOLID. (ZhbOF
FEDFE ~« MIIEE, BiKic & ORERICET S DTl
fewindBEibhn, ) ZoEs, BHEROEYS L ET
HEOIEFIZE G/ NBEROES L NEE LTV A
40 (lipofuscin FERIE Bt ) L Hh (1ED,
ZRIREPIR OB B O MO NER & D& T
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WAHBD LD, MNERIEE - TRIEMAEEES< -
TSR EERIEFEI AL a0 L 0, HER
PO NERIOEGHIEAE LTV D0 S Dix
ERHZBLNRS. DWTETFEEORV/NER DO LD
ERINHEOLO(MEDIRDObIE. ZDLHIK
EaxOWRBOBHENRDLNSEA, B Iiibh
B0t la BB I o IH#C, 1bIIEENDEL,
NEEEhTH3.
ZOMOEEY | HFRLEE L LTRFEROR Y
AR RS, & Z2WIE 10 BT EA TR D,
O/ O ERERNICERE ¥ 0.20 O 1 OBRA
Bx b2, JEMEOMPEEIA TRDLID.
2%V, ZORFIMEE DAk ER U THEEL
BEEBERTHR LT 50783 5 h % (Fig.5).
M/ MEONENIIERE X D BTFEENEL, <
DRI EHOBMBERIFE LT, Z0ESE
KA BT NI N R OB A L, CHE/NEED
BELHY, THERE LIDNEOEALES.
0 L5 e/ MERTEE IHEERIC BT A T
52NV, & ERIIRORRCEGTWS
cELHY, FREEEEE DB THWALDLADL
N5, IBCHERE S - L3R4 % annulate lamel-
lae LEFELTOIBIBEDONDZZETH B,
THOBEC LS, /Mafkk Nkik & s BiRic
By, vk NaE—Nk & E 58S (endoplasmic
reticulum-spherical body complex) rMESZ & @3
5. b/ lEGEEELEROBLBEEL
T, B ED 2HOFEC X » TH T W RTERE
BN TEME D, ZhPBECLFETICEAT la-
mellae ZHH LT BEERLL 5 (Fig.6). &
DEREMICAREECILE ZAHEZ AR TE
NEEL, BTEEOBVELER LTS8, ¥
LR T REE IRELEC Thl I hic
L5 7eRREDH E MR b D, BELEE Lol & ik
SHEMORZEA LT, K500A TH5D. Ll &
5 L5 5 ikl Sl OB —E LT
Tous, Fiz, RYPEOKRER CIAEREAREL, “h
PHAECEBbh 3/ PENESEHRDDhD. Fi-
Zh B ONLFFEORICL Abh, —~EETEHE
N, BIEEDCTIEEE W HMERLR ONE Y
BATWD., HOFFEIBEDNEEEEEZE LTS
Db, K L EELRERES D LD E B
B, ZOXS L ERNCR—TH BN, EBI
BflilcdEr Licbobab i b (Fig. 11). 2%
REEII R DPEICH SN D annulate lamellae & B
b, TORBmECHEYTLL0THS. 0O an-

nulate lamellae O#EHTEIL Fig. 9 =& T, 3~
4 p DREFELYH L BEEHAB OB ERESED O
I 70~80 = D/ MEIBEE XD, & Wb DM
BECIEAMPRAT, BEIETFEEOSVCREYZ
BRLTWw 5 b O, WNENMEEALZHFARNIRO D
D, EEBRERLPBEEOIBERZLNER, Th
& OB 500~600A TH 5. BHEICKT 313
E#Eny7c lamellae & 0 RRAHEECET UCIXENHE Lic
H, FoENCHEOMRC B lamella % AR L
TWHBLAD B R 5 Fig.7.8). ZOBATLE
DS R L OCHIREREC X 5Hlsash, SHED
WCRMEENEERLTWBE 585D, 28D
MEIEETS., cDX 5 AHTR X b annulate lam-
ellae » [AfEOEEH CROLHARB 0 4 0 LBbh
5. Fi-Z OfEEYT Bawa2 d\~5 lamellar body
ERbRS. R OBETIERLIRI ) 2=y
BEREBLNAERENALNRAZ LR3HD. Ttk
D X 5 7¢ annulate lamellae DAMIE E T ofcd 25
L lamellae & annulus MEHFH LR b h, E
SEORMIE S & TS & BNE—0BEC T 55
BTHDHEDBMENTHH I EHRLTND, DER
BRIES L LTESGEHED bR, iR
CabhDZ & BECELEET, LOHHIIER
HThHD. W 2 o0HRED, —OlIvhd b
Charcot Béttcher ¥ RF (Fig.9) T, K& X
IR v, BEN5~8u bW, HHBETIIRE
WEHER D & OIS LT TE TR D, BEE
TIHRIERE T, WThoFRThRESRF -3
Yol E D Z LNV, ZRHITETE, TKEE
B ALESTH B b fhie\ . IERRCIIRGEY
OEHERDO L > nlEH LTWBho e Bbhb. fit
DD ILRHER DN oy, & FRIL SR
LTHETHHOLOT, - ORI EINCES
CEROEEEE ED LIS (Fig.10). DTk
by MR I E Th V2 DS E LT, FERIC
W, EX, AmE LI RA7 tonofilament D%
HENBAE LT\ 5 2 & T, Bawa2 (3 2R % cytoplas-
mic fibril & FEH L T35,

BT lysosome & Bh HHETHH, —EHD
BRAREAYE L, WEDBMERIRT, L2ALZAE
FEEOEL Lot/ MENE ZENRZEE E 3B 5
(Fig.12). BB IThTiid o0, HMHENREE
LCEERFEEETRARELF L EBERZEDLR
5 (Fig.12). Z AMEEDOA R ST, ROHAR
annulate lamellae OFLIRIC BN BEBE 0N H 5.
Z ORI TH B IXHE STl R, 7Y =
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— 7RIS Db Fh s,

kOB

EHEDORABCE LT, ., PEAEH LTI
Clermont12), Lacy & Rotbalt2®, b FEHRIH LT
Leeson26), #iR48) DEEHLIH 5%, Clermont, Lacy
& Rotbalt OBEIC X 5 4F% e P ERCHER LT,
DED X 5 IR A .

1. WEZEMALE (inner non-cellular layer) Zih

WOEDIBRAEIND.

DEJEREE (basement membrane)

B—ic 1 BOED A\ i bR 2w T
B2~3BOEESEYETHLOT, F OEIIL
100~150mu THA. Fio, &IAHEI AR
BfAHRDN D, Livh S DBk b B
DI TR ST 200K TH L, Fl
ARREMCEET 28580 TR CHEET .

1) BEGHERE (collagen fibrous layer)

EEE & o ¥ ot E o bmE <, BEREE
B LY, WRELLCETL, WieDEE
ERHLTHS.

111) fEAmEfERE (fine fibrous layer)

HAl7e tonofilament BEDIBHE L H LS.
2. W#ERAE (inner cellular layer)

FiVH 5 FERORET MR L D RSN T
W5,

3. AigEffaE (outer non-cellular layer)

BEAER X OV S E R L OB LT
5.

4. A#kERE (outer cellular layer)
B REYETAHEEHMRE -~ b K- T 2
(Fig.13).

2. HREHOBE

KR HT S e b ) MO REE 2 AT
TH BN, HEEBRCTC kG & - oFm 8 <, K
M OELR AN O ORI A BIEMY, 5
A2 LTk, BR: OXGINBEE TG
HHB. FBHECERANCS S Z L EPAREED bR
Fros.

WA o BRI e N Y AR E S HET 55
&, BADEEEIERCEM IR HDIS, 0
BECI LB R BMIS IR AR RS2 0% TH 5 (Fig.
14, 15). L 2 bHEET 5 Mo Matk g
15 L0 BHEMERLHED L & LR END T
. FETAHHATIEVERNIGSAES D L%
V.

v b Y MR S SR T DG AT R R B
Bl L6, BEERND D IETEM L
Fa LT bH o EIIRADEE EELLL,

BOBREEAE LTV AEEL (ZOBREGRED
o BRI E L CBHEMAR LrED b il W 2%,
BT O Y LTV 5%, & i\ Al
ARSI, I ORI MR E SRR ER
Dhh BT ENHD (Fig. 18).

%

BOTIL—IC MBS HVIEREAE T, AL A
B & XEERRAILEE A FRD BRI,

BMEE B B D IR A b R B HAND D,
BANCHBIEEFRFE LT, FIBADOL DT
pars amorpha & nucleonema & 23k, & H K FILT
LI, $ROLOTIREERT, gl
N N 1Y (WA

|k E

BT T 3 M L BRE O RO S S
LD E T, MUV OEECKCTLENRLDR
7oy, FREN/PMEFC R TL S HER R - T
W5,

AN L R A B ) RN O A R AR
RS, SR OIFEENEL. Lo LEMED
FREHNDBEILFEELTS, NNaEDHTY
BE/ MYk O AEEL, HE/NIkOFRENETH
5. S ORBIEADOEE LM TH L. HMEDMagiL
R LEBEBRDOLOREL, EBELTHEETHHE
miedH B (Fig. 14, 17).

TP —E L QLB I RELTD
Ensztd, BEOHMRBETR LTS EWS T
. A —Na, il Bl EVESLTERD
B, ThZhEfEdr s - T2 0OX8EINS.
IS —BEOHEIIEEAEERETH DN, HBHLD
LA ERSE M E S A T 5 DO TILR VW in & B
NAEGREEDLIS, L L, e % b & Lo
RER b o e ERITE D b DGR B o

SRR SRR OSSR T LT XL
B, B A ) MO L O L NS L IERICE TH
5. FEME ORERIZIT 2 b Y HifE & R B
DHRRE L TR AFTIREA RN D, AR oM T SRR
HORFENLE L L, EEEOEL TELFETS
HRaAdH D, Tio, REEOHELIN, K, 8
WA DONDN, HEETCHETS Milao
SRARIREETE, BE L <, BRE T REofiac
BAEO L DOREERCH D, L URAEL Y
Ml 2.5 2 2 BEREIR LD o, SRR REER
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MEREE L ) EFEE 78 &<, intramitochondrial
granale 4L HA TV 5. HioRLIEND L, SR
FRER L CiE EmEECEM LaBEYE LT
%.

BERITS | RADHETRBHHO MRS
Chmbhic), ZOBFTRIBERINICHBE o
F1z, BEOKE DI, BELTEETSC
Lire\. JWEBIEGENETH B Z LAEL, BRAD
BAHER RO EC LB EFEAER LET, 1
iz ghe, T8ERE abhiy. 18ogc
3 laflpsRETHD, 1bIEEAic.

SRS SR D AL b Y SIS A TS D R
BHENBN, ZOBHFTIRRDLALDR T K Eh
T, LAvd R0 5L BT EREBIC T il )R 5
H, SRR O R MM RS R .
ORI ACTEDONELOER UTH DN,
T EBAR L LN & & & KB OHHEL O b DA
T, BHERED X 5 eBnd D23 ERd B S (Fig. 17).

Z Ml L PRtk & BRI S D L Bbh D an-
nulate lamellae 33 X Ok — NGRS RS IR E
L HECRRVET I LA TE T, BE
SR FFT 5 b ) R CHRBACR S o &
{, tonofilament FEOMMMIEMENFED L N % A,
FE A R R DRI T & A ERD bR, £
2, BAwL Y HIRTL BN lysosome & B
ﬂél&@ﬁﬁﬁ%ﬁ?é%ﬁw%&%héﬂ,ﬁm
TR S LTAREHE T A BEIA DR,

*= E E

ERERAREARASAOETHIR L2 & &0
At > Thb E, HEET 150my TRADL O &
~pRERO LT, BERERL 1~1.54T, &
QIEAERZEFRDL (Fig.15). HEERC
LR ADEE, BEBREIEDDILN, $HEOB
Hixe A b h Y, BT, THAVRAS pino-
cytosis 7e & b Tns.

1. THEESLOER

FEEBEOSARME BEORET 5 © b &
D, TRCOBEOEENEREL R h-cObT
ChENET A LIGERCRERZ ETHEDT
FPERMEBAY BN HE L, F0ES LCEEY
BEA B Iy, BEFTR L, ¥ogEcEH
B i Y AT,

FEHE OFR BRI B2 D O XN I,
301z Engleld), Nelson, £%32), FE#ED, 1LiAS5D,
Koudstaal $22) 7z FOEBENLZ LN DH, B0
OEY S LR, DED 6 OIS T S LB

Bbh, FLBBENBEELWETS 2L EFRMT
H5. leBTHERZDOBENMMBET IS\~ T, JED
CEEBRTH-Tob O, o2 TiHEHEben -1
a) R (immature type)
FESHLOEMEC AN TEFROBRRDEL, BA
OO HELIF LA ERBRT, HBHEMRE L
FYHIROARLDLED = RS, L EILEMRE s
b ) HfE DR BINTEIRE ERS AR L
T Ebhbh REBEOEELEEA S

b) EEMla/K B (germinal cell aplasia)
EEOBEC AN THERIRPPNE L, BEAR
EHERE 4 LB, b ) oL TED bR
TV ORFHFTR TH S, EERELCCEELT
WhBZ ERB,

c) JEREHAEIETE (hypospermatogenesis)
A A B ORI L OSBRI
BhaHR, —BCHiaEs e, BRI
NICREECH D, BEEOREILME 2 T, EWCHENL
DEY, IRDEDOBNLDEFCHELETD. ¥
B I A T Lz b %0, SKMEEMian
HBEASZ L4 P 5. BEET—BCBEE LW
U,

d) EREEAEE LT (gevminal cell arrest)
BTOWMRE ZB 0 b T, BHBE, B
B, FSFHBRaT & OB B\ TS B L L
ToRER R L, MAREAERCHEL T\ 388
5. FEEEOEEG—RCEH Tk,

e) (ST E G (peritubular fibrosis)
RBREEIRANRRIC, FEEE ok
ThDH. HEEEIHESh, SERMOBMROI
P,

D BHEEBETER (hyalinization of tubules)
BETLEIHTEL, BERLe 7 ) v HECT
Wicqh, HBHEEEHEELTHS.
EENEBREY B 2o P NEEAERIIIAT
D OFEMEFMBIT R A EEROH B - TH
IHE, TOWFRIL Tablel1 o2& T, F451320
FnbalFETCTh ST

M EosEfIE Rt LT BN BB R AR~
5.

a) R OEFET A
ZONECET D S DU, FHETIERERESTE
LTI AR TEROREINE L, BlERORBH
JRONEL LA ERDLNT, 12d A SAEHMERE
DREDFE->TNBLD, BIOHRERGDZ LS
L 2 b )Mk E ORFIZNERE Lisv b DY
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Table 1.
% B W 4 @ | e

x # B 4
B oM B X st A 15
& OB OB O £ T OB 12
& OF OB O B L # 11
oW E R OB B B 2
¥ oM % W T o4 B 3

&t ‘ 47

GERLTWS,

WECETA LD 28] EFMA—1, 2) LHEER
BT5bo24 (EFIA—3, 4) 2350, LITES
% Table 2 T BEIZHBNMT5S.

Table 2.
ol s o T R o
A—1) 201 E% 0 EHE
A—2 |29 | EEH | © EE RE T
A—3 2t | BmER | o 6 LT
A—4 |23 | BEER | © 6 LT

Table2 O & < 4 6Ih 3 GUIEEERE CEGIA—
2 A% normogonadotropic eunuchoidism, JEFIA—S3,
4 p% hypogonadotropic eunuchoidism Tk %.

WFCEAA—1, 21X URBYEL, B
BN Y A L RS & U OB IR D 2
PEBdHLNnD (Fig.19).

FEFIA—3, 4 iLBMEPRCIr RO MEEYE
THEMEEBbh sl Bl b2 ik i &1
T, RIEOMEL D EEEOBV LR T A
Y MRS Blbh s i L © 2 EEOMBENEET S
EBREA, T UL WHREOR IR L L
(Fig.20). L2 L EF A—4 TIBHEC L - T
Bt - E D HDEND L DONBHD

EHEAT R

BEECEVCTLEAA—L, 21L2EREOR
HELTWABDT, T Ihb0BEERYEN, ©
BIEFA—3, 4 DWTHRNLZ LT3,

EGIA— 1% L OVEES

v b ) fERO BRI R BE T, SAEERS
<, BAIER /A Vflilao o & & EMh AL E
LTWaBZ ki, L LEMEOEERT
FETZ 2 b ) Ml BRI BT 2 FHm
H5.

Lict o CHIRAE RS MR & Ak S TE TR IE R ©
BEEERRED B TELCONZ2, eV
ERECELTWS2EETLEHE, fixEL T2
BT LA LT, EEBER Oz Y I TIHE
Bl AE LTV B340 5. L LasibM
N B BRALIC Fo\ TR B IR S B BN R E L C
WATTRIIERS b, BlEACE e b Y il
DEH, FBlEE LU LArEDLRT, R
D LIS REDER Tl A+ ) MBERED LD
B U b BRI AS, S OX 5 eEn T b SRR
I L B ey (Fig. 2D).

B P ¥ B C, SR e b Y gD b @
TR Y, BAES 24+ ) Sl s O & X EH
B A R RS D & Likdine. BIMADREITESL,
pars amorpha & nucleolonema & DK FIVIEEE G,
nucleolonema EHEAEARLTEY, BlIMEETEED S
Moo,

M EN/ NRE

NES L NakOFEIREN L L, & REED
AP KIS TH D, 2w+ Y A CHE D
AR OTAET, AR/ Y TR VE
ROPNBEN LS FEE LTS, COBECIIEE
AEDVPNIIRTH B Z L TH B, Z EWIEFIA—1T
HESTH B A, A—2 TIRERNIKLED LR
5. ol B NIRRT T ORI TH B, T
BRI IIRTE R L B, BROLOIUT LAY
T, L ESLTEETLEACHS.

St L SRR OFRBEOBREIXIEFEA v b YA
falE LA ERABTH Y, FooARELEEERT <
CESTHEECH D, Lo LB OHARLY T+
v YR L S S E L, B, BT L ORKER
ST, BREOLDIRERT, Modicd, LR
A 2 ~3%MF2 5\ ¥ /o . intramitochon-
drial granule |ZFRBHHNS.

T« BBp O ST R by a5
ELFREIRET, Lb/pEobong <, Bilkla
Wiz AET, 1b, TERThCALNRSS, 1
Air b (Fig. 21).

FDEM T A Y —HEE, tonofilament FEEHERE
RALER A Y Ml s RS bR, BRBNCE
Ricb DixH bR

v b ) SRR BRI E R b RD D
h, FOBENRMERRONIO LD THS.

BAIER £ b ) MIRRIC 329 b S/ Matk - /NEkE
H AR, annulate lamellae L8122 -8 TIT R
WA o T
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#* K E

HEEEITE— 1 BOEABR D, MBA, MBI
BHHEWT, IBEL LGRS, BEFERIRALE
EERE AFRDLh 5.

BEEMERIT 3~4p R L, BEBHEOMIENTE
»hhad (Fig. 23).

EFIA—3, 40BEE

FEFIA—3 & A—4 & TR THEEND
el kL, BEHRCREOCTLHENRRDLRS. A
— 4 TIEEBEC b AR ST L 5 A—3 &
DLRBL T D EEZLRBN, ERECETE
A ) IR A—3 X b LIcIERBR E LT\ 5.

A—3 CIXEHEPIC 2BOMB LAE D b ik
V. Theb RS e b VHBETH B, B
BEARSHVZFABERL, 8~120 D KEET,
BB TcRE L 6~8u T, 7 m» =5 VHRERC
HTPERDLN, BMOFEREIARTHES. OF
DISHMRACE T AL OB, Db 508
SO A b Y METH B, BEMAEY L O
DISCHFELTEY, LA TRALERE /L )M
fam k 5 ie MR HATBTE LTy, MRS
LT SEME TXBEOMY, Eillr b - T
b, e b Y HERECERE CIIREOKRETEL
TWBDHRT, BAEERERZAD R,

BurEdaaoch X v/ Bc, PS5\ iRREH
BT, LERBEOCRATYAL. AR/ r<
FYRRDHR, BAMEILEHLISREEL TV 5
53, pars amorpha & nucleolonema & R Gk BIRE
Tis\o.

ZOr 3 2fEoMIErRebh s, millaod
BTN COMIACEEC T 5 LIRS, Wil
EIREEON L B RE L TRD, LWhwbEy
LHRRTHHEVLD.

FEBIA— 4 TIIEBR bRFAMRER D 1o & &
, BEHCLLBHAAZLNDD, Zhl EOET
EEGRRIIRD bR

b Y MRS A ORBENRL N, A—30D
THRIDEBL TR Y, EHLLSATBOMLADS
5. BRIOBNMEOBREILA—3 0L 0 LFEEC
KEAELELT5, ML ok Btk xR
2, BHRERERL AL

NFafk L B DT AIER £ &~ b Y Dk
NTIEECEHTH D, T EREFA—3TBTHT
B5. LnbRALEE L Y A BRItk
FENIEFC X L, HE/MIBREGR, 2o 2 5
TIHE Mtk OFEN L, A—3REBWTZOME

AN HICE LY. BRI AERE I OEREYE

LTw54, HEMIFEERO L Dp %, Ll
BAIER 4 b ) L n 2 & EBGCERIR N
ENDY (4%

FRILE L SRR ORBRIEFERAOHSE LFAFCR
FCHHH, PMNEOLDONEEAET, HEERNCHM
WELIBEART, BEOLORETATHD. ZOME
MIEA—3IEWTHEL, EEAEAMAR TS DN
A— 4 TIIEFOLDLEBL A, ARRED SR
FBIYA—3 Tixe < BB EET M, A—1
THERBRQCBCEE LTS (Fig.24). #Ho
REE, SRRAEBEREREOLOLEE LIE 2 A8
{, intramitochondrial granule $EBHN5.

BERGE © IRISIEOSF L 25ElE BIREL, Lad
NELT, TEREENCIE 1a B2, e TR
RSV (N

TAY R COFKRBIEEDSET L R o
2 ZOEFITLEL, BOELCEETAERCH
5.

HERE D EFA— 3 TIIRWIET Z &N TE e
stedd, A—4 Tix¥Eics s Charcot-Bottcher #Y
DERE G ARSI (Fig. 25). + OSSR
DHDERNDE Ao,

BB EHEE LT, Z hbd 2EGACIEHEED
annulate lamellae2Sg8d 5% = & ChH 5 (Fig. 24).
G JORMEGEN E LB D bR 525, EEo
B REEETHILND.

L2 L lamellar body 13 2f1& bR u7EX hu s
iR el

TDEPBAESE 2L F Y #8JA tonofilament
PROBNIEIENGEIEET 5 DA TH DY, O 24
Bz hBFDBLN, LrbA—4REBWTEETHD
HEBSE  OMIRERNCECAETSEA 2 B0 5
(Fig.24). #laCr\voMRECRMEE ety #
ML ORPMRTERCEETL, OB EOFEE
i) HIRTHESZ LERT

EE E

LT A— 3 TiE 450~500mpu & i b JBE% 5
DB, A— 4 Tk 200~250mu & BEOJEET, #E
1T, R ACEDLIT, FLALZLR
W (Fig.24). Lo LESFERREZDOR 5. BE
HAERTA—3 T2~ 2.5, A—4T15~2u Lt
CBEEMEOMELYRD S, TOMOBIL LR
b =R =AY P

b) fEAIRARE O FEEEAT R ‘

FeEEH TS MR R AN EN B AREGI BRI T. 2
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nors L TEBENBEYB otk 2 b, At

VAR pREER, C EETEMARORESFN LD
DL, MIFEED LI H D LD 2FTKPIZND
ZE Dot LIEKEC 4 iR anE
TH DO, BEMC L ) FIRERCER L
FHREB X CRT ORI FRR I WIS 3 613
Ho, 2O LR TRETFRESD -2b 02 EM
BRI BTT5E 0 2FEY Uy 5 $AEINTH
L OTH 5. FEHEF NI D R R & R
EWRBHDERRPDVHILTN SR, & DEL B
FRNCENT A SXBEDCL ZARARETH S, *
2T, CO3FDHR, 2 v ERECFERIC LS
D& T OB MBI OLREFIOFTR & % L&
L, BRELEREE DRV TE LS s
CEEHE LT

e B EBEACHE TETR X OB RO I
UTHEECBACEE Lichy, & RIiE, BT
HLELDITRWISRe T (Fig. 27, 28).

BALED = &5 38 LS e B B IERR R i
BRI 2 b ) Ao IS PO 2T 5
L, D¥DIBFH/THRNS.

) b VRPN OFEERE L b D
CPRatkRER) — 4 4

2 MatEoRERECL O (MMakFEERm)

—— 8 f

B ) HRERCEERO—EETED S L0
GEMlassE) — 34

R INAD O 3T o X B B Lcds, o
O DORFINELHEINCNLTERD -T2, UTFEBFHOE
B R N5.

(1) NafkFER

w0 )i Cle W ORBRIEERAD LD LED
TEITHAR S EEBTH D0, Mo
R L OIS LR, BiiicEM, TR L
TWDORE. L L, AR O FRE O R Ec
N FERET LT L /NEAD cisternae %309,
Wb DHFEREERR A B LT 5.

ke b ) R R AR R B & &N
D5 T, BIMEDFEEL I £, pars amorpha & nucle-
olonema & THELEI T\ % O BT D b h
%,

Al D HEERCIIE L 5 Th OO T
HBHTEL, PRaERIEERT L EEL TS (Fig.
29). WwmEbRadk, HERELdeHEm LTy 3
P, TREET T R TIZTERO L DN E A E
TH Y, WEDMUFIKEFVREBRTH 508, R

DLOLTDBND. FBELLIKR LA cisternae
EH50DbHD. Lo LHMEC 25 28 S HRD

LOXRD LR, FEE - HEm kR TR
TEBBRLEELH 5.

MRS AEEICH 243, Fm sk
DEEFRD S D\ DT HA THRD BB
BHRCHB, Z0E», EEDEL Y HEC LD
KT E L, FEROFABCHBCEA TEA TN D
DEFDLZELHS.

FRLE | RBADIRIIEFE O S D & T HiAy
RIFTH5., M L - TREQCHECHF L, BE
LTHfETZ2DnRLLRS (Fig.31). Lo Lkkitk
DR E JXEFHCIL LNEID b 05\, TRREIICIL
BW, wIAEOLONREL{, ERELLED I & ERER
D% DA Ty, BICRRIERBECR LTEBRSEH
L, SRR 2 CE LTV 5L 00E L, ot
BE 3 ~5 & LB b o,

NeRhwE - BRI ORI R AT, LnbHE
THHFRTEAESTAIET, 2ok E S ihdE
DELDIEND THD. Lo L 1IHOREGINT, S8
EAMRBIIE TS 528, HRCEE LCERT
HENTEDLR (Fig.30). LaLzoHgd#
B IR LT3, Mo L fistrd 505,
SRR AL, LB I BRET 5
BRUZED D THDHENE DN, ZDOEDHBEBTLH 5.

TDEH, TP —EE, EEMONIERRAOSE
HLARCRD LN, TOBELERTIL.

D - PRAEAEE LSO LR, annulate
lamellae, lamellar body &7 L, #* OHMPEREDL
FEDLD EZE S\, lamellar body oIzt
7y 2= R IE AR s 2 LB 5.
= E E
EMCHEEEZ D L ODOEFEREE THHH, T
TOEEE I —FOEIEZRTLOTRL, Aok
S TIHBEDCIRELRD S, EFicth—Ho 1 OEE
LTRDbNS L LEEELRL, ZELOEME
RDD. EHCETERDLN D RIIEEBEDA
T, ZORARDEERRNCILETEE OB S
KA BHHDbH D5 (Fig.30). ZoOfEAR1
~ouBE T, ELLARERNIWL D AT A RS
Bhigo,
BEGHBILEMCRBWTIELZRD 22, EHT
I VIBEDOENH D 2~5u DL DL,

Z D

TIEFIVC s VW T @ ZFLEBT O ERCER
100~200m ¢ T, —EORAR L & 2/MakHHRD
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7z (Fig.32). o/ PMEORTCIIBETEBEOE VM
oz HE LT\ 5% 0, HENOFEHED b
DERFDD, THIMITH Dby, B
RERIZf] s DRI Tl s s & B s, 3bHIC
CATHEHRLIWERS R, IhLRHWERTHS
ETIEIEHCRRD H LD L Bbh b,

(2) Mgl

ZOFED A b VRS Lo &, #MRER
DNEERASFERE LT\ & 5 S TN B R R
ERBIENB L DT, EHERADTRE AT RE
E e,

BHERIIL S B A AL+ Y JIRLSNC 7o A DX
AL BB T,

e b Y MO REBII AR S LSAFT, et
) AR S OB A IR AT B Z o TR
b, FRBEBEREMEREZE LTS,

BTIFEDL DL ERT, BORATETD &N
%L, BIMEDRELRIFTHS.

Ak NEREERE OEESTHHIEL, &
OED /PRI RENEL, EFwL Y laToR
FIvbabrcX o (Fig.33). HREI/MaER
EHOL 0L FEFEERS D VI MIRTh 505, #R
Db DN EICS B, Ui UHE/NEAEER
T, REDLOMH D, LEn L2007 LTE
ATHETDZENSE ., D2 Liter b flas
Il Lo chb B 5. :

SRR | NERFEERIC 05 Sokitk & RN
M = 7 B0 b opE L, BEED L Ok
VW (Fig.33). e/ mRBIERc L0 #Ried, =
SRVCERE L THET A2EACH 52, Z ECERER
L TIRE S TH B, TOMIXBEDOMEBEGRI
REELCHEETHHALRDD,

B NatFRER O Th & REE DL, SRRk
X o TRR AP AR 5.

FEWH - Zh b plakFER o8E L RRE D1
FIEERBTH D, L Uikdib 2 OFOBEENT
TR EINKE L, LHLBEIE - THEETLHE
FCd s (Fig.34). HREHNSEL] aflkIo I3
WEEAET, FOMOELENTHS.

FDED, T —HE, FHEREIADL R D
2, BRI R R WIZEinuw.

LB

EEEOB LT/ Ntk FRERIC 2 A B b & IS IEFRE
THBH, F—EACK O TETNT e br 23
kM, B IhBERD D F D X ORI
100mu 755 800mu L4 TH v, Tl BOER

BEETHLOREEEEYRTLORE N A B A
B, —BR LS AR E LT RN AL
ATHD, L LT DA SE O BRIER 238
% (Fig 33).

BEEMERB MG RER L AR E A EOERIZ
IEEZERD 5.

(3) FEHRaEHEI

Z OFEIFNE Lic Z & < BEBEREN TR TR
MROBEXE L T2 bb T, BENCCE
T E A —EE2 BB b DT, Lich o CBER
B CoRMlaR i i L, kT ToNERS
BEOXEbBE LD THS.

DD L DT O TIETFHREER D - o &
BRTLOT, DD IEATEINTE 2 LEBR
HEDEMRR AR OB S AIEET S o L 2 it
D, DWTIRAEFED b0 L OEIINFERC 500
miiov. 3ERE DREE OB AR LY D
LAAHE - b Y SRR OB OFT R a5

b Yl Ul ORI A AL 2 BT
T L TR b, BRI E#E ks
FRTEENHHY, BB, BTyRETsoL
M. BBEMRERIRDb .

BALIER D b O L BERAE F fas R, &8
RERCBARE L, BMEDORES RIFTHS.

AN L ORIk NEGTEES T X R %
2 OFEIR R C, HE, HEOM/ P MafgsE-
(Fig.35). HEmE/DEEIERD L O D E ¥
o TPIRLA CHRET HEMCH 5. DRKOFE
DECORHE » TMNaG - NREESHEELIZEA
ERD LRI,

SRR L SRR AR O MR E N A EE ORI
Ao T, BBEIIFEHCELBT, EEREDORI
FELTHEETAHEALAD bRV, BRIXEELA
EXAFE BT, N Oo»nEL, EERT
BB L EBRBORMBOLDONITEAEH D b i
W OB, FEREENE Lz 2 B0 L 0L FEE O
A, NECEEEE LTV,

BERGE © MR X » THMRBR—E TR, X
TOMCZLRD &5 2 e, Mgk - T
BEELTREDLRSD, HHHETIIFC LT
LZbhl b DbHd. THIXLEERAOEAL U
BTREIE—RRC T O ORI OB B L
5 TR - TW5., BROKXE JIIE4TH B,
HRe IS LB ci T 1 8c, 1, I#
DB R,

AR EEGMERERIRERDLh, B
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FEHNC BRI BB L.

annulate lamellae } lamellar body 12 R\ 739 %
BRI AT aVEERE L.

FEENE

HEEREZOLODIERIL 3Gl bciid b i »
2, BRESREL, Bl E2ETA L0545,
LA EIARBOMARRD D, O AR LI
LB > £ 53R 5.

BERMERET 1 IR TH 523,
2~3u LBEETD D

L2 AT ) BRERCRS b Bl
WTTH B2, BEHENBRCECTC 1B TFERD
s (Fig.36) &%, bR 1 FVLEROREKSG L 22
b E o BTESERD (Fig. 37), fhio 1§
EESELS @2 b ) lRERC RS R AT 5 B TFHET
2ot (Fig.38). DX 5 Bt e BRTRE W
R LieL DT, EHEICLDL ZEXTE L.

PR b B B Al v T
FOMOMBNIRA Z LN TEIM o

© ErEEsETIHOEENR

BRI A B OISR A L, GIEERILERD
HRBHR, THOMMBEULED L, VWb 2 EREREE
BET#E2LT550R - 0RETS. BHERE
TR S TR LT 5 b 0%, BEICEE
BEDIEMBE D LT S LD, Bax Dk
HEEL TS,

Nelson3s) % sloughing and disorganization, incom-
cell
germinal cell atrophy, abnormal mitosis 75 & D4
BB IlooTw52, A—Pk LOBHEGCHE
b TN TR E L TwD 2 &k l, &
2 DBEEZELTEY, ZOX3HFECETAZ
EXRETHY, ¥ LTSBEEFENCIOL S RoEY
B L LIXOREBE®THD b, KET
EREREETROSEALEEMCHEZEL, v Y
MfEO IO RIC L b AL

COBCBTABIEGNL 1267, Z hBOESE
Table 3 ICE BTN 5.

TR

TEGI 260 BRRIBIZEDFES, A b ) HIREO B
HELD, >¥04HeNETH T,

i) A by RESEEEECH DO GEEERD

i) PREESBEBCRERELTCS B b 0 CMakR
=2il)

i) AR NEEORRESEC b O (NG
BRFEED

261 BT

plete germinal arrest, regional fibrosis,

Table 3.

A | F A ey | BEGAE

C—1 31 13 E & #

C—2 27 8 ”

C—3 28 10 7

C—4 38 15 ”

C—5 27 0 P

C—6 28 5 ”

C—7 34 15 ANz i)

C—8 33 10 ”

c—9 32 5 %ggggﬁ
C—10 32 7 ”
C—11 30 ] ® oz B
C—12 32 1~3 ”

v) b VHREFRBEEAYEL TS b D G
2D

IRLDERHE T, FOFREED N\ LB
5.
D IEES
b b ) RO —BAIER S EERADO LR E
B2 Lo, 2% b, Mg Ul OFRRIER
WA AT, MR e ) SRR
A IR AR A E L TR D, BEHlgs Tiri
Wiz LW 3%,

BB OMAR TS 2 0%, BMEDFEE
I% X <, pars amorpha & nucleclonema & 2B
Twnb,

NAETER N aE X { REL, HEefRR
BERBCIEE L TEETAEACD S, D gtk
WAE 4 HS, annulate lamellae 3 X DB 5.

FRGEOFREDL X, B, BHEOLONE.

TV -RE, EEGBLEBEOLDLRDITR
iy (Fig. 39).

EDRDLN D DILFEFIC X b Bis 208 C—5,
C—6 ClEEfn R cEn L, LrdiRkBEDObD
RREDOND. HRERCREREELT I ~THDOL
DIRFZEHLND.

BRI DX & A L DEFCRBHEREMD 2L b
Y HIfEE . phagosome < lysosome & Bi->i 5HEH
RS LIE LTSS b5 2 & (Fig. 41), BIUHE
WOzt P LB Fiilan 28 @ebhb o &
255 (Fig. 40).

EEETE-LEEBRL, BE, £B{L, Tk
EUXERD DS, BEIRERIED bR D.

i) arksEER
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w4t ) MO REER L OB OBEMIRE, &R
L UOBMECHIEERADL D E BRI D & Z AN
Lhiss,

Z OFETHERE O/t ORT T, MilRE/NMa
ROWGE DIk — R Bb3iE CERCEE
LTw% (Fig.42). JEREMICIT/DIEIRD b DH3KET
ST, BROLDIENTHD. 2L, AV H
MRS B 5 R CE B A R 5/ Mak
HECEROLDOTH S, PMakoRBEITE—It Y
Bl O FEBERTHDBLDONEZAEZARRVE
Shan, HRHLMRTHS.

W (F S HENAEOSIETH v, BT
BRO L OB—REYT, PERO L DD L
LESLUTEETHEEREROLDE R,

Patk L BEO S S /Mak— NREE SIS 118D
LRAER, TOHFHITA L, ¥z, annulate lamellae
HEET LR HMEBTH 5.

R O FRT /IS ST EL, ToSMmTEE
BT TS <, HRECEE, BHEob
DY & B, FEE AT BB
T, UL FABEERABONIO L OR L.
DIREE, SRRGEABERACEREOLOEEETLEC
DT,

AP R NARORE L E > THEM I <
FELTWD, TP 22k, #, PRETHERIHR
INEOHI IS OWE A I LTW S b DY
FDHI D, B WER & Bhh 5 R
LT, ,

RO MEE FRAIT, BELTHFETSS
S4B 50 (Fig. 43), BMELTW2EE5LH 5.
BERT, I, MEGTNTHAFEL, KX
LT 0.1 D, KREWLDOIISLETSHLOD L
H5.

T DE RS BIFCHARE L IER LRI T 5.

Z OFOBAT L IEFEH L MR MERECT-
MFBMNIICIL lysosome, phagosome & Bi-h kL
BELBEDBRS.

HEEEIRES PG 1BOELI IR » T 5
B, B XD 2~3BOEEERXELTW5LEA
b BH, EXL100~200mu &g & A ERER
iy (Fig.43). BEBRMEREC L b Rics 2
1~5u L HEIE LT\ BIEDIE 5 235\,

WWCIEER, MMaFERMOIBEHTR TH 52
el R DL TS,

FEAIRO BRI ZEER L D A 0 » THRET %
BROIEFIZIHA TR D, Lo bEEET < ORHEM

Rk X USRI I RS EEE ARSI, L
L. WEESCHFET MR, 2% DB
FORMNEAD L, L ERINECETME BTER
DI AN, iR TRIN, BTESE
#LTh, acrosome DI, PRI IIBENDE
fafbis & O REMIEVIERCELBDOOND.

i) MEPUINEERFREE

20 b ) MEOERRRIER D b O L FFERRAEA
e, MREMECIISAERER L DR, BHRE
BRI TWS, B MR LTEEDOLDEER
BEDI, IEEFREAwL ) HIEE RS L2 AL
RN SBECEDbRS.

NEEOFRBITERED L O L G TH 5 M (Fig.
440, VEE/NMaRERE MR X D REX D V. BRE
BBk, MERo b oNFET B, BERCES
TekBoZERPNaFE e, PMOLOBFEA L
TH5D.

T & 5 Z & RO b Dk L L RiR

Piatk & BECBIRC S 2Dk~ NRGEEERL,
annulate lamellae | 3EE LIEEC LS & DL
BThsra, ROIEE3EER R,

SRPROSHE S IEFCHE LETH Y, BRI/ N
B, LHLABDLDORKEHST, EFEDOLSIT
KEG, FEAW, BEOLOREEA FALRR
HORBIEEO LD LFEFETHS.

IERF RO AE & &R ET, Lrd—ic Bl
DONRHNH, & XTI ARIOL DL FEETS. TR
HETRIL, 1HARICRERDHH, DTHEREDD
ENTE I, :

TAY B EEREILBAAFEL, BEE
EEDLDERLDE ALV, EERZEDOR:
728 B IEE IR Doy,

ZEEE

FEER UV O REIIED T, 1 HROE»2~33
DEBEYEL, BERRENFETS. LM
BN~ DBECEA L R D.

BESRMEE L 2~3u & PEE OB RO AR
»5,

I DR H SN D EMAORI L4 S NERIT, &
EEE X b AR - THREBRFCIS &0 5 BRI
RS BREV. L RAEANCEZ] LBl E
FL, 50 IIECHEREORSEGY L 5 2 L 238
V.

Fig. 45 © F 5 EEEC T2 + Y HERIC
¥ETF #ilg D mitochondrial sheath R BE#A DD,
acrosome FFEELF O T HIRECZEME L /o Aiigs
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b,

iv) EEA

COBCBRTALOI 2HTH S, RIS
REEERRLTEYD, bl Lic3 0B L ikR
ol REE & 5T 5.

= OB ORI T EBRAES SCAET LT 528
B BELCERREY 25 ERN@EA v 2
L, AP RSP RBEBOBETE LD ET
55,

b ) HROMRBIIIEERAD A + ) O X
SEAHA AN T, MRRESEARIRNLDD
P SEWEE LTS, Lichis Tea b ) JikEFE
EOEMITA CIREE R AT RIS, Btk I OM
AR LTS REEA S (Fig. 46). FicZ Ok
BT TUIAIAE O R NRIR o N Btk R RGE 7 4
B TIEIEA TWAD, NElk & Mg & oo fila-
mentons layer WABXYS+ 5 BICILEHERORE &1L E
DHEN. DEVIEERARCARD Z & EXTLT0HEF
PR T & o T iaus (Fig 47).

BRI G, EEITL5 & X
Adfed, BUWEHAROWMA R L L 2 L2385, B
BIT—pe X < FE L TH D, pars amorpha & nu-
cleclonema & X W o T 5.

MatkoFEr 00, BROL OISR, D
ROLDoEEAETHS. BENEDIT S P HEE
AR X D BETIEE L.

etk BEEEO D BNREN R EE S S
annulate lamellae | ZEFFEE CILL/s W 2 0fac L - T
RrEes.

SRREDFFIIFEIC X L, BHEHEMLTHLE
£ LTHETS Fig.46). & WEEECI MR
BIUHAECEE LTV AEENRD 5. HRE—%
CABE RN T, B0 bordizv. Lnd
N DRKRERS TH S, AT ERE
L VIRHCETEE S, BRI T, #ofuk
LI, BHOLOTIIREL h BEREBE LT3
Ho b 0N H, FEHO SRR TR DRI
L, L2bBEERODS ORS. SRERERILER
T UFEERT, 0L 00RRBE=LALRD I &
ks,

IBRF RO AT ilasScET o0 TR, M
X > T b &2 A3H 50, M » Tk
FEERLTHFETRECALHD. L LEROAEX
e T, ESET IR 1aBpNEEAE T,
RNTIDEL, THIEE S h, IHEESLR:
L,

Iy -BEEOREIEVS, & O PNISED
bhb.

HiEa s, MRENORMEHEIEED L D LBk
HHET S,

bk b v #REORT Bk 2w b ) o s
EXUTED, w4 b ) RORBEEL X LT
WaLoklBbhb.

EEE
HERCIBEE, £BL, BfTe@oivn, & &
CRGMAZZD LB D, HEEFRERILIEE DS
HrAEBUILERLRS.
BEBMERIL 1~1.50 & % FXBEOCEES
RDEM, TOMDBIIEEYRDII-.
EBCEMCE LT th 50, RS E
I VBT EE D BEOTT oM S e EEE X
YA TEF X L ES LR BN 5 (Fig.
)7, B LG, S 0T, BTOR
TR Tevs, ERERS L OB Uil
1L A ERDB I,

@) SRS LR OB A

RS LT 2 5 DI TFIUEGEREN, HHEB
FECE R LIRS 3 & D TH BA, T T DR
B R T e L F—BEMEORFHEGER TFE L LT,
LN ZERENTH - C, &ENREST, $5
EYRECIE 1L LBl KRS % 59 2 510 B
BEERE LTl HF -, ZEBERERTOER
TDBE, —RERAEE ZREGARTOFE LT
BT BT ThH DN, —UERERTOREEEHED
EERED, RS LTHFET D2 258625
THDHDT, =2 TH~KkETREERDTTCELH
A E LRV RS 2 Lt d B,

Z OEREREEE I BT A EMILIET, £DE
fil% Table 4 CEEBIZIBAT 5.

Table 4.

oA | 4| Jel | BERoss
D—1 25 o BTk
D—2 34 3 ”
D—3 31 1~2 ”
D—4 41 0 R AR
D—5 23 ¢} ”
D—6 31 0 ”
D—7 27 1 ”
D—8 20 0 gk il
D—° 28 0 Vi

D—10 31 0 7

D—11 29 ¢} 7




60 Bl e b HERE - EFERMEAIETR

EEG

FEMECEL UEA LCen » ) Mg EHE
BEBEE RIS &, EHOEFN B CRIERDORT
RARABLNRED, BIEBEOR - fcb O TiREL b
Y RIBO B ET S L C LS RVL I hi.

i) BTHEETcOELE

S, BRI ERERDT, B
THROEE THETHEENZEIE L THSE N S\
(Fig.51), BTHEMBOBBEINCRITYREY ¥ 1o LT
W B % DR, acrosome DETE - LD B TED
W LT £, BREARCSEEED bR
% (Fig.50).

b Y fBRORE, MREONE, Bk o
b ) MR & BRI EERAD L O LE
Bisv., F 1o, B BUMEC LEFRAFTRERDK
U,

MBI TL RBE, ek, v —RBOEE
BLOZTONT, BERRBCERED SO LBEEYRD
fous,

RO MR, K& X, Blck T, EFAD
—1, D—2 D EFAITIRIEE ERRD L ARHRLA
oS, FEFAD— 3BT IEIE O AT LA L b
R, 1~3uDHDRED5 THBN, KEXWbD T
S~TulCRELDBHLI D (Fig.49). BREHHE
TIRIEF LT, 1, TEZBEKIEL T NEL L
ZHBRD.

ZOfs annulate lamellae, /Mafk - /pEk 4 EE&HE
&, ERAMESTEEL, BRNCERLELEHDR
U,

PLEDEs, EEEEETEI SR & h o LR
lysosome, phagosome & BEi>DFERIMNAEEIE L ©
MRRERCEDbRS.

EERIT 3 AL s TIRESRD T, B%hk1
BOBEBER L TWAE, LA SREYEL
TWAE b H 5. EECSL DD & X EMFEERLE
55, HREANOBESHRAGIIAS R,

i) rERMEcoE LR

BllEE L OB R T L, BEALDR
—k B L O REREC B LTV, N
TIEHEOBREE Ui, 5T LR T
CRTHBELEDbRD.

b ) Il OIEE, MNEOREE, ik X OB
ROVRBCIEEBRADTNDL L BIsSH & ZALRD
W E e, SREHE, AT —RREOHE, FEEREC
b, FEREREOSHE, HHEECLEREO DO LR
FRDM.

Lo LR B\ TE, BEMEATEE DS O
Rz X BELTNHD 2VEEA T (Fig. 52, 53)
FREEIXEER D A\ i3/ N R ©H 5. HE/MaEfx
EEDARIE ERE L TR LY, W REHOoBES L
TWAERZLRS.

Fto, PlEkoFEEc i N NR & B ARE
45 L ¢ annulate lamellae 4347 $ BEZ 8 L T
WBELETHS.

RERATED 734G b £ HIC R\ CHINDEHm A D, K
BOERAHE S 2 00 MR T, 5~6p ICETDHHO
BB, RBHRBHSBEIEFECLDEESLT T, 1
W23, MELZ A7,

FEERITFEMC X » £ 55, 100~250mpe &EE
BEBRETHILY, ZBREIRDLhD, LZhLE
> THBEGHEE N ZE LEE LTV 28 Db
h5 (Fig.53).

SRR AR E L TEREROMREA~ DM
ADH BN, TOREITEMCL Y RirD. oA
IR A 2 b fe 2 & < AR A S5
BDBERNDB.

i) MR coFE R

CONEIETAHIEANL 4T DH B 2, FEFID—
8, D—9 @ 2 FNEKEEMCER oSBT L
b Y MR & MR & B o TV %28, i D10
, D—11D 2 flikiz & A EASHE AR coE IR RAE
BLTOAH, I —HOBME Tl zhil Lo
R Ro 50y, ThbOREMS Z OROAEIT A
nTn%.

EFHD—8 & D—9 ¥ L OD—10& D—1UT v b
) AR O FHIFBEC B THBOTTREE L T35 D
T, 2B T EDOREZHTS.

EFD—8, 9 DB :

BRI BN LB s L CFEa M L
LR T, Fofutea b Y RTHD. =L b
MO P TR SARTH BN, €L
b U MR A T S M COMIER M R &k
B LT, Lo UBHEMSERIESLRS. &
ZANEHED, O CTHEERCELC1BD
e b YD ZN B > T B E2HR”B D, v
Y FIBEOWFIBHEORVCHEERD, Z0Lk5
7o b ) MR B SAETYE L, ML
BERET, $EREMENNALRR (Fig.54).

Bir1Eower » Vsl Lo iAo b
DNEL, BAZLLIWD, TOMDSBEET
A ) RO L DIXEFDOL D EELIT.

AN O SR OB T, BT M
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W Tovphakc, HEpREREROLORIZEA
ETHB. Pak— P EREE S, annulate lamel-
lae VRBIZE L2 7SR TIXERD B Rl

FREORELECD, EEERSTELFELT
FETHSEAMIEFEDOL D LR - Tk, RER
e T, P, BRESS L, BREoL ok
ThThs. ARUFREOETFEERLEOLHCHE
LEL, HoBuiidiou.,

Iy —HEOFEFETIFETE 2, HEMCILE
WD DEFRIL TP RT .

JERF R D oA 2T BT, WA TTHRER O
LExBic N lang <, FETHHECIIEETHHE
B A, BEEVE TR EALSTNTHALIRT
foflizEhThb.

FOIEh, RSP HEP OBREL RO D
na.

FE R

2FEGI & LI 150~300mu FFEE L, L 53
i, BIT2ELTED, HEEEES IOISEE
MaAZ D B MY, = OWEST, MRADOZEIID—9 ES)
CRWTEHICHEETH D, BATO I XS
RERD5L0LH 5.

BEHERBC SO BEBEOMIE YD, 2iE
BlE BT 2~3uTH 5.

FEFID—10, 110 EEEE

BENTIIEMREE: UCEHEMRD S, s
MR, ER LU TIER, BXRLBEDbh. B
AMIIIEZOBEAE LT W5 ENBLN, B
LichD3Bdbhb.

bV MR, SRR OBEAREE, HEkEs
FERIITEERAD LD EZELT, # -« BIMAC L 8BE
PR AR,

Fio, b ) HIEREHEANCEBYRL, T2
ERATHRObRTE L, 1EoMkErR+5o
Elricu.

PNEEOFREIFN 2EFRERRD, EEDOLOLR
BECISFEELTO3, BRI /MaRkoL 0
REETHDH (Fig.56).

annulate lamellae, /NI~ NEREESEEZ L E &
OB L ABEOHEE THREIRD

SRR OFEETHT 2 FEGI & RN L < faud, EEE
SE L TR AT DEAED 5. BT,
R TMEINE L, REIOBRFO & Db,

DY BB DOFEEILET 2 EF & FEEE L, JBIE
DOHFLBETH B, LrbHoborng, HBEK
IR IbERE L, R TIH, 1afiA»s h

5.
EEERE
ZD2EFNTEI2HES, LD —8 DL OILIT

Bh, ZRIEEYRLUCEEL, &2h K ACEER

RO ETRD, LECHAEZZRDH, D—9I D

EEOZELE EFE L ixel.
BEHHERIPIIERE L, BERECHEAYRD

7.

() RS E R LR O BT R
R Z OB B3 AR 261 (E—1, E—
2) T, BHERABEROBRMEISEHET, BTN
CIRIEEA Exr b VMR 0 2558 L, Rk
PR INBE R (Fig. 57, 58).

DX S HRELTEAFABOFETE LT3
2SI L TBENRSE Y S Iiolc b &5, w1
by HIR X OUE TS ORI S\ TR 7 B MR
ARV L.

EFIE— 1 0EFER Fig.59)

vt ) a0, HREOREE, ERglkx
U, - B MEOTSEE, REBRE L ST _TEERA
DENG EABET D & 2 AR, F R HRar N
LIRFF O RABLANITNCIEE © & © LEBETH
5. OF bR, R, TR, EER
{&, annulate lamellae, /NG NRGESE S 70 &
BIEED LD E BRI L.

Vol T S IR T OB EEDL DL VT,
LR LTHEETSERND 5. BREMSE T
I, I, TETTREDLR, FEOBEEEDT
[

HE

EEBE Clc\Wbiis—7c 2 1 OELSER D, NERE)
Te¥etT, JBHEEES LR, B &k 150~200muk o
THCIEEL T, BEBEEREEDHR, ¥
FOE AR L,  OMCHIBRRSEEGEY LD
H5.
HEETRHON LRI EE AR L L5
THBERER & MBERECIREch h, Lk
BEEEOHEBC L5240 THS.

EFE—2 DEEE _
JEFIE— 1 Tik 24 b ) JIRLIRg 2 IEHEO & D L[
BTH-TeDicF L, ZOEFTO A Y HKEOH
PRI EHIR B AP R LT B, a4 kYl
FfEH T 2 MRS E M IR &2 R ST, B
HEiehfis LCRDBIB 2 ERE. Lo Lk
Eaigiaigioohn s (Fig. 60). )
BALIEME e B, BEOMRAREHE T
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BH, EEvL )RS D 2 & FECTIRARL
Hbhic, BMEOREL L L, HWEHCERDOL
DEFBETHS.

MIREP DR EOSMTERCE T, E—1 0
LORERMERE LTS

DRTEE Mk R Mk I D R E N X v
B, TOOMIEED SO LIEECT, ULnd
TR NERD b 23K T, BIRD S O
o,

INRE—NEREE SRS, annulate lamellae (3122
[ ry::i1ii MG g AR At

RRAORELAR T, MBEREMAENSL,
BRO b odinn, K& LBRCNT, ok
HPices,

AP B L REENEL, B LI
By, EERAOxA LY MG IEHRE OO
PRELBZTRFEREWTLIRDONZEEBETHH
COEFATIEED b DML L, FETHSE
THEDHHAIHTHS. RIS IERZEALLE
T, TR IEYHD, K&EILMETH 5.

BB TE LTRSS R U SO BHmEE
CAITED, $95EMes b ) HlRE Bbh b,

FEEIE

EEBEICERLRBRTEE L, RS X - T8
RBELRTIEETH D, T X o HlagER
ORROEHOMAL R LT BB ELET S (Fig.
61).

ELEPRFRIZE—1 L BRGS0
JEMiRE L OB RBEORBEIE TH Y, BEEXY
SHAZERRER ¥ COE X LEAIC X v Bic 25 10~
15u b iEd 5.

(f) BOENT R OEENR

OB ETAEEMNL 3 BT, Table 5IiRT &
Q £5EfpS Klinefelter JERBETH - 7.

Table 5.
FEF EL MBREKEBRRF IS Freey
F—1 33 XXY 96muu
F—2 34 XXY 48muu
F—3 33 XX/XXY 48muulll |

FEERRISARTT R OB BB O T TH 525,
I AT HRD L BN EREEOMTLRE LT
WAHD TR, BHEC X - CBilE odRitic
AR Lt VHIROENLLR A Z 08B 5. L
LT OBEOF R I, 2~ 3 2 @E R (Fig.
62, 63).

3B TRITRABRDOBAIEE LY E LT\
DT, T T—ELTHFOFREEHT 5.

SN Ch DT FEENBENC ML Bk T
BLOTHIEPNETHBEE DL ZAH5THBN, =
NEFHND - DT Epon A LB % toluidine
blue & I AH D T € NEEACRE LTHEL
fe.

TR X 5 L BE O EERE O Sl A2
BT ERCHME LBRERRIERETH 5 Z by
7z (Fig.64). ZOBDOEXIL15~W0u i bETSHL
DT, BREBEHEOETCII—EDORAME RS
L ZDBOMICITHREE HEL S, chbidik
BEERDIL.

EEE Ui b 1~2p EEWLES RS, Rk
THEL, EHLBUEEEHER LT 5. Lx
L, B#laxinMoEERcabhizZ s ¥, Mg
PO ASCEEEN MR S 1igl b
U,

HBEFNREE LT NUBTFRL, AR E X
b Y RO Bb e & XRTR Lichs, BHERY
BETRINCOBERECII A+ ) HIERED B
B.

LalLohbotwnr b ) iR EEEST—E0%
bERTDOTRL, BxDBFHEYE LT3,

FFEL ISR B &t ) Kk (Fig.65) (%
ZOMESHEACEB A, Bl L, ¥RmEsAT
ARIERSTER O & & 238\ . BT+ N CTRER
T, L FEHSEXRTEND D, BEIEREYE
L, BB TNES—EHERR T, BIMRLIEEA &R
HHMT, FELTH/NDO L ORABEEDTCA LR
BT EBRE. 0L 5 MO SERSEE
CETHY, MNaREEMREOIRLELD, $5
hZERS LM R, S DX 5 I NEMN S B
L, ZhbD HWER B4 DO xR RRHEN R
Hbhhd. 2% b, Y, B0 TREAK
B SRRE T, EhbOBiEL, LrdEIC
FEEINCREBOLONEEDLNS. L BAAE
HEELIWERBROREER b FET D, 20 E»
lysosome & FEiri 2 B[R CH ¥ RN EDOBAE
PR O BRI RSB TFAET 5. ¥ I/ N IR
BhTNALNS. BESE TR, TRHeRBT
5. TaAv--3E, REaE, ek EREES
T4, annulate lamellae 133 & A EERD BT,

THEATREL IO X 5 I AENCE TR
OEEGAIERCEAECALRL 2 LT, 3FI&H
EEWTEDEND, Lt DRI E S ARH
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A, EERAL Th, BOELCTLHEETS.

DNTEDLERD 2 4 b ViR (Fig.66) T4k
B, EoREriniofias Agch s, fREA
PMNREOSMVBTH S b DT, AgREE NIE,
BERHEE/ R, REAAR LT, FofloEEITE
EAEZLRIG. OB RS S SRR IE R
CHbNHEDEED LI AN, FRMEEDL XL
Froh T, BNROREMGED S & XifoRBO LD
TEEAFREBLbR o, Fh, ZoOX5kilED
MBI S SRR SRBTEROBEN B D b h
5.

I DHRDIE N NEENIEFIC X S FEE Ui
LONRB 0, BE/MEETNNTR, EENSIER
DY DR, DL 5 Tna b ) TR R
HBIIEE D b O LFERT, B LicskhrfE=e lysosome
E B AERIIRD L i,

Pl Eoiss, HIBREPIC tonofilament #E0HHHLE
MEDREIC I LA EARE LA SRR LT 5 E
Dk YRR (Fig.67) 2389 b h 5. ZDL>
Te AR CHRBIAI R X S FEZ LT %%, Nakosy
YT, TDOMOMIEN/PNEEITEE A TREDLR
FAA

P EDEF XML ET w4+ U IS s
iR A B b hau.

Mk, JEEEMC ghost tubule OMREERXE41m { 7>
Do BT, BRI TN TORBMERICE « OB
BEYETLen b VRS HTEEL, LavhHil
BRCIBTRROBENHAIND. BT
X Tk Fig.64 AL D X 5 ¥ AMRE B 78
T ERNTET.

Z =

1. EFEA-eL YAl

o b ) SR S mELBRGRr BB L,
LT ARCEE FEL R LTw5 2 2k
REFN B IR T A, Wt LTS LT 375
VRHERE T .

Vilar 549 15 o +, ®FAEF 4 b, b FOBHEE
RV OEMRRE CRESEO MO BT,
) B O MBEEN LT OB MR AE L, ¥
TREBCEREE LTS &b\, S0l LB
PME & Eln - OB EMEEL B L TR S
e DiEmn Tk, v )V HEBY N LTLE
IS EBRTENSTRED, ZOBEETEL
b A IS a0 bridge cell”7EE LTS, L
L, BHEOBETHBEMEMC LT UL v r )i

BRAALTORWERE S H 0, BlEERE B
LTWw5. L LREBSE 24+ ) iilaEc R ) B
hikby, BEillas oWEBICHFRETREBYEL
TwaEEb5.

b ) AR R BRI, 5 X 0Nk b Y RRRREIE D
BRRBERIC oW Th B, IEOSRICILEEN ek
R & b7, BN E L TWD0RTHDHH,
BHOBHCIL TN Fh o MR O E TER/ M
PEATEFAET S E WO BRERY L » T3

Flickinger 5170 M= A3 W CTHIBAED junc-
tional specialization & LT oEFO X 5CiH LT
B. e b U MBI A T0~90A fRTT, Fo
PR MR E L R RS O o DI BT HE A E <
7o THE D, filamentous layer R LT\ 5. X
Hic Z OPHMAlZ /DA > subsurface cisternae
PEEL, CONAIEITY &/ — 2 ERNES LT
HTELT2Z 23555, @M, >F b filamen-
tous layer WCEEL TV AETIL VAV — 2 ERMAS
CAhRbhinEv5. Burgo B 13t b AREDHE
R A e b, Fa, BAE, b, SNARX—DEL
PRSI R LA BTN B, e p D
RN R ] e zonula adherens & zonula occludens
TG E D 2 2OWRRNERTH  EHEH LT
WE. EBHIZe Foen ) IR, Bawa? ik
desmosome DFFEAER RN, KEF29 4, tight junction
ERBNDIANDH D LT B, FEEOBETY
tight junction & intermediate layer % {5 EEEFER
iR ey, filamentous layer i3 Flickinger 51723
=Y ATRBE LT BEEETHEOSBLR LT
BHY, WOMCRERBEYRO0LTHS.

DX 5 IR B A AR DEBE B I oL T,
Flickinger LD ST HBGERC IS\ T, i 195y
IO RBAGET oI 2L b Y MR cofBEs
LB BEHENR It B OREESTHS 5 L R~T
Wb,

b ) MIRERCE BRI RESEE TS S
REMRFRTHY, ToFECL Y Mokkilins s
G FEND.

FERF R OFBITBEDH CIE/A UL {HEaRnvbh
L8, b ERRFIT S E Scheme 1 Gt 5 X
5in 3R EINS.

18 FRefrE—e B L v BRI W5
DTHAH. CHERELEAESACIERE O L
D (all) FARBETIARCEROLD (bED) &
TS, al - ERO RIS X -
TYEAFN TP, bECHEEESYE LT
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53, aMl o/ BThHD. ZOBEROWNPCETE
BEDOR I n e oA L AEDLND
A%, ZAUTEERIEELE FR BT A EE, KRR
BANLEYE B,

I 7 : FRB N E A & BT BEDOR Nk
DEFEELED2BF L VR-TDEDT, &L L
TRREARR L ORBAEYE L, BEEEEYE LT
Wa. EBRPNIMOBAEAL 2 oOERSREBIZE Y, K
CRTEEEBADLOBRTDLNS.

I : 1HcALW-BFEEORE NEROHEE
DHEPBES DT, £k LT, X0 IEEMNHY
HHCIBABEE LT 5.

ko & x 3@k EShcD, 20X SRR
Wi ERRE—-TRF R TRDOLbRE 2 &0b, AL
FEMIC X AFREE S L 0B o RO HER XU
MOERHE (k2 TERE) OB EERY
CXIpETFirbnLlEbhb.

DN TEA b Y HIRIIC b it annulate lamellae
i1 Bawa?), X2 & v + O+ ) HHECEET
BHIERHPELTND, b TS AEOESHE
By T S H B OIEIRCHRE STV 50235
, T FTRIE BTHR RECRBRECR
W LI E W 5 EER D 53D, Bawa2) (3w b Ul
aoEsie, 5% CRRIEFEO e P AMRCHFE Licd v
ST E LTRY, B VMR ETS
& XD BRPEBEMECOZELR TALND SO
Tt E v s T 5.

annulate lamellae DEEFECOWTTHS 28, HIE
CIEET X PSP L, % lamellae 132 KD
AT ES DD, OB OBERLALNRD
Ly oL BEERENEET ALV O
(Ross37), Merriam?®), Schulz42)) RfF7fE Lic\ & W
5 2% (BarnesD), Wischnitzer50)) 234 i LS
RRESL IR T sV, & O TEENBE LBEEND
Ez HiT, FEEETO 2 OFIT LIcE M E#ELTI
WOBTHEOE. EMHEE LR LT\ 3
YT LD EBbRS. Likdis T b Y Hif
&b D annulate lamellae [, Ross3? p3%# % €
WA L icb Dk Bbh b,

I I TEHEDE L T\ % annulate lamellae DIrfF
MG DOW TR~ E D,

annulate lamellae OHITER CRD B I i AR
HrBERO L0, Matko b o, BEHAYOLOD 3
BENRDL N, DL 5 RO EIREEE C
O lamellae OfEE & OIAANHBELE L 25 1,
Scheme 2 12773 L 5 CALEW B 1 284 odllo

B> TAETIIOLEERIND. 2 IRFE
RAAFO LDk a, BROL O, MNakobo
X e TERTRTABEONIHETET S EEL
bhs.

L b A~ FiC 20 X 5 7 3 EOMRERRD
bha sz &k, 3 L lamellae 238 BERBIC
KT, GBI FHTRILh TW 5551
Bl &C, S lamellae ikt LTI R
S BED D IENE CAbhic T & < lamel-
lae 234 {EMRAITRL, BRPEREELT57D
THHEFEZbND. Bl LicZ & I fRaEL
FETZ2THAS LBbh AL Ea TR
WohicBEORRALMBERADRLC e b &
5.

annulate lamellae DEEETER TH B I B EOEEED
B X ORI G OB NI RCESE T 5 & D
T, IR EELLNDN, FTOKE IBED
EHCHRA7 & < B X ORIl 500 T, I
fF b 500A~600A & & < —B LT\ 5.

Z D X 57z annulate lamellae DOEEEERET L TITR
WHTH D, Swiftss) (B & BBk 2 B D,
RNA #¥BECEHEA TV A Ehb, o bilE~
BHROBEWELESEANRD DO TERVAE VS
T\ 5.

annulate lamellae &M E/Natk & OEFitE Bing-
geli®), Rebhun3®), Ruthman3®), Ross 537 1 X h
EINTEH, BHEOFHE T Y I b ERE
Lictg (Fig.7) ARVWESh, HE/Nak &
BARD S B = LoD,

LE TOFE T, =0 annulate lamellae 23RS
TR T B ORFBEIE X OFHE RE B s
WTDRTHY, & D, Lkt bz
L\ 5 ok RIFRICERD SN L Bbh
5.

annulate lamellae > <A 2 EOE X b K
D, LIALIHEAREBEY L - o lamella 2%
B, AOMRREER LT TEEEYN A6,
Z TSR annulate lamellae & [@—D 3 DT,
B IASSETESRACH D0, RLFRTH % 0EN
HHREFOLDEBbIS. ZOROAREED LD
it Bawa2 D4 LT\ 5 lamellar body @23
Ao E B %, annulate lamellae XFHR L 72 &
EX, BAaOBHERH LR T D2, RLARCE
WO L DRBEIR T L5 THDH. ZOF
DfRD lamellar body & v, % OHLER<ELIE
W22y = R D AR CRRR T RO B
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ZEBBHLA, pBAFRRIUES LALLM

otk s oEfEEAH D o Lind 7 5, amulate
lamellae (Ifa] & DB BICEESET1#EE D TH
HEHEEIND.

SELBFERONREE TOBVIRENET DM
WD ME LB ABBERTONTTHBD, RO
MR AR AR BT FBEELTN S
ZEBIRREEZ bR, iRk X {HTwS
2, RREO L S EBERELHLELTELT,

1 DB FRIES DB - TV 5D T, ARfEE o b
DEBbIhD. Lich o TIREPRE & BT, /)
Mk ERER LU THEETAZ &b, —DOEARER
ThWEELL R, = o CINEfk - AR SRS
(endoplasmic reticulum-spherical body complex) &
AR AN

C OEATEEOBEECE LI Th 523, Bl
mErE D& LA CHEAE L o b, annulate lamellae
EOEFHERRbI K Y T Z & L b, annulate
lamellae & FEARMEEATEEERHA TV 5 &
ZIND.

RERNISEER 1BOR, ¥li3~4BOERE
EERBLTED, LIALZAXAL M YVHIRE, ¥h
RS RAIBENC 155 > CREFHZERE (knob (Bawad),
EF), kolbenartige Verdickung (SchmidtiD)), ZLJEE
s (BIR)4) &iRH 5. Burgos® (L bIEME
HEEBEOBAESICEIT 5 abstract OF T, KK
AR AN &% invagination X L, ZHITE
THIZ S L, XYRVWEmMEERT S LD,
FRBEEOE L 50 b LW EHEH LTS,
L LEEZEOHE T, THRATBALZDT, FH
BT, LIAHELAHHERRE RLDLDLTH
wie RRFERCEATE L EBRRMAREY R »
7).

I THAET CELRTEREREL VS 2 IR
BBEF L VR LSS B L, FlaHichE
DB ol L 57D T, BELVOIRBMEESTEH S
PREH LIV ERS.

g ORAECEI L ¢ Clermontl® X 5 o b &
B THMA L b internal lamella, interlamellar cell,
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Fig. 1. Electron micrograph showing two Sertoli cells and three spermatogonia
(Sg). The nucleus (N) of the Sertoli cell has a characteristic intranuclear
cleft and a well developed nucleolus. The lipid droplets (Lp), the smooth
(sER) and rough (rER) endoplasmic reticulum are seen in the cytoplasm.

The plasma membrane between Sertoli cells shows plasma membrane between
Sertoli cells shows interlocking and interdigitation (arrows). (Normal adult,

x 9, 000)
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Fig. 2. Junctional specialization of the Sertoli cell, the tight junction (T]), the
intermediate junction (IJ), cisternal of endoplasmic reticulum and bundles of
fine filaments (F) are seen. (Normal adult, x 30, 000)




Fig. 3. Large mitochondria are crowded near the basement
membrane showing a knob-like projection (K). (Normal
adult, x 28, 000)

Fig. 4. Various types of lipid droplets are abundantly seen in the cytoplasm.(Normal
adult, x 14, 000)
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Fig. 5. The endoplasmic reticulum-spherical body complex is seen near lipid droplets. (Normal
adult, x 12, 000)
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Fig. 6. High magnification micrograph showing arrays of the annulate lamell ormal adult, x 61, 500)
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Fig. 7,8. Transverse section of the lamellar body shows a concentric array of

the fenestrated cisternal of the endoplasmic reticulum. In Fig. 7, the lamellar

body contains a cluster of small vesicles (sV) in center and the cisternae of

smooth endoplasmic reticulum is in continuity with some places of the rough
type (arrow). (Normal adult, x 29, 000)
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Fig. 9. Showing the crystalloid (Cr) sectioned longitudinally and the surface
view of the annulate lamellae (AL). (Normal adult, x 14, 000)

Fig. 10. Showing the another type of crystalloid. Many groups of longitudinal
fine fibrils are seen, and one (arrow) of these contains transverse bands.
(Normal adult, x 30, 000)
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Fig. 12. Portion of the Sertoli cell showing a cluster of small vesicles (sV),
lipid droplets (Lp), lysosome (Ly) and cytoplasmic fibrils (CF). (Normal
adult, x 19, 000)
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Fig. 13. Showing the limiting membrane with the basement membrane (1),
collagen fibrous layer (2), fine fibrous layer (3), inner cellular layer (4), outer
non-cellular layer (5) and the outer cellular layer (6). (Normal adult)



Fig. 14. Portion of four Sertoli cells (Sc) and two spermatogenic cells (Sp) in a 5 year-old infant.

¥ £

The rough endoplasmic

reticulum (rER) are abunduntly seen in cytoplasm of the Sertoli cell. The cytoplasmic membrane between Sertoli

cells does not reveal a complex of interdigitation and the junctional specialization. (x 9, 000)
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Fig. 15. Showing much mitochondria crowded near the basement membrane.
Cytoplasmic fibrils are seen. (5-year-old infant, x 21, 000)
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Fig. 16. Electron micrograph of the seminiferous tubule seen in a 3-year-old
infant. The differentiation between the Sertoli cell and the spermatogenic cell
is difficult, but the Sertoli cell is seen in the central portion. (3-year-old infant,
X 7,500)
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Fig. 17. Showing dilated rough endoplasmic reticulum (rER), lipid droplets (Lp).
and crystalloids (Cr.) (5-year-old infant, x 24, 000)

Fig. 18. Wide intercellular space between two spermatogonia. (3-year-old infant, x
18, 000)
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Fig. 19. Light micrograph of case A-2. Only spermatogonia are seen as
spermatogenic cells in the seminiferous tubule. (Immature type)

Fig. 20. Light micrograph of case A-3.  The seminiferous tubule contains
undifferentiated cells, and the differentiation between the Sertoli cell and the
spermatogenic cell is difficult. (Immature type)
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Fig. 21. Showing a spermatogonia (Sg) and the cytoplasm of several Sertoli
cells. The plasma membrane between Sertoli cells reveals interlocking and
interdigitation, but does not show junctional specialization.  Lipid droplets

(Lp) are seen and small round mitochondria are crowded near the basement
membrane. (Case A-1, immature type, x 13, 000)



L BEBEETI L

AN AR PR

Fig. 22. Showing the Sertoli cell in the central portion of the seminiferous
tubule. The plasma membrane of Sertoli cell does not show a complex inter-
digitation and the cytoplasmic organelles are poor. (Case A-1, immature type,
X 6, 000)

Fig. 23. Portion of the limiting membrane. The basement membrane is
normal, but the collagen fibrous layer is 3-4 4 in thickness. (Case A-2,
immature type, x 6,800)
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Fig. 24. Much mitochondria and the annulate lamellae (AL) are seen in the
cytoplasm near the basement membrane. Collagen fibers are prominently
proliferated. (Case A-4, immature type, x 8, 400)
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Fig. 25. Showing the Sertoli cell in the central portion of the seminiferous
tubule. Mitochondria, endoplasmic reticulum and a crystalloid (Cr) are
richly seen. (Case A-4, immature type, x 9, 000)

Fig. 26. Showing the undifferentiated cells in the seminiferous tubule. (Case
A-3, immature type, x 6, 000)
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Fig. 27. Light micrograph showing the germinal cell aplasia. Only Sertoli
cells are seen in the seminiferous tubule.

Fig. 28. A higher magnification of a portion of Fig. 27. Germ cells cannot be
recognized.
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Fig. 29. Electron micrograph showing the Sertoli cell in the germinal cell
aplasia. Well developed cisternal endoplasmic reticulum, much lipid droplets (Lp),
endoplasmic reticulum-spherical body complex (arrow) and crystalloids are seen.
(x 7,500)
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Fig. 30. Showing a cluster of lipid droplets, annulate lamella (AL) and the
limiting membrane.  The basement membrane shows the laminated structure
and the projections (arrows) toward cytoplasm. These projections contain
many fine granules. (Germinal cell aplasia, x 14, 000)
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Fig. 31. Showing the Sertoli cell in the central portion of the seminiferous
tubule.  Cisternal endoplasmic reticulum, mitochondria are abundantly seen.
The crystalloid is also seen. (Germinal cell aplasia, x 6, 000)

Fig. 32. Many vesicles appearing to be excretory granules are seen near the
basement membrane. (Germinal cell aplasia, x 32, 000)
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Fig. 33. Showing the Sertoli cell with poorly developed organelles and the basement membrane. Sparsely scattered

mitochondria and endoplasmic reticulum, lipid droplets, and a crystalloid (Cr) are seen. The basement membrane

shows complex invaginations or projections, and contains many small vesicles (sV).

(Germinal cell aplasia, x 15, 000)

V6

AMCHEEREE-S B - B 0 20



sl oo b il - T BEREE DT

¥ &
Mo

Fig. 34. Showing a cluster of large lipid droplets.
x 10, 000)

(Germinal cell aplasia,
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Fig. 35. In the Sertoli cell, mitochondria and endoplasmic reticulum are sparse,
but a cluster of lipid droplets and crystalloid (Cr) are seen. (Germinal cell
aplasia, x 7, 500)
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Fig. 36. Germinal cell aplasia, x 13,000.

Fig. 36-38. Electron micrographs showing a portion of spermatogenic cells found
in the germinal cell aplasia in the light microscopic level. Cross sections of
sperm tails (arrows) in Fig. 36, those of sperm head and tails (arrows) in
Fig. 37, and portion of sperm head in Fig. 38 are respectively seen.

9



98

=3

5]

oo o by il - S BRI IE

Fig. 37 Germinal cell aplasia, x 11, 000.

Fig

. 38. Germinal cell aplasia, x 9, 000.



A Y iR - BRI B

AP
o «w*“?“" u(iw.*w
Fig. 39. Showing the Sertoli cell appearing to be normal in the

hypospermatogenesis. Well developed Golgi complex (G),
mitochondria and crystalloid (Cr) are seen. (x 10, 000)
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Fig. 40. Deformed or ballooning acrosomes and nuclei of spermatids are seen.
(Hypospermatogenesis, x 9, 000)

Fig. 41. Several lysosomes (arrows) are crowded in the cytoplasm near the lumen
of the seminiferous tubule. (Hypospermatogenesis, x 18, 000)
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Fig. 42. Showing the Sertoli cell with remarkably developed vesicular
endoplasmic reticuli. The Sertoli cell reveals a similar appearance to
the interstitial cell due to much vesicular endoplasmic reticuli.

(Hypospermatogenesis, x 9, 000)
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Fig. 43. Showing the cytoplasm of the Sertoli cell between two spermatogenic
cells (Sp.) Many lipid droplets are crowded. The limiting membrane shows
no thickening of the basement membrane, but proliferation of the collagen
fibers. (Hypospermatogenesis, x 7, 500)



Fig. 44, Cytoplasmic organelles are poorly developed except lipid droplets.

(Hypospermatogenesis, x 8, 000)

Fig. 45, The mitochondrial sheet of sperm tail and the spermatid
are seen near the basement membrane. (Hypospermatogenesis,
X 4,000)
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Fig. 46. Showing two spermatogenic cells and two Sertoli cells (Sc).
droplets and the crystalloid are seen in the cytoplasm of the Sertoli cell.

Many small mitochondria, small lipid
The plasma membrane between the

Sertoli cells does not show interdigitation. (Hypospermatogenesis, x 4, 500)
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Fig. 47. Showing the plasma membrane between two Sertoli cells. The plasma
membrane does not reveal a complete structure of junctional specialization.
(Hypospermatogenesis, x 20, 000)

Fig. 48. The spermatogenic cells are arranged in regular sequence of

spermatogenesis. (Hypospermatogenesis, x 9, 000)
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Fig. 49. Large lipid droplets are markedly increased in the cytoplasm of the
Sertoli cell. (Case D-3, Germinal cell arrest, x 8, 000)

Fig. 50. Peculiar vacuole formation is seen in the nuclei of the spermatids.
(Germinal cell arrest, x 6, 000)
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Fig. 51. The spermatogenic cell except the spermatids is not observed in the
lumen of the tubule. (Germinal cell arrest, x 6,000)

Fig. 52. Showing the destructed spermatogonia and well developed visicular
endoplasmic reticulum in the Sertoli cell. (Germinal cell arrest, x 8, 000)



Fig. 53, Showing the cytoplasm of the Sertoli cell and the limiting membrane. Abundant endoplasmic reticuli,
lipid droplets and the annulate lamellae (AL) are seen. The basement membrane shows coral projection (arrow)
toward the cytoplasm. (Germinal cell arrest, x 11, 000)
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Fig. 55.

Any spermatogenic cell is not seen in the lumen
of the tubule. (Germinal cell arrest, x 7, 000)

Fig. 54. The seminiferous tubule consists of one layer of
the Sertoli cells in this portion.  (Germinal cell arrest,
x 8, 000)
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Fig. 56. Showing the well developed vesicular endoplasmic reticulum and the
knob-like projection of the basement membrane. (Germinal cell arrest, x 24, 000)
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58. Light micrograph of peritubular fibrosis (Case E-2).
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a normal appearance. A cluster of lipid

The Sertoli cell showing
and the nucleus with a cleft are seen. (Peritubul

59.
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Fig. 60. Showing the Sertoli cells and the limiting membrane. Cytoplasmic elements are all poorly developed.
The laminated structure and thickening of the basement membrane are seen.
is remarkably thickened. (Peritubular fibrosis, Case E-2, x 4, 400)

The collagen fibrous layer
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Fig. 61. Showing the laminated and net work structure of the basement
membrane. Collagen fibers are markedly proliferated. (Tubular hyaliniza-
tion, Case E-1, x 13,500)
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Fig. 62. Light micrograph of tubular hyalinization (Case F-2).

All seminiferous tubules show an appearance of ghost tubules.

Fig. 63. Higher magnification micrograph of Fig. 62.

the lumen of the hyalinized tubule seem to be those

Two nuclei (N) seen in
of the Sertoli cells.
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Fig. 64. Showing two spermatogenic cells (Sp) and prominently thickened
collagen fibrous layer. The basement membrane shows laminated structure.
(Tnhnlar hvalinization Case F-2 x 4 {00
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Fig. 65. The Sertoli cell frequently seen in the tubular hyalinization. Cross
sections of sperm tails (arrows) are seen near the basement membrane (BM).
Many lysosomes (Ly) are found in the upper half. (Tubular hyalinization,
Case F-3)
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Fig. 66. The Sertoli cell with sparse cystoplasmic elements. Cut surfaces of
sperm tails (arrows) and the net work structure of the basement membrane
are seen. (Tubular hyalinization, Case F-3)

Fig. 67. The cytoplasm of the Sertoli cell is mostly filled with tonofilament-like
fine fibrils. (Tubular hyalinization, Case F-1)



