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A4 w UPHE ST T DV R OB B X oF
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W OE B IE Nox B OH
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(BBfn 4648 B 17 H %)
Yiig BOFEHEREIC OV T OFEIZ T TlciE < # g =

HEhTw 22, BB 513 Nichols (1956)
DBECHEEZZO0NMDbD0D 5. FleZhizov
TOEFHEMEBEEMED BITRES (1963) 0@EH Y,
Sl BB DESHSHEBIRL, Hl-ARRLE
IZFRFhORKHEE L L ZTVWS., R T Eckert and
Schwarz (1965) % Haemonchus contortus 7z £ 5, 6
BoSBBIC >V TR RBIEELTRY. ZhENIZE
BodBHEEEEZHEL TS, /o Bird (1967a,
b, 1968a, b) 1 Meloidogyne javanica \Z2\T BIE
L, —HEOBLEEITHROTS.

SEIEH b 13 R ERRE 0 SHEHEERR LY
Ancylostoma ceylanicum 3 XU A. braziliense D% 3
Hgh o HERE R, BELVA2LZHE R Y
HABELBEL-OTTTIFED (1963) iITX VR
sz A. duodenale, A. caninum 33 X UN Necator
americanus 12X L WBRET 21T o7,

HHBE LUFE

A. ceylanicum B LU A. braziliense DZhZEHD
RYeR D EFE 2 BRIEE LT B2 E 34 H oM
{ 2% glutaraldehyde ¥ T304 E%, HEERHIL,
HZEELLT1% osmic acid TI2FFEILIEZ4T78 V.
xx ) —VRF THAK L, —#ix Epon, ffi ®—¥
1% Stylen-methacrylate TABEL 72. Zh & D EARZ
Porter-Blame Microtome THEGIH Z/ER. AR XV
Y5 o— ek Li-ob HS-6, HU-11R XU JEM-7
BETHEMSE THRE L.

1. AEERIRER (transverse striation)
AREIRBRIC OV TITATR (1963) 2 bvE 1 K
AL, ERBROBORS, AR OHERR XU

transverse striation

Fig. 1

W EIAROEIEFHRIL, fiodhh L el 7.
ZORRREL, 2RISR LHAEROZ L TH Y,
FTTIRHE LT A ) Aggd « A=l TR H
DEN L EWET BIDIEITRPEIRT, Zhic
% & SWTHED72 schematic pattern (355 2 D T
H3. HPE1BLV2FKHE specimen number [ZH £
WL 7z kD E S TH Y, measuring number {%[F—
sk B I L BRI 0% T, ERIEL F TR
¢ EUTERRLTHS.

a) FoUnsam (1K)

1) #h#H

W ARSEEL B L ECAKT, &ICAH
BED2ELN L DESZRESTVS. ARTIIHAKELE
WREEENRA LN B D, W TREL LS RHERT, cor-
tical layer DA R X CERBESERMENICERIIEK S
IZF &,

FThbbELIROML, FEHOESZHL D TO.49
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Table 1 Measurement of transverse striations on the body surface of matured larvae
of Ancylostoma braziliense

Sheath Cuticle
Specimen Width Thickness Depth Width Thickness Depth
number
Measuring Measuring Measuring Measuring Measuring Measuring
number number number number number number
1 1 1.50 1 1.68 1 0.21 2 1.36 1 0.49 1 0.13
2 3 1.49 3 0.68 3 0.20 2 1.36 2 0.46 2 0.12
3 2 1.47 2 0.62 3 0.20 1 1.35 2 0.36 1 0.12
4 2 1.46 2 0.59 2 0.20 1 1.33 2 0.34 2 0.12
5 2 1.26 2 0.58 2 0.20 2 1.29 1 0.34 2 0.12
6 2 1.24 1 0.53 1 0.19 1 1.28 1 0.34 2 0.11
7 3 1.23 3 0.53 2 0.19 1 1.27 2 0.34 1 0.11
8 3 1.23 2 0.53 2 0.19 2 1.27 1 0.34 2 0.10
9 2 1.19 2 0.53 2 0.17 1 1.27 2 0.34 1 0.10
10 2 1.19 2 0.52 2 0.17 2 1.26 1 0.33 1 0.10
11 1 1.12 3 0.52 3 0.14 2 1.20 1 0.32 1 0.10
12 2 1.10 2 0.49 2 0.13 1 1.19 2 0.32 2 0.10
Average 1.29 0.57 0.18 1.29 0.37 0.11
Table 2 Measurement of transverse striation on the body surface of matured larvae
of Ancylostoma ceylanicum
Sheath Cuticle
Specimen Width Thickness Depth Width Thickness Depth
number
Measuring Measuring Measuring Measuring Measuring Measuring
number number number number number number
1 3 1.26 3 0.74 2 0.18 1 1.17 1 0.32 2 0.13
2 2 1.26 2 0.74 1 0.17 2 1.17 2 0.31 2 0.13
3 1 1.24 2 0.73 2 0.17 2 1.17 2 0.31 2 0.13
4 2 1.19 2 0.73 2 0.17 2 1.16 2 0.31 2 0.13
5 2 1.18 3 0.73 2 0.17 2 1.16 2 0.31 2 0.13
6 2 1.16 2 0.73 3 0.16 2 1.16 2 0.31 2 0.13
7 3 1.15 2 0.73 3 0.16 2 1.16 2 0.31 1 0.12
8 2 1.13 1 0.72 2 0.16 2 1.15 2 0.31 2 0.12
Average 1.20 0.73 0.17 1.16 0.31 0.13

Table 3 Mean values of the measurement of transverse striation on the body
surface of larval nematodes

(1)

Cuticle

Width Thickness Depth

Necator americanus
Ancylostoma duodenale
Ancylostoma ceylanicum
Ancylostoma caninum
Ancylostoma braziliense

1.76
1.26
1.20
1.26

Sheath
Width  Thickness Depth
0.84 0.18
0.49 0.18
0.73 0.17
0.47 0.12
0.57 0.18

1.29

1.49 0.46 0.20
1.25 0.34 0.11
1.16 0.31 0.13
1.06 0.31 0.10
1.29 0.37 0.11
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sheath

cuticle

Necator americanus

Ancylostoma ceylanicum

Ancylostoma braziliense

Ancylostoma duodenale

Ancylostoma caninum

Fig. 2 Schematic comparison of transverse striations.

2, BV 0 TL.68y, FH0.57 THY, EWRBEEHRD
BRI B D T1.10p, VS O TL.50p, FEH1.29u
THY, EHITHEROBEOERIIFTERVHDTO.13,,
EV S D TO.21p, F30.18y THOT.

2) AR

AR S i & FIRRICEARIZIE outer and in-
ner cortical layer, homogeneous layer, striped layer,
# X O basal layer @5 @ HHETY 3.
L EIRIORTIL, AKROESE B/T0.32y, &R
0.49p, #50.37y, SRRSO FIRIE B/ . 19y, B
1.36p, 3129, & BICHESRMROBED E ST H/N.10
p, BK0.13p, F390.11p EFHRI 2E MR, E£7e
%6 KicH b 3i0< outer cortical layer DE X DI
#3913 40A, inner cortical layer 1340A, homogeneous
layer 1%0.16p, striped layer {30.22p, basal layer (&
0.04y T 3. striped layer i% electron-density D%
CIREHED DB BT, MEOKSII0A BT, Z
N 130A BOMBTHAEL L, oKt Lk
RIZEFIL T 3. BT D striped layer & &0 K

CHETIC Yo 8t (BT THBE, HEOHK
FPEX L TRTFREEL TR Y, HRICEFIT 254680
MR 200A BT d o, ZpHE5, 6KEBETS
LBESTHDD, YR % THHEEHR D homogen-
eous layer @ JE¥{T striped layer iZ 8L T % 2 fEoD
dense dark point A BNB. FETHETIE Zhd
AEFDEV dark line & LTHBZ LAHES. Zh
PMAMTHY, AR 5EEEET 0ROV TIREHE
DEERTDFHHEL L.

b) A myégh (BE2H)

1) %

BRSO 513 5/1N0. 720, FeK0.74p, F490.73; TH
BRizZoh s X5 aEREERHoh-FHETHS. &
PRHERR ORI E/ M. 13, BK1.26p, F31.20p =D
RO HED Y S 138N, 16, B K0.18y, FE#0.17,
EEHAIL7Z. THhOFHAMELA TR T I Unsim Lt £<
FIfRT, ELETRHERLZNS4BI LR 5BREENR L
Wwhhie, LALZhb0OERERICITHRRERRO X
SIbDIEHL® BRI IDT.
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2) AR

AR S1% B/N0.31y, FK0.32y, F450.31p T,
BHOBEED 12 UTTh3. ERBEERORBRRIZHR/
1.15p, BK1.17p, 31,164, LB OBEDOLE 1T H/N
0.12p, FK0.13p, F350.13x ZFHRBIL 2.
FARCIIMOGBMEB LR UL SBER L AENH
k3. outer cortical layer 33 X U' inner cortical layer
DE X134 %100A, homogeneous layer 1%0.15, stri-
ped layer 20.19p, basal layer {30.06yx 2T »o7-.
cortical layer i34 d high dense TH Y, striped
layer @ stripe ¥ %7z high dense T, #Dk X330
A, % stripe ORIFIZ BAEEHHFFEICITI30A T v,
S ARETEITFICII200A Th otz

c) JNE

FTTIRER L (1963)137 A U négh « I =g «
Rz LSRR B OBREERIC SOV THEL TV 3
2, FOROFHAELSEbhbhOBEL-T I
RO A v il LELET B L HE3ERDO I
{TH3. HFHWOESITIE7 A Y »#gh0D0.84p 23—F
EL, TS v h0.73y, 75 AR D0.57
2, ZE=$HE00.49: BT RETHD0.47, ThH-oTe.
F A WIRBERROBIRIZ 7 2 U #E7HRD1.76p 1 FK
T, ZHRDOWT ITIVNEED1.29, AE=§H «
Régb D £41.26p. F/NE ®A v o #HE0D1.200 TH
Dfc. BBEFROBEORSIET A Y Hsdh « I =4
BB IV T I ONHRTIZ0.18y, A v 8H0.17,,
BoNE R R 00,128 THotz.
RIZAEDEESTIZT AV BB D0.46p H3R00% Y £
KT, 75T NEHD0.37, X E=8H00.34p 22k
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ZoE, B/MNT A v BB X URHED0.31 TH
Sz, BREEHORIBIZ OV T hEKIZT 2 U bk
ND1.49% T, ZHIZDOVT FFVNEEML.29, X
=8 D1.250, A v L8R D1.16p. F/MNE Kégh D
1.06p¢ ThHolc. ETEFMOBEORESILT A Y Héh
D0.20p, £ v 8mm0.13y, =4« 751
0.1l TH Y, B/NIRH#EDO0.10p Thotz.

DA RIS 2 ICRHEY Th 5.
Thb S BHOMHHOEHBOWHB I VAKRDES,
BEABRORRES L UOBMFROBOTE S 2 BT 5L, 7
A HE R —BARB TR BT —B/NRIL B OET R
3.

2. fu#

REDS (1963) Z& ZIC7 # Y ez L% OR$L
FROBEE BRI ZN Fh o fEsga O[T (lateral ala)
DREBERE L. ZhiIZB TS OAhh, &4
nUHBOMEEL BEL, SEXCHELLTAY I8
B, =%k, Rého 3L Ecwitemerz. =
OFERIEIMBLUHE I RITRTHEY TH5. HNc
HHREITT AV #8E LIIALNICRBIHE S, »
FThb A =8hFBBL, zhZhDORFINIFRD %
TRBT+2 FIEHETHS. E7ARDOMBEOHME%
BEZNENICHEEY D VBROATLERMEESTH
3.

a) FSUNLHR

1) #%H

FREOMEDIE X (a) 132.43p, zOHEEHOIE(D)
132.32p, RIFFRE O EE (¢)130.80y, HIROE S
(e) 120.45p, IRERMOES (w) 130.64p THo7-.
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Fig. 3 Diagramatic representation of lateral ala of larval nematodes.
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Table 4 Measurement of the lateral ala of larval nematodes

Sheath
(1)
a b Cc d e w
Necator americants 2.84~3.77 2.19~2.96 0.67~1.13 0.60~1.05 0.50~0.75
3.25 2.56 0.73 0.82 0.65
2.34~2.49 1.89~1.99 0.59~0.61 0.60~0.65 0.50~0.54
Ancylostoma duodenale 2.41 1.92 0.59 0.62 0.52
Ancvlostoma cevianicum 2.03~2.32 1.99~2.27 0.72~0.75 0.41~0.62 0.52~0.60
Y Y 2.15 2.07 0.74 0.51 0.57
Ancvlostoma caninum 3.03~3.82 2.87~3.51 0.49~0.52 0.40~0.64 0.60~0.83
i 3.38 3.18 0.51 0.51 0.74
.. 2.04~2.90 2.02~2.72 0.66~1.19 0.29~0.57 0.43~0.73
Ancylostoma braziliense 2.43 3,39 0.80 0.45 0.64
Cuticle
a/ b/ c/ d/ e/ Wl
Necator americanus 2.21~3.57 1.28~3.03 0.62~1.18 0.04~0.29 0.50~1.33 0.04~0.44
2.71 1.99 0.82 0.17 0.92 0.28
Ancyilost duodenale 2.05~2.43 1.23~1.70 0.98~1.16 0.49~0.85 1.03~1.33 0.24~0.32
yrostoma auo 2.19 1.37 1.08 0.59 1.16 0.29
Ancylost cevianicum 3.31~3.92 2.04~2.35 0.75~0.94 1.35~1.82 1.05~1.32 0.31~0.38
ncytostoma cey 3.52 2.22 0.82 1.54 1.15 0.36
Ancvlost . 1.49~1.72 2.75~3.19 0.61~0.71 0.65~0.81 1.35~1.57 0.29~0.33
necytostoma camnuim 1.59 2.96 0.68 0.75 1.45 0.31
Ancvlost braziliense 3.01~3.92 1.90~2.96 0.44~0.71 1.16~1.38 0.97~1.28 0.29~0.43
neytostoma orazibiens 3.59 2.34 0.53 1.24 1.14 0.39

2) K
REDEE (@) 123.59,, MEEEHOIE (b) 132.34

p, PRI EE (¢) 120.53,, MAREETERE d)
iX1.24p, IR 0 B & (¢) 131.14p, WMRAUIREEER O E
(W) 130.39: TH 3. AZBAEICIT HUEM2 @D
FEIRD accessary ala 235 5.

b) A wgh

1) #5

RO MED LS (a) 132.15,, HEMOIE (b) 1
2.07p, JUBPREOES (c) 130.74y, H& (e)i%0.51
o, EHEOES (w) 120.57, T—f&ic 77 Ul Xk
VNERITHS.

2) ARz

RRDOES () 133.52y, MREEIOME (b)) 132.22
g, RISHD EE (<) 130.82p, WHIRBLELRERE (d)
131.54p, HIBOREE (¢/) 131.15z, MIBERKEMOME (W)
30.38y THB. BPION, FREDPES (¢)EX
v =gl L FERRIC R RIE P RIS 1D accessary ala 7%
Y, TOFESNEFELTV S,

c) JhE

PET S OB LUt v o S OfIR % SEicH

HLIT AV Ak, =8, R$BOZNE LK
T35, BECH B HETIX Necator B D 2MIE
SRS I o T B DI L, Ancylostoma J& TiEHL
BRIZE A TR VGRS T Necator J&H> Ancylostoma
BOEXBT2ERRESTH D2, Ancylostoma JEIT
B 55D TIERFIARLCREEIC O THS.

ARICHDMEEH D LREIC L > TlEOIIRERL
TVw5. TAYWMBTE 2HOME LT TH D0, X
E=gh i ME S II 1ED access’ory ala b 3.
ot A v 4B BEIC K 1D accessory ala % >
T3, WMUREBRESAL, =m0 3 i
Y+ 5. TV TIE mAERIC 2 E o BR o
accessory ala 23 5. & HIZREHE T WHERMIC 2
& & FRUFES Iz 1 fHD accessory ala 23 5.

z %

SR D RBERERE, B A RERIRER S X ORI B
SETHEMSENBIETMES (1963) Ik > THES
H, #D1% Eckert and Schwarz (1965) {2 L ->T He-
terodera 2 Trichostrongylidae DY HEIZ D TRIED
BEPMTRDATY S, SELbALAPBE LA =
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CEIH e T VNGB ERES (1963) OHEICH BT
AV AEH « E=gh o R LR L. ZothT
TAY AEEEHSNMD 4 L LB THOETRST
VB, Lo UARERIRIR Ty - Ak L bickEr R
DHENFHEKT, UROBM R CIIERICH 3HEOH
Wb TIE TR0 WEETH 525, FHEMEZ Host
5 LRSS, AROURTII—Rts n 8
BEXE=SMBRLBPTEVESEbLVZ LSS
0%, BEEORRIC LAET LTI DTk 2
oY (R

PREDHFIZOWTHRRED (1963) ¢l - 4%
B JER RSO 3 #g Iz S\ TS LT Y Bird
(1967, 1968a) X Meloidogyne javanica 22w,
Eckert and Schwarz (1965) 1% Heterodera R B
HIZ2WT, Lee (1966) 1% Nippostrongylus brasiliensis
{22V~ T, Poiner and Leutenegger (1968) {% Neoa-
plectana carpocapsae 12 > > T, Wisse and Daems
(1968) 1% Heterodera rostochiensis DT 8
BEREL TS, BT Lee (1966) 11453 Mmoo f
BETRE» 525 LT3, E72WES (1963) 3%
BRI L FAMIC5 T & 5 & L, Wisse and
Daems (1968) 134 8% ¥z T\ 5. wWERIZ LT
cortical layer 3 X % striped layer [Lee (1966) 1x
striated layer & LT 3] LIS B 2 0BEREN
EOVHHETRY. DUAFBHERTHY, Z0ER)
ZFEEICHETH B, Striped layer iz > Cik BE S
(1963) B EFEGIMB DL PITH L D THELTHY,
%\ T Eckert and Schwarz(1965) 23 DIFEERERL
Tv%. FEE5IZZ D striped layer PEBOARKIZE
DONECE LD, HRMOARIZOLH LN B DT,
BoHEICEE D2 LD THS 5 LDy, PSRN
EIODR bW OB T Z DB ORENR T, HEdCD
N ERBROBIRDEITL, MOV TIREEE 2 1F
DTHY, AHROMFEZ R R T304, Mltah A
TIF200A THFEICHREL <BEFIL TV 5. Lee (1966)
EINODRPOE R, 72T ORBIFLERERIC LIER
DIBCDIF T O striped layer THE X F BEE TR &
NTOBRDTHSH LDXTV 3. Jamuar (1966) B
ZDRIZEHR L ¢ crystalloid structure ”” & LTV 3.
%7 Eckert and Schwarz (1965) % Gitterstruktureu
ELTV . B BAKDEBEEME D striped layer » L
HICE 2D fiber DBIEM B %. Lee (1966) 1%

encircled fiber LMEFRL TV 3. ik Wisse and
Daems(1968) ®F 9 fluid-filled space 7.3 % D& &
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hiznor-.

¥ B

Ancylostoma ceylanicum X0 A. braziliense
FEEMT OB I X OV 2 RIT & B iR AR s X Ol
RE2BEHFVAVE VBB L, RICHE Lk Necator
americanus, Ancylostoma duodenale 33 X% A. cani-
num 12 EDZIE L, T h ENICEE LT IR R S
DHDHZ L BB, BIZ Necator americanus iAo
Ancylostoma J& L IZAREIC KBNS Hksz L % B 5 A
IC L7, %7 Ancylostoma JBRITIZEEEORBEH S 7=
FTRENCEERDS. LrLAKRORRR L& fte
BREThIES TH 5. A BAKBIRAMCS BT, %
BEZEHRPI D homogeneous layer |z 2 fE$F >0 encircled
fiber R3&HBh 7=,

#H

AWFFE I D> TSR DRI S ER KO
HEEERE VHEREC 2L 0 TH 2 Mz EL
BWALE L LT ES.
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ULTRASTRUCTURAL OBSERVATIONS ON THE TRANSVERSE STRIATION
AND LATERAL ALA OF THE SHEATH AND CUTICLE OF MATURED
LARVAE OF ANCYLOSTOMA CEYLANICUM AND A. BRAZILIENSE

DAicoro SAKUMOTO, YasuMasA TONGU, SETsuo SUGURI,
Kazuo ITANO AnD SENTI INATOMI
(Department of Parasitoloy, Okayama University Medical School,
Okayama, Japan)

We observed the transverse striation and lateral alae of the sheath and cuticle of matured

larvae of Ancylostoma ceylanicum and Ancylostoma braziliense.

Morphological characteristics

of A. c. and A. b. were distinguished and compared to those of Necator americanus, Ancylostoma

duodenale and A. caninum that have already been reported. The feature of Necator americanus

has been easily clarified from the others. The species of the genus Ancylostoma can be identified

relatively easily when we observe the lateral alae of not only the sheath but the cuticle.

The

cuticular layer is basically 5 layered and two encircled fibers can be seen in the homogeneous

layer in every transverse striation.
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Explanation of Figures

Fig. 4-11 Ancylostoma brazilliensis.
Fig. 4- 6 Longitudinal sections of the body wall.

Fig. 4 There shows the transverse striation (TS) on the sheath (She) and cuticle (C).

Fig. 5 The sheath is thicker than the cuticle. The structure of the sheath is not so clear but the
cuticle has the clear structure.

Fig. 6 Thereshow the outer cortical layer (OCL), inner cortical layer (ICL), homogeneous layer
(HL), striped layer (SL), and basal layer (BL) in the cuticle. Each annulet has two encircled
fibers (EF) which run around transversely in the homogeneous layer of the cuticle. The
hypodermis (Hyp) and the thick (TkF) and thin myofilaments (TnF), can be seen under the
cuticle.

Fig. 7 Longitudinal section of the striped layer (SL) of the cuticle. There can be seen the stripes
longitudinally and transversely, which compose the lattice-like structure. Each space between
the stripes is 130A longitudinally and 200A transversely. The encirced fibers (EF) can be
seen in the homogeneous layer (HL).

Fig. 8 The cross section of the head part of the larvae, the end of esophagus.

Fig. 9 The cross section through lateral alae of the sheath (La-S) and cuticle (La-C).

Fig. 10 The cross section through lateral alae of the cuticle (La-C).

Fig. 11 The cross section of the body wall. The thick myofilaments (TkF) surrounded by several thin
myofilaments (TnF). (DB) dense body.

Fig. 12-17 Ancylostoma ceylanicum

Fig. 12 Longitudinal section of the sheath and cuticle. The sheath (She) is about three times as
thick as the cuticle (C).

Fig. 13 Longitudinal section of the body wall.

Fig. 14 Cross section of the head part of the larvae, the end of the esophagus (E). There show
the lateral alae of the cuticle and sheath.

Fig. 15 Cross section through the lateral alae of the cuticle (La-S) and sheath (La-C).

Fig. 16 Cross section of the lateral alae of the cuticle.

Fig. 17 Cross section of the body wall.

(Scale is one micron in each picture.)
Abbreviation of Figures

Bl---ooee- basal layer M::oeeees muscle

Coevveene cuticle Mf------ miofilament

DB dense body Mi----- - mitochondria

E--ovveee esophagus [OJIEEEREE outer cortical layer

Ef-----o encircled fiber She------ sheath

H-eeeooos homogeneous layer Slevvvenn striped layer

Hyp------ hypodermis Tkm- - -- thick miofilament

Ieevveves inner cortical layer Tnm----- thin miofilament

Lac------ lateral ala of cuticle Tsewvve-- transverse striation

La-s------ lateral ala of sheath
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