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ABSTRACT

The endocrine cells in the midgut epithelium of the Japanese cockroach, Periplaneta
japonica were observed by the light and electron microscopy. The midgut epithelium of -
the last instar larva and adult cockroach consisted of principal columnar cells, regene-
rative cells, and secretory granular cells. Midgut endocrine cells were positioned basally as
a cone-shaped single cell in the epithelium or underneath the regenerative crypt cells.
When midgut epithelium grows and the cell composing it transforms, between the
endocrine cells and regenerative cells were made desmosome type junction and large
vesicular shaped stretches of loose contact. The endocrine cells were characterized by a
clear cytoplasm with abundant Golgi complex and numerous secretory granules. The
secretory granules in the cell were spherical and electron dense with their diameter of
200~400 nm. The secretory granules have been observed as discharged by exocytosis on
the basal and lateral side of the cell, ’
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239 AHAsE o] F2 e (Chapman, 1985).
32 F F4 A g FEE AR dFAELHE
AL A WAeziy F5dtd A7e P2 (hemoly-
mph) 2 B 439 F 715& Fdshe AEzA o
PA A L7 REe] ] AYAH FFH 2 Y
B shach A EE 9FAE) el FEd
A2g AFAZE AHAY, d4E 4 A2 A4
& wEe AEEEM 39S 7T 9. Wy
AXE DHEZA Yo ZA #H¥YHH HiAS
e 715 S s A EE i AXE
Al EuAFE e o] EA et (Wigglesworth,
1972). ’

s 2ol JUTA G F15E PAAE 5
Bl BT 4FE FA9eE $9HeAT Qed, 1
F FAALS 24 59 Yes) Fad e 9% L
2 i, 9A eE 39 Manduca sexta (Cio-
ffi, 1979), Hyalophora cecropia (Anderson & Har-
vey, 1966) 2 HEY w779 Culex pipiens fati-
gans (Hecker, 1977), Culex tarsalis (Houk, 1977),
Aedes aegypti (Brown et al., 1985; Gléttli ef al,,
1987)¢} HE|Fel Calliphora erythrocephala (Prie-
ster, 1971) 5& AMEZ 3o 745 B3P YN EE
9wl F2e A& 479 v ek 282 xR
a2 ENA X g8 d7E geERe &
3l Aedes aegypti (Brown et al., 1985, 1986;
Glattli et al., 1987), Stomoxyx calcittans (Leh-
ane, 1976, 1987, 1988) 4 WE9| Apis mellifera
(Raes & Verbeke, 1944) §9] F4 A 22 oA

HERT Held, 53] £ AY A5 AR 22

I (Bl el vl (Blattella germanica)d 2%
Ao 2o e WERIAES o] AN (Periplaneta
americana)®] FAW EuIA 2] o] A 29
4252 34L F3 B8 v 9loh (Endo & Nishiit-
sutsuji-Uwo, 1982). 22]T Yu(1993)= 2 Ay%
3 Fdq Auk (Periplaneta japonica)®) % A3
AZEY ol F2E #F BT s YEelA a4
Lo EAFE A7 vt s

B dFedMe i F3 Ag2ARY s ¥
A2 el B8] Bu sux s, ofn] Eusl
ARES Frasle] WEu4 Y] 39 ¥y, F 4]

ATF2E A5 #F B3 st2x g
Mz % Uy

B Ao M= Ankg (Periplaneta japonica : Bla-
ttidae) & 26+2°CH: 2AldA AFHo|E Fof A
f3te] 1 F FHRES HFE o TEde] AYA
22 AHsdd. A RS ST deAstelA dE
3ty 4 (midgut) & A &3 2% paraform-
glutaraldehyde (0,1 M QArtZ=4 pH 7.4) &3
IAY (£°C)e) 1247 FoF AAsA, 2% 0.1M
olAteh3 &9 (pH 7.4)2.2 3A|7F F9¢F 33 AHT F
0.1 M osmium tetroxide (0.2% <AtgtE=44  pH
7.4)el) 2A7F T F2A s £l B AR
£ FRFE WAL §Y¢ 33 MHT tf ethyl alco-
hol# propylene oxideE ©43te] Epon &E¢tele| %
sfatedel. EefE A EE semi-thindHE wHEe] me-
thylene blue#} basic fuchsin®2 st HEun]
Aoz AL sy, 2832 LKB ultratome V
£ ol 43ty xS THEo] uranyl acetate (208
7D %} lead citrate (73ZHE o] g M3l FAAAH
07 (Jem-100CX -1 22 774 H&s)edc}.

z

Ak FHRE4 45 FAL 4FAEYG 1 7 F
Apole] fAstE 2 AYMEEY] Add UFHY o
A ZEE FAR 239 Adugen, 74 F
el AgzAo] glol 2 iR ARAE, 7134
7] (tracheoles) o] 2¥& 1 glid (Fig. 1).

Fupds Ao JREE A AFAEEL 70~
80 um Fo|2A A W7ol Wit AT LPAte] v
A¢2=2 w3sge] “brush border” & 3FAdged,
oA gEe] Aol o 2umEA W §- FAHOE Wy
Adct. ZIMF Ay As 53 AEAYE
ETH A Be] Fofsb 4% (canaliculi) S e %
AHe] basal labyrinth2 FAS S, 7|4 FF Al
ol e nEZ=eelrt AT olsie. AZAY
o= #HFAZA (rough endoplasmic reticulum=
rER)7} bgdslglom] F2 429 FobH, dFuFo
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A ol FASYY. T BAY FHLAEA Aol
A FAAS el 2A Ao} FHE BEHUS,

Aepdse AR e AANET] FEHUS
23 13 3o H st o] AYHEEL 5~84 A
E7F AE ol Fo] Z1AT A %L dFAHE
7% Aol f3)sta s AYHEY 27| AH
o] 5~12um HEEZ 2o Az AAYEs}L 45
M Zo Wla] Fol A dMFH BREG. AYHE
o #E AT Z7]el Hld F Holv} Fotel HAA
of 5 AT HEe] BRI FH 2
At zpe] wdabAl dgdeh. aa 4FARL GA=
Fgstgl ot 71A 2ol g J)AHT FEe FT A
3 Al

Aukle £ AszAde] de WA ESS 2
F ogde] ZA Aol M3 geH, ol HA
AEEY A= ok &2 dol A Ut HE 4
FAEEL 7% Aol A8 Slo] AFYE oJFL
At (Fig. 1. W¥uAEE: AAEE} 52 3
Sol MEAYe AR olef 2 AEES 4A FEH

5"» U,:’:c

Al —

ack. APEL A7) o 200~400 nm =7]9) HA A
£ 2= FHA I (Fags. 2, 3, 8). HHHEE
methylene bluey} toluidine blued] G448 7120,
53] AR Ao M G Ee] A FAHE AL o #
HEo] osmium tetroxideo| 7Z8A A4 (osmiophi-
lio)®es 542 717 dEeld. R Eet QA

£ 7ol AUk (desmosome) e S M EGH o
#a=gleon, ¥ AX e Y& HERAL FAE
2 9=t (Figs. 3, 5, 6, 7, 8). Zelx F AEA
Atele] ¥ F 2 d¥AErIE #AFA G (Figs. 6,
7, arrows)., 133X 23 9dA R upg} o] Hula

£ HZ9H%F (exocytosis) Wl 2] HZ 9o
2 2] e ez fAFg. o) &% 4¥4LE
Eile] wjEEHE A5ol2, 7|A%ta A sy
& 5ot Az FulHE A4E 13- vl gl

o &

dutgez FHo FA4 Ave MEY s} 7|5l

Fig. 1. Diagram of the midgut epithelium in the Japanese cockroach, Periplaneta japonmica, illustrating the
columnar cells (CC), regenerative cell (RC), and endocrine cells (EC). BL, basal lamina; Mu, muscle,
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wel YFAE(FPAE), AYHE, WZAE, 22
YWEHAZ 5 3A 4572 T8y HSRARe
71sA0 2 Yie|HdTetE &} (Chaman, 1985).
QFAEE JFEAE T8k 7155 F437] A&
FrA 2 & A2 Fol7t BE 60~80um HEZ
A wdsleh. A5 2 A AL oA§
22 ¥3se] brush borderg o]Fun, 7]A¥ YA
B AstA FFeol #AF doH ol WAt W
s EZ =g obs} Ao Qled o= AYFAHA FFHEY
22N o E3AME FAHE TEL EAelth o]
E AAE, w3 Hel &3k vl (B. germanica), o
g (P, americana), 2T 2 AF A7 Au}F
(P. japonica)¥ % A9 zA = FAHEI9 Y (Endo &
Nishiitsutsuji-Uwo, 1982; Yu, 1993; Yu et al.,
1980).

AN EE FAEZAM A4S A4 FolEle A2

ol H. cecropia (Anderson & Harvey, 1966)4}
M. sexta (Cioffi, 1979), 18l Helicoverpa zea
(Binder & Bowers, 1994)¢} 72 Z3oj|A iddt 7
o2 ¥udgs. 2=y & AF AR Ay o)A
vhg, wid o) 34 A 2AJeM e A Es) ¢
ez FH=glH.
AN ZE e3E QFAE7) T, =YHd J2E
A A9 FAe AEEE 557|353 o] Wb E 3
A g FE Al 4R 35 e AL
2 Azdg. YJPHEESE 3~H FL Fol gdetMe
8~12/09 MEEol AL olFol ZIAAT A
. 2% 1, 30A B vigl el B w9 FAY
o= AAM EZo] LFaisiet '

HEHA ZEL AFAEEY 7| FAbolo] £t 4
28 & o] FAY (Figs. 5, 8), MAHAZ FJt o} £
< g AT A} (Fig. 3). o] WM EEL 4
FAEL AYHEA v]E] A EA] A o] o} gro}
HolE Ao EAelgld ol FAAE o Wy
3 (Figs. 4, 7), AHALXA ¢ v|EE=elr} 23 &
2ol S ¥ 1 ojd o2 A X BEL A g

43 V)5S Ze AEelr] Wi Aoz Azd
o 2|3 Azl e Al e FeAEEE
osmium tetroxided] @MAo] Hol A Holn =A
AE ZE 7o EAolgitt (Figs. 2, 5, 8). oA H

AHgQl viFd ol Auig] e At fAgtE 2 2],
2 §9 HEuAAze AFE TFH SANUG
(Endo & Nishiitsutsuji-Uwo, 1982; Brown ef al.,
1985; Raes & Verbeke, 1994; Raes et al.,
1994), 24 #3e Z7le Fuid 234 Zelrt 8l
Aoz 2uHgrl. Brown % (1985)2 274l A,
aegypti®) WA EY Yo 27]%= ¢ 60~120 nm
2 B33l o], Lehane (1988)2 Sl (S. calcit-
rans)®] F¥|AF S A7|= FF 450 nmel Ao FHi
8lgtt. 2#ld Endo Nishiitsutsuji-Uwo (1982)%=
o) Awi3 (P. americana)®] WEv)He 2718 &4
8tod 200~-300, 200~400 28]3 700~800 nm Z7)
T ADeE TEste Hug wi gleh £ Yupge ¥
v 4G9 7= 2 Ao ¢ 200~400 nm 27|12 2F
=4le} (Fig. 5). 3% Lehane (1976, 1987, 1988)%
HE wol = S| (S, calcitrans)E Aazse A7
°] ¢ 0.45um =279 HHAYPE He M ES} 2FE
A% A AT} F WReE FEEu| (mero-
crine sercretion)de= J¥u|A AEE FE5le] BT
g o oleh, Sjeul ALY Pu) A2 AEe) FRY
A4}t (apical plasma membrane)S %3t A W7}
5 A2 P He Aeld, v A2 HeEE
£ A2 FFdgA Gy 7| RUYPAGE Filo] AX
% Wil s AGHE FuEE ez FEEA
o, 283 FujAe £z dalde A9z
A yhgol] FEE A (Brown ef al., 1986; Glit-
tli, ef al., 1987). & AgAx HAAH 353 oy
& ANx3A Fetg2v} osmium tetroxided] FAEE=
BAE, #AE e A, 293 &5 F 717 48Ay
& B3t AxREdHel & BHEE A 5 v
He} EuAEYS & 4 s 29 QAT Wi
A E} AYHEE Tl Ayl Feio] AzdHE #
2% £ A ol WEA FA Ao xR
$8 235e Aol el 5402 Holn, 53
M ERA ] QA wEshe Aoz #AFYY (Figs. 6,
7). o] MEAYI AEZA] TEAAE A £
g FEol A o] FAAEE 2318 Y2 ALY o
of qg A7 AR LA T clEe] AF7t HejAof
g Aoz Aztdn.
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g £

2 AN e A AR A3 (Periplaneta ja-
ponica)®] % FFEH AL AYANRZE 3o FH9
A zAde] e FRAPATEL 33 9 Az} e
Aoz FaAsigot. A vz AFAE, A
AAE 282 JRHIAEERZ FAEAS. WEEAHE
E 7R AAs o AYAE FDe ol =e
ol YslL 13, 7HE AFAE Afelo] 7|AFe] H
Aot 4FY L o] R WEuAZE & A5
vls) A EAe HALEs} dof #A Rz, ZAA
sl on v EEEe o} o) 99 AE7|HL F33}A|
dokch. 282 MEA 7ol o 200~400 nmEE F
v P& 2k Ro]l EAY o AYEL HAHAE 1A
o AR E7} ol AA Bgow AEY 7|A S WY
ol qlslet. ol g Ee] &4 x: /A 9434
22 Fale] A E9 F2HE PAbe] AR
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FIGURE LEGENDS

Fig. 2. Basal portion of an endocrine cell in the midgut epithelium, The electron dense secretory

granules(SG) are mainly formed and stored in the basal region of the cell,
BL, basal lamina; Mi, mitochondria; Nu, nucleus.

Fig. 3. The basal portion of the midgut epithelium showingsmall regenerativecells “nidi” (RC) with

prominent nuclei and restricted cytoplasm. And an endocrine cellwith numerous secretory
granules (SG). BL, basal lamina; IS, intercellular space; LPM lateral plasma membrane; Nu,
nucleus.

Fig. 4. Numerous secretory granules (SG) and developed Golgi complex (GC) are seen in the cytoplasm

of the endocrme cell, Nu, nucleus.

Fig. 5. Spherical, unit membrane bound inclusions, 200~400 nm in dlameter with moderate to high

osmiophilic contents (secretory granule (8G)), are seen in the endocrine cell. IS, intercellular
space; Mi, mitochondria; Nu, nucleus.

Fig. 6,7. Adjacent endocrin cell and regenerative cell, arroe point to cytoplasmic process (=) and are

made desmosom type junctions (JU) within the epithelium. BL, basal lamina; GC, Golgi complex;
Is, intercellular space; Nu, nucleus; SG, secretory granule.

Fig. 8. Basal portion of the endocrine cell and columnar cell, the plasma membrane (LPM) of the

adjacent cells are made the intercellular space. BL, basal lamina; Mi, mitochondria; Nu,
nucleus; SG, secretory granules.

Fig. 9. Exocytotic granules release from lateral plasma membrane (LPM) of the endocrine cell,

BL. basal lamina; Mi. mitochodria; Nu. nucleus.
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