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= Abstract =

Ultrastructural and Histochemical Study on the Epithelia of
Digestive Tract of a Korean Slug, Incilaria fruhstorferi

Jung Chan Lee, Nam Sub Chang and Jong Min Han

Department of Biology, Mokwon University. Taejon 301-729, Korea

We report the results on the observations of each anatomical region in gastrointestinal
tract of Incilaria fruhstorferi, Korean slug, in ultrastructural and histochemical
considerations of cell populations and distribution of gastrointestinal tract epithelium and

secreting granules.

Gastrointestinal tract of Incilaria fruhstorferi is composed of esophagus, stomach,
intestine and rectum. Esophagus is divided into proesophagus, crop and postesophagus, and

intestine is composed of prointestine, midintestine and postintestine.

According to the result of observations on each anatomical region in gastrointestinal
tract, following ten populations of cell are documented. 1) three kinds of green granular
ithelial

cell, 2) blue granular cell, 3) mucous cell, 4) two kinds of ciliated columnar ep
cell, 5) clear cell, 6) reticular-shaped cell, and 7) degenerated cell.
Two kinds of ciliated columnar epithelial cell are divided into type A and B, T

because of its high electron density and was characterized as to be only found in in
and rectum. The cilium showed typical 9 x 2 + 2 axoneme structure.

Three kinds of green granular cell are divided into type A, B and C, and those were
characterized as to be mainly found in the crop, postesophagus, stomach and rectum. Both
type A and B cells contained fat droplets (1.36 x 1.67 gm in diameter), which are positively

stained with Sudan black B, but type C cell had glycogen, additionally.

Blue granular cell was tallest among above mentioned ten kinds of cells and contained
These

rounded granules, which were confirmed as a protein material by Millon reaction.
were only found in midintestine.
Mucous cell that was mainly found in both of intestine and rectum contained two

immature stage. Each lucent and dark granules is confirmed as an acid and neutral
granule exhibiting positivity on alcian blue (pH 2.5) and PAS stain, respectively.

-
L =

ype A
cell has both cilia and microvilli on its upper free surface, but type B cell was dark
testine

kinds
of granules. One is electron lucent granule and the other is dark electron dense granule
(1.33 x 0.89 gm in diameter), but lucent granule(2.66 gm in diameter) was observed only at
mucin
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Both type A and type B clear cells were observed by light microscope, and type A cell
was confirmed as a neuroendocrine cell by electron microscopy, while the nature of type B
cell was confirmed as a fat storage cell. The size of granule in neuroendocrine cell was
about 0.16 um

Reticular-shaped cell was small and having irregular contour. The cell was mainly found
in stomach, and had large nucleus. Mitochondria and granular vesicles were found in small
amount of cytoplasmic process.

Degenerated cells were mainly found in postintestine and rectum, and were confirmed as
to be formed during breaking process after granules were secreted.

Key words : Ultrastructure, Histochemistry, Digestive tract, Incilaria fruhstorferi
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Me wd s o sty s dngs Mot vlAlg R 1ela s TR HATeg p

AF7t ol F o} H i (Graham, 1941, 1949, 1964, 1966, Aslo] AeE wst v drh zed 4 uiggol
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dgfo Agd 5 RE 4B
& t’°‘§§ et F(Fig. 1), 25% paraform-
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0304 (phosphate buffer, pH 7.3)9 2A17F FuA s
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tome)st 1 ym FA9 HHE g ol & toluidine

ol
o
o>
wlo r
-
4“\(
ol
ok
44
o
a3
n‘)~

phosphate

blue® ¢ EME siged, Ao Hgg
Rolg #Held g EZWHBPL wEdch £ 3}y
o] zgAg #asly] Y8l methylene blue-basic

fuchsin o] Fg (o]t m-b olFFMeletu A&
sta, A4 W S dAvgRE #A3t7] AsAM e
PAS-alcian blue(pH 2.5)38& 2 A8tk £k vy
A4 By A g #Ast7) H#iAE Millon
923} sudan black B ¥88& Z+4 sdEHon st
Webrh BaE Olympus BH-2 #&do| 4oz #93)

At wma AxHnE BAg e AEE 29
HHog whE obg uranyl acetate®t lead citrate®

L EESIECEL R
olFdME stn, HF}HAEWA JEM 100CX-T

b 2t 3 o] (Incilaria fruhstorferi) 23ba 4
gz #ag 10T/ ME o)Fo] AR o}
g ohet= g ol& HEEME G A=

E H 3
chat Al LM‘JC} (Table, 1.

1) Ag M2 FaOuM E(type-A ciliated columnar
epithelial cell)

of MY Zzd W7o diF-E£E HFL AL,
MES Aol U AR ”]*‘H%E’JP dd 7%

og5d qxAct AT AEE methylene blueol] 23
Aanbe g vehlidd e e dddE A2 FXE
& o EEle A4S B ol Eo] A He

| $2 elYy olgon] HAFA o HIHHEL
ofgh  Mnbgg  uhehdel wlmd WA B
PAS-alcian blue(pH 2.5) w23 H‘-E‘ﬁ)»)l o A} MEA
& Rgdog e ANEF TE FedMog 7 g

5] tH(Figs. 5, 6, 7 and 10).

Wi %o

Table 1. The staining reactions of secretory granules and ceils in epithelia of digestive tract

cell type
. ACE BCE GGC
staming
reactions

BGC MC RC AC BC DC

Methylene blue * * *
Basic fuchsin
PAS * *
Alcian blue (pH 2.5)
Hematoxylin * *
Eosin
Millon
Sudan Black B *

* * *

LD S .

ACE and BCE, type-A and B ciliated epithelial cells; GG, green granular cell; BGC, blue granular

cell, MC, mucous cell; RC, reticular-shaped cell;

degenerated cell, %, positive reaction

AC and BC, type-A and B clear cells; DC,
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Fig. 1. Diagrammatic structure of digestive tract of I,
[fruhstorferi
1. proesophagus, 2. crop,
3. postesophagus, 4.. stomach,
5. pro-intestine, 6. mid-intestine,
7. post-intestine, 8. rectum

2) BE M2 F A M Z(type-B ciliated columnar
epithelial celb)

o] AXe FZ A4y e me =8 AX2
A A AN T BEEYC AX Mt
e 21 AR A Qi FErdEd ¥ ot
¥ AR g A Y[ HE Ax AN oE
o methylene blueoll & F2Moz HGAso] AY
ARAFAHAZTGE Felo] FHHALL 1 o9
AZFH & Fe o Aoy NEYe e FEIE
S 2A3 3 YA F-& Holth(Fig. 7).

3) =4 22 M| Z(green granular cell)

93 ARdTFAEaA e Fepdygol At U4
E#3 3t m-b o] F G Ml A methylene blued] 73}
Al A" g2 olAg Mol n2A dds YAk
AL FHo=z 4 3 AX A methylene bluedl
sdog GAHE A0 T2 HYEo 11”40}71] wod
d AATH o]EL PAS-alcian blue(pH 25)%+%3}
H-E gz o7y “Po% 22220 P R 5) g e
(table. 1). o] AIEE 232 FA5, oM wjay @
o] BAHA2 Y, Ao M= 2%—55’ wHEsAD, o
MNEgME Agrh Zad oAt ey A
T M= olEol Ao #HHA %e EAHL ¥
(Figs. 2, 3, 4, 8 and 11).

4) MM 03 M Z(blue granular cell)

ol MEXE F2 FFoMT BEHE 77 & HE
g o)A 717 S BUdY AEXEA 9
& et dE ol methylene bluedl ZatAl &AM x Y
th MEANE 13 m AL A7 F23 FEHd9
NPEo] Mg FHo 7A@l HHHo et
o oo metMe 1EFHe FxEol I
% &t PAS-alcian blue(pH 25) wg¢3 H-E <
Mol = T3 fgEo] ofFd weg Hol ggto
uh, Millon ®bS-ol = 4o g vtebstoh(Fig. 9).

5) ™ oMM Z(mucous cell)

o] MEy elgldgol At Bt el HEZA
Az sk 71Ae °1°1| Hxlé}; A% wek
thoo] Ao 98 egdyol A} B A9t W
%t WAL methylene bluedll 7% ‘3} G} 4

L EtEsty 21 54 HYEEL S YL
W Ast@e] R waMe Y FHy Sl
methylene blued] ZstAl G Y3, basic
fuchsinet ZatAl s F FHY BdE] A4
H7lw gl B8 AAE, 44, dFdAME %‘f%
#d5o] methylene blueol] 73t#4 HMslo] Fa
dog dEEAct a9 FARY FAAANE F2
FE Ager owte AFdMeE F1 FE HYs
] Hojs #FH7IE stgch ?oﬂ’rﬁ%% PAS-
alcian blue #F8-o A dlCldl’l()Dhl]lda LERR
basic fuchsindl @M% += F2 Fdee 44 PAS°1]
T G L}ENML}, alc1anoph1ha€‘ LHERL o
MR AEHE 32 R HFigs. 2, 4, 6, 7, 10 and
12).
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241 methylene blueel Z3tAl A5

3‘{% AE A v wjg Zich AEAE stEa 4
oA o] ME 533 e BA4S olF 1
AR HFig. 11)

7) FHAM Z(clear cell)
o] Iy R HEATNMNEY APHE 281
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At A s ol(Incilaria fruhstorfer)) 433 AuzA e

A el 224 BARE e 4L Gy
AELA, T FR7E DAL Fol WAl el A
43 Wol methylene bluesl ¥2A @45 % BAolg

thoolge MEHE RE FMPFoA opFY jbg
€ wolA gkon] FusA BARHE EAEL B4Y

tHFigs. 6, 8 and 12).

8) 2 ALY Ml Z(degenerated cell)

ol MEL A%, AF a9 FHAXE =EA Y
Eidt o dlal, &3 ozt wj g HIWE] BHHE
Ede Bt o2 HREAFAEY HYPAEE *P
olol 4 FHutez EAstE AS7t BUdth o5 4
& #e njmd 2 elY9¥oF methylene bluedl

BH3E Yehdo] F2A BAE Yo (table. 2),

AR de AEHLE s 53 28 Y

£ 54% EytHFig. 13).

[o}

o| AM‘ %i AKi AR YA EY HAME A
ol EAste 1 AFHe NEZZA HEY {3
v AR Ul*ﬂ%iﬂ ) A slo} gldih

Ao g dydutel e 25 d 4240
BEsn, ZA9 st SoEge Fe 2L A4
A g n2A 2AaEdch £33 Axd o
cristae7t e Ogd  Avlel A FA(HFAT],
0.18x033 pmEol FALFEAS} o ANUsA X
o} AAATY 7l AEL7|Be g ooy
e 2 BYeHoz HAAUEI} ¥ 9 & #HY
Aol o] HMAn S Axsn UUrHFig. 19, 20,
24 and 25).

2) BY MIATAIME
of AT AY HEAFAIHMESG HAML so]
A BEL AT LT ALY 422N 42
o AudE JA4AG AR
o] gk olgol £A@ 71 HAHe Y} A
xhe AAUES gold AA wIYD Aol g

2ol Wy 7 deEel

MEY Folle ge A71e 98 $3= gddgde] A}
HAEa 715 & A AFEA o9 AEAv|H
o] wug2 vjekgloy ket Av|e] g& FEE
1\}%}54 71 % 8 tH{Figs. 19 and 20).

WAz D 2y A7

3) A MM T

o] AT 2 ARdFTy M¥XzA 32 Felydd
olAY ¥ EdAsGe HFL AAYEI 9 A
Y EE FEEEA uzd oA 2ok 3g4y o
Aol nzA wdd de WA FYdE 52
o] FEAHD MNEHL 9Y T Yy oy
azlel HYSHTFAY), 136 x 167 me 75 3 3l
At HYPES diEE AAUTIE ol gA BH
51 sudan black B &AM gLz &9
o AEEe] HEHT Add &W d¥dgde A
adgel #AHANFig. 14).

4) BE SMIIENZ

Y S4HYATE HS SBA et AZEA
AYT g 448 FEE 2ol You e P
ALY AA AAYETE RS Fold AA BANY
o HEE A9l oy AgAzt 9Use Y
U 534S 2den, 8 29 AL Solk e
aslel §2 AYFYEL A5 A AL, A¥H
o Fe Hysel YAHE WAL wel HolthFig
15).

5) C8 =4ItEM=E

o] AE E3 UFY AXzA elgdye 2 ¥y
A3t YAk Y& "Lt e YF Lo 3
e olAdMAEE ¥ I Ued €2
FdolM mm F2 ¢lo BAHMD. AL EMD
e AEY FHo= 09 m A% A7) 3} 2 3
dEo] Wo| BAAHUEH olEL HAUEI} wrolA
83 A #EHD sudan black B wrgolA =y
A4 Bygoez 99 g £ olg T2 AYE
9 AEY £t 23 AREC] FAHA e
b olE& FdFe wAHAFEE T FF+ HW¥E A
o2 At (Fig. 16).

6) Mg

Ee Fz FAYNZA Aol BuE Hu4
= {@4 AZZA 9 P Ferayol
e 43 Sof BYge) olAFA

Sol nzA BEORG, oo AZY &A= 44
7 om A el $2 AYE(AA, 13 m)

of o) 4reE 402 BYH AL o

HK
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o Ay

e AEe Afusd wol v 7 AT 58 5
A4 A8ty oz RelHslt AYse HEa
S0 ward FAAERE ¥48 S, millon 1

oA deddon HAsAT, 1 oolg) HEge

w g By riFig 17).
7) x4 oH ,q]g
o] MEE Hgol Ay Ao 7R ¢ 8t

EhE gEfe] vlud A2 A¥Y-d(Fig. 18) 7Y
gol A4 AseuA 2 Axd 5718 e AEe

AHrE Zog wolilrl widd ¥R wsigch ¥
e R Birdsel Aol Tl AN AL 4
$7b WRos AAUES sholq WA wol: ¥
Hole wyyel oldgMYEol E}ﬂ PEs
w@ o Folelt FARGA LY W4 dow
ole 7Yt gUBel s o1 WgHe] tebytis
doolge AAUEA vla soly WA AT 2

v HEES MAME 4 %5]"“1 HAYw7h g A |
Aztem &A Ao By By &9 Fe 7153
9] #o] HAde o]:)?:}'% E%E}(Figs 18, 19 and

. }YEL PAS-alcian blue(pH 25)uF&oA Z A4
e 2 ARz 89w rt

8) LMy M=

o] MEx Ego| wAdo| ALY EFAYe e
MEZAM FAEY Yo FF5L FASE Anx3
AN F2 FHEACL o] 2AF e *ﬂiél*’ﬂ
Haf w20 ARYEs} sobd B Hol: ¥
Lo F& TP olAG Aol nEA W 21&’1
om AN F3 9% PHEHE EHL wo) of7he
HEA Zoll= el ALGAZE 9 S0 oy
GEAY 2ZAT BAHUY o)EL F2 Az
stk 7iHe Foell A B oA el o] #as A}
A2 ol FHA FAHUd AEAL M= 508
ol B4T2E & AT o5& AAlol Tod
A AR B APME B G
XY Aoz AR AHFig 21).

9) FUAZ

FEnE BHol Ty E= A% (Fig. 22)% B
W(Fig. 23)0] #2d o =d, A¥S 43 dn)y
BAAN AZHRUAER Ao} BRE A

O

g AN AR gy )
A7 W8] A ¥ (neuroendocrine cell)¢l AR S AFgz
ol shvt A tAoAl HE BAEHIE s
HFE A7vb 3o B el ol Ay ofzk B
3 He S BYrl o]EL HEA Fo HAWUEI} =

2016 m 4% 278 A48 A4S o5 we

shal Utk olBel e gdow W o wwH
#& Fhgdae) oldgMdgel Ao s o
Tolx wike) Qi B4 ndrh

) ALY M=

ol MEx Fu Axd HAMEY 71 o9 Y
Axgol del e AYEs ¥old Fo4EA A
FAazlugel MAE BasEA gAdgon HE
Aoz s ct,

z H

AAFE Heks duolfel 4%ty Aol FxE
Foll web g Aoz dgA Utk AR
Theba pisana(Roldan and Garcia-Corrales, 1988)% A
Shabo] 7, A%, A (orop), §), # 1Eln AP
2 TEH
Kits, 1990)+=
phagus), 24,

stagnalis(Boer and
T4 % (posteso-
FritH(parlours), 9, %
4 (caecum), % Fmidintestine), ¥
Fpostintestine) 22l g0z REc}

e ¥ Ao M= A g sel(] fruhstorferd) A
shetel Fxvt AR, AL 29 FAE 9 AY
% ¥ an 31' dog L]'E' T )0}
Elisolimax madagas (Tillier, 1984)9} 72
ER Ao}

Theba pisana(Roldan and Garcia-Corrales, 1988)9)
A% Axe] Zdoliz 3545 mm AR bsa Uy

%ot Lymnaea
H 2] & (proesophagus),
A (gizzard),

A FHprointestine),

REE

TEE Y

Ao uRzbEA oz Welxam, Alwel 7 o
A Helg dele *@ﬂ CHE FFEE0] Aol
7 wol STk ol& FFEom ool ua
AEAE FEATe YT 18 MMIss 7
dslo] Al olue F¥AHoR )7t Au Zol
58 PP MEZA AT g Zl%wr%.ﬂ} 2
i sgol XEsol dm, dtgkeli= wyso Ay
YHA o] g8 At
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a2y Lymnaea stagnalis(tBoer and Kits, 1990)¢)
Are Az olo] FAzg dAAdso] ¢ 2 B
oz #Wad Aol HAs Ao, Theba pisana
(Roldan and Garcia-Corrales, 1983)1}, ¥ H 89 [
fruhstorferiol A} AAE th&ol Aol Y& Ade A
W= 1 vt @gok aev WiAE 7Ads L de
WAAT Z2e] MrdrEqgEe nHgEAT 28
MM EER F459 A o] JEEol A ARy
MA g B x'oq SAEE O oz U
B2UEd Fad d4E¢ Fygve A7 -E(Roldan
and Garcia-Corrales, 1988, Boer and Kits, 1990)2 &
A gokrl &3l Boerdt Kits(1990)1e= A W7
Lo mFRMES weo] Faide YRz FH
pinocytosis =3 endocytosis® 488 £8245
ol Ealslu MEEE B dxc] Tt oA
dog o]gdt: wum Utk 2yt Theba
pisana (Roldan and Garcia-Corrales, 1988)2] 432
a2 WA Ao ofzte] FoEqol wad W WG
e HFA) EFEFFI dojdre Hus=
At Roldan? Garcia-Corrales(1988) 438 4
Eayd, A4, HiY F 3FFeE vra iy
ﬂ"“’i dAso don FAEY 4% FF7}
7lsoleta SRk I fruhstorferid AR &
*”ﬁ"ﬂ"ii Aol WAAE 2 A o) Lymnaea stagnalis
(Boer and Kits, 1990)ol X5 HEUAFA TS nAF
RAZE MHE o8 ofRojx i T e 24

re N e

M Axe e FFgEol wdsl UdY L
fruhstorferis Theba pisana®e 9 A3do] FolA
Roldan® Garcia-Corrales(1988)2] A #po}= <zl 3

olg RYUAY, HEAEe vAHFRAE dFFol
Ao wgda o)z Aygs AR o S48
A3 Frwg F3sie, gadyd o AskAg
2 #9lg u} glrhi= Roldan® Garcia-Corrales(1988)
18] Boerdd Kits(1990)e] Bt &3 H] it
23] Boer®t Kits(1990)= Lymnaea stagnalis®l A 8%
&9 #yAE[FC(flask-shaped gland cell)- 1, FC-
I, FC-I, FC-IV, GC(granular cell), BUC(bulb-
shaped cell), SGC(subepithelial gland celD-1 1¥]i
SGC-I %19+ 2% 79 A% & 8] Al L(subepithelial
neuron and intraepithelial neuron) 12]3l XM ¥ <}
MAEEAE 5 12F9 AZE AFE v 3k
Demian® Michelson(1971)% Marisa cornuarietis®l

g3 o) (Incilaria fruhstorferi) 283 Az i 72z 2 22584 dp

A 6FF9 A YM E(fusiform, club-shape, ovate,
goblet, saccular ¥ conical $)9 MHEAE, nA§E
AX 5 8FFY AZE T3 v AAct 2y B
Agel [ fruhstorferiAM e 5FF9 J M E (M
HAZ 3%, MAHHE 2 HAAHAE 59 1%
Fo AR AE(EGHNE) 280 $FEAE, 3
AFAE 220 2F R ARYFAE 5 2T 10¥F
Fo ATV FasEo] 5FF MESGC-1, SGC-10,
FC-1, AEAE "AFEAXL 37t BEE
Lymnaea stagnalistt 9Al 5% F9 A E(fusiform,
ovate, saccular, YEANE 2 PR FEALE 57t B2
" Marisa cornuarietis(Demian and Michelson, 1971)
o= AT FHU deel ¥ Aol Aed, o
T F9 Aolo] 7Rt AR A2 AL4HUL
Aol [ frukstorferidld BEY SAFAYARL
= PAS-alcian blue(pH 25)¥+33 H-E |5 g HolA
T Eur ooyt HAMEE alcian blue(pH 2.5)
gt PASO EF YAHE Helr F FHY Y
alcian blue(pH 25)0l 3t ¥ & Holx 3 FHo =
d 5% &Mde 297 gtk vk AMSYA
X 5 TR d4urgel BT Furgodn ot
Millon #HgefjAat o4& 29l vt glof, & Hde A
dutga et JAMEE L stagnalis(Boer and Kits,
1990)8l GC AAEY BUC MHES #& 42 &
Ao Y MAEL Aoz TFHUT =g L
stagnalis(Boer and Kits, 1990)9] FC-1, FC-0, FC-
M 72ji FC-V AHXe & 439 SadgdAEe
ARSI FAMA L ohEA e

Abde] YA diE FAE EE AR thgl
dov 2E @Ho]frt o AR Y R obY
o} Boert Kits(1990)= 7125 (Basommatophora)?!
A4 APGE 7FA 3 AT ¥ o= (Stylommatophora)
& Abdol glom, Abdol flE ZHelFd Ave 7
A No] o|fod F Qo] &iAd ofF A
237 32 Y8 Aeq AZddn g
(Runham, 1975).

Theba pisana (Roldan and Garcia-Corrales, 1988)¢
ANE A7F HolstAl ZAeolA 3¥ASIAN, d, A9
)2 uyg, 249 az AL FFE(major
typhlosole® minor typhlosole)e] #areitin 3ot
ade Any a2 21 e AgH 2yHe
g2 3 FxR7F &g, gele 28vFe] Ad fl

oo
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SHEE YA AFEIAL Heire
& Fate Aow Fdvtn &k [ fruhstorferi
Aol M= el EFEEC] 400 F=22 FAHA
“1 ’b‘jl AEE 717 & AY ARAFHAZS P4
HEAE 22l AY SASYHAEEY BAd
2, E*J)r‘jd*‘“}?i"ﬂ ok A8 7% #AHA Yo}
AL (Boer and Kits, 19904t Theba
pisana (Roldan and Garcia-Corrales, 1988)8] d4 4
seb A At
44 Roldan¥® Garcia-Corrales(1988)+= proximal
intestineo] 2} A3l 11, Boers}t Kits(1990)= prointes-
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Explanation of Figures

Figs. 2 and 3. Light micrographs showing the result of PAS-alcian blue(pH 2.5) reaction.
arrow, mucous cell; G, green granular cell. scale bars= 15 gm, 40 um.

Figs. 4 and 5. Light micrographs showing the result of Harris hematoxylin-eosin double stain.
asterisk, ciliated epithelial cell; G, green granular cell; M, mucous cell. scale bars= 40 gm, 15 um.

Figs. 6-13. Light micrographs showing the Various cells of the digestive tract. methylene blue-basic fuchsin double
staining.

Fig. 6. Type-A ciliated columnar epithelial cell with cilia(A) and mucous cell(M). scale bar= 15 um.

Fig. 7. Various cells of the epithelium.
A, type-A ciliated columnar epithelial cell; B, Type-B ciliated columnar epithelial cell; M, mucous cell.
scale bar= 15 um.

Fig. 8. A number of green granular cells(G). C, clear cell. scale bar= 15 um.

Fig. 9. Numerous blue granular cells(BU) showing in the epithelium. scale bar= 15 um.

Fig. 10. Various cells of the epithelium.
A, Type-A ciliated columnar epithelial cell; M, mucous cell. scale bar= 15 m.

Fig. 11. Numerous green granular cells(G) and reticular-shaped cells(R) are observed in the epithelium.
scale bar= 15 um.

Fig. 12. Various cells of the epithelium.
C, clear cell; M, mucous cell. scale bar= 15 um.

Fig. 13. Degenerated cells(D) with cilia(arrow). scale bar= 15 um.

Figs. 14-16. Electron micrographs showing the type-A, type-B and type-C green granular cell.
N, nucleus. scale bar= 4 um(Fig. 14), 4 um(Fig. 15), and 3 um(Fig. 16).

Fig. 17. Electron micrograph showing the blue granular cell.
N, nucleus. scale bar= 5 ym.

Fig. 18. Electron micrograph showing the mucous forming cell between the thread-like cytoplasm.
arrow, Golgi complex; N, nucleus. scale bar= 4 yn.

Figs. 19-20. Electron micrographs showing the type-A(A), type-B(B) ciliated columnar epithelial cell and mucous
cell(M). scale bar= 4 um.

Fig. 21. Electron micrograph showing the reticular-shaped cell. N, nucleus. scale bar= 5 um.

Figs. 22-23. Electron micrographs showing the type-A clear cell(neuroendocrine cell) and type-B clear cell.
arrow, lipid droplet; N, nucleus. scale bars= 3 um, 1.5 um.

Figs. 24-25. Electron micrographs showing the upper portion of type-A ciliated columnar epithelial cell with
a number of the microvilli and cilia. arrowhead, mitochondria; open-arrow, rootlet; open-asterisk, basal
body. scale bars= 1.5 ym, | um.

Fig. 26. Magnification of Fig. 25. The cilia is 9 x 2 + 2 axoneme. scale bar= 0.2 um.
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