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Morphology and Histology of the Digestive Tract of the Abalone,
Haliotis discus hannai (Gastropoda: Haliotidae)

Seung Wan Kang, Jae Bong Lee' and Jung Sick Lee'

Gyeongsangnamdo Fisheries Resources Research Institute, Tongyoung 659-940, Korea
IDepartment of Aqualife Medicine, Yosu National University, Yeosu 550-749, Korea

ABSTRACT

The digestive system of the abalone, Haliotis discus
hannai consists of radula sac, esophagus, crop,
stomach, intestine (anterior, mid and posterior
intestine) and hepatopancreas. The epithelial layer
was composed of ciliated columnar cells, mucous cells
and granular cells. And epithelium thickness of the
crop was thicker (90.80 pm) than those of other
regions. Mucous cells of PAS positive in the
esophagus were more advanced than those of other
regions. The contents of mucous cell were neutral and
acid mucosubstance in the esophagus and the
anterior, mid and posterior intestine. And it seem to be
lipid in the crop and stomach.
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AR (Haliotis discus hannai) < AAo}7 (Proso-
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AE (Haliotis silboldii) 5°] 9t} (Kwon, 2001).
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E d7o= 2z (shell length) 60.68 mm (58.98
-62.07 mm), AF (total weight) 24.70 g (22.21-26.75 g)
o] ARAE 10 AL ARSI

R T YAFE 128822 Yo Bouin's fluidell 2
A3k % eyl Addo) 23 4-6 pm FAE A5 A
Astgel. A=l FAEFRE Mayer's
hematoxylin-eosin (H-E) 4, periodic acid-Schiff's
solution (PAS) ®F% alcian blue-periodic acid-Schiff's
solution (AB-PAS, pH 2.5) ®h3, Mallory A4,
aldehyde fuchsin-alcian blue (AF-AB) #H5-2 AlA|3}9lth
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Fig. 1. Diagrammatic structure of the digestive organs of the
abalone, Haliotis discus hannai. Ai, anterior intestine;
An, anus; Cr, crop; Ep, esophagus; Mi, mid intestine;
Pi, posterior intestine; R, radula sac; St, stomach.

& Image analyzer (IMTechnology, USA) & %3l £4
sgick. 2R % F AANEY FANIE BHL
Pantone® Formula Guide (Pantone Inc., USA) & 7]
= sgleh, A13e) AL AR AT ZA3
2 54 34 850-12003] glom, AAAxe] F¥ HA
RIANE W4 x 10074915 AAoz EAshglch
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HAES A3 AAHY
(esophagus), 43 (crop), 4 (stomach), # (intestine) ¥
FE (anus)e] 4 = 2siE & A3 T
(hepatopancreas) 2 & A= =d] A2 iy 54 o
2} A# (anterior intestine), % (mid intestine) ¥ %%
(posterior intestine)2.2 23 4= g1} (Fig. 1).

(radula sac), A=

1. X

f;;d!%-'ﬂ AadE v 7] Feje] F mokolw, F iR
m-e A ko] xelso] M oY) (Fig. 2). 7%
58.98-62.07 mm #7119 10 AE IALEAFAE A3}
o EA% AW e FFdeles 2530 mm (23.0

Fig. 2. Stereo light micrographs of the radula sac of the
abalone, Haliotis discus hannai.

-28.80 mm), 972 2.27 mm, xo}e] Zeo|+ 0.34 mmE
ZAE Q) (Fig 2).

2. 4%

AARS] Ax= Z2dy] ez g dat7kA] 2 Wey ¢l
o Yie g £5202 B3 JuE sl o A
sho] W vjeksiAlnl, AukEe Z wdse] gligiv) 4
o] Ause AdAE HAYNER FA = glon,
AT A EE AFARAASANE Felg o, Aukigo] &g
o] itk AANZE= GAbE) wet ksl 5he-s19l
t} (Table 1). H-E g E X422 JetAw (Fig.
3A), PAS HhsolME HA (513C) 22 wHSET (Fig.
3B), AB-PAS (pH 2.5) Bkl alcian blue®} Schiff's
solutiond] 3% oz nhgsle] A (2728C)% vl
t} (Fig. 3C). AF-ABuF-9|4+= aldehyde fuchsin®] %4
uke-gk A} (2627C) # alcian blueoll Aoz uhga =
24 (2726C) 9] ¥ F7E L5 (Fig. 3D). A= A<t
AN Ze) Ja FAE 47.17 pm% 2 (Fig. 9A), AA Aot
Aol A HAAE7} AR vlEE 19.40% % 231
7+ 29 7pedlA 7P w8 Ae® JePdt (Fig. 9B).
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Mallory 44 (Fig. 5D) o4 25 4 dh-& Rol:
T34 Ax4) (Table 1). 4939 H¢ FAE 5261

Fig. 4. Epithelial layer of the crop of the abalone, Haliotis
discus hannai. A, H-E stain; B, PAS reaction; C,

Fig. 3. Epithelial layer of the esophagus of the abalone, AB-PAS (pH 2.5) reaction; D, Mallory triple stain.
Haliotis discus hannai. A, H-E stain; B, PAS Ec, epithelial cells; Mc, mucous cells; Sb, striated
reaction; C, AB-PAS reaction; D, AF-AB reaction. border.

Ec, epithelial cells; M¢, mucous cells; Sb, striated
border.
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a2 A A7 glu, YF ¥ e £580) §
Aslel Aglom, Aupslee) wieke wlg- wjopslgi oy At
FolAe Axe vl 2 Oes Aete Sy dess
W £ o9l g AR Az A
XE WEY 5 dglen, A9 Afdels Axd
(striated border) o] 2 Wd=]o] gt AHATE g=4
EAAE Hejoln, ellge] e NEA shdio] $3]
g gtk HdAEE H-E 94 (Fig. 4A), PAS whg
(Fig. 4B), AB-PAS ¥¢ (pH 2.5) (Fig. 4C), AF-AB 4+&
#} Mallory 4294 (Fig. 4D)olA 25 &4 uke-2 No|:
FTEAL] AEG (Table 1). A3 F7 F4= 90.80
pmZ 234 AA FA 7 24 Jetel (Fig. 9A).
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Fig. 5. Epithelial layer of the stomach of the abaione,

< AYAE AHNEE FF T 4 5=, ARt AujA Haliotis discus hannai. A, H-E stain; B, PAS
e 9FA AN Lo, HANEE H-E 94 (Fig. 5A), rgaction;_C, AB-PAS (pH 2.5) reactiop; D, Mallory
PAS uk$ (Fig. 5B), AB-PAS (pH 2.5) ¥k (Fig. 5C), triple stain. Ec, epithelial cells; Sb, striated border.
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Table. 1. Histochemical properties of mucous cell of the abalone, Haliotis discus hannai.

rtion Anterior Mid Posterior

?aina\ Esophagus Crop Stomach intestine intestine intestine
H-E ~ - - - - -
+ + + +

PAS (513C) B - (2395C) (2395C) (215C)
. + + + +

Mallory triple (277C) - - (2718C) (2718C) (2718C)
+ + + +

AB-PAS (pH 2P (2728C) - B (235C) (253C) (248C)
2.5) PAS + _ _ + + +

(2728C) (2726C) (2727C) (2727C)
+ + + +

AF (2627C) B B (2727C) (2602C) (260U)

AF—-AB

+ + + +

AB (2726C) - (2602C) (275C) (2727C)

pmE A AR, AR Ugton Alrel IRl 5%

=9ttt (Fig. 9A).

Fig. 6. Epithelial layer of the anterior intestine of the abalone,
Haliotis discus hannai. A and B, H-E stain; C, PAS
reaction; D, AB-PAS (pH 2.5) reaction; E, Mallory
triple stain; F, AF-AB reaction. Ec, epithelial cells;
Mc, mucous cells; Sb, striated border.

e Arge gejs A AviEe) 9Y U FAHE)
2R BA0) W} A%, 34, $HeT FEY 4 Yk

WAL A hhe] 2 F2EH old N AL $5E
o F4slo] gglom, Auele The yslol wa dgs
22 Ahaze We| vieRidr (Fig
6A). B 4313 AoAEst BAAER F4sle] glslel.

Fig. 7. Epithelial layer of the mid intestine of the abalone,
Haliotis discus hannai. A, H-E stain; B, AB-PAS (pH
2.5) reaction, C, Mallory triple stain; D, AF-AB
reaction. Ec, epithelial cells; Mc, mucous cells; Sb,
striated border.
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AHAEE AP EG o, HANEE H-E 94
e FEAro 2 YeRdAul (Fig. 6B), PAS #FojlA= A
(2395C) °.= uhgslgl v (Fig. 6C), AB-PAS (pH 2.5) 4t
SelAE A (2726C)7 A4 (235C)& Jebdlen (Fig.
6D), AF-AB ¥F3-o|l A+ aldehyde fuchsin®ll $FAure-3l 2}
A (2727C) 7} aleian blued] FHo= whS-E FEA
(26020)°] + 5= TEEU (Fig. 6F). 3732 37
7= 63.90 pm= 2@ 4 viog xgkon (Fig
9A), A Autitw|ZoA AB-PAS (pH 2.5) o ¥kg3l= &
HAE 2 v]EL 10.52%% ZAH A} (Fig. 9B).

m?‘if%—‘ﬂ T AR B9 Aupsg o2 7A=Y 9l
o, AupslZe] wiehe wiekslgich AutatnlEe Alu)A)
o} AN ER 7450 gon, AAE: 23 &
FHolA e vt AFARASAE Feigeh. FIAE
£ HE gA¥4dME 23422 Yeted (Fig. 7A), PAS
koM E A (2395C) o ¥RgEgls, AB-PAS (pH
2.5) dFAAE A4 (2727C) I AA (253C) o2 ukg3t

Fig. 8. Epithelial layer of the posterior intestine of the
abalone, Haliotis discus hannai. A, H-E stain; B,
PAS reaction; C, AB-PAS (pH 2.5) reaction; D,
Mallory triple stain. Ec, epithelial cells; Ge, granular
cell; Mc, mucous cells; Sb, striated border.

(2]
100 i
L
5 80
3
2
x 60
2
£
3 40
5 20
Q.
1]
0
Esophagus Crop Stomach Anterior Mid Posterior
intestine intestine intestine
3
o
4
<
°©
(8]
@«
-3
°
o
-]
-]
s N L
Esophagus Anterior intestine Mid intestine Posterior intestine

Fig. 9. Histological features of the digestive mucosae of the
abalone, Haliotis discus hannai. (Vertical bar: SD) A:
Epithelial thickness, B: Mucous cell area of AB-PAS
positive.

°n (Fig. 7B), AF-AB %504+ aldehyde fuchsin®l
A k23 24 (2602C) # alcian blued) FAo = kg
FFEA (275C) o ¥ FRE FEEYY (Fig. D). A9
9] g FAE 71.97 pmE A4 oo R Egtow (Fig.
94), AA HUYAAZAM AYAEI}L A HlES
6.86%= 23} 71ed 7 WA Yl (Fig. 9B).
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3) ¥

AAE T AEE Fele oL £ vlsle ot
Holw, AupE shed] Aeds 2 Udds oMbe ¥4k
Aubge] g AvAxe) HANE § HPNEE T4} g
on, AAEEs AF4RA Feigch YN EE HE 9
Ao FIAeE Yehton (Fig. 8A), PASHR-ol& =
A (215C) 22 vHE-319 1 (Fig. 8B), AB-PAS (pH 2.5)
HRgolA= A (2727C) 3 A (248C) .2 vhg-81gl o
(Fig. 8C), AF-AB 8h3-9ll4+= aldehyde fuchsin®ll ¥4 ut
<%t A4 (260U) 7} alcian bluedl| A2 w331 F24
(2727C) 9] F /=2 FEASS JAEE dFFe= 3
BAERT} Zo] Foir) o] E A XA HHL F2 AFA)
AielA #EHYEY H-E GN4xE A4 (1925C) 22
Yeptew, Mallory 4594 A= 22 34 (207C) =
2 Jepdo) (Fig. 8D). 4915 H7 F7+ 49.20 4mE
A3 SR doten (Fig. 9A), AA Huhabs) Sl A
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AN} 2B vl &S 12.15% % AdRohe Wte

et T+ TS MY & P8 1g.

il &

AL (Haliotis discus hannai)©] £3H= #5729 &%
7} (Gastropoda) 9] 4:3}7]|3e] @84+ blacklip abalone
(H. cracherodin 43842 Fx8 7% A3 A+
(Campbell, 1965) & ¥ &3t @2 AFAEel] < F=
9y 723 99 A7} $4=)A gt} (Graham, 1941,
1964, 1973; Lutfy and Demian, 1967).

E55 3|3 Fesky P4 MEdA 54 o
2 55T vZA R Aol dele} Algel wet tha zte)rt ¢
o 55 F Aol Azl Aot oot
23l w3 Wt} style sac 5 E3Fshe glo] E3g
elolth. & Incilaria fruhstorferi®) 2314 A5 44,
9, A @A, 3, 5 o2& TR (Lee eof al, 1997),
greenlip abalone (Haliotis laevigata) (Harris et al,
1998) & thee] ESFoME 23hge] FAL o9 FUs)
Al =gt (Voltzow, 1994). ¥ dA-FollA A E-9] 43}
e AR, & 4, A AR F, 3 2B 749 A
ol Hglenz FHEx dE i 5559 AR &
g A4S Fe Aoz ddEgid.

EE25 Ashde] AueEs Tt AlEEY 7 ¥
225 ez Fol o} tkk )7l vk Lymnaea
stagnalis 23F%e] W7 Ao 222 ARAxs} ook £/
o AAMEER TA= ] )29 (Boer and Kits, 1990), =
AgatA ] uha AxEAeAE whgE o] &d a7 AH
Incilaria frubstorferi 23} AE A, BY AFAHARAA
T, AAAE, JARHAE, AAAE, JAHAE, £
Az @ JAE M7t RaE o) (Lee et al, 1997). 18]
3 Jetdv| AT AARAw| FA A3 A3 Haliotis laevigata
23hke] Aol 32 YFAHRAAAE, AAAZ 2 a4
ZEF FAE oo Xt} (Harris ef al, 1998).
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