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ABSTRACT

Light and transmission electron microscopy of Batillus cornutus hemocytes revealed differences that the
morphological distinctions between blast-like cell, granulocytes and hyalinocytes. Base on the morphological
characteristics of the cells, we identified the eight types of hemocytes and present a categorization of the
hyalinocytes into six sub-categories. The hemocytes of B. cornutus were observed basophilic cell under the light
microscopy. Blast-like cells had a spherical profile with a central nucleus filling almost the whole cell. Granulocytes
were characterized by presenting variable numbers of granules. This cell had spherical shape with diameter 7 um
and smooth endoplasmic reticula, granules, mitochondria, glycogen granules in the cytoplasm. Hyalinocytes were
the most abundant cell type. Especially, hyalinocyte VI had iirregular an amoebal shape and observed
autophagosome and heterophagosome in the cytoplasm. From these results, it is concluded that there are eight
types of cells in the hemolymph of B. cornutus. Further studies are now needed to identify the role of these
hemocytes in the enzymological and immunological response.
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hemocyanin®] 3+ A7 (Keller et al., 1999; Lieb et al.,
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Periodic acid-Schiff's solution (PAS) ¥} Alcian blue
and periodic acid-Schiff's solution (AB-PAS, pH 2.5) 1t
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Z 158 AHAxA o7 @3l Epon 8129 Evjslgict. £
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n A& & (blast-like cell) & semithin ZEA+= 3
ok QAE o] A2 T o WAE I} (Fig. 24) FHAAH
17 #2A3} o] A4 4555 pmzA AE FE=
EghAgt FgolH, XA ZRHelE AEY 50% o=
AAFL 9 AF 2-3 pmel 9] o] EAfsti g3l
(Fig. 2B).
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23l 9l9ict (Fig. 3).

FAAE T (hyalinocyte I) &= ¢ A7 %k 8 pm, &4
ok 5.5 pm 279 ERIFo|3le} (Figs. 44, B). #& A9
Aol 9408k, 47 <F 5.3 pm, &7 °F 3.6 £m 7)<
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Fig. 1. Photomicrograph of hemocytes of the spiny top shell, Batillus cornutus. A: H-E stain. B:
PAS reaction. C: AB-PAS (pH 2.5) reaction. D: Masson's trichrome stain. G, granule; N,

nucleus.

Fig. 2. Ultrastructure of the blast-like cell of the spiny top shell, Batillus cornutus. A: Semithin
section, showing the blast-like cell (black arrowhead). B: Note the large centrally located

nucleus (N) almost filling the whole cell. = =

AAFEo] WA=l o, tho] Wy AHATA S} dH
ZHAEASo] AEA n=2A FE3ln 9t 28w $
= AR 289 B39 725 T 4 3% (Fig. 4B).

ZAAE 11 (hyalinocyte II) & ERdd oz A7 <k 8.6
rm, @7 °F 6.6 xm Z7|Gc} (Figs. 5A, B). 32 A L9
FAlel YAk, 47 <k 4.2 pm, D7 ¢ 3.2 ym 27]9

el e g it Pz Al A Pt AL ET} =
JAA] AA|ska gt A EAAE 3 F9]0] 2
A2¥AEY &40 vEZEEe}l 281 A 1 gm W99
Sl aAEo] W2l (Fig. 5B).
ZAAE III (hyalinocyte III) = A4 <F 13.2 pm, &
74 k7.3 pm 27]9) 71 BRRF0ISlH (Figs. 5A, ©). H2
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Fig. 3. Ultrastructure of the granulocyte of the spiny top shell, Batillus cornutus. A: Semithin section,
showing the granulocyte (black arrowhead). B: Granulocyte, note the filopodia (white
arrowhaed). C: High power view of the rectangular area in the B micrograph showing the
smooth endoplasmic reticula (SER), granules (G), mitochondria (Mt) and filopodia (white
arrowhaed). Gg, glycogen granule; N, nucleus.

Fig. 4. Ultrastructure of the hyalinocyte | of the spiny top shell, Batillus cornutus. A: Semithin
sections, showing the granulocyte (black arrowhead). B: hyalinocyte I, note the filopodia (white
arrowhead). Al, annulated lamella; Gg, glycogen granule; Mt, mitochondrion; N, nucleus; rER,
rough endoplasmic reticulum; sER, smooth endoplasmic reticulum.

Fig. 5. Ultrastructure of the hyalinocyte 1l and Il of the spiny top shell, Batillus cornutus. A: Semithin
section, showing the hyalinocyte Il (black arrowhead) and hyalinocyte Il (white arrowhead). B:
Hyalinocyte II, note the pilopodia (white arrowhead). C: Hyalinocyte Ill. Ly, lysosome; Mt,
mitochondrion; N, nucleus; sER, smooth endoplasmic reticulum.
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Fig. 6. Ultrastructure of the hyalinocyte IV and V of the spiny top shell, Batillus cornutus. A:
Semithin section, showing the hyalinocyte IV (black arrowhead) and hyalinocyte V (white
arrowhead). B: Hyalinocyte IV. C: Hyalinocyte V. Gg, glycogen granule; Ly, lysosome; N,

nucleus; rER, rough endoplasmic reticulum.

Fig. 7. Ultrastructure of the hyalinocyte VI of the spiny top shell, Batillus
cornutus. A: Semithin section, showing the hyalinocyte VI (black

arrowhead). B:

Hyalinocyte  VI.  Ap,

autophagosome;  Hp,

heterophagosome; Gg, glycogen granule; Ly, lysosome.

AE] g & S $JAehe AAH R AAEE}t =2 A
olch. A EAL] it AAUET} v W HjFe] FEE
o] zakAlgk ¢lslet (Fig. 5C).

ZAAE IV (hyalinocyte IV) = A7 oF 145 ym, &
7 9F 10.3 xm 27]9] E}180]9ic} (Figs. 6A, B). A|%A
o AR = v wokow, AA ok 4 pm 271 HF &
saAlet A Eel 27]7F vk 239 faAEo] +
23l glgleh (Fig. 6B).

ZAAZ V (hyalinocyte V) & A7 <F 12.8 p¢m, &7

ok 7.0 pm Z7)e AETA W 3o
0), #AAA= AAd=r} vl &2 ©
FEEgon A Fue] AEAAE 2 wdE 2HAT
A7y B A2 AAels FE|2AAFE] 12
E¥shal, dielAs Al Ay 4E 7 A st

B FxEo] EE3ku g%l (Fig. 60).

] (Fig. 7) 22 XA AAAR F224 75
¥3to g AAUEE 2o Holgloh AlEu} ZAolA
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Table 1. Characteristics of hemocytes of the spiny top shell, Batillus cornutus

Cell type

Characteristics

Blast-like cell
Granulocyte
Hyalinocyte I
Hyalinocyte 11
Hyalinocyte III
Hyalinocyte IV
Hyalinocyte V
Hyalinocyte VI

Oval profile
Spherical profile (7 zm)
Oval profile (8 x 5.5 xm)

Oval profile (8.6 X 6.5 zm)

Long oval profile (13.2 x 7.3 xm)
Oval profile (14.5 x 10.3 #m)

Oval profile (12.8 x 7.0 zm)

Irregular an amoebal profile

Table 2. A categorization of the hemocyte in gastropod from the previously studies

Sub-categories

Species Reference
Hyalinocyte Granulocyte
Trachea Ylttata Mabhilini and Rajendran
Indoplanorbis exustus I I-111
. (2008)
Pila globosa
Biomphalaria g]abrata I-111 I Cavalcanti et al (2012)
B. straminea
Turbo (Batillus) cornutus I-1I I Donaghy et al. (2010)
Batillus cornutus I-VI I In this study

¥ (heterophagosome) 7} =™, AEA Yio= A}
W% 7} thekit gefjaAle A2 (autophagosome) 7} X
sk gl3lvt (Fig. 7B).

13

]

7 (hemocyte) + £F3} it F83 4TE ol
A2 dFoE AAF Sk 1eRe 75
Frokal 7] wiEell WE5dolct (Bayne, 1983).

AHAQ opupgd AlZolet. Al el S i
A E (granulocyte) =t F-=21, #H3e FH3HA|
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(hyalinocyte) g} F-Et} (Smlnla 1981).
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4351 Busycon carica2| f‘é"—‘.“ﬂ]/ﬁ HAN T} ZANEE
2yt % 294 Rol: ZIA3 Donaghy et al. (2010)2]
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RBop 2AAEY] F77F o B AR yEpylth
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e L P 2
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48, B. cornutusd 655 AAE FollA 3 FHE 9]
Ao olmnigd o 2 =3t} Davies and Partridge #1
(1972) £ Patella vulgata®] B7 F tF-£o] ofdulido]
1%7} 217 30-50 £m2] A4 E (macrophages) 1= 7
30t} Sminia®} Barendsen (1980) & Lymnaea stagnalis®}
7|eke EolelEEoo|tel| £3l= Biomphalaria glabrata
8} Bulinus truncatus®l oigt d72] e} vlAlTEzA
g 714 E}3)e] AlZE amoebocyteS X 13} Th.

2 dTelA &k B. cornutus] EE FF] FELS 3
A7) EAE Yehdigich 53] s 279 gl 2
717} 2 7 39171439 EAE 247 Wil #ekEn] A
Aol A A Fo] 715313t). Biomphalaria glabrataﬁ}
B. straminea?] 75-o% HHAE} ZAAE ZF 397]
Ao EAS Rt (Cavalcanti et al., 2012). 3}x]qt
Trachea vittata, Indoplanorbis exustus, Pila globosa2)
75 TolA FAHAE IS 3449 EAS Bt 9]
AZE Al T2 FHAE FollA 7P 284 E3Eu]Eo] 7}
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e AlZYrl (Mahilini and Rajendran, 2008). Z,
Crassostrea gigas2] 8 FoA I3& 7Ix]= ofdulAd
v B or sl W 3] 5 24l
o AEA EAE= e ARA e FEEY
(Ruddell, 1971). & 7oA W2 AFAL] 75 A2
Aol EAsk #2 AR ET}E B Al s
AL glglen, ojulald HeE 7pAE 2AAE VIS AlE
Aol Fglo] EASEA] skt weka Ak ez ASIAEE
o 3] EXL waolthy 3 2 9 A|ut Felele] EAjsl
HhEAe] EA e uebs] sA F2 397149 EAE B
ol oz F&Er)

L5 dd 759 E¥¥]E2 B. glabrata®l 7
W% BT 45%, HRAE 4%, ZAAE 51% Aege
(Cheng and Auld, 1977; Cavalcanti et al., 2012),
Turbo (Batillus) cornutusolA+= wAS I 4%, Z2A)
X 3%, ZAAE 93%% t} (Donaghy et al., 2010). & 7
A= A vES EAAE XAt AHAEE &
Rl Wl 2AA 2 67142 EE e, FakEv] A
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lobopodia®d] F 7152 £57)|&o)gte Ruslgiel. 18 rg
75 X sls o ZAAE B HPAEE] vk
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