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Morphological and Cytochemical Properties of Hemocyte of
Argulus japonicus (Arguloida, Branchiura, Crustacea)

Masakazu Kondo'*, Susumu Tomonaga®, and Yukinori Takahashi®

Only a single type of hemocyte, chromophobic granulocyte, was observed in the hemolymph of
the fish louse, Argulus japonicus (Branchiura, Crustacea). This cell was ellipsoid or spindle-
shaped one and characterized by numerous round granules (<0.5xm in diameter). The granules
were not stained with May-Grinwald or hematoxylin-eosin. Some granules were PAS-, alcian
blue (pH2.5)-, toluidine blue- and sudan black B- positive. Glycogen was detected in the
hyaloplasm. Phenoloxidase (PO) activity was observed in the hyaloplasm, but not in the gran-
ules. Lipofusutin-like granules were also found in the hyaloplasm, strongly suggesting that the
hemocyte has a phagocytic ability. The hemocytes aggregated and degranulated in vitro, but
gelation of the hemolymph and clot formation were not induced. Clump of hemocytes was also
observed in -the wounded site. The process of melanin formation was proceeded in the hemocyte
clump. These results suggested that the fish louse has the fundamental cellular immune system
of crustaceans such as phagocytosis and PO, but not blood coagulation.

Based on the present results on Argulus japonicus and those of other crustaceans previously
examined, we make a speculation about the evolutional process of cellular immune system of
crustaceans as follows.

1. In the primitive crustaceans like the branchiopods, a single type of hemocyte is present, which
has an ability of the phagocytosis. The hemocyte has agglutinated, if they are wounded, and the
melanin formation occurs due to the phenoloxidase activity in the hyaloplasm. However, a
gelation of the hemolymph and a clot formation are not induced. The branchiurans in the class
Maxillopoda also have a single hemocyte type and immune system like the branchiopods.

2. In advanced crustaceans like the decapods, the hemocytes differentiate into some types. One
of them is a modified hemocyte with a phagocytic ability. The system of the blood coagulation
are completed due to the gelation of the hemolymph and the clot formation. Moreover, more ef-
fective immune system is developed in some more advanced malacostoracans, taking the system
of phenoloxidase activity in the granules of some hemocytes.

3. Some intermediate types are observed in other crustaceans. The cirripedia in the class
Maxillopoda obtains an ability of the system of the blood coagulation, but the other systems
remain those like the branchiurans. In the Pedunculata of the same class, however, the hemocyte
is a single type and the galation of the hemolymph and the clot formation do not occur, though
with the aggregation of the granular substance, on the other hand, another subclass
Apedunculata has an ability of the clot formation and two kinds of hemocytes.
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Fig. 1. Many hemocytes in abdomen. Bar=10um.

Fig. 2. Hemocyte, fixed immediately after removal
from circulation showing small granules.
Bar= 5 ym.

Fig. 3. Hemocyte stained with hematoxylin-eosin.
Granules are not stained. Bar= 5 pym.

Fig. 4. Hemocyte stained with May-Grinwald.
Granules are chromophobic. Bar=5 um.
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Fig. 5. Hemocyte stained with May-Grinwald con-
taining lipofusutin-like granules (arrow-
heads). Bar=5 um.

Fig. 6. Hemocyte stained with PAS. Bar=5 ym.

Fig. 7. Hemocyte stained with PAS after a-amylase
digestion. Bar=5 um.

Fig. 8. Hemocyte stained with alcian blue (pH2.5).
Bar=5 um. . :
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Table 1. Comparison of morphological characteristics of Argulus japonicus, Lepas anatifera” and Artemia

salina® hemocytes stained with May-Grinwald.

Argulus japonicus

Lepas anatifera Artemia salina

Cell
shape oval to spindle

size (lengthXwidth, gm) | 8.5~13.0X2.5~6.0

round to oval, with | oval to ellipsoid
filopodia ’

4.9~16.2X4.8~11.9 8.0~13.0x5.0~9.0

Granule ~ One granule type One granule type Two granule types
staining, shape and size chromophobic, chromophobic, eosinophilic,
(diameter) round, <0.5xm round, <0.5¢m round Qum) or oval
(2~3X1~2um)
chromophobic,
round, <0.5um
Nucleus oval to ellipsoid irregular (round, oval, | oval to ellipsoid
shape kidney, V-shape)

size (lengthXwidth, um) | 4.3~5.3X1.8~4.0

4.3~8.1X2.7~54 3.0~6.0X2.5~4.0

* Kondo et al. (2002).
* Kondo et al. (2002)™.



48 UTHE « KoK © =R

gahi (Fig. 8), TBRETE, MEEEENHEEMH T
By, BHENEEEBERNORTNEIEsh (Fig. Do
SBBHr I & D R EEE LM Ic s h, /NEOBK
IR SHRE I BE L Tz (Fig. 10)o & 51T, sudan
MEEOROBRB TR ZN S OBFHIMI L BESh
Wirote, 7=/ =A% v ¥ —¥EBHT 5 DOPAR
BTR, HEHREEESBIETS > b, BHEERIE
Bxhh ot (Fig 11,

MREdT, ) # 7 27 Y ROBERIREEYE b oMk
bEEmani (Fig. 5. CoBEWI, MGHRETEM
BrLREZEL TV,

R D 7 v bR MBHER Y 5 isis - foo TRl
LrcliBkiE, #ATHRIRZY, ROTH S REAATEL
TE&PRERICENL 7 (Fig. 13, 15 1 BT 3 BRIR
BEEMHE LD (Fig. 14), 2FRIRICIIBRGBE (1
IRZE#E, lamellapodia) PSR AN, ZidHka
, DOHFRIZME LTV (Fig. 15). HFE I LER & B
Fig. 9. Hemocyte stained with toluidin blue. W LURENEEL DN ALEANEESN, ERBRICIZE

Bar= s pm. WLEALNBMELED SO, S5, MIKALOR
Fig.10. g&eén;)%yzemsltained with sudan black B. EBLELN (Fig. 16), < OREMOEEIC bIERAR
Fig.11. Hemocyte stained with DOPA reaction offEsBEs N (Fig. 1D,

(phenoloxidase detection). Bar=>5 um. BOicks g 3 MBROBEEZFND fodic, EIHRIFEZY]

Fig.12. Wound repair of posterior part of abdomen ML7zECTA, ZOEENDS, BEORMBRIBEE DIED,
S e Y THOTIABON OF g e IR SRR L THOARACE N, 1)
| B 6 BSRI % TREMICELIREBD b Eh - f LidL,
R b EBE s e (Fig. Do pHLOTDABRE T I3 MK 120R%% I I MBRERSBEAEZEL, £ 5= V{LHBEITL
FEBBINGE - 7208, pH2HT RGN 3 DEE TWB T EMBERSNTz, TORERDE L5 HES

Table 2. Comparison of cytochemical characteristics among hemocytes of Argulus japonicus, Lepas anatifera”
and Artemia salina®.

Argulus japonicus Lepas anatifera Artemia salina
Test™ CG Hyaloplasm CG Hyaloplasm EG CG Hyaloplasm
PAS ND + ND + — - hyaline +
granular
PAS-a A — or + — or + — or + — - = hyaline -+
. granular —
AB (pH1.) - - - - - — or + -
AB (pH2.5) — or + — — - — - -
TB — or + + - + - — or + +
SBB ' — or + + + + - — or + +
St - — - — — - —
ORO - - - - - - -
PO ' - + - + - - +

* PAS, periodic acid Schiff reaction; PAS-a A, PAS after a-amylase digestion; AB, alcian blue; TB, toluidine
blue; SBB, sudan black B; SII, sudan I; ORO, oil red O; PO, phenoloxidase (DOPA reaction).

EG, eosinophilic granule; CG, chromophobic granule.

ND, not distinguished granule from hyaloplasm due to strong positive cytoplasm. —, negative; +, positive.

* Kondo et al. (2002)".

* Kondo et al. (2002)™.
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Fig.13. Hemocyte transformed to confetti-shape 30
min after adhesion on glass. Phase contrast.
Bar=5 um.

Fig.14. Hemocyte with spread lamellapodia
(asterrisk) 1 h after adhesion. Phase con-
trast. Bar=5 ym.

Fig.15. Hemocyte showing lamellapodia (asterrisk)
and degranulation (arrowheads) 2 h after
adhesion. Phase contrast. Bar=15 um.
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Fig.16. Aggregated hemocytes 1 h after adhesion.
Phase contrast. Bar=5 um.

Fig.17. Aggregaed v eoctes with v spread
lamellapodia (asterrisks) 2 h after adhesion.
Phase contrast. Bar=5 um.
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