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Morphological and Cytochemical Characteristics of
Granulocytes from Threadfin Shad Konosirus punctatus

Masakazu Kondo', Ryo Nakashita, Shinya Yasumoto and Yukinori Takahashi

Abstract : Three types of granulocytes, neutrophil, basophil and small eosinophilic granulocyte were
observed in peripheral blood of threadfin shad Konosirus punctatus. The neutrophil had four types of
granules, two types of eosinophilic granules (aG), chromophobic granule (BG) and basophilic granule
(vG) in the cytoplasm. The aG was classified into two types, rod-shaped aG and round oG. The former
was stained with various condition of May-Griinwald (MG), Giemsa and MG-Giemsa (MGG). On the
other hand, the latter was stained with Giemsa and MGG, but not with MG. Acid phosphatase (AcP)
and B-glucronidase (B-Glu) were detected in the round aG. Some esterases were also positive, however,
alkaline phosphatase and peroxidase activity was not observed in the neutrophil. Basophil had three
types of granules, type A, B and C granule. All types of granules were round or oval. The AG (=0.7
um) was the largest granules (BG and CG, =0.3 um) and stained purple with MGG under a few
conditions. The BG was not detected on the MG staining preparation, but stained purple with Giemsa
and MGG. The CG showed light blue after MG, Giemsa and MGG stain. In basophil, AcP, f-Glu and
some esterases were positive. Small eosinophilic granulocyte was small sized cell with condensed
nucleus. The cell was round to oval, and had high nuclear to cytoplasmic ratio. Three types of granules,
one major (eosinophilic granule) and two minor (chromophobic granule, basophilic granule), were
observed in the cell. The AcP was detected in the granulocyte. Phagocytosis against zymosan particles

was observed in only neutrophil.
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BILUHII AR ZRE T2 %

MHEBXUOAE

TEmRRETHESINZD />0 (KREH 1209 EH
B W, WEMEE, TROBREGER (VU > 6
5, MIRERE) ZEEAMAEL L. ab, EREFOKRIZX
200 £ 1L.0CTH o /oo MIEBRAKEADIER, ZRMAET
Romanowsky % %% {4 5 ffi 3% (Multiple Romanowsky-type
Stain Valuation, MRSV; Table 1) B & O Flfla b 501k
VO HE - s DT, S O BERE O MR EE B Sk O zymosan ki
TITHT 2B RRBIEES P ITLzhi> Tk,

w R

3/ > OOMiEIcid 3 fEORRER (PR, AL
B, NREFRRPERERIER) B EN, HFERIRIEEED s iz
Molze iz, NG EVERRIERIIMIC L BRI N
Molz, HFHEKICIE 4 MO, FEEEICIT 3 FED, /h

TGP PERRRIER 113 3 TR O BRI A8 54172, Zymosan
I 2 ZRBRIERO A RREZRANE TS, HFHERITIE
BURBEDGRD BTN, WFREER &N BT R VERRRIER O 7
BREBRI NN .

§F ek

R BRI B £ 721300 (REK9um) Th-o iz,
OB RITM N <, /NI DEAEL TH
oo BIAMRIEL, M, URFIE, SRS Erkxinpike
KU, DK GH¥EET) bRA® SN, MEICIE 4
MO QFEEO o 8k, pRERL v HEED) 2BRS
N7z (Figs. 1A, 1B). o R & y ki © MRSC % Table 2
IR, o HRLIIIR ERETEDENN S, 17 OBk
(F#9% o JERL , rod-shaped o granule) & B E=I3IMIED
WKL (7% o BEKL , round o granule) ZHI5r S N7z, HiH
FER08um AT, BE02um L FTHD, BFEIER
03um AT TH > 720 I o TRIZW TN DEMED MG
P EAI bREAOER & LTSN, £2, 25404
TN ® Giemsa J 0B X U MGG BOEL LICHED SN2
(Table 2)o — 75, MI¥ o BEKIIL Giemsa H {43 X T MGG
RAICE o THEAZE LD, MG REAEARICITED 5N
s> 7z (Table2), BERIIHEEZIZINMETHD (K
££0.5 um LLF), MRSV OWTHNDORELFMITHBNTH
BRI Z RS IR o Joo vy BERLEIHE £ 21300 (K
BO03umAT) THO, MEAZRL L, AR,
Giemsa P4 T2 TORMGBEMEITB T, MGG R Ti
%< DRAFMHITB N TORBRI N (Table 2), LA
L, MG BTl AR ZZE K, pHS.0 ~ 7.0 D{KEE
G mM) U BREEIRD X O pHS.0 DEEE (s M) U
CEEREER & W2 AT 5 sin o 7z (Table 2),
% < QRO PERICHR I N TN S IFHFIEEORER /N
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Table 1. Staining conditions of multiple Romanowsky-type stain valuation

PN Condition"? PN Condition"?
1 MG :DW 42 G : '/, M PB, pHS8.0, 1:20, 15 min
2 : 5 mM PB, pH5.0 43 : /.50 M PB, pHS.0, 1:20, 60 min
3 : 5 mM PB, pH6.0 44 :'/1so M PB, pHS8.0, 1:100, 15min
4 :5mM PB, pH7.0 45 : /.50 M PB, pH8.0, 1:100, 60min
5 : 5 mM PB, pH8.0 46 MGG :DW, 1:20, 15 min
6 :'/,s M PB, pH5.0 47 : DW, 1:20, 60 min
7 :'/,s M PB, pH6.0 48 :DW, 1:100, 15 min
8 :'/,s M PB, pH7.0 49 : DW, 1:100 , 60 min
9 :'/,s M PB, pH8.0 50 : 5 mM PB, pH5.0, 1:20, 15min
10 G : DW, 1:20, 15 min 51 : 5 mM PB, pH5.0, 1:20, 60min
11 : DW, 1:20, 60 min 52 :5mM PB, pH5.0, 1:100, 15 min
12 :DW, 1:100, 15 min 53 :5mM PB, pH5.0, 1:100, 60 min
13 : DW, 1:100 , 60 min 54 : 5 mM PB, pH6.0, 1:20, 15min
14 : 0.5 mM PB, pH5.0, 1:20, 15min 55 : 5 mM PB, pH6.0, 1:20, 60min
15 : 0.5 mM PB, pH5.0, 1:20, 60min 56 : 5 mM PB, pH6.0, 1:100 , 15 min
16 : 0.5 mM PB, pH5.0, 1:100, 15 min 57 : 5 mM PB, pH6.0, 1:100 , 60 min
17 :0.5 mM PB, pH5.0, 1:100, 60 min 58 :5mM PB, pH7.0, 1:20, 15min
18 : 0.5 mM PB, pH6.0, 1:20, 15min 59 : 5 mM PB, pH7.0, 1:20, 60min
19 :0.5 mM PB, pH6.0, 1:20, 60min 60 : 5mM PB, pH7.0, 1:100, 15 min
20 : 0.5 mM PB, pH6.0, 1:100, 15 min 61 : 5 mM PB, pH7.0, 1:100, 60 min
21 : 0.5 mM PB, pH6.0, 1:100 , 60 min 62 : 5 mM PB, pHS8.0, 1:20, 15min
22 :0.5 mM PB, pH7.0, 1:20, 15min 63 : 5 mM PB, pHS.0, 1:20, 60min
23 : 0.5 mM PB, pH7.0, 1:20, 60min 64 : 5 mM PB, pH8.0, 1:100, 15 min
24 :0.5 mM PB, pH7.0, 1:100, 15 min 65 : 5 mM PB, pHS8.0, 1:100, 60 min
25 :0.5 mM PB, pH7.0, 1:100, 60 min 66 :'/;s M PB, pH5.0, 1:20, 15min
26 : 0.5 mM PB, pH8.0, 1:20, 15min 67 :'/,s M PB, pH5.0, 1:20, 60min
27 : 0.5 mM PB, pH8.0, 1:20, 60min 68 : 1/15 M PB, pH5.0, 1:100, 15 min
28 : 0.5 mM PB, pH8.0, 1:100, 15 min 69 :'/,s M PB, pH5.0, 1:100, 60 min
29 : 0.5 mM PB, pH8.0, 1:100, 60 min 70 :'/,s M PB, pH6.0, 1:20, 15 min
30 : /15y M PB, pH5.0, 1:20, 15 min 71 :'/,s M PB, pH6.0, 1:20, 60 min
31 : /15y M PB, pH5.0, 1:20, 60min 72 :'/;s M PB, pH6.0, 1:100, 15 min
32 :'/,5 M PB, pH5.0, 1:100, 15 min 73 :'/;s M PB, pH6.0, 1:100, 60 min
33 : /150 M PB, pH5.0, 1:100, 60 min 74 :'/,s M PB, pH7.0, 1:20, 15min
34 : '/, M PB, pH6.0, 1:20, 15min 75 :'/,s M PB, pH7.0, 1:20, 60min
35 /.5y M PB, pH6.0, 1:20, 60min 76 :'/,s M PB, pH7.0, 1:100, 15 min
36 :'/15s M PB, pH6.0, 1:100, 15 min 77 :'/,s M PB, pH7.0, 1:100, 60 min
37 : /15y M PB, pH6.0, 1:100, 60 min 78 :'/,s M PB, pH8.0, 1:20, 15 min
38 : /15y M PB, pH7.0, 1:20, 15 min 79 :'/;s M PB, pH8.0, 1:20, 60 min
39 : '/, M PB, pH7.0, 1:20, 60 min 80 :'/,s M PB, pHS.0, 1:100, 15min
40 : '/, M PB, pH7.0, 1:100, 15 min 81 :'/,s M PB, pHS.0, 1:100, 60min
41 : /15y M PB, pH7.0, 1:100, 60 min

'MG, May-Griinwald stain (after fixation and staining for 5 min with MG concentrated-solution, the smear was stained
again for 10 min in MG diluted (1:1) with various solution); G, Giemsa stain (after fixation with absolute methanol for
5 min, the smear was air-dried and then stained with Giemsa diluted with various solution); MGG, May-Griinwald *
Giemsa stain (after staining with MG stain, the smear was stained with diluted Giemsa solution); DW, distilled water; PB,

phosphate buffer; 1:20 and 1:100, dilution ratio (Giemsa:diluent); 15 min and 60 min, time of Giemsa stain.

“Diluent for Giemsa of MGG stain were DW, 0.5 mM PB or '/,5, M PB.

PN, preparation number.
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Fig. 1. Neutrophils of threadfin shad Konosirus punctatus. A, May-Griinwald * Giemsa (MGG;
PN=70); B, MGG (PN=64); C, phagocytosis of zymosan particles (MGG; PN=48). PN,
preparation number (See Table 1). Bars=5 um.

Table 2. Summary of multiple Romanowsky-type staining characteristics of rod-shaped a granule (R), round a granule (r) and y granules
in the neutrophil of threadfin shad Konosirus punctatus

Number Number Number

PN PN PN
R r Y R r v R T Y
1 ++ — — 28 ++ — + 55 ++ — +
2 ++ — — 29 ++ — + 56 ++ — +
3 ++ — — 30 ++ — + 57 ++ — +
4 ++ — — 31 ++ — + 58 ++ — +
5 ++ — + 32 ++ — + 59 ++ — +
6 ++ — — 33 ++ — + 60 ++ — +
7 ++ — + 34 — ++ + 61 ++ — +
8 ++ — + 35 — ++ + 62 — ++ +
9 ++ — + 36 ++ — + 63 — + +
10 - ++ + 37 ++ - + 64 - ++ +
11 — ++ + 38 — ++ + 65 — ++ +
12 ++ — + 39 — ++ + 66 ++ - +
13 ++ — + 40 ++ — + 67 ++ — +
14 ++ — + 41 ++ — + 68 ++ — =+
15 ++ — + 42 — ++ + 69 ++ — +
16 ++ — + 43 — ++ + 70 ++ — +
17 ++ — + 44 — ++ + 71 ++ — +
18 ++ — + 45 — ++ + 72 ++ — +
19 ++ — + 46 ++ - + 73 ++ — +
20 ++ — + 47 ++ — + 74 ++ — +
21 ++ — + 48 ++ — + 75 ++ — +
22 — ++ + 49 ++ — + 76 ++ — +
23 - ++ + 50 ++ — + 77 — ++ +
24 ++ - + 51 ++ — + 78 — ++ +
25 ++ — + 52 ++ — + 79 — ++ +
26 — ++ + 53 ++ - + 80 ++ — +
27 — ++ + 54 ++ — + 81 ++ — +

PN, preparation number (See Table 1); ++, many; +, some; = , a few or not observed; -, not observed.
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Fig. 2. Cytochemistry of neutrophils from threadfin shad Konosirus punctatus. A, acid phosphatase; B, B-glucronidase; C,
a-naphtyl acetate esterase; D, a-naphtyl butyrate esterase; E, naphthol AS-D chloroacetate esterase; F, periodic acid Schiff
reaction; G, toluidine blue in distilled water; H, sudan black B. Bars=5 um.

TNOMBELIINME (EFE04um LUF) OBGIEER
ELUTEEEREN, MinEEELHEEEERLU (Figs.
2C-2B). 7IVAVUET X7 7 & —E (AIP) & POITW
FTNBIFPERICRH SN o 7z FRERICIZME E 21
Y% D periodic acid Schiff it (PAS) Btk Bk (R£2
0.4 um BAF) MEHBRIN, MRELE S HEEER
L7z (Fig. 2F; Table 4). W NDBEEII S a- 7 I T —
TUIRIC & > TREICHE Lz, TV T > TI—RET
BRI I N e 5z M1 P> T)— (TB)
Bz ko TROSEHER SN, fix ok (HF, M,
B, a2, =HAK, #R) 2RI R~
WH LN (Fig 2G). Eiz, MBEZIZIPMTE QM
b (B2 03 um LAR) WAEEIREINK (Fig. 2G). A1
Ly RO BIURXY > MR TIEBEERMITERI N
Binotehl, X5 >7Z w7 B (SBB) RfalZ&> THIE
FE IR OB (B 03 um LLF) VD EEI%R
3N/ (Fig. 2H; Table 4),

If W BRI zymosan 2% 3 5 B BEENED 5 N7z (Fig
10),

YFIEE Tk

PRI RN 10 m OB EZIZIMMAETH O,
fRIEL 7= Mg I O Z G L Tz, BNITIZ/N
DEFERAE AT L Tz, MIREICIE 3 M0 Hk
(A WKL, B WKL CHKD MEEINZ (Fig 3. W
NOBERBMBEZIZIHETHD, ERIT A BT
0.7 um AR, BRI E CHEERITIX03um AT TH > /oo
A FERIIAFHE AR D BRI TH D, HIEICTmL T
Wiz, RERNL, FEAEL2TORABEMITH W THER
g% RS 75/no 7z (Fig. 3A; Table 3). L22L, MGG 3¢
BB NT, HURIC pH7.0 £7213 pHS.0 D =IRE Y >
PR Z N T Giemsa [RIROFBRERZ 120 & L2551,
Giemsa Je s Ic b 5 T RE B E /R L7z (Fig 3B;
Table 3), B fEkI & C kIS T DEEREL, A&
MG HEAFEARICIIEED 5T, Giemsa B XU MGG L0z
ARTEAREOOER E LTRSS N —T, BEIET
DOREZMHITBNTHEERZER L (Table 3),

AcP E I £ 721390 M (R& 03 um LLF) OB E
k& L CTHEBE SN~ (Fig 4A). B-Glu Jefa z fii L 7=
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Table 3. Color of basophil granules from threadfin shad

Konosirus punctatus

PN Type of granules
AG BG CG
1-9 Cl N LB
10-45 Cl P LB
46-73 Cl P LB
74,75 P P LB
76,77 Cl P LB
78,79 P P LB
Fig. 3. Basophils of threadfin shad Konosirus punctatus. A, 80, 81 al P LB

Giemsa (PN=12); B, May-Griinwald * Giemsa (PN=79).

PN, preparation number (See Table 1). Bars=5 um. PN, preparation number (See Table 1); CI, colorless; LB, light
blue; P, purple; N, not detected.
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Fig. 4. Cytochemistry of basophils from threadfin shad Konosirus punctatus. A, acid phosphatase; B,
B-glucronidase; C, a-naphtyl acetate esterase; D, a-naphtyl butyrate esterase; E, naphthol AS-D
chloroacetate esterase; F, periodic acid Schiff reaction (PAS); G, PAS after a-amylase digestion; H,
toluidine blue in distilled water; I, sudan black B. Bars=5 ym.



Fig. 5. Small eosinophilic granulocyte of threadfin shad Konosirus
punctatus. Giemsa (preparation number, 12; See Table 1);
Note eosinophilic granule, chromophobic granule (small

a7 oD ERER

arrowhead) and basophilic granule (large arrowhead). Bar=5

Hm.

Table 4. Summary of reactions of threadfin shad Konosirus punctatus granulocytes to cytochemical tests

S
B

Fig. 6. Cytochemistry of small eosinophilic granulocytes from

threadfin shad Konosirus punctatus. A, acid phosphatase; B,
toluidine blue in distilled water. Bars=5 um.
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Positive site (shape, number and positive site)’

1
Test Neutrophil Basophil Small eosinophilic granulocyte
PAS G (roro,m,0.4); H G (roro, m, 0.7, eq AG); H -
PAS-0A — G (roro, m, 0.7, eq AG) -
AB (pH1.0) - - -
AB (pH2.5) - - —
TB G(roro,s,0.3,eqyG; am, af,eq Yb; N G (roro,s, 0.3, pr BG or CG); N G (roro, af, 0.5); N
SBB G(roro,s,0.3,eq7G) G (roro,s, 0.3, pr BG or CG) —
Sudan I — — —
Oil red O — — —
AlIP - - -
AcP G (roro, m, 0.3, eq raG) G (roro,af, 0.3) G(roro,s,0.7)
B-Glu G (roro, m, 0.3, eq raG) ) G(—or+(80%),rto 0 (0.3) orsp (2.0 X 0.5), s to af) -
a-NAE G (roro, m,0.4); H ND’ —
o-NBE G (roro,m,0.4); H ND -
NASDCAE G (roro,m,0.4); H G (roro,m,0.3); H -
Peroxidase — — —

'PAS, periodic acid Schiff reaction; PAS-aA, PAS after digestion with a-amylase; AB, alcian blue; TB, toluidine blue in distilled water;
SBB, sudan black B; AIP, alkaline phosphatase; AcP, acid phosphatase; B-Glu, B-glucronidase; a-NAE, a-naphtyl acetate esterase;
a-NBE, a-naphtyl butyrate esterase; NASDCAE, naphthol AS-D chloroacetate esterase.
’G, granular; H, hyaloplasm; N, nucleus; — , not detected; r, round; o, oval; am, amorphous; sp, spimdle; m, many; s, some; af, a
few; raG, round o granule; YG, vy granule; AG, A granule; BG, B granule; CG, ¢ granule; Yb, Yasumoto body; eq, equivalent to; pr,
probably eq; Arabic numerals indicate the diameter (¢ = ; um).

*ND, not distinguished granule from hyaloplasm due to strong positive cytoplasm.
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L Th, WGtEOIFEREER BRI DIFFREERNRD 51, &
80% DUFHIILER DM TH > /2o BBIEBRIZ P2 5 51
M (BE03um LR 38R (EE2.0um LUF,
05 um LAIR) 72 EHkA2THO, BPEEREIT 1 Hi
720D 1~ 1018 Tdh > 7= (Fig. 4B), a-NAE & a-NBE
R TIIMIEE 2AEDRBIETH D, B OMEE
T&E/a/h o7z (Figs. 4C, 4D), NASDCAE I3 E £ 0.3 um
PUF D £ 721300 OB R & U T BRI N,
ML E I B BN DN RL 5N7z (Fig. 4E). AIP &
PO I3l T N7en > 7= (Table 4), AFHEFLERICIZMIE £
LI (R 0.7 um LAF) @ PAS [ PE R A3 2 51
BNz (Fig. 4F)., ZOBEEIZ e 73I5—F0
HIizko Tk Lo/ (Fig. 4G), MileERHE
PAS SBEMETH > 7273, BatkOiid o- 7 2 T — B LI
EoTBIEER >z YIS T 2 TIV—, AL v R
0 BRURY »IMBRATIRBEEIMIERI NN >
7, TB B SBB #fiC L > TERE 0.3 um L FOMTE
KIS D RGP RRL 3 D BBl gR E 7z (Figs. 4H, 4L
Table 4) .

INEUGT RS R AT IR

ARPRIERITER 6~ 10um ODHENSHEHETH D,
MEEZIZIIMNEOKER L Tni (Fig. 5. BEOREE
M3 <, HAZBMHBREENRAD SNz, RIEREL,
BB LRI m 2 o oo A LICB T 2 ARBREROEI &
3D TR, ARBRERABIZE S NI AEAIE Table 1121
981 D&M 25 flAEH (BEAES 1 1,699, 12,17, 25, 32, 33,
36, 44, 46, 53, 55, 56, 58, 61, 65, 66, 69, 71, 74,77,79) TH >
Too MBI 3 MO YK (a JHKL, b YKL c PR
MERI N, a FRIIFBEERT D ER 0.5 m L FD
M E 723N ORERL TH D, APERIERD E /2 8k T
o7, b FERLTHINE NI DERAE S % FIE £ 721300
DR (B 04umLLF) THY, AR 25 FEOEA
DONTIUTBNWTH AR BT E RS THEETH > 72,
c BRI/ (B 02um BLF) OMEEIIIIME O
KTHO, < OROEMFITBNTRECZZE LN, 2
AFF1, 6 BXUV T TRAERIBRI NN S, &
FERIERICIE, FIBEZIZINME D AcP BHtERERL (R 0.7
pm BUF) & TB BEMEERL (B2 0.5 um LLF) DA EGED
5317z (Figs. 6A, 6B; Table 4) ,

z E

O/ > ODFFPERICIE 2 B O o FRL FRE o FRL,

MIE o R, BHERIB IOy BRPBRINZ, BFa
TRIII MG BaEATHRD 5N, RoNzE&MHhTEHS
HDOD, Giemsa i B XU MGG FaEATHERIN
2o TOTENS, FHE o RN ol KL ICHE I N5,
£z, M o FERIIL Giemsa 265 X X MGG Pttt AT
DO HNDN, MG REFEARIZIZBERI NN >z, Lz
5T, M o BRIE o2 BRI N5, TNET
W2 EED o R AT ERICE T A E L TEFR—)L
NWEINTVRSE Y, Lal, EF—ILO o BRIE ol
K& a3 BHRITH O, T/ 0&FHEMBD, T/ 2 Ofh
ERO v BRI Giemsa #t4 & MGG # 4 T3, MRSV O
TNORAKFITBVTHRED LN, Bo5N5LM0TIEH
5HDDOMGREBIZBVWTHERINZZENS, y1
kP CFEE S Nz,

a7 2 OffERD B BEKIICIE, ¥4/ 3 AXIN)L Sebastes
oblongus DIFHERTEZ I N EIRPOLE P ZED 5N
o lz, ZOIZEMNS, a7 ObfhERo B FERIIE B2
PR TIRRABWEE A%, UL, BHEAICIZ PO MM
BHEINBholm. TNETOWIICELD &, pHEAIZE
BREOMHPERICRD 51, PO TH 2 270,
L7emi= T, O/ 2 uifdEko p k% LKL * 1 F &
ITH5IELIINEEER D, DLEOENS, BEHAOH
OVERMERIBR L2V (Table 5)o T7DB, FIRHLLR
ZFE72T, POIEMEA R & in i B YKL % po KL & T
%,

SR ERERE RN S, T/ 2 OlfhERO &8k 2
KO X SITHERE U7 (Table 4), PAS BRI BERINE, 2 Fli%H
O o JERL (ol kL, o2 KD, PO BERID KUyl Pk &1,
TORESIIBVWTHAES, £/, - 7IT7—FITLD
Mkxhzazems, U aA—=7 2 2ERD ET DHEEYN
ThD, PR TIIRWEEZEN S, MEELFINHED
TB R BRI 35 & OF SBB Btk FEK I BE A5 8 & BERI S
Myl BERITER T 5 2 &5, yv1 BRIIE TB 3K U SBB
BrHThHdEEALND, £, REFRD TB BEMEERIT
Y IMKIZHI®S T 2 E b b, AcP MEER & B-Glu Btk
TR RE E R & BRI o2 JERLICHERIS 2 2 &
5, o2 BRICHBRIEENGEET 5 LRI N2, 4,
BRI AT 7 —YBEERIZTNTNS MRSV ICE > TR
HEINDEREIIRESINERDIEMNS, THNHEERED
FATEBATILREE T &R0,

07 2 O0QEHRERICIE o JERL, B HERLD K Oy SRR
HENDIENS, AAHIEGREO IFICHEI NS,
UL, o BEROIBESR O ffl S X Rz 0 2 fEFEL /2.
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Table 5. Staining characteristics of chromophobic granules (B
granules)

Type of B granules

Staining Bo B1 B2
Substance RCC Substance RCC Substance RCC
May-Grinwald — U — U — —
Giemsa - U - U - + (P)
PO - U(—) + U(+) + —

PO, peroxidase; RCC, rod-shaped central core; + , positive; — ,
negative; U, unidentified; P, purple.

ZOZEMSMO T RAEE KT 57201 -2 BEOH
ERET D, £, POMIFREKICHREEINT, ThET
@ PO IEPEEFAERALIC K2 M0 51k (B KL D &7 PO [
HOBEIT a, BEK SN PO BBIEDHEIT D) ITIEHST
WBESRNWIENS, HHEEIZPOEESREBI NN
LEIRT zERET S, ZHICKD, T/ 0312z B
258X (Table 6), & DEFHERIX alo2p0yl &KL I N
51228 THBHEFA %,

O 2O OHEEERITIT A Bk, B RIS KO C kL
DERINZ, FEABEKTHD ABERIZIZEAELT

258

DREAFMFITBNTHERAHZ RS RN > 7. UL,
—# D MGG A TR AICRAINL, 2D EMNS
Z DOERIERZ R ILER EIERZ EIEZ S TH D EEZEAHN
%, BRI RO DRER, P EEERD PAS BB IERER
I3IERE AR R & BRIV 5 2 &S A BRI
Mg BHEEZLND (Table 4. T D PAS B BRI 1T a-
7IT—VIZKOHLINEN =2 ENS, A FERINIC
) a-F 23RBS LEEANGEND LEDbN S,
TB FPE kL & SBB [k RIS T RE E AR & TR ST B
BRIBROCERICHE T2 Z &S, BEABXUC
TERIE TB BXY (£7213) SBB I TH 5 &HiRIN
%o AcP BRI EM R BICB VW T B BB LT
C HERLICHERIT 278, BRI DR 2 &0 5 BT
flEE TERW, B-Glu FFIERERL B BRI R IC B W T B
PRI KON C BRI RIT 278, BR e & R e A s
FIET D7D O EINETH D, SHITXT
T —XiEED S5, NASDCAE B BRI I RS ERIR I
BT B KB X O C FERICEMT 50, BRI R
%,

Table 6. Grouping of teleostei fishes based on the granule composition and PO positive site of neutrophil

Group Subgroup Granule PO Species and references

LAa 03, L. 71 b1 Asian arowana Scle;"opag.es }Z(;)rmosus'z’, Nile tilapia Oreochromis niloticus™", jack-
mackerel Trachurus japonicus
Japanese eel Anguilla japonica™, common carp Cyprinus carpio"™**, striped grunt

1 I-Ba a3, B1,y2 Bl  Parapristipoma trilineatum**", Japanese amberjack Seriola quinqueradiata', greater

amberjack S. dumerili®, yellowtail amberjack S. lalandi®

1-Ca 02, 1, y1 Bl  devil stinger Inimicus japonicus™

1-Zz al, a2, BO, y1 ND threadfin shad Konosirus punctatus™

tiger puffer Takifugu rubripes®, grass puffer T. niphobles®”, threadsail filefish

ll-Aa o3, Bl Pl Stephanolepis cirrhifer’”
1 1I-Ab a3, Bl B1,N finepatterned puffer Takifugu poecilonotus™
11-Ba al, Bl Bl  red sea-bream Pagrus major'®
northern pike Exos lucius'’, bluegill Lepomis macrochirus®, Japanese seabass
lll-a b1 b1 Lateolabrax japonicus'”, seabass7LA latus'”, rudderfish Girella punctataS’”,z;Iapanese
I flounder Paralichthys ogvaceus ). marbled sole Pleuronectes yokohamae™, barfin
flounder Verasper moseri >
IL-b Bl BIL N ayu Plecog{os;vlus altivelis®, gray mul?et Mugil cephaluszf]), redlip mullet Chelon
’ haematocheilus®”, sevenband grouper Epinephelus septemfasciatus'®
IV-Aa B1, vl Bl  Japanese lates Lates japonicus™
1AY IV-Ba B1,y3b Bl  marbled rockfish Sebastiscus marmoratus™
IV-Ca B2, y3a B2*, N oblong rockfish Sebastes oblongus™

al, eosinophilic granule (a granule) type 1; a2, o granule type 2; o3, a granule type 3; p0, chromophobic granule (f granule) type 0; B1, B
granule type 1; B2, B granule type 2; y1, basophilic granule (y granule) type 1; y2, v granule type 2; y3a, y granule type 3a; y3b, y granule

type 3b; PO, peroxidase; N, nucleus; ND, not detected.
"Rod-shaped central core was negative.
Present report.
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/NG T P KT BR U203 3 FIUEE O BRI AN RE 8 5 72 A,
TB BaPERERLIS I BE AR BIC B W T a BEALICELI T 2
DD, GHEERENL a FRIE D DRV, Ek, AcP Bk
FERIIT VTN ORERL & BIRE AR RS> Tz,

A/ B HZV CRICET 50, INETIRS
TR & LT A U 2 Sardinops melanostictus™, S.
neopilchardus™, Sprattus antipodum™ @, R H 7145 7 F A
7RO Ny 7 F A T ¥ Ergraulis japonicus™ & E.
australis’” DFRIERICDOWTHENH D, 1T EHhY
JFA T TIEAY J —)VETHIC Leishman-Giemsa Je
L 2R EBN R I N TB O, S neopilchardus, S.
antipodum 3B X N E. australis TIERABIELNVNDH DD
Wright JEREARICE D < JEKIER 3 & PO TEMEIC D W TH
HEINTWD, AT ENY T TFA T ITIIAF BRI,
NE 0 FA T AN RER &5 X 5N D FRIERD IR S
NTWSD, IFFEREFRESINTHARVnY, Lil, <
AT ENE T TFA T DR EEERITITRIE B DO RUNERL A
BlmasnTnaZens ™, AREICBFL 23/ 200
HHERICHYE T B EEA BN, £e, NI TFATIT
BWTHHEEER & 2 5 N 7= BRIER O F B3 BRI X HIE 2
FEIRERLTHE ST, HERLZbDTIRAnWnhEINT
WY, 3/ 20izBN T HEFHIERO R ERI R
SNRNTOARERER L, 2O ENS, HE Y
FA T 2 DU DRERIERIE, TN ITHIEEEERTH %
EEZEZ5ND, —H, S neopilchardus, S. antipodum 3 &
O E. australis TIZUFHER & IFFEER2IFRD 5 N TW S8,
R ERI N TN, £ Zhs 3fakEn
THITBWTHHERIRKITII POEMEIIBRIE SN TWan
3, 8. neopilchardus D FHIZH N T W DN DEFHERIZ PO
HBHENED 50N TW B, Sardinops neopilchardus, S.
antipodum 3 X O\ E. australis TIZREEIREIN TN
ZEMS, T/ 0EORBKIINETH DA, s ak
DU BRI F BRI PSR S N TWRWIFIERERIC, —
7, GFEEERIZ O/ >0 OiFhERICE TS 9 S AR
WHDDNHLNTIRN,
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