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Morphological and Cytochemical Characteristics of Neutrophil from

Japanese Amberjack, Seriola quinqueradiata

Masakazu Kondo™, Takasuke Sakaguchi, Shunsuke Kanamaru, Nachiro Kashiwamura

and Yukinori Takahashi

Abstract : Morphological and cytochemical characteristics of neutrophil in Japanese amberjack, Seriola
quingueradiata were examined by light microscopy. The neutrophils were round to oval (7.0-11.0 y m in
diameter) and the nucleus round to lobule-shaped. Granules of the neutrophil were classified into three
types; acidophilic granule (a G), chromophobic granule ( #G) and basophilic granule (yG). The aG
was rod-shaped (05-10um in length, 02 um in width) and stained with May-Griinwald (MG) stain.
This granule was not observed in the preparations stained with Giemsa stain. The MG-Giemsa (MGG)
staining pattern of the granule was influenced by pH and concentration of diluent of the staining solution.
The B G was round to oval (£05um in diameter) and unstained by Romanovsky type stain (MG,
Giemsa and MGG). This granule was alkaline phosphatase, peroxidase and sudan black B positive. The
y G was round to oval (£0.3 xm in diameter) and stained with Giemsa and MGG, but not with MG. This
granule was a -naphtyl acetate esterase positive. The Yasumoto body (Y-body) was also found in the

neutrophil and toluidine blue positive.

Key words : neutrophil, Japanese amberjack, Seriola quingueradiata, morphology
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Fig. 1. A Japanese amberjack neutrophil stained with
May-Grinwald concentrated-solution, which
served as agents for both fixation and staining.
After the staining for 5 min, the sample was
washed with distilled water. Arrowheads show
Y-body. Bar = 5 um.

Fig. 2. Japanese amberjack neutrophil stained with
May-Grinwald (MG) solution under various
conditions. After fixation and staining for 5 min
with MG concentrated-solution, the sample was
stained again for 10 min in MG diluted with
the following solutions : (1)distilled water, (2)
phosphate buffer (5mM, pH5.0), (3)phosphate
buffer (5mM, pH6.0), (4)phosphate buffer
(5mM, pH7.0), (5)phosphate buffer (5mM,
pH8.0), (6)phosphate buffer (1/1sM, pH5.0), (7)
phosphate buffer (/1:M, pH6.0), (8)phosphate
buffer (1/1sM, pH7.0) and (9)phosphate buffer
(1/1sM, pH8.0). Arrowheads show Y-body. Bars
=5um.
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Fig. 3. Japanese amberjack neutrophil under various staining conditions. Giemsa stain. After fixation for 5 min with
methanol, the sample was stained with Giemsa solution diluted with the following solutions : (1)distilled water
at a rate of 1: 20. Giemsa stain was for 15 min. (2)distilled water at a rate of 1 : 20. 60 min. (3)distilled water at
a rate of 1 :100. 15 min. (4)distilled water at a rate of 1 : 100. 60 min. (5)0.5 mM phosphate buffer (pH5.0) at a
rate of 1 : 20. 15 min. (6)0.5 mM phosphate buffer (pH5.0) at a rate of 1 : 20. 60 min. (7)0.5 mM phosphate buffer

(pH5.0) at a rate of 1 : 100. 15 min. (8)0.5 mM phosphate buffer (pH5.0) at a rate of 1 : 100. 60 min. (9)0.5 mM
phosphate buffer (pH6.0) at a rate of 1 : 20. 15 min. (10)0.5 mM phosphate buffer (pH6.0) at a rate of 1 : 20. 60
min. (11)0.5 mM phosphate buffer (pH6.0) at a rate of 1 : 100. 15 min. (12)0.5 mM phosphate buffer (pH6.0) at
a rate of 1:100. 60 min. (13)0.5 mM phosphate buffer (pH7.0) at a rate of 1 : 20. 15 min. (14)0.5 mM phosphate
buffer (pH7.0) at a rate of 1 : 20. 60 min. (15)0.5 mM phosphate buffer (pH7.0) at a rate of 1 : 100. 15 min. (16)0.5
mM phosphate buffer (pH7.0) at a rate of 1 : 100. 60 min. (17)0.5 mM phosphate buffer (pH8.0) at a rate of 1 : 20.
15 min. (18)0.5 mM phosphate buffer (pH8.0) at a rate of 1 : 20. 60 min. (19)0.5 mM phosphate buffer (pH8.0) at
a rate of 1: 100. 15 min. (20)0.5 mM phosphate buffer (pH8.0) at a rate of 1 : 100. 60 min. (21)!/150M phosphate
buffer (pH5.0) at a rate of 1 : 20. 15 min. (22) ! /1M phosphate buffer (pH5.0) at a rate of 1 : 20. 60 min. (23)*
/1M phosphate buffer (pH5.0) at a rate of 1 : 100. 15 min. (24) ! /15sM phosphate buffer (pH5.0) at a rate of 1 :
100. 60 min. (25) !/15M phosphate buffer (pH6.0) at a rate of 1 : 20. 15 min. (26) !/15M phosphate buffer (pH6.0)
at a rate of 1 : 20. 60 min. (27) ! /1M phosphate buffer (pH6.0) at a rate of 1 : 100. 15 min. (28) !/15M phosphate
buffer (pH6.0) at a rate of 1 : 100. 60 min. (29) ! /1M phosphate buffer (pH7.0) at a rate of 1 : 20. 15 min. (30)
1/15M phosphate buffer (pH7.0) at a rate of 1 : 20. 60 min. (31) ! /1M phosphate buffer (pH7.0) at a rate of 1 :
100. 15 min. (32) !/1:0M phosphate buffer (pH7.0) at a rate of 1 : 100. 60 min. (33) ! /1M phosphate buffer (pH80)
at a rate of 1 : 20. 15 min. (34) ! /1M phosphate buffer (pH8.0) at a rate of 1 : 20. 60 min. (35) ! /1M phosphate
buffer (pH8.0) at a rate of 1 : 100. 15 min. (36) !'/15%M phosphate buffer (pH8.0) at a rate of 1 : 100. 60 min.
Arrowheads show Y-body. Bars = 5 um.
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Fig. 4. Japanese amberjack neutrophil under various staining conditions. May-Grinwald (MG) - Giemsa stain. After

fixation and staining for 5 min with MG concentrated-solution, the sample was stained with MG diluted solution
in various solutions for 10 min, followed by staining with Giemsa under the following conditions : (1)distilled
water at a rate of 1 : 20. Giemsa stain was for 15 min. (2)distilled water at a rate of 1 : 20. 60 min. (3)distilled
water at a rate of 1 : 100. 15 min. (4)distilled water at a rate of 1 : 100. 15 min. (5)0.5mM phosphate buffer (pH5.0)
at a rate of 1 : 20. 15 min. (6)0.5mM phosphate buffer (pH5.0) at a rate of 1 : 20. 15 min. (7)0.5mM phosphate
buffer (pH5.0) at a rate of 1 : 100. 15 min. (8)0.5mM phosphate buffer (pH5.0) at a rate of 1 : 100. 60 min. (9)
0.5mM phosphate buffer (pH6.0) at a rate of 1 : 20. 15 min. (10)0.5mM phosphate buffer (pH6.0) at a rate of 1 :
20. 60 min. (11)0.5mM phosphate buffer (pH6.0) at a rate of 1 : 100. 15 min. (12)0.5mM phosphate buffer (pH6.0)
at a rate of 1: 100. 60 min. (13)0.5mM phosphate buffer (pH7.0) at a rate of 1 : 20. 15 min. (14)0.5mM phosphate
buffer (pH7.0) at a rate of 1:20. 15 min. (15)0.5mM phosphate buffer (pH7.0) at a rate of 1 : 100. 15 min. (16)
0.5mM phosphate buffer (pH7.0) at a rate of 1 : 100. 60 min. (17). 0.5mM phosphate buffer (pH8.0) at a rate of 1
: 20. 15 min. (18)0.5mM phosphate buffer (pH8.0) at a rate of 1 : 20. 60 min. (19)0.5mM phosphate buffer (pH8.0)
at a rate of 1: 100. 15 min. (20)0.5mM phosphate buffer (pH80) at a rate of 1 : 100. 60 min. (21) ! /1M phosphate
buffer (pH5.0) at a rate of 1 : 20. 15 min. (22) ! /1M phosphate buffer (pH5.0) at a rate of 1 : 20. 60 min. (23)!
/1:0M phosphate buffer (pH5.0) at a rate of 1 : 100. 15 min. (24) ! /1M phosphate buffer (pH5.0) at a rate of 1 :
100. 60 min. (25) ! /1M phosphate buffer (pH6.0) at a rate of 1 : 20. 15 min. (26) ! /1sM phosphate buffer (pH6.0)
at a rate of 1 :20. 60 min. (27) ! /1M phosphate buffer (pH6.0) at a rate of 1 : 100. 15 min. (28) !/15%M phosphate
buffer (pH6.0) at a rate of 1 : 100. 60 min. (29) ! /15M phosphate buffer (pH7.0) at a rate of 1 : 20. 15 min. (30)
!/1%M phosphate buffer (pH7.0) at a rate of 1 : 20. 60 min. (31) !/150M phosphate buffer (pH7.0) at a rate of 1 :
100. 15 min. (32) ! /150M phosphate buffer (pH7.0) at a rate of 1 : 100. 60 min. (33) ! /1M phosphate buffer (pHS.0)
at a rate of 1 : 20. 15 min. (34) ! /1M phosphate buffer (pH8.0) at a rate of 1 : 20. 60 min. (35) ! /1M phosphate
buffer (pH8.0) at a rate of 1 : 100. 15 min. (36) '/10M phosphate buffer (pH8.0) at a rate of 1 : 100. 60 min.
Arrowheads show Y-body. Bars = 5 um.
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a JEF I, BRR05~10um, HEN02umDEIER
THhole XA-ZN 22T NF (MG) HIZLBEET
i3, BRI o HREAETH o Figl). BEK
BLOEERE (5mM) 0 Y EREE T Vv 7-MGH
T, B8O o BRNFBEEN (Figs.2-1~2-5)
T, BEE (VM) O YEREEE BV MGER
IZBWT L, pHSODEAIZIE, 8O o BRAEES I
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P T, BEIND o JFRITRD Lo, RIBEORER
IO MGGHA TlE, pHAOIZBWT, 157
DRt TIX, HWEL: 0050, HREL:
00TIHZ O o R PBES Y (Figsd4-5, 4-
7)., B0 EORETIE, WTNLOFREIIBVTY, 8
Bahd o BRI L (Figs.4-6, 4-8). F77,
pH6.0~80IC B} 2154 B D HA TIE, W OMHEIC
BWTL, Lo BRIPBE ST Figs.4-9, 4-11,
4-13, 4-15, 4-17, 4-19), 605 B D Fets TIE, AWRFE
1: 20058 AR GBS Ny (Figs. 4-10, 4-14,
4-18), WEL I00THEHBR NS o TR L
(Figs.4-12, 4-16, 4-20), BEEOBBHE L HHE L
LTHERLZEAIE, WThopHIZBW T, HRE
1:20C13, ERMOBEICIPL LT o HRITHES
N7eh o7 (Figs.4-21, 4-22, 4-25, 4-26, 4-29, 4-30,
4-33, 4-34), —7H, FHMRZFEL:100TH, pHSOB &L U
pH6ODOBE R * H\ 7254, 15oMoFa¥Feillo
THHD o BRABE SN (Figs.4-23, 4-27), 605
HMOBEBTEIBEISNS o BRI BETH -7/ (Figs. 4
~24, 4-28). %72, pH703 & UPHSOTIEX, W Fh DYk
BERIIBVWTY, 28O BRPBEE SN (Figs. 4
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BRI, PRI ZEBHABTEEN S mUTTH
D, WTFNOSLHORomanowskyBIHE 2 BT L BB Z
BRETEST, BEMETHo72 Figsl~4),

yEAZRFCEEL, AR RIME TERISL
ml T CH -7z, RPERIE, MGEHE TEEBINL Do
72 (Fig.l)o T2, WTFNOFREZ A NTL, MGEE
TREZEsSN L, o7 Fig2)e —F, FATRBEBL
UMGGHEETIE, WINoHREz AT, KERI
WEHAER - LTEHBIE SN (Figs.3, 4).
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-NAE) EMOFEE R HE S 72 IR OB R A
BE sz (Figs.5-1~5-3). AlPHMEER IZRE0S
umBTFTHD, MBECEmRL T (Figb-1)s —
#H, AcPB LU a-NAEIZW IR EFE3umLTTH-
7ehs, ACPRBIEER O#IEA 7 <, o NAEB MRS
BBl s N/ (Figs5-2, 5-3) "NIF ¥ ¥ —HiF
P, AEZ M BEOBEER (B#05umllT)
LLTREOLN, MBEICTHBL T (Figb-4). 8-
swvoru=y—¥ (BCc), a-F7FNTFL—FIA
75 —% (a-NBE) BLUF 7 = WASDZUOOT &
F—=FL AT T —¥ (NASDCAE) d#iHishizho
720 Periodic acid Schiff it (PAS) (ZBaiko SR MR
Bl HBgEsns: (Fig 5-5). PASH MR 2 M
FFIIEE T, EE03umM T Th oz, PASH 4
WL, a-73IF5—-FUBIZL-TEEICHELL, Z
7z, MMBEMEEOPASTHBHE TH o720, ZTnba-7
IT—EREIZ L o THE L TR T Y7V —§ET
i, BHgEEgEs ko, P T TV
(TB) Bt Cid, A OBELRTFEROMKRLIEEY
PEg sz (Fig 5-6)0 XY ¥ 775 v 7B (SBB) %
T, BEROSumB T OB E 290N o B ER
ELTEDLR, MBBEICERL W (Fig 5-7).
LaL, FA40 Ly FOBIUAY v e T, BiEE
BEHEI N7z,
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OFRIZT Y7707+ TIRER T 2 3MEE, a4 3B

Table 1. Summary of reactions of Japanese amberjack neutrophil to cytochemical tests

Test Positive site (shape, number and size)

Periodic acid Schiff reaction (PAS)
PAS after digestion with a-amylase =
Alcian blue (pH1.0) -
Alcian blue (pH2.5) -
Toluidine blue (distilled water)

Granule (round or oval, many, ¢ =0.3um); Hyaloplasm

Granule (amorphous, a few, equivalent to Y-body)

Sudan black B Granule (round or oval, many, ¢ =0.5 um, equivalent to G)
Sudan]Ill —

Oil red O -

Alkaline phosphatase Granule (round or oval, many, ¢ =0.5 um, equivalent to BG)
Acid phosphatase Granule (round or oval, some, ¢ =0.3um)

B-Glucronidase —
o-Naphtyl acetate esterase Granule (round or oval, many, ¢ =0.3um, equivalent to yG)
a-Naphtyl butyrate esterase =
Naphthol AS-D chloroacetate esterase -

Peroxidase Granule (round or oval, many, ¢ =0.5um, equivalent to BG)

—, non detection.

o =
1.8

i

Fig. 5. Cytochemistry of Japanese amberjack neutrophil. (1)alkaline phosphatase, (2)
acid phosphatase, (3) a -naphtyl acetate esterase, (4)peroxidase, (5)periodic
acid Schiff reaction (PAS), (6)toluidine blue in distilled water, (7)sudan black B.
Bars =5um.



7) DR 107
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BRMECTREAOIum T Th Y, BIRBLUKE 813
AR y B LU L Tz, L L, RERORBMHEIC
i, AEETEVWSEOLENZ ELDS (Table2),
MR ONEWPHET, ABMTRLLEEZLNS,

INETI, A 2RAEBOFPRICBNT, YME
PEBESATWL 7Y, afizBwTd, HEME
Aeromonas hydrophilal\X NBREGEEEH I LT, A/ME%E
AT DI RERAIE I HET 2 2 L HE S hTwa',
7)) OFFERIZOYMESBE SR Eh s, FMEIR
Al L b EBABICEBTLIIDEEI LN,

MR LSS 5, 7 ) RO B IR B & OY/AME
DG ZRD L IHEE L7z, o -NAERSEERIZ,
R, RESBIVEEES yERIED LTI Ep
L, RERTyBHICHEETDHEEDNRS, —F, AcPH
BRI D & h s, REEOFAHMIIHET
&, AIPBERER, ~VAF T 5—-PHEEEE LU

SBBEGMEEEA L, Wi O HE L I TR E LT
WL, BEIOSumITTHLI AL, fEERICHEY

T AHEEZLND. PASHIEENIZ, o Bl LIRSS

WT, FEEREFIKRESIZBWTELRLDY, yERNEIE
RBITREZIWCBWTELL Tz, LaL, PASEHHE
BRI a-73I7 BV RETHEAINEZ L5,
FYa-FrEERSETAEERTHY, yEREIZE
BBHEEZLND, INETI, EEABEOFFIRIZBW
T, BHEOBEIBEBINTWED (Table3), FHLR
MR EINTHBLDEARL, TIVTT7OYFHHER
Tld y BRICNASDCAESR Y, ¥ 0 y BHIZIZACP,
a-NAEB X UF ¢ -NBEZY, J —F /34 7 0 p Bk
AcPiE ¥, < ¥ A4 O a BRIZACP, o-NAEB L U
NASDCAEDHET B LEZSNTWBEY, —F, ~vF
FUF-VRINETIZ, 7VTTOTF, wHE -
YIS Th—=FN, AXF, BFTAXF AT, <5
1, EIABIVIN T 77REBOTHESNLTED, Bk
RO, KEEBIUBROBEDED?S, KEERIT LM
CRETALELZONTNAES & T 8I0RY  wwpn
TF, TFE, =Ny, T—F N, AXF, kT
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HFHERICTBR MBS N TE Y, HEEEE,
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72, A4 BWT DA hydrophilaEG 2 L > CHE L
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B9, TBREIZL - T, 7VIFRERICE L OBELRT
FEOMRZBEMIIPBRE SN2, OB AIERE
FEWHRE, S, YMRITHES TS L8 DbNA,

AW L o T, 7 ORI 3BEOEN (¢
B, v EEED LYMEMNEETZZE, IS OFERR
POABIET ITHCBL, PR3 I EFRERICHEAT 5
ZENHEE Lo, T, FEERIZIZAIP, NV F
V¥ ¥ B L USBBE W E A, ¥ BRI a -NAED,
Y/MEZIETBB W EIFET 2 L E R bz,

BB

ERAE TG LT W22 R R A Y R
B OLEE-EDIIERH L LET,
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Table 2-1. Comparison of Romanowsky-type staining characteristics of y granule in fish neutrophil

Fish'?

Stain® Sf Aj Ce On Pt Sq

MG (both fixation and stain) NO NO NO NT NT NO
MG : DW NO NO NO NO NT NO
: SmM PB, pHS5.0 NO NO NO NO NO NO
: 5mM PB, pH6.0 NO NO NO + NO NO
: 5mM PB, pH7.0 NO NO NO ++ NO NO
: 5mM PB, pH8.0 +++ NO NO NT NT NO
: '/;s M PB, pH5.0 NO NO NO NO NO NO

: /s M PB, pH6.0 NO NO NO + NO NO

: ;s M PB, pH7.0 NO NO NO ot NO NO

: /s M PB, pHS.0 + NO NO NT NT NO
G :DW, 1:20, 15 min +++ o NT Aot NT +++
: DW, 1:20, 60 min +++ ot +++ At NT A+t
:DW, 1:100, 15 min + + NT NT NT +++
: DW, 1:100, 60 min + 4+ +++ NT NT +++

: 0.5mM PB, pH5.0, 1:20, 15min A+t -+ NT + NT +++

: 0.5mM PB, pH5.0, 1:20, 60min +++ +++ +++ NT NT +++

: 0.5mM PB, pH5.0, 1:100, 15 min + + NT NT NT H+

: 0.5mM PB, pH5.0, 1:100, 60 min + -+ +++ NT NT +++

: 0.5mM PB, pH6.0, 1:20, 15min +++ ++ NT +++ NT +-+

: 0.5mM PB, pH6.0, 1:20, 60min +++ +++ +++ NT NT +++

: 0.5mM PB, pH6.0, 1:100, 15 min + + NT NT NT At

: 0.5mM PB, pH6.0, 1:100 , 60 min +++ + A+ NT NT 4t

1 0.5mM PB, pH7.0, 1:20, 15min -+ et NT e NT e
:0.5mM PB, pH7.0, 1:20, 60min o ot et NT NT +++
:0.5mM PB, pH7.0, 1:100, 15 min et At NT NT NT +++

: 0.5mM PB, pH7.0, 1:100, 60 min At A+ -+ NT NT +++

: 0.5mM PB, pH8.0, 1:20, 15min -+ +++ NT NT NT +++

: 0.5mM PB, pH8.0, 1:20, 60min H-k +++ NT NT NT +++

: 0.5mM PB, pH8.0, 1:100, 15 min +++ +++ NT NT NT +tt

: 0.5mM PB, pH8.0, 1:100, 60 min +++ ++ NT NT NT +++

: /150 M PB, pHS.0, 1:20, 15 min -+ At NT NO NT 4

: /13y M PB, pH5.0, 1:20, 60min ot Akt F— NT NT e+

: /150 M PB, pH5.0, 1:100, 15 min At + NT NT NT -

: 1150 M PB, pH5.0, 1:100, 60 min -+ + T NT NT +++
Yise M PB, pH6.0, 1:20, 15min b b NT NO NT A

: 1,50 M PB, pH6.0, 1:20, 60min et bt ++ NT NT ++

: Y150 M PB, pH6.0, 1:100, 15 min A -+ NT NT NT At

: Y150 M PB, pH6.0, 1:100 , 60 min - + ot NT NT ot

: 150 M PB, pH7.0, 1:20, 15 min ot i NT -t NT -

: /150 M PB, pH7.0, 1:20, 60 min ot 4t o NT NT -+
:Yiso M PB, pH7.0, 1:100, 15 min +++ + NT NT NT +

: /150 M PB, pH7.0, 1:100, 60 min i At 4t NT NT +++

: 1150 M PB, pHS8.0, 1:20, 15 min + et NT NT NT +++

: /150 M PB, pHS8.0, 1:20, 60 min At ot NT NT NT +++
/150 M PB, pHB.0, 1:100, 15min et +4+ NT NT NT +++
1M PB, pHB.0, 1:100, 60min +++ +++ NT NT NT +++

‘Number of y granules observed in each staining preparation; +, some; +++, many; NO, not observed; NT, not tested.

2St, Scleropages formosus (Asian arowana, Kondo and Takahashi (2009)); 4j, Anguilla japonica (Japanese eel, Kondo and
Takahashi (2009)"); Ce, Cyprinus carpio (common carp, Kondo et al. (2002)™); On, Oreochromis niloticus (Nile tilapia, Yasumoto
et al. (2003) '¥); Pt, Parapristipoma trilineatum (striped grunt, Kondo et al. (2004) '¥); Sq, Seriola quingueradiata (Japanese
amberjack, present report).

MG, May-Griinwald; G, Giemsa; DW, distilled water; PB, phosphate buffer; 1:20 and 1:100, dilution ratio (Giemsa:diluent); 15 min
and 60 min, time of Giemsa stain.



Table 2-2. Summary of Romanowsky-type staining characteristics of y granule in fish neutrophil
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Fish'?

Stain®* Sf Af Ce On Pt Sq

MGG: DW, 1:20, 15 min “+ +++ NO ++ NT ot
: DW, 1:20, 60 min +++ +++ 4+ +++ NT +t
:DW, 1:100, 15 min + + NO + NT +
:DW, 1:100, 60 min + -+ NO + NT +++
: SmM PB, pH5.0, 1:20, I5Smin + + NO NO NO -+
: SmM PB, pH5.0, 1:20, 60min -+ + ot NO NT +++
: 5SmM PB, pH5.0, 1:100, 15 min + NO NO NT NT g
: SmM PB, pH5.0, 1:100, 60 min +++ NO NO NT NT ++
: SmM PB, pH6.0, 1:20, 15min + -+ NO +t+ NO +++
: 5SmM PB, pH6.0, 1:20, 60min +++ R + et NT ++
: 5mM PB, pH6.0, 1:100, 15 min + + NO NT NT 4+
: 5SmM PB, pH6.0, 1:100, 60 min At + + NT NT +++
: SmM PB, pH7.0, 1:20, 15min A+ +++ + +++ +++ ot
: 5mM PB, pH7.0, 1:20, 60min +++ -+ ++ +++ NT oot
: 5mM PB, pH7.0, 1:100, 15 min -+ et + NT NT At
: 5SmM PB, pH7.0, 1:100, 60 min +++ At -+ NT NT +++
: 5mM PB, pH8.0, 1:20, 15min +++ A+ NT NT NT +++
: SmM PB, pH8.0, 1:20, 60min -+ bt NT NT NT +++
: SmM PB, pH8.0, 1:100, 15 min 4+ +4+ NT NT NT bt
: 5SmM PB, pH8.0,.1:100, 60 min -+ +++ NT NT NT et
. '/1sM PB, pH5.0, 1:20, 15min + + NO NO NO A+t
:'/;sM PB, pH5.0, 1:20, 60min + + it NO NT -
:1/1sM PB, pH35.0, 1:100, 15 min + NO NO NT NT +++
:1,sM PB, pH3.0, 1:100, 60 min + NO NO NT NT +++
: /s M PB, pH6.0, 1:20, 15 min o + + - NO .
: /s M PB, pH6.0, 1:20, 60 min ot + - - NT -+
: '/;sM PB, pH6.0, 1:100, 15 min E + NO NT NT A
: /,sM PB, pH6.0, 1:100, 60 min - + + NT NT ot
:'/1sM PB, pH7.0, 1:20, 15min 4+ et b -+ - -
: '/;sM PB, pH7.0, 1:20, 60min i+ e ot et NT ot
:/1sM PB, pH7.0, 1:100, 15 min At + + NT NT A+
: '/;sM PB, pH7.0, 1:100, 60 min o o+ a NT NT o+
s M PB, pHS8.0, 1:20, 15 min -+ +++ NT NT NT +++
:1/,sM PB, pHS.0, 1:20, 60 min) - 4+ NT NT NT -
:1sM PB, pH8.0, 1:100, 15min +++ et NT NT NT et
: '/;sM PB, pH8.0, 1:100, 60min — i NT NT NT ot

"Number of y granules observed in each staining preparation; +, some; +++, many; NO, not observed; NT, not tested.

%S, Scleropages formosus (Asian arowana, Kondo and Takahashi (2009)”); 4j, Anguilla japonica (Japanese eel, Kondo and
Takahashi (2009)%); Ce, Cyprinus carpio (common carp, Kondo ef al. (2002)®); On, Oreochromis niloticus (Nile tilapia, Yasumoto
et al. (2003) '); Pt, Parapristipoma trilineatum (striped grunt, Kondo et al. (2004) '); Sq, Seriola quinqueradiata (Japanese

amberjack, present report).

*MGG, May-Griinwald + Giemsa; 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 /150 M PB.
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Table 3. Comparison of cytochemical characteristics of fish neutrophil

Fish and type of cytoplasmic granule®’
Fish | Sf(aG, BG, | 4/ (¢G, BG, EI(BG) Lm (BG) Lj (BG) LI (BG) Gp (BG) | Pm (oG, BG) Po (BG) Tr (0G,, BG)

Test! vG) vG)
PAS H: + H: + H: + H: + H: + H: + H: + H: -+ H: + H: +

G: + G: + G: + G: + G + G: + G + G: + G: + G: +
PAS-aA H: — H: — H: — H: — H: — H: — H: — H: — H: — H: —

G: — G: — G: — G: — G: — G: — G — G: — G: — G: —
AB (pH1.0) - - - - — — - - — —
AB (pH2.5) — — - - - - - — - -
TB +,eqYb +,eq Yb +,eqYb +,eqYb +,eqYb +,eqYb +,eqYb +,eqYb +,eqYb +,eqYb
SBB + + + + + + + +, eq BG + +
SII - - — — - — — — — —
ORO — — — - — - — — — -
AlP - - — — — - + - - —
AcP - +, eqvG +, eq BG — + + + +, eq oG + +
B-Glu — + + - - - - + — —
a-NAE + +, eqyG + - + + + +,eqaG + +
o-NBE -+ +, eqyG + — — — — -+ — -+
NASDCAE +,eqyG + + — + + — +, eq aG - +
PO =+, eq BG =+, eq BG +,eq BG -+, eq BG +,eq BG +, eq BG +, eq BG +,eq BG +, eq BG +, eq BG

011

M T

g

'PAS, periodic acid Schiff reaction; PAS-aA, PAS after a-amylase digestion; AB, alcian blue; TB, toluidine blue; SBB, sudan black B; ST, sudan II; ORO, oil red O; AlP, alkaline phosphatase; AcP, acid
phosphatase; -Glu, B-glucronidase; a-NAE, o-naphtyl acetate esterase; o-NBE, a-Naphtyl butyrate esterase; NASDCAE, naphthol AS-D chloroacetate esterase; PO, peroxidase.

281, Scleropages formosus (Asian arowana, Kondo and Takahashi (2009Y?); 4j, Anguilla japonica (Japanese eel, Kondo and Takahashi (2009)"); EI, Exos lucius (northern pike, Kondo et al. (2008)®); Lm,
Lepomis macrochirus (bluegill, Kondo ef al. (2005)'V); Lj, Lateolabrax japonicus (Japanese seabass, Kondo et al. (2007)'?); LI, Lateolabrax latus (seabass, Kondo ef al. (2007)'?); Gp, Girella punctata
(rudderfish, Kondo ef al. (2005)'%); Pm, Pagrus major (red sea-bream, Kondo et al. (2009)'®); Po, Paralichthys olivaceus (Japanese flounder, Kondo e al. (2005)'%); Tr, Takifugu rubripes (tiger puffer,
Kondo ef al. (2007) 7); aG, eosinophilic (acidophilic) granule; BG, chromophobic granule; yG, basophilic granule.

*H, hyaloplasm; G, granular; —, negative; =+, positive; eq, equivalent to; Yb, Yasumoto body.
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