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Morphological and Cytochemical Characteristics of Neutrophil from
Japanese Eel, Anguilla japonica

Masakazu Kondo* and Yukinori Takahashi

Abstract : Morphological and cytochemical characteristics of neutrophil in Japanese eel, Anguilla japonica
were examined by light microscopy. The neutrophils were round to oval (9.0-145um in diameter)
and the nucleus round to lobule-shaped. Granules of the neutrophil were classified into three types;
acidophilic granule (a G), chromophobic granule (8G) and basophilic granule (yG). The a G was
round to oval (0.3 xmindiameter) or rod-shaped (=10 uminlength) and stained with May-Grimwald
(MG) stain. This granule was not observed in the preparations stained with Giemsa stain. The SG
was round to oval (=06 um in diameter) and unstained by Romanowsky type stain (MG, Giemsa and
MG-Giemsa (MGG)). This granule was peroxidase positive. The y G was round to oval (£03uxm in
diameter) and stained with Giemsa stain. Some enzymes, such as acid phosphatase, a -naphtyl acetate
esterase and a -naphtyl butyrate esterase were detected in the y G. The Yasumoto body (Y-body) was

also found in the neutrophil and toluidine blue positive.

Key words : neutrophil, granulocyte, Japanese eel, Anguilla japonica, morphology
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AMicropterus salmoides, 7 Vv — ¥ Wlepomis
macrochirus, A X ¥ Lateolabrax japonicus, ¥ 7 A X%
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(0.1M, pH6O) 2, a-amylase (Sigma) % 1 % & #
L, ZHUCEARR3TC T0HMIRE L2 ZE8KT 2 |3
Wi (FESHH), PASEEEEL .
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BELZOL, 3%EEK 2 HVCHE L. 1148
TIEEARLI0E LT 29, 2HBICE3THEELZ. i
KTHE (24H) #% BIKGELALOD, BELL,
2.4.2 [EhEe

RV ) v (REES VI AfERIR V=) V) REE
ke 2 3OLETESA LS 0%HMERLT) V),
BARERE RIS T ABEEE LG EmaEI40%H &
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2.4.3.2 BMKRZRT7E—t (AcP)
ACPOMMICIZ, fast garnet GBCHE % Fv 727, i
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RALEY, MEFEERE RV > - T b v - BB
®Bitt (1:6:3) C=Hil, I0WHERELK. 54 MK
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ITR (Sigma), 75méZE%E7K, 25meFEE L) T 3BEfIgefm
L72o #E (naphthol AS-BI glucuronide (Sigma)) 28mg
7 0.05MxEEKFT T M) 7 LKA 2me 2 8% & &, 60T
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A TEERE L7z,
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T EEREERBEALEY, 2B, WINORE b Sigma
DLDE T, MHEFREAREZ, 1M HClZ W T
pH66IZFHEE L 7-fRE A< -7 & b Vi (20mg Na
2HPO4, 100mg KH2PO4, 30mlZZH K, 45ml7 & b
v, 25mek =y v) THT, 0MMERE L. 54 M
KAWL, BEKIGELDD, £HEIAT T —EOME
fTo7% a NALRT 7 —¥ (a-NAE) D720
12, Bt (15mg fast blue BB salt (Sigma), 99méV >
FRiE W (1/1sM, pH74), 0.Im¢2 B (10mga-NA,
Im7+t b)) TOOHFMGgE L7 a NBTAT T —¥

(a-NBE) i 7zo 12, EAZ KIG# (15mg fast
garnet GBC salt, 10m¢V) > FE#EMEHE (1/1sM, pH6.4), 0.1m¢
B (1048 a-NB, 05m e =F L&) I—)LES A
FI T —F)V)) TL05 Mgt L 72o NASDCLAZ A 7
7 —+¥ (NASDCAE) i, A% KIS (15mg
fast blue BB salt, 10m¢") > BE#EE L (1/1sM, pH74),
0Im¢ZEE i (20mg NASDCA, 1ml7 % b ) TI55MH
T 5 HEICL o7,
2.4.3.5 ~LFFTHZ—+ (PO)

PODO#HIIZIE, 3- 3 diaminobenzidine tetrahydrochloride
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v F FiF Bk D & FERomanowsky ! 4 1§ % Figs. 1 ~
4R L7200 7 FOHFFIRIEEEIO~145 umD AT &
REIMIETH Y, MIBENICIE 3EEOER (o AL
BRERIE LUy R L & BICYMESBES N, fliA
DICEOBMPMFEELTEY, K (2HFEELT) 7D
btz

a BHLE, YRR HAREICRE IS HE, JINE,
TRV OBRTH o 72, AR ORZIZHE 721390
MO S D THO3umTH Y, EROFERIE, EEIOU
mlTF, EEHN2umTH o720 AA-7) 2 TIVEK
(MG) #IZ X BEETIE, HEIND a TRV T
Hotz (Fig.l)o BHEAKB LU 5mMY) ¥ BRI A
T-MGHETIE, ZH O a R EE SN (Figs.2-1
~2-3)o Tz, YisMV) VEEBE T E IV 22MGH 12
BWT Y, pH5.0B & UpH6ODIE A 2L, Lo o Ffas
BlEsN7zH (Fig. 2-4), pH70B X UpHSOIZ B W T
&, FEEND a TR OEIWA LT (Figs. 2-5, 2-
6)o A%/ —VEE (55H) LIERIIF LY EE
HL72ETh, WIFNOFEFIZBNTOARERIZGE I
miro7z (Fig. 3)o MGHEBHEICF A5 % T MGG
Beft Tid, WRMICERKEH VLTS, FLFRORH
FEEDS 1 20084101, WO F A mis (155
BB LU60FH) 12BWTh, Jefb SND o BHIZAHT
Hot: (Fig 4-1)0 F72, HWEL 1 100TIE, 155H
DREIZE T, ZHD o FRABE S A (Fig 4-

Fig. 1. A Japanese eel neutrophil stained with May-
Grunwald 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 the

Y-body. Bar=10 um.
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Fig. 2. Japanese eel neutrophil stained with May-Grinwald solution under various
conditions. After fixation and staining for 5 min with May-Grinwald concentrated-
solution, the sample was stained again with May-Grunwald solution diluted with
the following solutions : (1)distilled water, (2)phosphate buffer (5mM, pH5.0),
(3)phosphate buffer (5mM, pH7.0), (4)phosphate buffer (1/1sM, pH5.0), (5)
phosphate buffer (/1sM, pH7.0), (6)phosphate buffer (1/1sM, pH8.0). Arrowheads

show the Y-body. Bars=10 u m.

2), 6057 MDYt Tk, BEIND o TR L7,

HEE (5mM) 0 ¥ BERRE % A IS B Vv 72MGG
Yefo Tid, pH5.08 & UPHE0IZBWT, FHEE & Vet
B 53, S50 o JRABZE Sz (Figs. 4-3
~4-6)s L2L, pHTOTIZARE 1 : 200HA 21,

WINOGEAERFICBWTD o JThIZIZE A LBESINT
(Figs. 4-7, 4-8), FRHE 1 : 100TILI557 M D F 44
P |lZ X > THEHO (Fig. 4-9), T, 605 M DGt
TRAHD o PRARD 517 (Fig 4-10). pHSOT
i, HREL 2004 2IdpH70E AR, Wi ok
BRFEICBWTH a R IZIZE AEBZEINT, HHEE
1 :100Tik, WTFROREERMIZBEWTL IO o B
PEE SN, BRE (/M) 0V vEERET L HTIE
ELTRWZEAICE, pHSOIL BT A HRK1 : 20T
&, FEEROREICHDbO T o TAIZIZEALBES N
otz (Fig 4-11). —7F, MMREL 1100TIE, 155
BOFLHFREIZL > TEEHD o FBRABE SN
(Fig. 4-12), 6057 MO Ft TIZEE SN D o B AL
BTHoto T2, pHOTIR B OEEIZINbH S
T, MREL 20THED, HHREL D 100TREED o
BRPBEIN, 1 (pH70) OFBEE Y HWiome

2, AREL 20 TIRBEEKMOREICND ST, o
BT EAEBEINT (Figs. 4-13, 4-14), MHMRE
1100 TR F AT RBORMORESIZE bR T, HES
N5 o R HEAWEA L (Fig 4-15). —7J7, pH80DH
A2, WThoMRES L OREREICB LT D
a BRIASBE S 7z,

BRI, PR E 72 3IMIE CRED06uml T T
D, WEFNOEMORomanowsky il #efa 12 5T b B2
R EET, MR TH o7,

y BALTRFEREEL, MEFEIZIIMHE TEZOS
mblFTH o7zo REFHRIZ, MGEH CldgE I N0
72 (Fig. 1)o F72, WTFhOHFREZH VT, MG
BCTBES N Ero7 (Fig 2). —h, FLAWERET
&, WIENROFEREEFVTY, RERIIREFRERE L
THZEs Nz (Fig 3)o oL, ZEEKREARLE L,
AR L D 100CTLo Mgt L7z a1, BlESnDy
WA ILBTHo7 (Fig 3-2). T2, KilEE (5
mM) OV ¥ ERGEERE HFRWICHV728 25, pHS0IZ
BUAHMEL  200FEIEIFHORBTIHD, F
7z, 605 M OGETIELHED y BRAEHE <17z (Figs
3-3,3-4), LA&L, MHEL 100TIX, wWIFhog



BEHEICBWTD, BIEaSn2 y BRIV HTH- 12
(Fig. 3-5). pH6OD A L, HE 1 1 100TId g
R Zib 55, DED y FRASEBE S Nz, HRE
1 :2008AI2E, WTFNORBEBIZBVWTLEHD y
BERLDSFRO b N7ze —J7, pH70B L UpHSOTIZ, Wi

| 117\ - 2.

OFREB L CREEMIZBWTL LD y R ATEIE &
n7: (Fig. 3-6). BigE (/M) OV ¥ EERETE %
i e LTHWAEAIZIE, pHE0IC BT AFFR=1

T, FERMOREIIEDL TEEHO ) BRABEES L
7z (Fig. 3-7). L&L, #RE1

D100 T IR E D f%

i + 5
and

Fig. 3. Japanese eel 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 : 100. 15 min. (3)0.5mM
phosphate buffer (pH5.0) at a rate of 1 : 20. 15min. (4)0.5mM phosphate buffer

(pH5.0) at a rate of 1 :20. 60 min. (5)0.5mM phosphate buffer (pH5.0) at a
rate of 1 :100. 15min. (6)0.5mM phosphate buffer (pH7.0) at a rate of 1 : 20.
15min. (7)!/1:0M phosphate buffer (pH5.0) at a rate of 1 : 20. 15 min. (8)'/1:0M
phosphate buffer (pH5.0) at a rate of 1:100. 15 min. (9)!/1:6M phosphate
buffer (pH6.0) at a rate of 1:20. 15 min. The a G is not stained. (10)/150M
phosphate buffer (pH6.0) at a rate of 1:100. 15 min. (11)Y/1:0M phosphate
buffer (pH7.0) at a rate of 1 : 20. 15 min. (12)'/150M phosphate buffer (pH7.0)
at arate of 1 : 100. 15 min. The a G is not stained. Arrowheads show the Y-body.

Bars=10 u m.
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Fig. 4. Japanese eel neutrophil under various staining conditions. May-Grunwald (MG)

- Glemsa 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 1:100. 15 min. (3)0.5mM phosphate buffer (pH5.0) at a rate of 1

: 20. 15 min. (4)05mM phosphate buffer (pH5.0) at a rate of 1 : 100. 15 min.

(5)05mM phosphate buffer (pH6.0) at a rate of 1:20. 15 min. (6)0.5mM
phosphate buffer (pH6.0) at a rate of 1:20. 60 min. (7)0.5mM phosphate
buffer (pH7.0) at a rate of 1 : 20. 15 min. (8)0.5mM phosphate buffer (pH7.0)
at a rate of 1:20. 60 min. (9)0.5mM phosphate buffer (pH7.0) at a rate of 1

:100. 15 min. (10)0.5mM phosphate buffer (pH7.0) at a rate of 1 : 100. 60 min.

(11)1/1:0M phosphate buffer (pH5.0) at a rate of 1:20. 15 min. (12)Y/150M
phosphate buffer (pH5.0)at a rate of 1:100. 15 min. (13)/1:0M phosphate
buffer (pH7.0) at a rate of 1 : 20. 15 min. (14)'/1:0M phosphate buffer (pH7.0)
at a rate of 1:20. 60 min.(15)/150M phosphate buffer (pH7.0) at a rate of 1

: 100. 15 min. Arrowheads show the Y-body. Bars=10 uz m.
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BROBE LIS, WTNOBRERBICBVTHBEES
nzy R Hchor: (Fig 3-8). /2, pHEOB
L UPpHBOTIE, RIBEOBRBHDOEE LM TS - 7227
(Figs. 3-9, 3-10), pH70IZBIF BHRE 1 1 20T,
FERMOREIHL L TEHO y BRIEESNL LD
® (Fig. 3-11D), HFEL 10T FLTEREOEHO
REREebioT, BEING yBEIENL: Fig
3-12)0 REMOMGCGHREM T LA, K%
R E LTHY, HMEL 20085610, wFhoyx
LAFEGEFEMICBVWTL, ZHO y ERIPBEEILL
(Fig. 4-1)o LAL, ®HEL 1 100TiX, WThoy
BEMIIBNTY, BRENS ) BREILETHo
(Fig. 4-2), KEEDY VEEEHHEZ HRIEIZH W
EZH, pHOOIIBITAHMEL 1 200B AL, wTh
OEEIFHICBW T Ao y R ITEEI N (Fig
4-3), FHWEL 10TEAERL IO SN 2o
(Fig. 4-4), pHBODHA X, FIREK1  100TI3 %
BMCHbL oo y BRSBES T, FREL 200
BECEGEoRE OO, 72, 00HORETS
Boy ERPEO SN (Figs. 4-5, 4-6). —H,
pH7.08 £ UpHBOTIE, WHFhORHIEE L U4mERIC
BWTbZHD y ERIFBE SN (Figs 4-7~4
-10). BREEOY YBBEHE T HREE L THWZEA
&, pHH.0B L UDPHEOICHBIT A v Bl ogtitiy, KRR

Table 1.

It

i

OBEE L BWIGELEARTH o2 (Figs. 4-11, 4
-12), pH6OTIE, WINOFREL L UERERMICBY
THBESNL y B E o, 72, pHIOB LT
pHRODEGE D, KBEEOREH* HTWICH VLR
B, 280y BRABE SN/ (Figs. 4-13, 4
-14), pH7OTIEFHIRE 1:100T1o e LB 4121,
BEans y PRz iror (Fig 4-15),

Y/MEE, WINOERBEHICBVTLFREEL, B
WEHE, IR, SR EEHTH 72 (Figs. 1~4),
T/, RAMEIIEER, BICEBRBLTEETLZ LD
o720

7 F FF Rk O MM LS M & Table 1 1278 L7
AcP, p-Glu, a-NAE. o-NBE$ X U'NASDCAEEH®
FEELRTHEEZI3MAE OB EER S RE S L
(Figs. 5-1~5~5), WTNhOBEER L, BE03u
mIA T TH o724, AcP, o -NAE® X U o NBER M EHE
X, MBI EHBE SN0 LT (Figs. 5-1, 5-
3, 5-4), B-Glub & U'NASDCAER 4 B4 13 4 3T
Hotz (Figs. 5-2, 5-5). POIEME, FHET 12900
BoOBEER (BER06umblT) & LTHOON, M
B2 LT/ (Fig 5-6)0 AP S dro
7oo PASKE MO BER L, MBEICEHBLTBY (Fig
5-7), MEELEMAET, BEHRBumITTH-
Tzo RERIL, a-73IT7-FRHBIZL->TREIWHEL

Summary of reactions of Japanese eel 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 (distilied water)
Sudan black B

SudanIll

Oilred O

Alkaline phosphatase

Acid phosphatase

B-Glucronidase

a-Naphtyl acetate esterase
a-Naphtyl butyrate esterase
Naphthol AS-D chloroacetate esterase

Peroxidase

Granule (round or oval, many,
Granule (round or oval, some,
Granule (round or oval, many,
Granule (round or oval, many,
Granule (round or oval, some,

Granule (round or oval, many,

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

Granule (amorphous, a few, equivalent to Y-body)
Granule (round or oval, a few, ¢ =0.2 um)

¢ =0.3um, equivalent to YG)
¢ =0.3um)
¢ =0.3um, equivalent to yG)
¢ =0.3um, equivalent to yG)
¢ =0.3um)
¢ =0.6pum, equivalent to BG)

-, non detection.
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Fig. 5. Cytochemistry of Japanese eel neutrophil
S -glucronidase: (3)
esterase; (5) ,naphthol AS-D chloroacetate esterase; (6) , peroxidase ; (7) ,
periodic acid Schiff reaction ; (8) , toluidine blue in distilled water; (9) , sudan
black B. Bars=10 u m.

Too F7o, MEEE OPASICESHETH o 7248, Thd
a-7 37— ¥REIZE o THK L, ABEREBTIE, Bt
AT E SN o7z, TBRETIX, A OREZR
THEOOHKZEEYH»BE SN (Fig 5-8)0 41
WLy FOBLUORY v M TlE, BHEBMLIEBES N
Z7p o 72h%, SBBHE TIXEEA0.2 u mO PR PR
DRI BEE sz (Fig. 5-9),

4 £ E

AFEDORERD S, 7 F FOIFHERIZIE, Romanowsky
BIgetaihiC BT RER S5 3TEOMN (o JHAL, 5L
yREAD &, YMEDPHEET B EDPHELD LR o7

o BRIE, THETKEFAETEITY 77U+, 2
A, TAVTATET, AFFBLO LT 77ICBVTHR

(1) , acid phosphatase : (2) ,

. a-naphthyl acetate esterase; (4) , a-naphthyl butyrate

BEEnTBY Y, wFhofilicBWTOBELETO
MGHRETHRIELZ L, FAFREIZERBEINLVT
&, BLUMGH:AE TR Z 40 L0 bICF AT EE
T EREWEIMET T2 2 RSN TV S KHf
FROFEENS, TFFIZBWTHRABOEBIEENE SN
722l h, UFFO o ERIGRIR OB £ L FEOH
RTHDHEEZOND, F72, aPROTIKE, 7TIV77
07> TIEERE MR, 34 BL0FAIVT 15
7 TEEBEEY, 13 FTEERY, +3 75T
T, AR EZ3ERELEHETH LY 70 o O
RGN 7 7 7 EEERC, B, IIRAEEZEETH-
s

a JERL & JEDL L 72 BERLE, v FoofEEomERIC I
BN b otz Lz oT, RERIE, w7 FiFhEk
DFEEICERZIBEL b LEZ BND,
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BERLE, CHFEFTUEELITHME L 2L TCOEEHME
(FYFTTOTF, AL, J—Fr ALY, FANTFAT
E7, A%F, 2TF, FF7FNA, TU—FN, AR
F LIRAXF, FALAYIARXF, LFA, +FTTH) T
BOLNTVE ', wFhofBicB T b fERIZH
EroBEETHY, BEEE7 Y7 707 FT05umbh
TV, 24 THO54m®, /—F2 54 7 T05umbTF",
FANT A4 FET, A4F, FF7FNA T—FLBk
e s AT05~10um* > %, AVFT05~11um®,
AXF, LITAXEF, SA4NVIAXFBLILNSF 77T
L0umBTFEE8RTVAES Y, RBIEICBWT, ¥FFIC
BiTA pERIE ERG6umIUToOREE 2 IZIRMAEE
e LTHEES L,

YR T YT TS, a4, FANTA4TETBL
AT FOFPHRICEBINTEY, WIhofgEicswy
THABE-RIABTH L2, T4, KEROER
7V 7707+ T03umMTFY, 24 T04pmlTF?,
FANTFAFET EAFTFTEHOSumUTTHEY, v
FEOy RS, ABEZEIIAETERZIZymETT
B, BRBLUKES3hAED y ER LEML T
7zo LAL, BtaiEICid, AEECEVIRDLAZIE
75 (Table2), y R ONEYCRIEIL AHEEHTRE
HBLEZLND,

I B ABICBT, HEEEEZRIAREROLAR
AME(YME) ASFRERICBE S hTwa Y, aqic
BWTh, FHEMEAeromonas hydrophilatl NE g &
€5 IET, RMEEETHIFFERPMEFICHET A
EPRE SN TWEY, v EOWFHERIC S VIMEH IS
Bz R, AAMEKE, BEFRRICEEBETLI DL
Erbnb,

MR LN S, o FFFPEROLSER B X UY/h
ROBRGERDO L HICHE L. 7T FoiFpicix, M
BE 2R M OPASHE R (BE034mllT) 25
BT L Cwiz, L L, o BERIIEREOHE, M
B, BELEHTHY, HRECSHEETLL00,
PASBEFER O & 5 ICFMT 5 2 Lidhv, 72, pEEN
HREFPASHEEN L WO KBEITH A, —77, y BRI
EE03umllTT, PASBUER LRABEORESTH
7245, PASHMHEER O L WCHIBBE I CE#®T A2 &k
Vi, S50, PASHEENITa-7TI T —EIlLoTRSE
k3, Bl & n, PASHMEER XY
A-rrEERG LT ABENTHY, o, FBLUYHE

WMETRRBEEZ SN L, SBBHHENIZEZEN02um
THY, a, BRIV yBERELEIREZSIBIUTEROEN
R b, AcP, o-NAEB & U o NBEB B IZ, ME
WEBBE SN, BERO3uml ToOMEE - 3IHET
HHI DL, INLOBEREEE y BRICHFET S LE
ZboNb, —F, B-GluB L UNASDCAEMRGEREK & BE
03uml FOMEE IEMAETH 5755, BIEER A
Bl b, KEEOHFEBMBEETE 2\, INn
FT, v FEFREPOEFEOMMANIZE A LBV E W
BNTEZDT, KFEOHEENS, TFFILBWTD,
O EEEE L FHIC, POMRE SN 7 F FUFPEk
DOPORHEERIL, M T A IZIPME CMlR Zic T L,
EEP06umMTFTHLI DS, FERICHYTSE
Ez oMb,

IRETIZ, AIPIE AT FIZ9 AcPiZ/ —H ¥ 84
7, AXE, FAXE, AVF, LIABLULT TS
(28T B Gluld S — WA 7 DIFRERICEIE X
TEYD, ¢NAER7Y 7707+, /=¥ s
AXE, BFAXE, AVF, LIABLIILT TS
L6790y NBRR T VT TOTF, =R,
AVFBIUTrI 77120879 NASDCAERT V77
0yF, =Wy, AXF, LIAXFBLOLT
77 OFRERTHRES LTRSS T W, F7- SBBEE
Fkx, TYTTRTF, =W L s, T—F),
AXF, CFAXF, AVF, EIABLUNT 7O
HEICED LN TVBE 79 “hemas, 7U7
717+ ONASDCAEWG M y Bk Y, /=W s
IR D AP B RIS BIET B EE X BT BT,
—%, POIZ, 777094, J—=Frfs Tih—
XN, AVF, AAF LIAXF, LIABLVLTT
FIZBWTBEsTE) W7, R, KEsB
LOTRPEL L ThB 2 &h s, AERIT [ ERICEE
THLEZONTWANSTOW, 37 FUFFOY
F =Ry TN—FN, AVF, AZXEF T
ARX%, LIABLIT NI TTIZBNT, FHERICTBRE
WA ABRE SN TB Y 70 RSN S
YIMEICHST A EEZONTHA LTI g g
AIZBVT A, hydrophilaf&ZeiZ L » T L 720 8k
DOY/MEZ, TBIKBETH L EARE SN TV AT,
TBEAIZL D 7 FIFPIRICHE 2 OBELRTHFAOM
KB HEHMPEE SN, OB LI B
o, YMEICHST S EEbhb,
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Table 2-1. Summary of Romanowsky-type staining characteristics of y granule in
actinopterygians neutrophil

Number of y granules observed in each staining preparation’
Stain™ Sf Ce On Pt Aj
MG (both fixation and stain) NO NO NT NT NO
MG :DW NO NO NO NT NO
: 5mM PB, pH5.0 NO NO NO NO NO
: 5mM PB, pH6.0 NO NO some NO NO
: SmM PB, pH7.0 NO NO many NO NO
: 5SmM PB, pH8.0 many NO NT NT NO
: Y/1s M PB, pH5.0 NO NO NO NO NO
: '/1s M PB, pH6.0 NO NO some NO NO
: '1s M PB, pH7.0 NO NO many NO NO
: Y15 M PB, pHS8.0 some NO NT NT NO
G :DW, 1:20, 15 min many NT many NT many
: DW, 1:20, 60 min many many many NT many
:DW, 1:100, 15 min some NT NT NT some
: DW, 1:100, 60 min some many NT NT many
: 0.5mM PB, pHS5.0, 1:20, 15min many NT some NT some
: 0.5mM PB, pHS5.0, 1:20, 60min many many NT NT many
: 0.5mM PB, pH5.0, 1:100, 15 min some NT NT NT some
: 0.5mM PB, pHS5.0, 1:100, 60 min some many NT NT some
: 0.5mM PB, pH6.0, 1:20, 15min many NT many NT many
: 0.5mM PB, pH6.0, 1:20, 60min many many NT NT many
: 0.5mM PB, pH6.0, 1:100, 15 min some NT NT NT some
: 0.5mM PB, pH6.0, 1:100, 60 min many many NT NT some
: 0.5mM PB, pH7.0, 1:20, 15min many NT many NT many
: 0.5mM PB, pH7.0, 1:20, 60min many many NT NT many
: 0.5mM PB, pH7.0, 1:100, 15 min many NT NT NT many
: 0.5mM PB, pH7.0, 1:100, 60 min many many NT : NT many
: 0.5mM PB, pH8.0, 1:20, 15min many NT NT NT many
: 0.5mM PB, pHS.0, 1:20, 60min many NT NT NT many
: 0.5mM PB, pH8.0, 1:100, 15 min many NT NT NT many
: 0.5mM PB, pH8.0, 1:100, 60 min many NT NT NT many
: Y150 M PB, pH5.0, 1:20, 15 min many NT NO NT many
:'/yso M PB, pHS.0, 1:20, 60min many many NT NT many
: Y150 M PB, pH5.0, 1:100, 15 min many NT NT NT some
s /150 M PB, pHS.0, 1:100, 60 min many many NT NT some
: 150 M PB, pH6.0, 1:20, 15min many NT NO NT many
: Yiso MPB, pH6.0, 1:20, 60min many many NT NT many
: Y150 M PB, pH6.0, 1:100, 15 min many NT NT NT some
: Y150 M PB, pH6.0, 1:100 , 60 min many many NT NT some
150 M PB, pH7.0, 1:20, 15 min many NT many NT many
:Y15o M PB, pH7.0, 1:20, 60 min many many NT NT many
/15 M PB, pH7.0, 1:100, 15 min many NT NT NT some
: Y150 M PB, pH7.0, 1:100, 60 min many many NT NT many
e M PB, pH8.0, 1:20, 15 min many NT NT NT many
: Y150 M PB, pH8.0, 1:20, 60 min many NT NT NT many
150 M PB, pHS.0, 1:100, 15min many NT NT NT many
: Yy50M PB, pHS.0, 1:100, 60min many NT NT NT many

' 8f, Scleropages formosus (Asian arowana, 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)¥); 4j, Anguilla japonica (Japanese eel, present report); NO, not observed; NT, not tested,

*MG, May-Grimwald; G, Giemsa; 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 /15 M PB.




Table 2-2. Summary of Romanowsky-type staining characteristics of y granule in
actinopterygians neutrophil

Number of y granules observed in each staining preparation'

Stain®? Sf Ce On Pt 4
MGG: DW, 1:20, 15 min some NO many NT many
: DW, 1:20, 60 min many many many NT many
:DW, 1:100, 15 min some NO some NT some
: DW, 1:100 , 60 min some NO some NT some
: SmM PB, pHS.0, 1:20, 15min some NO NO NO some
: 5mM PB, pH5.0, 1:20, 60min many many NO NT some

: 5mM PB, pHS.0, 1:100, 15 min some NO NT NT NO

: 5SmM PB, pH5.0, 1:100, 60 min many NO NT NT NO
: 5SmM PB, pH6.0, 1:20, 15min some NO many NO some
: 5SmM PB, pH6.0, 1:20, 60min many many many NT many
: 5mM PB, pH6.0, 1:100, 15 min some NO NT NT some
: 5mM PB, pH6.0, 1:100, 60 min many some NT NT some
1 5mM PB, pH7.0, 1:20, 15min many some many many many
: 5mM PB, pH7.0, 1:20, 60min many many many NT many
: 5mM PB, pH7.0, 1:100, 15 min many some NT NT many
: 5mM PB, pH7.0, 1:100, 60 min many some NT NT many
: 5mM PB, pH8.0, 1:20, 15min many NT NT NT many
: 5mM PB, pH8.0, 1:20, 60min many NT NT NT many
: 5SmM PB, pHS8.0, 1:100, 15 min many NT NT NT many
: 5mM PB, pH8.0, 1:100, 60 min many NT NT NT many
: ;s M PB, pH5.0, 1:20, 15min some NO NO NO some
: '1sM PB, pH5.0, 1:20, 60min some many NO NT some

:YisM PB, pH5.0, 1:100, 15 min some NO NT NT NO

/s M PB, pHS.0, 1:100, 60 min some NO NT NT NO
/s M PB, pH6.0, 1:20, 15 min many some many NO some
. '/;sM PB, pH6.0, 1:20, 60 min many many many NT some
:1sM PB, pH6.0, 1:100, 15 min many NO NT NT some
: '/1sM PB, pH6.0, 1:100, 60 min many some NT NT sorme
: '/1sM PB, pH7.0, 1:20, 15min many many many many many
: 'i;sM PB, pH7.0, 1:20, 60min many many many NT many
: '3 M PB, pH7.0, 1:100, 15 min many some NT NT some
: ;s M PB, pH7.0, 1:100, 60 min many many NT NT many
: '1sM PB, pHS.0, 1:20, 15 min many NT NT NT many
: ;s M PB, pHS.0, 1:20, 60 min) many NT NT NT many
: '/1sM PB, pH8.0, 1:100, 15min many NT NT NT many
- ;sM PB, pH8.0, 1:100, 60min many NT NT NT many

! 8f, Scleropages formosus (Asian arowana, Kondo and Takahashi (2009Y); 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) ™); 4j, Anguilla japonica (Japanese eel, present report); NO, not observed; NT, not tested.

MG, May-Grinwald; G, Giemsa; 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 !/,50 M PB.
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