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Morphological and Cytochemical Characteristics of Neutrophil from Japanese
Lates, Lates japonicus

Masakazu Kondo ", Shinya Yasumoto and Yukinori Takahashi

Abstract : Morphological and cytochemical characteristics of neutrophil in Japanese lates,

Lates japonicus were examined by light microscopy. The shape of neutrophils was round

to oval (8.0-12.0 um in diameter) and the nucleus round to lobule-shaped. Granules of the

neutrophil were classified into two types, chromophobic granule (BG) and basophilic granule

(yG). The BG was round to oval (=0.5 gm in diameter), unstained by Romanowsky type

stain (May-Griinwald (MG), Giemsa and MG-Giemsa) and peroxidase positive. The yG was

round to oval (=0.3 um in diameter) and stained light blue with Romanovsky type stain under

various conditions. This granule was alkaline phosphatase and toluidine blue (TB) positive.

The Yasumoto body was also found in the neutrophil and TB positive.
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Table 1. Staining conditions of multiple Romanowsky-type stain valuation

Condition'~ PN’ Condition'* PN’
MG: DW 1 G :'/50 M PB, pH8.0, 1:20, 15 min 42
: 5 mM PB, pH5.0 2 : '/150 M PB, pH8.0, 1:20, 60 min 43
: 5 mM PB, pH6.0 3 : /150 M PB, pH8.0, 1:100, 15min 44
: 5 mM PB, pH7.0 4 : '/150M PB, pH8.0, 1:100, 60min 45
: 5 mM PB, pH8.0 5 MGG: DW, 1:20, 15 min 46
:'/1s M PB, pH5.0 6 : DW, 1:20, 60 min 47
:'/;s M PB, pH6.0 7 : DW, 1:100, 15 min 48
:'/1s M PB, pH7.0 8 : DW, 1:100 , 60 min 49
:'/;s M PB, pH8.0 9 : 5 mM PB, pH5.0, 1:20, 15min 50
G :DW, 1:20, 15 min 10 : 5 mM PB, pH5.0, 1:20, 60min 51
: DW, 1:20, 60 min 11 : 5 mM PB, pH5.0, 1:100, 15 min 52
: DW, 1:100, 15 min 12 : 5 mM PB, pH5.0, 1:100, 60 min 53
: DW, 1:100 , 60 min 13 : 5 mM PB, pH6.0, 1:20, 15min 54
: 0.5 mM PB, pH5.0, 1:20, 15min 14 : 5 mM PB, pH6.0, 1:20, 60min 55
: 0.5 mM PB, pH5.0, 1:20, 60min 15 : 5 mM PB, pH6.0, 1:100 , 15 min 56
: 0.5 mM PB, pH5.0, 1:100, 15 min 16 : 5 mM PB, pH6.0, 1:100 , 60 min 57
: 0.5 mM PB, pH5.0, 1:100, 60 min 17 : 5 mM PB, pH7.0, 1:20, 15min 58
: 0.5 mM PB, pH6.0, 1:20, 15min 18 : 5 mM PB, pH7.0, 1:20, 60min 59
: 0.5 mM PB, pH6.0, 1:20, 60min 19 : 5 mM PB, pH7.0, 1:100, 15 min 60
:0.5mM PB, pH6.0, 1:100 , 15 min 20 : 5 mM PB, pH7.0, 1:100, 60 min 61
: 0.5 mM PB, pH6.0, 1:100 , 60 min 21 : 5 mM PB, pH8.0, 1:20, 15min 62
: 0.5 mM PB, pH7.0, 1:20, 15min 22 : 5 mM PB, pH8.0, 1:20, 60min 63
: 0.5 mM PB, pH7.0, 1:20, 60min 23 : 5 mM PB, pH8.0, 1:100, 15 min 64
: 0.5 mM PB, pH7.0, 1:100, 15 min 24 : 5 mM PB, pH8.0, 1:100, 60 min 65
: 0.5 mM PB, pH7.0, 1:100, 60 min 25 : '/;sM PB, pH5.0, 1:20, 15min 66
: 0.5 mM PB, pH8.0, 1:20, 15min 26 : '/,sM PB, pH5.0, 1:20, 60min 67
: 0.5 mM PB, pH8.0, 1:20, 60min 27 : '/,sM PB, pH5.0, 1:100, 15 min 68
: 0.5 mM PB, pH8.0, 1:100, 15 min 28 :'/;sM PB, pH5.0, 1:100, 60 min 69
: 0.5 mM PB, pH8.0, 1:100, 60 min 29 : '/,sM PB, pH6.0, 1:20, 15 min 70
: /150 M PB, pH5.0, 1:20, 15 min 30 : '/,sM PB, pH6.0, 1:20, 60 min 71
: '/150 M PB, pH5.0, 1:20, 60min 31 : '/,sM PB, pH6.0, 1:100, 15 min 72
/150 M PB, pH5.0, 1:100, 15 min 32 /s M PB, pH6.0, 1:100, 60 min 73
: '/1s50 M PB, pH5.0, 1:100, 60 min 33 : '/,sM PB, pH7.0, 1:20, 15min 74
: /150 M PB, pH6.0, 1:20, 15min 34 : '/;sM PB, pH7.0, 1:20, 60min 75
: '/150 M PB, pH6.0, 1:20, 60min 35 : '/,sM PB, pH7.0, 1:100, 15 min 76
: /150 M PB, pH6.0, 1:100, 15 min 36 :'/;sM PB, pH7.0, 1:100, 60 min 77
: /150 M PB, pH6.0, 1:100, 60 min 37 : '/,sM PB, pH8.0, 1:20, 15 min 78
/150 M PB, pH7.0, 1:20, 15 min 48 /s M PB, pH8.0, 1:20, 60 min 79
: /150 M PB, pH7.0, 1:20, 60 min 39 : '/,sM PB, pH8.0, 1:100, 15min 80
: /150 M PB, pH7.0, 1:100, 15 min 40 : '/;sM PB, pH8.0, 1:100, 60min 81

: /150 M PB, pH7.0, 1:100, 60 min 41

'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 '/;50 M PB.
*Preparation number.
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ETIEARLWAEEZSNTNS 'Y,

ARFFETIE, FIEICBIT 2 P ERER O M2 S 51
BRI 27201, AXFHAXFHET I ARICET S
7 71 A Lates japonicus™ DUFHERD RESEHIFF % MRSV
&> TIRTL, ZRETICwmE L SRAE S kL 72,
ZORER, BERO S MO PER &3R5 5 Wi Is g
R EDGERD 5N D T ZITHET %,

HHRBIVHE

EBRAICIE, FHEE4ASam D7 ARV, TH
AFAKERFRE DI s I ATE, TRk R T 1ARER
FEELZOBEBITHL 2, FE IR OB A
BEE/ZI3EME (FREH) Z2EEMEL 2. BB, EREFD
KiIE17°CTH > 7z MK BAREEA D IEEL, MRSV (Table 1)
B IO LR 03T - & (2009 12Uz
M7z

m R

T A DEFHRERICIE BRERL & v BRI BIR I N2
(Fig. 1A), afEkIIZR SN o7z, £z, WITNOifFd
BRIZTH Y /MK (RA/NME, Yasumoto body (Y-body)) 7%
B LNz, T I AMFREROMRLF AR E Table 2 12
R,

BFARERIIE R 8.0 ~ 12.0 um OHIE L /-1ZIIMETH 0,
MR 50 2 OFIEIZR L, BIZMENS 55 Q75
WET) THO, MIENITPORREL Tz, HOREE
HETHN <, NEORBMRRAENER SN, BERAE
I3 MG B TIIREREZ LD, GRAEBLU MGG B
BT, REAERL, FEAELTORAEMAITBN
THIRE R IR A A E IR FAZELZN, /ISMO
) > EERRE A W2 MG R4 T, pHS.0 3K U pH6.0
DG, MRELEIIHRBETH> 2 (Fig 1B).

BERIIMBELIIIFMAE TEEN 0S5 m AT TH

©

Fig. 1. Neutrophils of Japanese lates. A, May-Griinwald (MG) * Giemsa stain (PN 72; See Table 1); B, MG stain (PN 6; See Table
1); C, periodic acid Schiff reaction; D, toluidine blue; E, sudan black B; F, alkaline phosphatase; G, acid phosphatase; H, 3
-glucronidase; I, @-naphtyl acetate esterase; J, @ -naphtyl butyrate esterase; K, naphthol AS-D chloroacetate esterase; L,
peroxidase. Arrowheads show Y-body. Bars=5 um.
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D, MEEICFRHL TWiz, ABERIZHWTNOLEMED
Romanowsky 4412 BT H B2 AFH 2R S 9 #iduit
THolze v HRIZME E/ZIZINME TREA 0.3 um LA
TThO, MREIZZEEITL Tz, AERITWTNO
21 @ Romanowsky BRI B NWTHRFOELE Lz, Y
MR, SR, BB, a2 <K, ZHARE, fikik
EWEPIVREIEEZHTHY, @MEITFHERI &R
o T, Y MK BZ S NI Wi ERISEED 5
NIEh - Tee F/MRIZW TN ORASMFICH W T B i
ERtRICHEAZRL .

ol (B2 0.3 um BAF) 78 £ 213N D periodic
acid Schiff ity (PAS) FBPERERIAY, W N DA HPERICS
ZRBEIN, MREEED PASHENETH- L (Fig
10). WTND PAS RS ¢- 7 2 7 —BLNHICE >
THRBITHE Uz, IV T 2T )b—3E TG ERAIE
BRINBN STz, PP TIV— (TB) Bk >
T, WInolFpekic b4 ol (%, ST, 22,
aXX®, ZHAE, R 2RI HAOBMEER D
Bz xs sz (Fig. ID). £, MBELIZIIHEOB1E
TR (REEO03umLAT) MEHFEDENDELEBIT, &

HHFRINSZ. 1IN Ly ROBIUXY CMHAETIE
SR S N o/, L L, XF > T5v 7 B
(SBB) BATIIMEEALIFINMAE (EE03mIlTF) O
GRS BRI (Fig. 1B), Mg RE 55
HTHo7ze TIVAVET X T 75— (AIP) 1EF
FFINME (B 03 um AT DBIEERI & L TEHK
Bl Nz (Fig 1P, £/, HilaEEED AIP 55051 T
Holz. BIET+ AT 75— (AcP) ZMEEIZINM
B (Ef0.5umBIF) OBMRERE L TEEBEI N
(Fig. 1G). B-Z)Nr o= —+t (B-Glu) IFEMRE0.6um
LN DM, DM £ I3 OB MEER & L TR 51
7 Fig I, a-FI7FNTET—FIZZXATI7—F (a
-NAE), a-+7F)NTITFL—hITXFT 55—t (a-NBE)
BLXUFT7h=)LASDZ7OO7t5r—hFIATI7—F
(NASDCAE) 133N HERE 0.3 um LIFO M X 1350
M DRk & U T Bigt sz (Figs. 11-1K). R
WFFF—1 (PO) 1FMIE LI OB R (&
Z0Sum AT L THRDEN, MRREICHEHKL Thiz
(Fig. 1L) . FZIZ13 PO PR RIS S 7 in o 7z,

Table 2. Summary of reactions of Japanese lates 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 (in distilled water)

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

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

(many, ¢ =<0.3 um, equivalent to yG)); Nucleus

Sudan black B
SudanTll

Oil red O

Alkaline phosphatase

Hyaloplasm

Acid phosphatase

B-Glucronidase

a-Naphtyl acetate esterase

a-Naphtyl butyrate esterase

Naphthol AS-D chloroacetate esterase

Peroxidase

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

Granule (round or oval, many, ¢ =0.3 um, equivalent to YG);

Granule (round or oval, many, ¢ =0.5 um)
Granule (round, oval or rod, many, ¢ =0.6 um)
Granule (round or oval, many, ¢ =0.3 um)
Granule (round or oval, many, ¢ =<0.3 um)
Granule (round or oval, many, ¢ =0.3 um)

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

—, non detection.



7 73 A Db ERRERL

89

Table 3. Summary of Romanowsky-type staining characteristics of y granule in hagfish
and actinopterygians neutrophil

Fish and number of y granules observed in each staining preparation'”

N Eb Pe Sf Aj Cc Laj On Pt Sq

1 +++ - - - - -+ - NT -
2 +++ - - - - ++ - - -

3 +++ - - - - -+ + - -
4 ++ - - - - +++ +++ - -

5 +++ - e - - +++ NT NT -

6 - - - - - ++ - - -

7 - - - - - +++ + - -

8 - - - - - ++ +++ - -

9 - - + - - - NT NT -
10 +++ + +++ +++ NT +++ +++ NT ++
11 +++ + +++ F++ A -+ At NT R
12 -+ - + + NT 4+ NT NT o+
13 +++ + + ot +++ ot NT NT e
14 4+ + o + NT e+ + NT 4+
15 +++ + +++ ot +++ ot NT NT R
16 +++ - + + NT o+ NT NT +++
17 +++ + + + +++ ot NT NT R
18 +++ + +++ ++ NT +++ +++ NT +++
19 +++ + A n A o NT NT e
20 -+ - + + NT o+ NT NT +++
21 +++ + A + +++ e NT NT a
22 . + . o NT ot e NT o+
23 +++ + Aepef +++ Aepef +++ NT NT oo
24 e - e e NT -+ NT NT o+
25 +++ + epef +++ epef +++ NT NT +++
26 e + e +t NT e NT NT o+
27 +++ + epef +++ NT +++ NT NT +++
28 e - e +++ NT e NT NT -+
29 +++ + +++ +++ NT +++ NT NT +++
30 e + e e NT e - NT o+
31 +++ + +++ +++ ot +++ NT NT +++
32 +++ - +++ + NT +++ NT NT ++
33 o+ + +++ + 4 +++ NT NT +++
34 +++ + +++ +++ NT +++ - NT -+
35 +++ + -+ ot -+ +++ NT NT +++
36 +++ - +++ + NT +++ NT NT ++
37 +++ + +++ + +++ +++ NT NT +++
48 +++ + +++ +++ NT +++ ++ NT ++
39 +++ + +++ + +++ +++ NT NT +++
40 +++ - +++ + NT +H+ NT NT +H+
41 . + e o+ o+ o+ NT NT +++

'Eb, Eptatretus burgeri (hagfish, Kondo and Takahashi 2009'Y); Pe, Polypterus endlicheri (Kondo and Takahashi 2009'); Sf,
Scleropages formosus (Asian arowana, Kondo and Takahashi 2009'?); 4/, Anguilla japonica (Japanese eel, Kondo and Takahashi

2009"); Ce, Cyprinus carpio (common carp, Kondo et al. 2002”); Laj, Lates japonicus (Japanese lates, present report); On,

Oreochromis niloticus (Nile tilapia, Yasumoto et al. 2003%); Pt, Parapristipoma trilineatum (striped grunt, Kondo et al. 2004%); Sg,

Seriola quinqueradiata (Japanese amberjack, Kondo et al. 2009'").

+++, many; +, some; -, not observed; NT, not tested.

PN, preparation number (See Table 1).
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Table 3. Cont.

Fish and number of y granules observed in each staining preparation'?

PN

Eb Pe Sf Aj Cc Laj On Pt Sq
42 +++ + +++ +++ NT -+ NT NT -+
43 +++ + +++ +++ NT -+ NT NT -+
44 +++ - +++ +++ NT +++ NT NT -+
45 +++ + +++ +++ NT +++ NT NT ++
46 +++ - + +++ - +++ +++ NT -+
47 +++ - +++ +++ +++ +++ +++ NT +++
48 +++ - + + - +++ + NT +++
49 +++ - + + - +++ + NT +++
50 +++ - + + - +++ - - +++
51 +++ - +++ + +++ +++ - NT +++
52 +++ - + - - +++ NT NT +++
53 +++ - +++ - - +++ NT NT +++
54 +++ - + + - -+ -+ - -+
55 +++ - -+ -+ -+ -+ -+ NT -+
56 +++ - + + - +++ NT NT ++H+
57 -+ - -+ + + +++ NT NT +++
58 - - -+ -+ + -+ -+ - -+
59 -+ - -+ -+ -+ -+ +++ NT +++
60 +H+ - +++ -+ + +++ NT NT +++
61 +H+ - +++ -+ + -+ NT NT -+
62 +H+ - +++ -+ NT -+ NT NT -+
63 +++ - +++ -+ NT -+ NT NT -+
64 +++ - +++ -+ NT -+ NT NT -+
65 +++ - -+ -+ NT +++ NT NT -+
66 +++ - + + - +H - - -+
67 +++ - + + +++ +++ - NT -+
68 ++ - + - - +++ NT NT +++
69 +++ - + - - +++ NT NT ++
70 +++ - +++ + + +++ +++ - -+
71 +++ - +++ + +++ +++ +++ NT -+
72 +++ - +++ + - +++ NT NT +++
73 +++ - +++ + + +++ NT NT +++
74 +++ +++ +++ +++ +++ +++ +++ +++ +++
75 +++ +++ +++ +++ +++ +++ +++ NT +++
76 +++ - +++ + + +++ NT NT +++
77 +++ - +++ +++ +++ +++ NT NT +++
78 +++ +++ +++ +++ NT -+ NT NT +++
79 ++ -+ -+ +++ NT -+ NT NT +++
80 +++ - +H+ +++ NT +++ NT NT +++
81 +++ - ++H+ +++ NT +++ NT NT +++

'Eb, Eptatretus burgeri (hagfish, Kondo and Takahashi 2009'"); Pe, Polypterus endlicheri (Kondo and Takahashi 2009'); Sf,
Scleropages formosus (Asian arowana, Kondo and Takahashi 2009'?); 4, Anguilla japonica (Japanese eel, Kondo and Takahashi
2009'Y); Ce, Cyprinus carpio (common carp, Kondo et al. 2002%); Laj, Lates japonicus (Japanese lates, present report); On,
Oreochromis niloticus (Nile tilapia, Yasumoto et al. 2003%); Pz, Parapristipoma trilineatum (striped grunt, Kondo et al. 2004%); Sq,
Seriola quinqueradiata (Japanese amberjack, Kondo et al. 2009'").

2+, many; +, some; -, not observed; NT, not tested.

PN, preparation number (See Table 1).
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AUFEDFERMN S, 7 11 A DIFHRERITIE 2 FREE O kL (B
Bk, v KD & Y /IMEITEET 2 Z LS ETR o T,

BRI INETCIKEESPWE L2 TOEBAE
(ryryryoavsd, 9FF, aA, 7, /Y17,
FANTATET, 1HF, I, AFY, TFIFN
2, TN—=F), AXF, EITAXF, AU TAXF,
ADF, NG, XA, TU, EIAX, ~FTT) T
RO SN TNBHH P20 a2 SO MBI O A
MRRMESNTNE XY TFFHITETZ2XY T FF
Eptatretus burgeri %°, WEEHING RO Y 7V N1 F 3
Protopterus annectens 3 X OV EHFAFE L & B ITREMICE
F1, FEMOF TRBALENEEZ SN TV 2Rl
R T FIVAHIZIETS B Polypterus endlicheri @ §fHERIZ
13 B FERIFEE I N TR B,

rERIEFAETERY Y YOS, UFF, a1,
FANT A TEY, A HFBLOT OIFhERICEHE I N
Tng *7 F e BRI X FF & P endlicheri
KHBDHHNTNS MY, UL, AREROR@ M fE
MTHEEDZEMNS (Table 3), 7 HER O NAYOHAEL
B TR LR EEZSND T, THADHHRICS v
BRI I NN, TOREHIZRIRONWThOMAED

7RI & B BT > Tz (Table 3),

Y /IMKIZX & 5 F P. endlicheri & & HIZHKER
FEOIFRERICBRINTND Z &M S M2 [F/ME
RO RERICET 2 Em EEA SN THBD Y,
THADHHERICS Y MEPBEINZIERIOEA
EXELTWD,

R BRI D & 7 7 AP RO &R B L O Y /)
RO 2RO KD ITHEE U 7zo PAS BEIERERLINE B kL
CWIRESINELRD, v CIIBNERD, £/, PAS
BRI a- 72 T —PICKDERICH LI ND Z &
5, JUd—="2%Ekn LT 2HEMTHDEEZLN
%, SBBIGUEEEKIIIBIRB LR E I NS Bk & 13 #
B0, rHEELDBENSENENS, WFEKIA SBB
PRI TH 5 L1332 70, TBRMEICE > THiA DIBRE
ZRTHEOMABBIERME &b, MMlRREROE
PRI ER I NG TS OBMEIAEITE i R
5, AIEIR Y /MERIZ, &S r BRICHY T2 BN 5,
AIP BEPERERNE AR, K& 3 B &K ORI AT 7 kL & M
LTW2 Z &S, REERIT v BRICEFET 5 b5,
AcP B tERERIVE v PR & 13RS, B BRI & BRIz D,

B -Glu BEPERERL 13 7 FERL® B AL & I3 IR & K E SR
2%, F£7z, @-NAE, «-NBE P X S NASDCAE W1 8
RLD K E S BIUIBIRIE v BRI SHEBIL TW D75, 7 Bk
KOBENENZENG, TNSBEZROFEETNIIME T
E7RU, PO MR M 7= 1IN M C M I 21 e T
LTWaZ &My, BERICHETSEEABNS,

INETIZ, ZHEAEOLH PERO MM LR T~
5N TNSAY (Table 4), BHMESIS D EERLLMEE SN
TW2H0IFA I, Lnl, BERZETLAE (7
Travr, wrF, va, J—YINA7, KT, AF
5, TI—F), ZAZXF, BEITAXF, ATF, INY
YA, TU, BETA, hTTF) TIE, ARERIH PO K
MTHDHEZEZSNTNG T 7 H 2B TH
B KL PO 23H HH & 3172, POIETE D IBTETRAL D 5,
BERAFONIILM-ARE (V=21 2, TIL—F),
ZZXF, ETARXF, APF, ETA) LL-B#E (7,
KT, AFH, INY) KHIFINTHD Y, #i#TIE
PO IEMEVE B BRI, % TIE PO IRIED B AL D H72 5
THRICHBBHIN TN D, 7 ADIFHEROIZ PO
Th-o7,

Y /MEEBRT S (XYY FF, P endlicheri, 72
TrOUF, OFrE, 7aA, J—HF N, KT, AT
T—F), ZXF, BT AXF, ADF, INY, XA,
JU, BIA, vF7Y) T, F/MRIZTBEMETH
EEZBNTVG T 7 HAZBNTH Y /IMEIZ TB
ETH 572708, v BRI BB RIRNRD 51z, L
U, v HERZET DY TFF, P endlicheri, 7377
07U, UFFBIETUTIE, 7 H#kIC TB BEKINE
D SN TR 2197

RIFFETE ST, 7 HADEHHERIZIE 2 FEO R (B
Wk, v MERD &Y /MADE(ET D&, BEAIICIE PO
7%, v BERLICIX AP & TB BRPEMEAY, Y /MEIZIE TB B3
HEENFET S ENHENE R, TNETIT, #F
H O EEREE I P ERINERL O FEREE DIE VN S 3 BEIC
KL TERD, THRAIWTNORICHEI RN &M
5, PHANHBET DS L CTIVEEEZRIT 0,

A

B AR L T U7 750 T K FEASE R A PR B
BiE MTFEEMLICEMNZLET.
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