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Morphological and Cytochemical Characteristics of Neutrophil from
Threadsail Filefish Stephanolepis cirrhifer and Puffers (Grass Puffer
Takifugu niphobles, Finepatterned Puffer Takifugu poecilonotus)

Masakazu Kondo ', Shinya Yasumoto and Yukinori Takahashi

Abstract : Morphological and cytochemical characteristics of neutrophils in the threadsail
filefish Stephanolepis cirrhifer and puffers (grass puffer Takifugu niphobles, finepatterned puffer
T. poecilonotus) were examined by light microscopy. Two types of granules, eosinophilic
granule (0G) and chromophobic granule (BG) were observed in the neutrophils of these fish.
Multiple Romanowsky-type stain valuation revealed that aGs of these fish neutrophils were
not stained with Giemsa, but stained with May-Griinwald (MG). The BG was unstained by

Romanowsky-type stain and peroxidase (PO) positive. In finepatterned puffer, nucleus of the

neutrophils was also PO positive.
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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, pH8.0, 1:20, 15 min
2 : 5 mM PB, pH5.0 43 : /150 M PB, pHS.0, 1:20, 60 min
3 : 5 mM PB, pH6.0 44 : /150 M PB, pHS8.0, 1:100, 15 min
4 : 5 mM PB, pH7.0 45 . '/,5sM PB, pH8.0, 1:100, 60 min
5 : 5 mM PB, pHS8.0 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 :5mM PB, pH5.0, 1:20, 15 min
10 G : DW, 1:20, 15 min 51 : 5 mM PB, pH5.0, 1:20, 60 min
11 : DW, 1:20, 60 min 52 : 5 mM PB, pH5.0, 1:100, 15 min
12 :DW, 1:100, 15 min 53 : 5 mM PB, pH5.0, 1:100, 60 min
13 :DW, 1:100 , 60 min 54 : 5 mM PB, pH6.0, 1:20, 15 min
14 : 0.5 mM PB, pH5.0, 1:20, 15 min 55 : 5 mM PB, pH6.0, 1:20, 60 min
15 : 0.5 mM PB, pH5.0, 1:20, 60 min 56 :5mM 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 : 5 mM PB, pH7.0, 1:20, 15 min
18 : 0.5 mM PB, pH6.0, 1:20, 15 min 59 : 5 mM PB, pH7.0, 1:20, 60 min
19 : 0.5 mM PB, pH6.0, 1:20, 60 min 60 :5mM PB, pH7.0, 1:100, 15 min
20 : 0.5 mM PB, pH6.0, 1:100, 15 min 61 15 mM PB, pH7.0, 1:100, 60 min
21 : 0.5 mM PB, pH6.0, 1:100 , 60 min 62 : 5 mM PB, pH8.0, 1:20, 15 min
22 : 0.5 mM PB, pH7.0, 1:20, 15 min 63 : 5 mM PB, pH8.0, 1:20, 60 min
23 : 0.5 mM PB, pH7.0, 1:20, 60 min 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, pH8.0, 1:100, 60 min
25 : 0.5 mM PB, pH7.0, 1:100, 60 min 66 :'/,sM PB, pH5.0, 1:20, 15 min
26 : 0.5 mM PB, pH8.0, 1:20, 15 min 67 : '/lsM PB, pH5.0, 1:20, 60 min
27 : 0.5 mM PB, pH8.0, 1:20, 60 min 68 :'/,sM PB, pH5.0, 1:100, 15 min
28 : 0.5 mM PB, pH8.0, 1:100, 15 min 69 :'/,sM PB, pH5.0, 1:100, 60 min
29 : 0.5 mM PB, pH8.0, 1:100, 60 min 70 : l/ISM PB, pH6.0, 1:20, 15 min
30 : /15y M PB, pH5.0, 1:20, 15 min 71 :'/,sM PB, pH6.0, 1:20, 60 min
31 : /15y M PB, pH5.0, 1:20, 60 min 72 :'/,sM PB, pH6.0, 1:100, 15 min
32 :'/15s M PB, pH5.0, 1:100, 15 min 73 :'/,sM PB, pH6.0, 1:100, 60 min
33 : /15y M PB, pH5.0, 1:100, 60 min 74 :'/,sM PB, pH7.0, 1:20, 15 min
34 : /150 M PB, pH6.0, 1:20, 15 min 75 :'/,sM PB, pH7.0, 1:20, 60 min
35 : /150 M PB, pH6.0, 1:20, 60 min 76 :'/,sM PB, pH7.0, 1:100, 15 min
36 : /150 M PB, pH6.0, 1:100, 15 min 77 :'/,sM PB, pH7.0, 1:100, 60 min
37 : /150 M PB, pH6.0, 1:100, 60 min 78 :'/,sM PB, pH8.0, 1:20, 15 min
38 : /15 M PB, pH7.0, 1:20, 15 min 79 :'/,sM PB, pHS.0, 1:20, 60 min
39 : /15 M PB, pH7.0, 1:20, 60 min 80 :'/,sM PB, pH8.0, 1:100, 15 min
40 : /150 M PB, pH7.0, 1:100, 15 min 81 :'/,sM PB, pH8.0, 1:100, 60 min
41 : /150 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'/,;, M PB.
PN, preparation number.
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Table 2. Summary of multiple Romanowsky-type staining characteristics of eosinophilic granule (o granule) in the neutrophils of
threadsail filefish Stephanolepis cirrhifer (Sc) and puffers (grass puffer Takifugu niphobles (Tn), finepatterned puffer 7.

poecilonotus (Tp))
PN Number of o granules observed in preparation PN Number of o granules observed in preparation
Sc Tn Tp Sc Tn Tp
1 - ++ ++ 42 - - -
2 ++ ++ ++ 43 - - -
3 - + + 44 - - -
4 - - + 45 - - -
5 - - - 46 - + +
6 ++ + ++ 47 - + +
7 + + ++ 48 - + +
8 + + + 49 - + +
9 - + + 50 - + +
10 - - 51 - + +
11 - - - 52 ++ + +
12 - - - 53 + + +
13 - - - 54 - + +
14 - - - 55 - + -
15 - - - 56 - + +
16 - - - 57 - + +
17 - - - 58 - - -
18 - - - 59 - - -
19 - - - 60 - + +
20 - - - 61 - - -
21 - - - 62 - - -
22 - - - 63 - - -
23 - - - 64 - - -
24 - - - 65 - - -
25 - - - 66 + + +
26 - - - 67 - + +
27 - - - 68 ++ ++ +
28 - - - 69 + ++ +
29 - - - 70 - + +
30 - - - 71 - + -
31 - - - 72 + + +
32 - - - 73 - + +
33 - - - 74 - - -
34 - - - 75 - - -
35 - - - 76 - + -
36 - - - 77 - + -
37 - - - 78 - - -
38 - - - 79 - - -
39 - - - 30 - - -
40 - - - 81 - - -
41 - - -

++, many; +, some; -, not observed.
PN, preparation number (See Table 1).
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Fig. 1. Neutrophils of threadsail filefish Stephanolepis cirrhifer
(A), grass puffer Takifugu niphobles (B) and finepatterned
puffer T. poecilonotus (C). May-Griinwald stain (PN=6,
See Table 1). Note eosinophilic granules. Arrowheads
show Y-body. Bars=2.5 um.
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Fig. 2. Cytochemistry of neutrophil in threadsail filefish
Stephanolepis cirrhifer. A, alkaline phosphatase; B,
B-glucronidase; C, a-naphtyl acetate esterase; D,
a-naphtyl butyrate esterase; E, naphthol AS-D
chloroacetate esterase; F, peroxidase; G, periodic acid
Schiff reaction; H, toluidine blue in distilled water.
Arrowhead shows Y-body. Bars=2.5 um.
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Fig. 3. Cytochemistry of neutrophil in grass puffer Takifugu
niphobles. A, acid phosphatase; B, f-glucronidase;
C, a-naphtyl acetate esterase; D,naphthol AS-D
chloroacetate esterase; E, peroxidase; F, periodic
acid Schiff reaction; G, toluidine blue in distilled water.
Arrowheads show Y-body. Bars=2.5 yum

Fig. 4. Cytochemistry of neutrophil in finepatterned puffer
Takifugu poecilonotus. A, acid phosphatase; B,
B-glucronidase; C, a-naphtyl acetate esterase; D, naphthol
AS-D chloroacetate esterase; E, peroxidase; F, periodic
acid Schiff reaction; G, toluidine blue in distilled water.
Arrowheads show Y-body. Bars=2.5 um.



230

0
judreAmnba ‘ba imag e e fowos ‘s Auew ‘wr snoydrowe ‘we feAo ‘o ‘punor I ‘oynueIs dsrqoydoworyd °g ‘oynueis orprydoursod ‘o Apoq ojouwmsex ‘X snoponu N ‘wsejdorey ‘H LrenueIs O wonddjep uou ‘.

-9asep1xo1dd ‘O (se1ase d3e1ade0Io[yd (-SV [oyydeu ‘GyDASVN :9se1)se ajeiking [Aydeu-n ‘FEN-0 9se121s aje1ooe [Ajydeu-o ‘GyN-0 ‘asepruordn[s-g ‘njn-¢ aseyreydsoyd
proe goy esereydsoyd aurreye qry ‘O paI [10 ‘OYO I Uepns ‘IS ‘g dor[q Uepns ‘ggs on|q duIpinjo} ‘gJ, onjq uede ‘qy uonsagp osejAwe-0 JoPe Syd V0-SVd Uonoedl Jiyos proe drpordd ‘SVd,

N (g bowr’ g o= ¢ w‘oionn (gbow’gp=¢ ‘w‘oro1n (bowrigo=¢ ‘woronn od

(0bo Wi 0= ¢ ‘wroi0n D (Wigo=¢ ‘s‘ol01)D (Wi g0=¢ wroionn AVOASVYN

- — (Wi ¢0=¢ ‘w0101) D HEN-D

4 (o bown’ ¢S ¢ ‘w0101 D (o bown’ ¢S ¢ ‘w0101 D H(WrigosS¢ w‘oionn TVN-0

m,ILM (o0 W’ g0 ¢ JepoII00I)HI0 — (o0 W7 ¢S ¢ JePorIoo I nHI0 — (W ¢ 0= ¢ ‘s‘0101) D nin-g

by (wr ¢0= ¢ ‘JeI0S‘0I01) D) (W' g 0= ¢ ‘0101 DHI0 — — 4oV

T — ~ H v
N

.m _ — — Odo

i — — — ms

it _ _ — dds

m N (A ba e ‘we) o N (A ba e ‘we) o N (A ba e ‘we) o L

A — — — send gy

N — — — 0'1Hd av

— — — V0-Svd

Hi{(wl 0S¢ ‘w0101 n Hi{(w7 ¢S ¢ ‘w‘ororn Hi{(wl$ 0S¢ ‘woronn Svd

snjouoqra0d | sajqoydiu | A2J1YA1D "G
SaL

(1equuinu pue odeys) ay1s oanIsod pue ysi]

(smpouojiraod -y 1ayynd pourapedouy ‘sajqoydiu n3nfiyn ] 1ayynd sseid) sopgnd pue .afiy.L15 sidojouvydalS YSYL[Y [TeSPLIY) UI S)S9) [BITWAYI0IAD 03 [Iydonnau Jo suonoeal jo Arewrwing ¢ [qeL



231 TR, BA , EiiE
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FEEGDOENIE > T AT M, EFHAFL > T —
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HHENTWDE Y, Lnl, fAEZEOEHEEYOEG

Table 4. Staining characteristics of eosinophilic granules
(a granules)
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Polypterus endlicheri 35 X U & @ B f5E TIl3hf rhBRERL
Vo AL, BRI K DM IR RV R (v R ) DA AR
M 572D 0, o R MRSC D#E WA 5 2 I K
I, MG RETHEEDA, Giemsa A TIIREAES
NIz al FRLE, MG R & Giemsa REDOEB 5 TH
WED 2 PRI HEI N TV D (Table 49, £z, v KL
13 MG B2 6 Giemsa i H Y E 5 y1 Pk, MG 3¢
TP E 5T Giemsa e THE 5 v2 TR B X I MG
Pt TIIYE S DY, Giemsa e TIIYL FE 5 720 y3 Fkr
D 3FEIT/HEEINTWVD (Table 52, X &7 FF DU
PERICI vyl R OBDNBRENTHBO W, EF—)LT
13, BFHTERIC 2 FEER O o KL (al FERL o2 BORL) & y2
KISEET B D, —0, BEE RIS hERERL O R
DENLDS 4 BT RPN I NS (Table 6), T 725, olff
Ki, BRERIS KOy BRI 3 FEO BRI ERICBISR S
N5 1#E(7 27 7 17 F Scleropages formosus, 7 F F
Anguilla japonica, -1 Cyprinus carpio, > I)V7 1 T E
7 Oreochromis niloticus, -1 ¥ Parapristipoma trilineatum,

X7 ¥ Trachurus japonicus, 7 ') Seriola quinqueradiata, I

Table 5. Staining characteristics of basophilic granules
(y granuless)

Type of a granules

al o2
May-Griinwald + +
Giemsa +

Staining

+, positive; -, negative.

Staining Type of y granules

yl y2 13
May-Griinwald + - T
Giemsa + 4 N

+, positive; -, negative.

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

Group Subgroup Granule PO Species and references
Asian arowana Scleropages formosus', Nile tilapia Oreochromis niloticus™", jack-mackerel
I-Aa a2, B, y1 B . . g
Trachurus japonicus
1 Japanese eel Anguilla japonica", common carp Cyprinus carpio'™", striped grunt
I -Ba a2, B, y2 B Parapristipoma trilineatum™”, Japanese amberjack Seriola quinqueradiata'”, greater
amberjack S. dumerili®, yellowtail amberjack S. lalandi™
tiger puffer Takifugu rubripes”, grass puffer T. niphobles*, threadsail filefish Stephanolepis
I-Aa a2, B §} o
I cirrhifer*
1I-Ab a2, B B, N finepatterned puffer Takifiugu poecilonotus*
I1-Ba al, B B red sea-bream Pagrus major'”
northern pike Exos lucius', bluegill Lepomis macrochirus®, Japanese seabass Lateolabrax
II-a B 5} Japonicus', seabass L. latus'”, rudderfish Girella punctata®”, Japanese flounder Paralichthys
1 olivaceus”, marbled sole Pleuronectes yokohamae™, barfin flounder Verasper moseri™
b 8 BN ayu Plecoglossuzf altivelis®, gray mullet Mugil cephalus™, redlip mullet Chelon
’ haematocheilus™, sevenband grouper Epinephelus septemfasciatus'”
v IV-Aa B, vl B Japanese lates Lates japonicus™
IV-Ba 8,73 B marbled rockfish Sebastiscus marmoratus™

al, eosinophilic granule (a granule) type 1; 02, a granule type 2 ; B, chromophobic granule; y1, basophilic granule (y granule) type 1; y2 ,y granule type 2; y3 ,y granule

type 3; PO, peroxidase; N, nucleus.
*Present report.
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2INTF S, dumerili, £ 7 XY S, lalandi) 1215172429, o KT
ERBERIMARD SN D M ( T 7 Y Takifugu rubripes,
A Pagrus major)”'®, BRI OAHEHTHMEE (T I
Plecoglossus altivelis, /) —%F > J\A 7 Exos lucius, 7
Mugil cephalus, A% Chelon haematocheilus, 7777 F I\
A Micropterus salmoides, 7 )V —F )V Lepomis macrochirus,
A R F Lateolabrax japonicus, t 7 A X 3 L. latus, %
A4 U7 AXF L sp, AT Girella punctata, <IN 5
Epinephelus septemfasciatus, 't 7 A Paralichthys olivaceus,
<X O H L A Pleuronectes yokohamae, < Y 71 7 Verasper
moseri)> 101119202123 - @ WEKT & o BRI ASEAE S D IVEE (7
A Lates japonicus, 71 T Sebastiscus marmoratus) \Z 53 FE X
NTWB 220, T, THIZ2 &yl BhE2HT51
ATEE, 2R E 2 iz AT S -BEICHEIND
w0, IBIT, HEMEOIH T ol BhiZ2H9 20 -BEF
(Y)Y E R ERZHEDT AR (NS 7)) I SN
W IVEITyl R Z AT HIV-AR (T I A) & y3 k2
BTBHIV-BE(ATI)ITHEINTNWD 29, HTNF,
YT TBIOIES 7T OHHPERD o HEIE, AR
FoTEMHIEREBZ2HOD, WTNOARICBN TS MG
PRI E > TRBEINLA, Giemsa BETIIREINT,
MGG R TIIBREREINS o TR OEMWA Lz, N5
DRGNS, HINF, V9T TBLVAETTDa
FRIIZ 2 BRICFRES NS, T, ThH0T7 7 HA
I o777 EFERICT -A BHC S NS,

ATNF, 78977 BELTAE T T OHFHERIZ PAS,
TB, B-Glu, o-NAE, NASDCAE 3 X PO Td U,
HTNFTIE AP & o-NBE b EN, 7897 7BRU
AEZTUTIRAP BBEETHo 7z, WINORAFEICS
WTH PAS BRERERIE o- 7 X T —BITK D ERITHL S
NaZe&Mhs, JUVIA—F2EERSETIHBENTH
5EEZLN, aBRIBIUBERIEITRARS EEDN
%, F7z, TBGBIEAISEREARVREN S Y /IMEITH Y
To2LEAEND, FEBRRAICBIT BB S
B, VYT TBIEIAETT T D a-NAE BPERRIR 5 T
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