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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 Kondot, 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 (eG) and chromophobic granule (BG) were observed in the neutrophils of these fish.
Multiple Romanowsky-type stain valuation revealed that oGs 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 : /15y M PB, pH8.0, 1:20, 15 min
2 : 5 mM PB, pH5.0 43 : 7,50 M PB, pHS.0, 1:20, 60 min
3 1 5 mM PB, pH6.0 44 : /150 M PB, pHS8.0, 1:100, 15 min
4 : 5mM PB, pH7.0 45 : '/50M 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 : '/, M PB, pH6.0 48 : DW, 1:100, 15 min
8 :7,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, 15 min
10 G : DW, 1:20, 15 min 51 : 5 mM PB, pHS5.0, 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 : 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, pHS5.0, 1:100, 60 min 58 : 5 mM PB, pH7.0, 1:20, 15 min
18 1 0.5 mM PB, pH6.0, 1:20, 15 min 59 : 5 mM PB, pH7.0, 1:20, 60 min
19 1 0.5 mM PB, pH6.0, 1:20, 60 min 60 : 5 mM PB, pH7.0, 1:100, 15 min
20 : 0.5 mM PB, pH6.0, 1:100, 15 min 61 1 5mM 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 1 0.5 mM PB, pH7.0, 1:20, 15 min 63 : 5 mM PB, pHS8.0, 1:20, 60 min
23 : 0.5 mM PB, pH7.0, 1:20, 60 min 64 : 5 mM PB, pHS8.0, 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 : l/15M PB, pHS5.0, 1:20, 60 min
27 : 0.5 mM PB, pH8.0, 1:20, 60 min 68 . '/,SM PB, pHS5.0, 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 :'/,sM PB, pH6.0, 1:20, 15 min
30 /155 M PB, pH5.0, 1:20, 15 min 71 :'/sM PB, pH6.0, 1:20, 60 min
31 : /5o M PB, pHS5.0, 1:20, 60 min 72 :'/,sM PB, pH6.0, 1:100, 15 min
32 : '/:5s M PB, pH5.0, 1:100, 15 min 73 : '/,sM PB, pH6.0, 1:100, 60 min
33 : "/15s M PB, pH5.0, 1:100, 60 min 74 : '1;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 : /.50 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 :'1,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 : /150 M PB, pH7.0, 1:20, 15 min 79 :'/,sM PB, pH8.0, 1:20, 60 min
39 : 15 M PB, pH7.0, 1:20, 60 min 80 :'/,sM PB, pH8.0, 1:100, 15 min
40 : /15 M PB, pH7.0, 1:100, 15 min 81 :'/,sM PB, pH8.0, 1:100, 60 min
41 : '/15 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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Table 2. Summary of multiple Romanowsky-type staining characteristics of eosinophilic granule (a granule) in the neutrophils of
threadsail filefish Stephanolepis cirrhifer (Sc) and puffers (grass puffer Takifugu niphobles (Tn), finepatterned puffer T.

poecilonotus (Tp))
Number of o granules observed in preparation Number of a granules observed in preparation
PN PN
Se Tn Tp Sc Tn Ip

1 - ++ ++ 42 - - -

2 ++ ++ ++ 43 - - -

3 - + + 44 - - -

4 - - + 45 - - -

5 - - 46 - + +
6 ++ ++ ++ 47 - + +
7 + + Ees 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 - - - 80 - - -
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 7. poecilonotus (C). May-Griinwald stain (PN=6,
See Table 1). Note eosinophilic granules. Arrowheads
show Y-body. Bars=2.5 ym.
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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.

» s Py
§ '1 '5»
A =B — C N D it
Y
DO .
E == F -l G —

Fig. 3. Cytochemistry of neutrophil in grass puffer Takifugu
niphobles. 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
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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 ym.



Table 3. Summary of reactions of neutrophil to cytochemical tests in threadsail filefish Stephanolepis cirrhifer and puffers (grass puffer Takifugu niphobles, finepatterned puffer T poecilonotus)

Fish and positive site (shape and number)?

Test'

S. cirrhifer T. niphobles T. poecilonotus
PAS G(roro,m, ¢ =04 um);H G(roro,m, ¢=<0.5um);H G(roro,m, ¢ =0.4um);,H
PAS-aA — - —
AB pH1.0 — ~ -
AB pH2.5 - - -
B G (am, af,eq Y); N G (am, af, eq Y); N G (am, af, eq Y); N
SBB — — —
SII — — —
ORO — — —
AlP H — —
AcP - — orG(roro,af, ¢=0.5um) G (roro,soraf, ¢=0.3um)
B-Glu G(roro,s, ¢=<0.3um) — orG(r,0o0rrod, af, ¢=0.5um (r or 0)) — orG(r,00rrod, af, ¢ =<0.5um (r or 0))
a-NAE G(roro,m, ¢ =0.5um),H G(roro,m, ¢=0.3um,eqa) G(roro,m, ¢=0.3um,eq a)
a-NBE G (roro,m, ¢ =0.3 um) - —
NASDCAE G(roro,m, ¢=0.3 um) G(roro,s, ¢=0.5um) G(roro,m, ¢=0.3um,eqoc)
PO G(roro,m, ¢ =0.5um,eqp) G(roro,m, ¢ =0.5um,eqp) G(oro,m, ¢=0.5um,eqp),N

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

2— non detection; G, granular; H, hyaloplasm; N, nucleus; Y, Yasumoto body; a, eosinophilic granule; §, chromophobic granule; 1, round; o, oval; am, amorphous; m, many; s, some; af, a few; eq, equivalent
to.
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BRbENERIN, HeOWE(M®, AR B a3
PR, ZRARE, MR) ERTHEOBRIEER A HRE
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THEETMEBR I N 2,

Z =
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BEEDENZE > TIA T Ui, ERAFL > TI—
AR R 73R Y X — Vi & R S IR G R O B8
BHLENTNWE Y, Lhl, AEEZEDEHEYOERA

Table 4. Staining characteristics of eosinophilic granules

DRFOBUEETH 2 X% 7 FF Epratretus burgeri %, EH
BRELEHDIFEMIISEN, FEROP TR M
KHEAL SN D BlgEMAR ) 77 AHOEF—)L
Polypterus endlicheri 3 K U« O BB A Tl 47 T ER 8Tk
W o FRAL B RALE K UMFIEEEEERL (v BRI ) O A AR
D573 % 120, o JEHKTIL MRSC DE WM 5 2 FEHICK
AlEn, MGRETHEREDN, Gemsa BETELRES
nizval Bk, MGHRELS Gemsa BEOEBL 5 TH
Bek b o2 BRI AEINTND (Table 49, $£/, v Bk
1 MG 81T ® Giemsa Je 412 b Je &k 2 y1 kL, MG B
BTIERE ST Giemsa R THFE S v2 R B LU MG
RETIEEE DA, Gemsa Jofa TG E 5720 43 TR
DIFEHICHEIN TV D (Table 57249, X ¥ 7 FFDhF
PERITIE v R OBBEEBINTHO Y, EF—)T
W&, BFHIERIC 2 FEEE O o L (ol FERL o2 FEKD) & y2
BIDFEET 2 9, —7F, HB ARSI IRk O BEK
DENDS AR ZIND (Table 6). T/abb, o
R BYERIB S Uy BRI O 3 O EAT HERICEIER S
N5 I# (7 P77 179 Scleropages formosus, 7 F F
Anguilla japonica, -4 Cyprinus carpio, A IVT 1 T E
7 Oreochromis niloticus, -1 Y Parapristipoma trilineatum,

XY ¥ Trachurus japonicus, 71 Seriola quingueradiata,

Table 5. Staining characteristics of basophilic granules

(a granules) (y granuless)
Staining - Type of a granules > Staining Type of y granules

_ vl 2 3
May-Grinwald + + May-Griinwald + - +
Giemsa + - Giemsa + + -

+, positive; -, negative.

+, 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
I-Aa o2, B, 71 8 Asian arowana Sclergpages Sformosus'®, Nile tilapia Oreochromis niloticus™, jack-mackerel
» Trachurus japonicus™
I Japanese eel Anguilla japonica", common carp Cyprinus carpio”™®, striped grunt
1-Ba a2, B, y2 B Parapristipoma trilineatum™”, Japanese amberjack Seriola quinqueradiata'™, greater
amberjack S. dumerili®, yellowtail amberjack S. lalandi®
I-Aa 02, B B tiger puffer Tukifugu rubripes”, grass puffer T. niphobles*, threadsail filefish Stephanolepis
? cirrhifer*
I II-Ab 02, B B, N finepatterned puffer Takifugu poecilonotus*
II-Ba al, B B red sea-bream Pagrus major'®
northern pike Exos lucius'’, bluegill Lepomis macrochirus®, Japanese seabass Lateolabrax
I0-a B B Jjaponicus'”, seabass L. latus'”, rudderfish Girella punctata®”, Japanese flounder Paralichthys
m olivaceus”, marbled sole Pleuronectes yokohamae™, barfin flounder Verasper moseri »
I-b 8 BN ayu Plecoglossz;.‘s altivelis®, gray mullet Mugil cephalus™, redlip mullet Chelon
’ haematocheilus®”, sevenband grouper Epinephelus septemfasciatus'”
W IV-Aa B, v1 B Japanese lates Lates japonicus™
IV-Ba B, v3 B marbled rockfish Sebastiscus marmoratus™

al, eosinophilic granule (o 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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2INF S, dumerili, ¥ T XY S, lalandi) 121502429, o SR
ERBERMSRDSND LFE (T T J Takifugu rubripes,
I X1 Pagrus major)>9, PR OAHEFTHLE (7L
Plecoglossus altivelis, / — % > INA 7 Exos lucius, 1
Mugil cephalus, AJ % Chelon haematocheilus, 7 27 FIN
A Micropterus salmoides, 7 ) —F )\ Lepomis macrochirus,
A X F Lateolabrax japonicus, t T A X F L. latus, ¥
AU AXFLsp, AT Girella punctata, < INH
Epinephelus septemfasciatus, Yt < X Paralichthys olivaceus,
< 3 1 L A Pleuronectes yokohamae, </ J1 7 Verasper
moseri)BI0IL002123, 8 BEKT &y BRI SEES S IVE (T
A Lates japonicus, 73 Sebastiscus marmoratus) 12 578 &
NTn3 29, F/z, [#HTENEy BHEETSI
ATEE, BN EEREETS 1 BERMSENS
w3, IL, BEEAEOIMN Tl BN EZET 51 -B#
(MY E R EREFO T -AB (STl En
M, Wyl BRI Z2ETHN-ARB(THA) & y3 BERE
FTBAN-BE(HYIYRHEINTWB B, HUNE,
YT ITBRUIE T T OEFRRO o BHIZ, AR
EoTERHRERZBOD, WTNOARIZBW TS MG
Q@I Ko THREINZD, Glemsa RETEREEINT,
MGG R TIRBBR S ND o R OISO LTz, Zhb
ORBENS, HONE, V7B 7 T7BLXUVIETTDa
BRE o2 BRICFEE S NS, #>T, TNHOT7THA
MRSV EEBRICT -ABICHEHEEIND,

HINE, 787 T7BXOTE T T DFHERIL PAS,
TB, B-Glu, a-NAE, NASDCAE B L UXPOBHETH 0
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