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Morphological and Cytochemical Characteristics of Neutrophil from Flatfishes
(Marbled Sole Pleuronectes yokohamae, Barfin Flounder Verasper mosert)

Masakazu Kondo™, Shinya Yasumoto and Yukinori Takahashi

Abstract : Morphological and cytochemical characteristics of neutrophil from flatfishes (marbled sole
Pleuronectes yokohamae, barfin flounder Verasper moseri) were examined by light microscopy. The
shape of neutrophils in both fish was round to oval (80-11.0 um in diameter) and the nucleus round
to lobule-shaped. Only one type of granules, chromophobic granules (8 G) were observed in the
neutrophil of both fish. The 8 G was round to oval (<05 xm in diameter), unstained by Romanowsky
type stain (May-Grinwald (MG), Giemsa and MG-Giemsa) and peroxidase positive. In both fish, the

Yasumoto body was also found in the neutrophil.

Key words : flatfish, Pleuronectes yokohamae, Verasper moseri, neutrophil, morphology, cytochemistry
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Table 1. Staining conditions of multiple Romanowsky-type stain valuation

Condition'? PN° Condition'? PN°

MG: DW 1 G :'4so M PB, pH8.0, 1:20, 15 min 42
: 5 mM PB, pH5.0 2 : Y150 M PB, pH8.0, 1:20, 60 min 43
: 5 mM PB, pH6.0 3 : /150 M PB, pH8.0, 1:100, 15 min 44
: 5 mM PB, pH7.0 4 : Y/150M PB, pHS$.0, 1:100, 60 min 45
;5 mM PB, pHS.0 5 MGG: DW, 1:20, 15 min 46
:1,s M PB, pH5.0 6 : DW, 1:20, 60 min 47
: /15 M PB, pH6.0 7 : DW, 1:100 , 15 min 48
1/, M PB, pH7.0 8 : DW, 1:100 , 60 min 49

: ;s M PB, pH8.0 9 5 mM PB, pH5.0, 1:20, 15 min 50
: DW, 1:20, 15 min 10 : 5 mM PB, pH5.0, 1:20, 60 min 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, 15 min 54
: 0.5 mM PB, pH5.0, 1:20, 15 min 14 : 5 mM PB, pH6.0, 1:20, 60 min 55

: 0.5 mM PB, pHS5.0, 1:20, 60 min 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, 15 min 58

: 0.5 mM PB, pH6.0, 1:20, 15 min 18 : 5 mM PB, pH7.0, 1:20, 60 min 59

: 0.5 mM PB, pH6.0, 1:20, 60 min 19 : 5 mM PB, pH7.0, 1:100, 15 min 60

: 0.5 mM 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, 15 min 62

: 0.5 mM PB, pH7.0, 1:20, 15 min 22 : 5 mM PB, pH8.0, 1:20, 60 min 63
: 0.5 mM PB, pH7.0, 1:20, 60 min 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 : 115 M PB, pH5.0, 1:20, 15 min 66
: 0.5 mM PB, pH8.0, 1:20, 15 min 26 - /,sM PB, pH5.0, 1:20, 60 min 67
: 0.5 mM PB, pH8.0, 1:20, 60 min 27 : 1/1sM PB, pH5.0, 1:100, 15 min 68
: 0.5 mM PB, pH8.0, 1:100, 15 min 28 : 11sM PB, pH5.0, 1:100, 60 min 69

: 0.5 mM PB, pHS.0, 1:100, 60 min 29 : 1/;sM PB, pH6.0, 1:20, 15 min 70

: V150 MPB, pH5.0, 1:20, 15 min 30 - /,sM PB, pH6.0, 1:20, 60 min 71

: Y150 M PB, pH5.0, 1:20, 60 min 31 : /1sM PB, pHS.0, 1:100, 15 min 72

: 1150 M PB, pH5.0, 1:100, 15 min 32 - /1sM PB, pH6.0, 1:100, 60 min 73
: Y150 M PB, pH5.0, 1:100, 60 min 33 :1/,sM PB, pH7.0, 1:20, 15 min 74

: Y150 M PB, pH6.0, 1:20, 15 min 34 . Y/1sM PB, pH7.0, 1:20, 60 min 75

: Y150 MPB, pH6.0, 1:20, 60 min 35 :1/1sM PB, pH7.0, 1:100, 15 min 76

: Y150 M PB, pH6.0, 1:100, 15 min 36 : 11sM PB, pH7.0, 1:100, 60 min 77

: Y150 M PB, pH6.0, 1:100, 60 min 37 - /;sM PB, pH8.0, 1:20, 15 min 78

: Y150 MPB, pH7.0, 1:20, 15 min 38 : /;sM PB, pH8.0, 1:20, 60 min 79

: Y150 M PB, pH7.0, 1:20, 60 min 39 : 115 M PB, pHS8.0, 1:100, 15 min 80

: /150 M PB, pH7.0, 1:100, 15 min 40 - Y/,sM PB, pH8.0, 1:100, 60 min 81

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

(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.
*Preparation number.

'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
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Fig. 1. Neutrophil of flatfishes (marbled sole Pleuronectes
yokohamae (A) and barfin flounder Verasper
moseri (B)) stained with May-Griinwald:Giemsa
stain (PN 48 in Table 1). Note chromophobic
granules (B granules) and Y-body (arrowheads).
Bars =5 um.

v, ZHAK, MIRE EWEB L OKE SREHKTH
D, ZOBUIIFPERT LR E o TV, Y/AMED 4
B I N WIFHIRIZERD SN o7z, R/MEIZWT I
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(Fig. 2B)o B-Gluld EE02 umPTFTOMEF 721380H
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LU o8 £ 72398 0 AR & L CA#Blg s e
(Figs. 2D-2F), POIZMIE F 721390 O B M8k (&
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(Fig. 2G)o BAZIZPORG SIS &M S N2 2o 720
M (BfE03 umblF) 2 M F 721298 IE O P ASK 4 JE
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PASEGH M CTH 572 (Fig. 2H) o W FILOPASH IR b
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Table 2. Summary of reactions of neutrophil to cytochemical tests in flatfishes (marbled sole Pleuronectes

yokohamae and barfin flounder Verasper moseri)

Fish and positive site (shape and number)

P. yokohamae

V. moseri

Periodic acid Schiff reaction (PAS)
PAS after digestion with a-amylase -
Alcian blue (pH1.0) -
Alcian blue (pH2.5) =
Toluidine blue (in distilled water)
Sudan black B —
SudanIll =
Oil red O -

G(roro,m, ¢ =0.3 um); H

G (am, af, eq Y-body); N

G(roro,m, ¢ =0.3um);H

G (am, af, eq Y-body); N

Alkaline phosphatase

Acid phosphatase
B-Glucronidase

a-Naphtyl acetate esterase
a-Naphtyl butyrate esterase

Naphthol AS-D chloroacetate esterase

G(roro,s, ¢ =0.3um); H
G(roro,s, ¢ =0.2um)
G (roro,af, ¢ =0.2 yum)
G(roro,s, ¢ =0.2um)
G(roro,s, ¢ =0.2um)
G(roro,s, ¢ =0.2um)

G(roro,m, ¢ =03 um)
G(roro,m, ¢ =0.2um)
G(roro,m, ¢ =0.2um)
G(roro,m, ¢ =0.2um)

Peroxidase

G(roro,m, ¢ =0.5um,eqpG)

G(roro,m, ¢ =0.5um,eqpG)

—, non detection; G, granular; H, hyaloplasm; N, nucleus; Y-body, Yasumoto body; BG, p granule; 1, round; o, oval; am, amorphous; m, many; s,

some; af, a few; eq, equivalent to.
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Fig. 2. Cytochemistry of marbled sole Pleuronectes

yokohamae neutrophil. A, alkaline phosphatase; B,
acid phosphatase; C, 3 -glucronidase ; D, d.—naphtyl
acetate esterase; E,a-naphthyl butyrate
esterase ; F, naphthol AS-D chloroacetate
esterase ; G, peroxidase; H, periodic acid Schiff
reaction ; 1, toluidine blue in distilled water.
Arrowhead shows Y-body. Bars =5 gm.
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Fig. 3. Cytochemistry of barfin flounder Verasper

moseri neutrophil. A, acid phosphatase ; B, a-
naphtyl acetate esterase ; C,o-naphthyl butyrate
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 =5 um.



Table 3. Comparison of cytochemical characteristics of neutrophils from various fish species

Fish and type of cytoplasmic granule’

Test! Eb Pa Pe Sf A4j Pla El Mc Ch Laj
Y P al, 02,y 0By % B,y B B B B B,y

PAS +(H, G) +(P) +(H, G) +(H, G) +(H, G) +(H, G) +(H, G) +(H, G) +(H, G) +(H, G)
PAS-0A - +(®) - - - - - =(H) +(H) -
AB pH1.0 - - - - - - - - - -
ABpH2.5 - - - - - - - - - -
TB +N,Y) +(N, P) +(N,Y) +(N,Y) +(N,Y) +N,Y) +(N,Y) +(H, N, Y) +(H, N, Y) +N,v,Y)
SBB - - +(al) +(G) +(G) - +(G) +(H, G) +(H, G) +(H, G)
S - - - - - - - - - -
ORO - - - - - - - - - -
AlP — - +(al) - - - - - - +(H, )
AcP - +(P) +(al) - +() - +(B) +(G) +(G) +(G)
B-Glu - - +(al) - +(G) - +(G) +(G) +(G) +(G)
a-NAE - +(P) +(al) +(G) +(v) - +(G) +(H, G) +(H, G) +(G)
o-NBE +() +(P) +(al) +(G) +) - +(G) - +(H, G) +(G)
NASDCAE - +(P) +(al) +(v) +(G) - +(G) +(G) +(G) +(G)
PO - - - +® ()] +M, B +B) +(N, B) +N, ) +®)

'PAS, periodic acid Schiff reaction; PAS-0A, PAS after a-amylase digestion; AB, alcian blue; TB, toluidine blue; SBB, sudan black B; SII, sudan II; ORO, oil red O; AP, alkaline phosphatase; AcP, acid phosphatase; B-Glu,
B-glucronidase; a-NAE, a-naphtyl acetate esterase; a-NBE, a-naphtyl butyrate esterase; NASDCAE, naphthol AS-D chloroacetate esterase; PO, peroxidase.

2Eb, Eptatretus burgeri (hagfish)'®; Pa, Protoprerus annectens (African lungfish)'®; Pe, Polypterus endlicheri'™; Sf, Scleropages formosus (Asian arowana)'; 4j, Anguilla japonica (Japanese eel)'™; Pla, Plecoglossus altivelis (ayw)®; El,
Exos lucius (northern pike)'Y; Me, Mugil cephalus (gray mullet)?; Ch, Chelon haematocheilus (redlip mullety®”; Laj, Lates japonicus (Japanese lates)™; o, eosinophilic granule; al, o type 1; 62, a type 2; B, chromophobic granule; v,
basophilic granule; P, panchromatophilic granule; Y, Yasumoto body; H, hyaloplasm; G, granular; N, nucleus; —, negative; =, weakly positive; +, positive.

Table 3. Cont.

Fish and type of cytoplasmic granule®

Test' Lm Lj, Ll Es Sg Gp Pm Py Vm Po r
B B B By B o B B B B op

PAS +(H, G) +(H, G) +(H, G) +(H,G) +(H, G) +H,G) +(H, G) +H,G) +(H, G) +(H,G)
PAS-0A - - +H) - - - - - - -
AB pH1.0 — — — — - — — - - -
AB pH2.5 - - - - - - - - -~ -
TB +(N,Y) +(N,Y) +(H,N,Y) +(N,Y) +(N,Y) +(N,Y) +N, ) +(N,Y) +(MN,Y) +N,Y)
SBB +(G) +(G) +(H, G) +B) +(G) +(B) - - +(G) +@)
s — — — - - - - - - -
ORO - - - - - - - - - -
AlP - — +(H, G) +(B) +(H, G) - +(H, G) - - -
AcP - +(G) +(G) +(G) +(G) +(0) +(G) +(G) +(G) +(G)
B-Glu - - +(G) - - +(G) +(G) - - -
o-NAE - +(G) +(H, G) +@) +(G) +(0) +(G) +(G) +(G) +(G)
o-NBE - - +(H, G) - - +(G) +(G) +(G) - +(@G)
NASDCAE - +(G) +(G) - - +(@) +(G) +(G) - +(G)
PO +@) +®) +(N, B) +(B) +@) +® +@) +@) +®) +@)

'PAS, periodic acid Schiff reaction; PAS-0A, PAS after a-amylase digestion; AB, alcian blue; TB, toluidine blue; SBB, sudan black B; SII, sudan II; ORO, oil red O; AIP, alkaline phosphatase; AcP, acid phosphatase; B-Glu,
B-glucronidase; a-NAE, a-naphtyl acetate esterase; a-NBE, o~naphtyl butyrate esterase; NASDCAE, naphthol AS-D chloroacetate esterase; PO, peroxidase.

Lm, Lepomis macrochirus (bluegill)®; Lj, L labrax japonicus (Jap e scabass)'”; LI, Lateolabrax latus (seabass)'"; Es, Epinephelus septemfasciatus (sevenband grouper)'”; Sq, Seriola quinqueradiata (Japanese amberjack)'”; Gp,
Girella punctata (radderfish)’”; Pm, Pagrus major (ted sea-bream)'?; Py, Pleuronectes yokohamae (marbled sole, present report); Vm, Verasper moseri (barfin flounder, present report); Po, Paralichthys olivaceus (Japanese flounder)”;
T, Takifugu rubripes (tiger puffer)”; o, eosinophilic granule; B, chromophobic granule; v, basophilic granule; Y, Yasumoto body; H, hyaloplasm; G, granular; N, nucleus; —, negative; +, positive.
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& b ICPASE MEBERIIE BRI L IR E SRR B, &
72, PASHMEEEN X a-7 I T —FIZ L D BEITHLS
BIENRD, FYVI-FUEERSETAHERTHL L
E2bNb, TBREIZL > THLOEELRTFLOE
VIR TR IS S, T ROARBIZBWTHY/N
HIcHET 2 BEbb, v T VA HFFEHROAPB LTV
B-Glulg Mk IE R & 2B X RIS B IR & 13 R 7%
bo F7-, WRMIZERDSNAACP, B-Glu, o-NAE,
a-NBE# & UNASDCAERSHEEERIZ, K& S L BAHTBH
BEWERE b, L L, PORMEEMIIWAREL O IIRE
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