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Granules of Neutrophils from Common Carp (Cyprinus carpio), Nile Tilapia
(Oreochromis niloticus) and Striped Grunt (Parapristipoma trilineatum)

Masakazu Kondo™, Shinya Yasumoto, Miwa Oono and Yukinori Takahashi

Abstract : Morphological and cytochemical characteristics of neutrophil in common carp (Cyprinus
carpio), Nile tilapia (Oreochromis wmiloticus) and striped grunt (Parapristipoma trilineatum) were
examined by light microscopy. Three types of granules, eosinophilic granule (0 G), chromophobic
granule (B G) and basophilic granule (Y G) were observed in the neutrophils of these fish species.
Multiple Romanowsky-type stain valuation revealed that 0 G of these fish species were stained eosinophil
with May-Grunwald (MG), but not with Giemsa. Eosinophil of the & G was disappeared by Giemsa after
MG. The B Gs were unstained by Romanowsky-type stain and peroxidase positive. The ¥ G of common
carp and striped grunt were stained light blue with Giemsa, but not MG. On the other hand, the ¥ Gs of
Nile tilapia were stained not only with Giemsa, but also with MG. Furthermore, the Y Gs of Nile tilapia
were toluidine blue positive, but those of common carp and striped grunt were negative.

Key words : Cyprinus carpio, Oreochromis niloticus, Parapristipoma trilineatum, neutrophil, morphology,
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Table 1. Staining conditions in multiple Romanowsky-type stain valuation

Condition"? PN? Condition'? PN?

MG: DW 1 G :'59 MPB, 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 : Y150 M PB, pHS.0, 1:100, 15 min 44
: 5 mM PB, pH7.0 4 : 15oM PB, pHS8.0, 1:100, 60 min 45
: 5 mM PB, pH8.0 5 MGG: DW, 1:20, 15 min 46
: Y15 M PB, pH5.0 6 : DW, 1:20, 60 min 47

: /s M PB, pH6.0 7 : DW, 1:100, 15 min 48
: /s M PB, pH7.0 8 : DW, 1:100 , 60 min 49
: 1/, M PB, pH8.0 9 : 5 mM PB, pH5.0, 1:20, 15 nin 50
G :DW, 1:20, 15 min 10 : 5 mM PB, pHS5.0, 1:20, 60 nin 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, pH5.0, 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, pHS8.0, 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

1 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 :1/;sM PB, pH5.0, 1:20, 60 min 67

: 0.5 mM PB, pH8.0, 1:20, 60 min 27 :1/;sM PB, pH5.0, 1:100, 15 min 68
: 0.5 mM PB, pHS8.0, 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 : 1/;sM PB, pH6.0, 1:20, 15 min 70

: Y150 M PB, pH5.0, 1:20, 15 min 30 : '4sM PB, pH6.0, 1:20, 60 min 7

: /150 M PB, pH5.0, 1:20, 60 min 31 : '11sM PB, pH6.0, 1:100, 15 min 72

: 1150 M PB, pH5.0, 1:100, 15 min 32 : 1,5 M PB, pH6.0, 1:100, 60 min 73

: /150 M PB, pH5.0, 1:100, 60 min 33 . '/1sM PB, pH7.0, 1:20, 15 min 74

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

: 1150 M PB, pH6.0, 1:20, 60 min 35 :1/,sM PB, pH7.0, 1:100, 15 min 76

: Y150 M PB, pH$.0, 1:100, 15 min 36 : Y1sM PB, pH7.0, 1:100, 60 min 77

: Y15 M PB, pH6.0, 1:100, 60 min 37 :1/4sM PB, pHS8.0, 1:20, 15 min 78

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

: Y150 M PB, pH7.0, 1:20, 60 min 39 : /15 M PB, pH8.0, 1:100, 15 min 80

: /15y M PB, pH7.0, 1:100, 15 min 40 :1/,sM PB, pH8.0, 1:100, 60 min 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 § 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.

3Preparation number.
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Table 2. Summary of multiple Romanowsky-type staining characteristics of o and ¥ granules in the
neutrophils of common carp (Cyprinus carpio, Cc) , Nile tilapia (Oreochromis niloticus, On)
and striped grunt (Parapristipoma trilineatum, Pt)

Number of granules observed in preparation Number of granules observed in preparation

PN Ce On Pt PN Ce On Pt

o Y o ¥ o Y a b o Y o Y
1 +H - +++ - +H+ - 42 - +++ - ++H - ++
2 -t - -+ - ++ - 43 - ++ - -+ - +++
3 -+ - - + -t - 44 - ++ - - - +++
4 -t - - 4+ e - 45 - +++ - +++ - +++
5 - - - 4+ - - 46 - - - +++ - +
6 +++ - +++ - +++ - 47 + +H+ - ++ - +++
7 +++ - +++ + +++ - 48 +++ - - + + +
8 + - - +++ - - 49 -+ - - + - +
9 - - - +++ - - 50 +++ - + - -
10 - et - -+ - - 51 + +++ - - - +
11 - -+ - o+ - +++ 52 ++ - + - + -
12 - + - + - + 53 - - - - - -
13 - +++ - + - + 54 + - - ++ - -
14 - + - + - - 55 - ot - 4+ - +
15 - +++ - + - + 56 + - - + + -
16 - + - + - - 57 + + - + - -
17 - +++ - + - - 58 + + - ++ - -+
18 - et - et - - 59 - +++ - - - o+
19 - efet - - - + 60 + + - + + ot
20 - + - + - - 61 + + - + - H+
21 - 4+ - + - - 62 - + - +++ - -+
22 - ++ - +++ - et 63 - - - +++ - 4+
23 - ++ - +++ - +H 64 - + - +++ - +++
24 - -+ - + - - 65 - + - -+ - +++
25 - At - + - +++ 66 T+ - + - - -
26 - R - -+ - +++ 67 + +++ - - - +
27 - At - At - +++ 68 ot - + - + -
28 - +++ - ++ - +++ 69 -+ - - - - -
29 - +++ - +++ - s 70 + + - +++ - -
30 - 4+ - - - - 71 - A - -+ - +
31 - +++ - -+ - + 72 + - - + + -
32 - + - - - - 73 + + - + - -
33 - e - + - - 74 - - - A - +
34 - -t - - - - 75 - +++ - +++ - -+
35 - o+ - + - + 76 - + - + - ++
36 - + - - - - 77 - RERy - +++ - A+
37 - 4+ - - - - 78 - s - F++ - +++
38 - +++ - - - +++ 79 - -+ - R - +++
39 - oy - ++ - ++ 80 - 4+ - +H+ - ++
40 - + - + - +++ 81 - +++ - +++ - +++
41 - - - 4+ - ++

+++, many; +, some; -, not observed.
PN, preparation number (Se¢ Table 1).
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Fig. 1. Cytochemistry of common carp neutrophil. A,
acid phosphatase; B, B-glucronidase ; C, at-naphthyl
butyrate esterase;D, naphthol AS-D chloroacetate
esterase ; E, peroxidase; F, periodic acid Schiff
reaction. Bars =5 um.
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Cytochemistry of Nile tilapia neutrophil. A, acid phosphatase; B, f-glucronidase;C, o~

R, it

naphtyl acetate esterase;D, o-naphthyl butyrate esterase;E, peroxidase;F, periodic
acid Schiff reaction;G, toluidine blue in distilled water;H, sudan black B. Arrowheads

show Y-body. Bars = 5 um.

A

Ay

Fig. 3. Cytochemistry of striped grunt neutrophil. A, acid phosphatase; B, B-glucronidase;C, peroxidase;D,
periodic acid Schiff reaction; E, toluidine blue in distilled water. Arrowheads show Y-body. Bars= 5 um.
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FANT A TETH, a2 sy 2 NEFETLT N —
FIZiE, vFE, a4, ATIBLUOTINEENE, &
%, BIEE I-AE BEEZI-BEHIBTAZILLT A,
B, 1-ABL I-BHOSHHNBLOT-AL 1 BHEOD
BHZIE, S ER O M A LA RO BB I 2 AL S 72 13 A
HF IO 5N (Table 7)6

aAf, FANT A TETBLOAVFOUHERkO 3 FELEH
ORI, AR CBRCRESHREDL Z LN T
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w5 (Table 6)"%s T7%bb, AL EFANTFAFET
O BRITER03 umUTOBETH DR LT,
4 Y F TIRERS~10 ymOBERTHBY, £/, »T
hoABIZBW T BIERIZMEE 2IIMETH 578,
O TIRERHS um'?, FANFATETBITAY
FTREROS~10 um& ShTWAE*, yERIZWTh

DHEMICBVTHARE LB TH Y, 20EFEEa
A T04 umBT?, FANFASETEAFFTO3 yum
UFEHESRTRRY, ZhooBREREZBLID
g b &Iz, M bR © B AR O I IR 4Bk
B UOYMEDES# XD L 5 2HE L7 (Table 3)o
W OAREIC BT HPASH IR 1 o Bk, B

Table 4. Summary of multiple Romanowsky-type staining characteristics of o granule in fish neutrophils

Fish, type and number of ¢ granules observed in each staining preparation’”

PN Pe Sf Aj Cc On Pt Sq Pm Tr
ol 02 a2 02 o2 a2 a2 o2 ol 02
1 +++ - A+ +++ +++ 4+ +++ +++ ++ -
2 +++ - +++ - +++ +++ +H+ +++ +++ -+
3 i - - +++ +++ - +H+ ++ +H+ e
4 +t++ - -+ +++ +++ - +++ +++ +++ +
5 +++ - +H +++ - - - +H+ +++ +
6 +++ - - +++ +++ +++ +++ A+t +++ +HH
7 +++ - - ++ +++ +++ +++ + ++ A+t
8 +++ + - + + - - + +H+ +
9 +H+ + - + - - - + o+ +
10 e - - - . ; - - + -
11 + . , - - , - - + -
12 +H+ - - - - - - - ++ -
13 ++ - - - - - - - A+ -
14 + - - - - - - - + -
15 - - - - - - - - - -
16 + - - - - - - - +++ -
17 + - - - - - - - T, -
18 + - - - - - - - + -
19 - - - - - - - - + -
20 + - - - - - - - e .
21 + - - - - - - - P -
22 ++ - - - - - - - + -
23 - - - - - - - - + -
24 +++ - - - - - - - +++ -
25 +++ - - - - - - - +++ -
26 +++ - - - - - - - + -
27 - - - - - - - - + -
28 ++ - - - - - - - - -
29 ++ - - - - - - - +++ -
30 - - - - - - - - + -
31 - - - - - - - - + -
32 - - - - - - - - + -
33 - - - - - - - - + -
34 - - - - - - - - + -
35 - - - - - - - - + -
36 - - - - - - - - + -
37 - - - - - - - - + -
38 - - - - - - - - + -
39 - - - - - - - - + -
40 +++ - - - - - - - o -
41 +++ - - - - - - - +++ -

12),

'Pe, Polypterus endlicheri'®; Sf, Scleropages formosus (Asian arowana)'?; 4, Anguilla japonica (Japanese eel)'®; Ce, Cyprinus

carpio (common carp, present report); On, Oreochromis niloticus (Nile tilapia, present report); Pz, Parapristipoma trilineatum

(striped grunt, present report); Sg, Seriola quinqueradiata (Japanese amberjack)'™; Pm, Pagrus major (red sea-bream)'?; Tr,

Takifugu rubripes (tiger puffer)®.

2q, o granule (eosinophilic granule); ol, o type 1; 02, o type 2.
3+++, many; +, some; -, not observed.

PN, preparation number (See Table 1).
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B yEER G IRE SRR D, F7z, PASHMEEN
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Table 4. Cont.

Nb, T2, TANT 45T OFRIRIZIITBE O
R ER SN OB SRR ITER OB, S
yHRICHSTEEBbNRD, FANT 4T ET ORI
[CBIEE S N/-SBB MM X a JERL & I3 R & &5, BEEM
BIUyEREIIBRBITRESPREERS,

o A 1FhERDAcPI RS o Bk & TR B LR E

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

PN Pe St 4j Cc On Pt Sq Pm Tr
al o2 o2 02 a2 a2 o2 o2 ol a2
42 + - - - - - - - + -
43 + - - - - - - - + -
44 +++ - - - - - - - 4+ -
45 + - - - - - - +++ -
46 -t - + + -+ - - + +++ +
47 +++ - - + + - - + -+ +
48 - - +H+ +++ - - + +++ +H+ +
49 -+ - +++ + ++ - - + 4+ +
50 -+ - ++ -+ 4+ + - +++ 4
51 +H+ - + 4+ + - - + -+ +
52 ++ - - A+ -+ + + ++ 4+ +++
53 +++ - + - - - - + A+t RS
54 +++ - - + + - - + 4+ -
55 - - - +++ - - - - - +
56 - - + +++ + - + + - 4+
57 4+ - - ++ + - - + +++ -+
58 - - - + + - - + +H+ -+
59 -+ - - + - - - - -+ +
60 -+ - - - + - + + ++ +++
61 Sany - - + + - - + H +
62 +++ - - + - - - + e n
63 - - - + - - - + -
64 +++ - - + - - - + 4+ +
65 +++ - - + - - - + s -
66 +++ - - + - + - - -+ -
67 + - - + + - - - ++ -
68 + - - +++ + + + ++ +t +++
69 + - - + 4t - - + +++ -
70 + - - + + - - - -+ -
71 + - - + - - - - ++ -
72 -+ - - -+ + - + - i -+
73 -+ - - - + - - + -+ +HF
74 + - - + - - - - ++H+ -
75 +t - - + - - - - -+ -
76 A+ + - + - - - + +H+ -
77 + + - + - - - + +H+ -
78 - - - + - - - - -+ -
79 - - - + - - - - - -
80 - + - + - - - + +++ -
81 - - - + - - - + +++ -

1Pe, Polypterus endlicheri™; Sf, Scleropages formosus (Asian arowana)'®; 4j, Anguilla japonica (Japanese eel)'™; Ce, Cyprinus

carpio (common carp, present report ); On, Oreochromis niloticus (Nile tilapia, present report); Pt, Parapristipoma trilineatum

(striped grunt, present report); Sq, Seriola quinqueradiata (Japanese amberjack)'™; Pm, Pagrus major (red sea-bream)'®; Tr,

Takifugu rubripes (tiger puffer)”.
%q, o granule (eosinophilic granule); o1, « type 1; a2, o type 2.
3+++, many; +, Some; -, not observed.

PN, preparation number (See Table 1).
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Table 5. Summary of multiple Romanowsky-type staining characteristics of v granule in fish neutrophils

Fish, type and number of y granules observed in each staining preparation'>

PN Eb Pe Sf 4j Ce Laj On Pt Sq
vl Y2 vl 2 Y2 vl 71 Y2 2

1 +++ - - - - ++ - - -

2 +++ - - - - +++ - - -

3 +++ - - - - +++ + - -

4 ++ - - - - i+ ++ - -

5 e+ - +++ - - 4+ ++ - -

6 - - - - - -+ - - -

7 - - - - - -+ + - -

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

9 - - + - - HH+ +++ - -
10 +++ + ++H+ +tt +++ +++ +++ - A+
11 +++ + ++t+ +++ +++ +++ +++ -+ +++
12 -t - + + + ++ + + -
13 +H + + -t - 4t + + -
14 ++ + +++ + + + + - A+
15 -+ + +++ +++ +++ - + + +++
16 +++ - + + + +H+ + - +++
17 +H+ + + + +++ +H+ + - +++
18 +++ + -+ +H+ -+ +++ +H+ - +++
19 +++ + 4+ +++ +++ +++ +++ + +++
20 +++ - + + + +++ + - +++
21 ++H + +++ + 4+ -+ + - A+
22 +++ + +++ +++ +++ +Ht A+ +++ +H+
23 +H+ + +++ +++ +++ +++ +++ +++ +++
24 +++ - + +++ -+ -+ + +++ +++
25 +++ + +t+ +++ +++ -+ + ++ +++
26 +++ + +++ +H+ +++ ++4 +t +++ +++
27 - + +++ - A+ H - - +
28 +H+ - +++ ++ +++ - - -+ -
29 +++ + b +++ +++ -+ - +++ -+
30 +++ + ++ ++ +H+ ++ - - ++
31 +++ + ++H+ ++H+ +4++ +++ +++ + +++
32 +++ - +++ + + +++ - - ++
33 ++ + +++ + ++ +++ + - -
34 +++ + +++ +++ +++ - - - ++
35 ++ + +++ +H+ +++ ++ + + A+t
36 e+ - 4 + + +t+ - - +++
37 +++ + +H+ + ++ +++ - - +++
38 +++ + -+ A+ ++ +++ +H+ +++ +++
39 ++ + +H+ ++ - i+ -+ +++ -+
40 -+ - +++ + + +++ + 4t A+
41 4+ + ++ +++ +++ ++ +++ +++ +++

'Eb, Eptatretus burgeri (hagfish)'?; Pe, Polypterus endlicheri'; Sf, Scleropages formosus (Asian arowana)'?; 4j, Anguilla japonica

(Japanese eel)'¥; Cc, Cyprinus carpio (common carp, present report); Laj, Lates japonicus (Japanese lates)™; On, Oreochromis

niloticus (Nile tilapia, present report); Pt, Parapristipoma trilineatum (striped grunt, present report); Sq, Seriola quingueradiata

(Japanese amberjack)'”.

%y granule, basophilic granule; y1, y granule type 1; v2, y granule type 2.

S, many; +, some; -, not observed.
PN, preparation number (See Table 1).
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Table 5. Cont.

RE, ®i&

a-NAEFEHIZF0 6Nk h o 720 Suzuki™ & RBFZE &
H &, 2 A O HIEKICAP, B-Glu, o-NBE,
NASDCAEB L UPO% R TE D, AlPIIEETH 5 &
& LTV b Hamers™ 130 1 OBk IMER % 4 FE3H
(fFehsk, SPRIK, GFEREK, IPEEIR) AL TBD,
I ERIZ O ABERCIR (granular reaction) OPOWE % &2

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

PN Eb Pe Sf A4j Ce Laj On Pt Sq
v 12 1 2 2 vl vl Y2 2

42 4t + ++ ++ +++ +++ - -+t -
43 i + ++ +H+ +H+ -+ +H+ - 4
44 A+ - +++ +++ et - +++ - 4+
45 +++ + +++ +4+ A+ A+ +++ +++ +++
46 +++ - + - - +++ - + 4+
47 ++ - - + - ++ -+ +++ -
48 ++ - + + - +++ + + A+
49 RS - + + - i + + +++
50 +H - + + - - - - ++
51 +++ - +++ + - +++ - + +H+
52 +++ - + - - +++ - - ++
53 +++ - A+ - - +++ - - -+
54 +++ - + + - +++ A+ - A+
55 +++ - ++ +H+ ++ +++ +t + -
56 +++ - + + - it + - +++
57 i - +++ + + - + - 4+
58 -+ - +++ +++ + -+ +++ A+ ++H+
59 +++ - - - A+ ++ +++ ++ ++
60 +++ - A+ - + +++ + +++ -+
61 +++ - ++ +++ + +++ + e+ -+
62 +++ - ++ ++ + +++ 4t -+ +
63 +++ - +++ +H ++ e+ +H+ - +H+
64 +4+ - e+t -+ + -+ +++ - ++H+
65 - - -+ - + -+ +++ - +++
66 ++ - + + ++ - - ++
67 +++ - + + ++ +++ - + ERRE
68 +++ - + - - +++ - - -
69 +++ - + - - +++ - - -
70 +i+ - +++ + + +++ H+ - 4+
71 e - +++ + RS -+ - + +++
72 +H++ - -+ + - +++ + - +++
73 et - 4k + + A+ + - -
74 ++t +++ - 4+ ++t et +++ 4+ A+
75 -+ +++ A+ +++ - +4++ ++ -+ At
76 +H - - + + +++ + ++ -+
77 +++ - ++ -+ T+t +++ R +++ e+
78 +++ A ++ +++ +++ -+ - 4 -+
79 +++ A+t +H+ - - LR +++ LR ++
80 -+ - - - +H - +++ 4+ ++
81 +++ - A+ ++ -+ +++ +++ +H+ +++

'Eb, Eptatretus burgeri (hagfish)'?; Pe, Polypterus endlicheri™; Sf, Scleropages formosus (Asian arowana)'?; 4j, Anguilla japonica

Japanese eel)'™; Ce, Cyprinus carpio (common carp, present report); Laj, Lates japonicus (Japanese latesy’; On, Oreochromis
P P, P

niloticus (Nile tilapia, present report); Pt, Parapristipoma trilineatum (striped grunt, present report); Sq, Seriola quinqueradiata

(Japanese amberjack)'”.

%y granule, basophilic granule; y1, y granule type 1; y2, v granule type 2.

3+++, many; +, some; -, not observed.

PN, preparation number (See Table 1).



FH DU R ERRRL 61

» T b, % 72, Hamers® & 4F b 2k 12 BH R @
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Table 6. Comparison of morphological characteristics (shape and diameter (x#m)) of neutrophil

granules in various fish species

Type of cytoplasmic granule™®

Fish!

al 02 B vl 2 P
Eb - - - roro (=0.5) - -
roro (0.4-0.5),
Pa - - - - - .
tod (1.0-1.5)
Pe 1(0.3), rod (0.8)" r(0.3) — - roro{=0.5) -
Sf — rod ors (1.0)° roro (£0.5) roro(=0.3) - -
4 — ! or(oé((l):;;:rod roro (0.6 - roro(£0.3) -
Ce - r(=0.3) ror o (0.5) - roro{=04) —
Pla - - roro (=0.5) — — -
El - - roro(=0.5) - - -
Me - - roto (=0.8) - - -
Ch - - roro (=0.8) — - -
Laj - - roro (=0.5) roro(=0.3) - -
Ms, Lm - - ror o (0.5-1.0) — - -
Lj, LI, Lsp - - roro(=1.0) - - -
Es - - roro (£1.0) - - -
On - r(=0.3) roro (0.5-1.0) roro (=0.3) - -
Pt - rod (0.5-1.0)°  roro (0.5-1.0) - roro (£0.3) -
Sq — rod (0.5-1.0)" roro (£0.5) - roro(£0.3) —
Gp - = roro (0.5-1.1) - - -
Pm roro(=04) - roro (=0.5) - - -
Py - — roro (£0.5) - - -
Vm - - roro(=0.5) - - -
Po - - roro (0.5-1.0) - - -
Tr — roro (0.5), rod roro (£1.0) — - -

(£1.5)

'Eb, Eptatretus burgeri (hagfish)'®; Pa, Protopterus annectens (African lungfish)'®; Pe, Polypterus endlicheri'™; Sf, Scleropages

Jormosus (Asian arowana)'?; 4j, Anguilla japonica (Japanese eel)'™; Ce, Cyprinus carpio (common catp)™?; Pla, Plecoglossus

altivelis (ayw)®; El, Exos lucius (northern pike)'V; Me, Mugil cephalus (gray mullet)™; Ch, Chelon haematocheilus (redlip

mullety”; Laj, Lates japonicus (Japaness lates)™; Ms, Micropterus salmoides (large mouth bass)®; Lm, Lepomis macrochirus

(bluegil)®; Lj, Lateolabrax japonicus (Japanese seabass)'®; Li, Lateolabrax latus (seabass)'™; Lsp, Lateolabrax sp. (seabass,

TA-I-RI-KU-SU-ZU-KI (Japanese name))'”; Es, Epinephelus septemfasciatus (sevenband grouper)'®; On, Oreochromis niloticus

(Nile tilapia)”; Pt, Parapristipoma trilineatum (striped grunt)®; Sq, Seriola quinqueradiata (Japanese amberjack)'”; Gp, Girella

punctata (rudderfish)*?; Pm, Pagrus major (red sea-bream)'®; Py, Pleuronectes yokohamae (marbled sole)™; Vm, Verasper moseri

(barfin flounder)™; Po, Paralichthys olivaceus (Japanese flounder)”; Tr, Takifugu rubripes (tiger puffer)”.

*a, eosinophilic granule; al, o type 1; 02, o type 2; B, chromophobic granule; v, basophilic granule; y1, y type 1; 2, v type 2; P,

panchromatophilic granule; —, not observed; r, round; o, oval; s, spindle.

“Diameter in length.



Table 7. Comparison of cytochemical characteristics of neutrophils from various fish species

Fish and type of cytoplasmic granule’

Test! Eb Pa Pe Sf 4j Ce Pla El Mc Ch Laj Lm

71 P al, 02,2 a2, B,y1 a2, B, y2 o2, B,v2 B B B B B, y1 B
PAS +(H,G) +(P) +(H, G) +(H, G) +(H.G) +(H, G) +(H, Q) +(H, G) +(H, G) +(H, G) +(H, G) +(H,G)
PAS-0A - +(P) - - - - - - +(H) +(H) - —
ABpHI.0 - - - - - - - - - - - -
ABpH2.5 - - - - - - - — — - — -
B +(N,Y) +(N, P) +N,Y) +(N,Y) +(N,Y) +(N) +(N,Y) +(N, V) +(H,N,Y) +(H,N,Y) +(N,71,Y) +(N,Y)
SBB - - +(@l) +(G) +(G) - - +(G) +(H, G) +(H, G) +(H, G) +(G)
i - — - — - - - - - — - -
ORO - - - — - - - — — — - —
AlP - - +(al) - - - - - - - +(H,v1) -
AcP - +(P) +(al) - +(y1) +(G) - +(B) +(G) +(G) +(G) -
B-Glu - - +(al) - +(G) +(G) - +(G) +(G) +(G) +(G) -
o-NAE - +(P) +(al) +(G) +@y1) - - +(G) +(H,G) +(H,G) +(G) -
o-NBE +(y1) +(P) +(al) +(G) +1) +(G) - +(G) - +(H,G) +(G) -
NASDCAE - +@® +(ol) +@1) +(G) +(G) - +(G) +(G) +(G) +(G) -
PO - - - () +(B) +@®) +(N, B) +@) +, B) +(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 M; ORO, oil red O; AlP, alkaline phosphatase; AcP, acid phosphatase; B-Glu,
B-glucronidase; 0-NAE, o-naphtyl acetate esterase; a-NBE, a-naphtyl butyrate esterase; NASDCAE, naphthol AS-D chloroacetate esterase; PO, peroxidase.

2Eb, Eptatretus burgeri (hagfish)'”; Pa, Protopterus annectens (African lungfish)'®; Pe, Polypterus endlicheri'™; Sf, Scleropages formosus (Asian arowana)'?; 4j, Anguilla japonica (Japanese eel)'¥; Cc, Cyprinus carpio (common carp,
present report); Pla, Plecoglossus altivelis (ayw)®; EI, Exos lucius (northern pike)'; Me, Mugil cephalus (gray mullety’®; Ch, Chelon haematocheilus (redlip mullet)?™; Laj, Lates japonicus (Japanese lates)*™®; Lm, Lepomis macrochirus
(bluegill)?; o, eosinophilic granule; al, o type 1; 02, a type 2; B, chromophobic granule; v, basophilic granule; v1, ¥ type 1; v2, v type 2; P, panchromatophilic granule; Y, Yasumoto body; H, hyaloplasm; G, granular; N, nucleus; —, non
detection; ==, weakly positive; +, positive.

Table 7. Cont.

Fish and type of cytoplasmic granule

Test! Lj, LI Es On Pt Sq Gp Pm Py Vm Po Tr

B B a2, B, v1 02,8, v2 02, 6,72 B ol, B B B 8 02, p
PAS +(H,G) +(H, G) +(H, G) +(H, G) +(H, G) +(H, G) +(H, G) +(H, G) +(H, G) +(H, G) +(H, G)
PAS-0A - +(H) - - - - - - - - -
ABpHI1.0 - - - - - - - - - - -
AB pH2.5 - - - - - - - - - - -
TB +(N,Y) +(H,N,Y) +(N, yLY) +(N,Y) +(N,Y) +N, Y) +N,Y) +MN,Y) +(N,Y) +(N,Y) +(N,Y)
SBB +(@) +(H, G) +(G) - +() +(G) +(B) - - +(G) +(@)
SII - - - =" - - - - - - -
ORO - - - - = - b - - - -
AP - +H, G) - - +@) +(H, G) - +(H, G) - - -
AcP +(G) +(G) +(a2) +(G) +(G) +(G) +(al) +(G) +(G) +(G) +(G)
B-Glu - +(G) +(G) +(G) - - +(G) +(G) - - -
a-NAE +(G) +(H, G) +(G) - +(y2) +(G) +(al) +(G) +(G) +(G) +(G)
o-NBE - +(H, G) +(G) - - - +(G) +(G) +(G) - +(G)
NASDCAE +(G) +(G) - - - - +(al) +(G) +(G) - +(G)
PO +B) +ON.B) +®) +@®) +@) +®) +@®) +(B) +@) +®) +@®)

'PAS, periodic acid Schiff reaction; PAS-a.A, PAS after a-amylase digestion; AB, alcian blue; TB, toluidine blue; SBB, sudan black B; SII, sudan I; ORO, oil red O; AlP, alkaline phosphatase; AcP, acid phosphatase; B-Glu,
B-glucronidase; a-NAE, o-naphtyl acetate esterase; o-NBE, a-naphtyl butyrate esterase; NASDCAE, naphthol AS-D chloroacetate esterase; PO, peroxidase.
’Lj, Lateolabrax japonicus (Japanese seabass)'; LI, Lateolabrax latus (seabass)'™; Es, Epinephel i ( band grouper)'™; On, Oreochromis niloticus (Nile tilapia, present report); Pr, Parapristipoma trilineatum

(striped grunt, present report); Sg, Seriola quinqueradiata (Japanese amberjack)'”; Gp, Girella punctata (rudderfish)>”; Pm, Pagrus major (red sea-bream)'®; Py, Pleuronectes yokohamae (marbled sole)®; Vm, Verasper moseri (barfin
flounder)®; Po, Paralichthys olivaceus (Japanese flounder)”; Tr, Takifugu rubripes (tiger puffer)”; «, eosinophilic granule; ol, o type 1; o2, a type 2; B, chromophobic granule; vy, basophilic granule; 1, v type 1; ¥2, ¥ type 2; Y,
Yasumoto body; H, hyaloplasm; G, granular; N, nucleus; —, non detection; +, positive.
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INETIT, FEAHOIFHEROMI LR RATEAN
LNTW5EA (Table 6), BERGOFEBULIHEE SN
T3P %v, UL, BENEETLAR (7Y
Fragd, wFF, T LPlecoglossus altivelis, / —F
XA 7 Exos lucius, BT Mugil cephalus, * % Chelon
haematocheilus, TH A, T IN—F )\ Lepomis macrochirus,
A A % Lateolabrax japonicus, &I AR Lateolabrax latus,
ATF, N¥ Epinephelus septemfasciatus, <% A, 7,
v I X Paralichthys olivaceus, < 3 # L A Pleuronectes
yokohamae, <7 5 Verasper moseri, + 5727 TiZ,
BERHPOBIETH B LHEZ BN TNRTETE, o
4, TANVTF1FETBIOATF BN TH RO
E0 o BERPPORMETH 5 LR SNz, POEEOR
FEHALOBCS L, BRFAROMEIIM-AR (/-
NRA 7, TW—FN, AXF, LIAXF, AV), T
A, wafvA, =vAaT) LI-BE (72, ¥7, X
FH,NY) LS ENTEYY, WH TRPOW I
BRERIIC, HE TIHPOIGMEY BN EZIMB ST
bo A, FANT 4 TETBIUA T FOFHEROMKIZ
POBEMTH o/ BEMIEIRXF Y FF, TT7UINA
Fa B LUP. endlicheriDIfPERIZIZBESINTB ST,
IS ABOIFHRIRIIPOR I TH B, Lidso
T, BETIRHFHRIPOEET ALl o/ab &I,
BYNAPHBE L0 TE 2w L RSN, FOREIL,
B2 EBRRETHLTI 77T FICPORET S B
BRABRENL ZEH0Y, Lk &b EFMENHE
Lizb ZBIZETHLELEZLNS,

INFETIT, T7UINAFaLas gk AU
BICYMEPBB IR TR, afizBnTh, 7
EAE Aeromonas hydrophilad N B BRS¢ 5 Z & T,
BAMEE BT DRI BR TS 2 LG s
TwaY, YMEERHT HHARTIE, FRMEITBE %
HHLEZLNTWS (Table )7, % 72, A
hydrophildd I NEBE & E5 2 L THBE L a4 OY/ME
bTBEETH 2%, AEORER, FANVTF1IETEA
FEXOYMEBTBH M THB Z EWHOh Lol 7
ATy BN (v 1R 3TBRUETH L LHESN
TWB?, FANT 4 ST Oy R (v 1 Ek) $TB
BiECThote LL, YENEFETLERIDFTF (v 1
k), P endlicheri (v 2%f), 7V77u7F (v1
R, v+ ¥F (y28h) BLUTY (y28N) T
oy BRI TBR BB IR 5 R TB 575, A

BIZBWTL L A F0y I (v 25h) 3TBE
BETH o7,

BRI TIETA, FANT 45 ETBIEAFFOFFER
BB END ST OB OMRSCE S ~, B
EIBL, Ao IZa 1 R L o 2 BRI, vEN
Wy L&y 2RIl TE, EFRAEO IR 2
Ry 1HNEAETHIIN—T (I-AEE) & a2 8EH
Ey2BNERETAIIN—T (1-BE) KGETEXLZ
bl N DY AR

OB
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