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Morphological and Cytochemical Characteristics of Neutrophil
from African Lungfish, Protopterus annectens

Masakazu Kondo™ and Yukinori Takahashi

Abstract : Morphological and cytochemical characteristics of neutrophil from African lungfish, Protopterus
annectens, were examined by light microscopy. The neutrophils were round to oval (35-40 um in
diameter) and the nucleus round to lobule-shaped. Only one type of granule, panchromatophilic granule
(PG) was observed in the neutrophil. The PG was round to rod-shaped and stained panchromatophilic
according to staining conditions. The PG was eosinophilic or methylenophilic (methylene blue positive)
with May-Griinwald (MG). And further, the PG showed reddish purple with Giemsa stain. This color tone
may be due to the metachromatic reaction by azure B in Giemsa (metaazurophilic). This granule was
acid phosphatase, a-naphtyl acetate esterase, a-naphtyl butyrate esterase, naphthol AS-D chloroacetate

esterase, PAS ( a-amylase digestion resistance) and toluidine blue (metachromatic) positive.
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59, BEAEO IBICE, 7o07F FTRICKWTHE
L7=h 547 FEY O F X Anguilla japonica (7%
H) %, BEEAEI,STOIFTREISATITRE
Bz vRF 77 98D 055, BRIICHELS
vy BETRYIZET 5 3 1 Cyprinus carpio (BEL
BaAR) "&bl ehs ™ 1#HOIFFEE B

LG, AEEIFRERO y B ORIFEIZEREEY OB oM
FICFTHEMY, ENELR LS EEEM S MO
HEOHEORIBEI, FENEEEFAEODEEICEN
FNEONABETH B LHBEENTEY,

BEEAFEOLEEIZIE DT 7 7 Takifugu rubripes (FEF
TXBEE R EEEREA XS HEY V7 BY) Ly
Pagrus major (AXXHEALFHEIARY) 8T, &
NEEEOFFERICE o TR BRSO 5T B2,
LApL, WMAEMToBOREEFITERZZEML, &K
B, T-AE (b577) LI-BEE (x5 1) i sn
TwaY, MHOFHRERICE B OATRD O, / —
F 284 7 Exos lucius (EEBETRERHELEAT <A
B %? g2 X% BHEE (42 F 3 AMicropterus
salmoides, 7 v — ¥ NLepomis macrochirus, A A ¥
Lateolabrax japonicus, © 7 AXFL. latus, ¥ 41) 2 AR
FL. sp, AV FGirella punctata) £ & H127®, 2 X*
HRORELZE SNAMEEEI LA EY Lo 2
Paralichthys olivaceusi®&Eh 5 & 6% BAEEEH
D) b, FEEY CEHECES TET#IR TV S

SHEEZBNTWAEY, L, AXFHOFA VT 4
5 ¥ 7 Oreochromis niloticus (J1 77 A X AF), 44 %
Parapristipoma trilineatum (4 % F &) B L U7
Seriola quinqueradiata (7R & 1 BT B F7-
FARDT AR EROBICT-BEICET 5™, Lz
T, AXFBAEEE FPEFRANOBEROBEEN S RT,
SHTHBLELLNTVDEY,

BEFFETIL, 77 A X 3P annectens DIFHERD
BREFM B X UM LSS LS 2oL, B
DEFNA F afioiFhRE gL 012, ThET
CEEOPRE L SEAETY O pIRkE OMERIC
DWTHLMIZ L7,

MEE L UHE
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P. annectens DIFHERIE, BE30~45umOHIEE 21k
SERETH D, BITREL, BHE, F—7UE, 5%
o ERkA BTREDEBRE S N, R ITEZ04~05umDH
¥, WHEECEEE (BRL0~15um, FEH0S um)
ThY, REEAEOEVICL> T, BER (=42 V417
), wES (REEE, ERAFL YTV —3E)
FREE (BRAT7TA—ViFE) 282 L7 (Table 1-1, 1-2,
Figs. I-1~1-3)c Iho0Hair s, REEH % %, A
yufs ¥y (PEER., panchromatophilic granule (PG))
LT A EET B,

PEEKIIE, A -2 2270 F (MG) #iC & 5 EE T,
a3 nd, HREE LCERKE AW MGRATIE
ZHORTRERE LTHBES N, —F, KEBE 6 mM)
D) YEEBRERERTHRL MGERETIE, pHSO0DHE,
ZHOPERAENE LTHEL S22 (Fig 1-1), pH6EO
TEHEEREAWIGE LRI, PENIIKEREZEL

(Fig. 1-2), pH70TIE, 2B OKRFREAIBEE SR
72 UL, pHSOTIE, PENGRG IR o7 (8
gefh), BB (VM) OV VEEBREEE BV MGERE
IZBWThH, pHEODBEICIZE RO, pHEOTIZ A ED%
Bk S /2%, pH7.08 X UpHS.0IZ B\ T,
PER IMAEMTH o7z, A ¥/ — VAT G5H) %A
HL/AEARL, FAVREBERLAZLIA, WThoFHR
Wa BV TOPERIIREE E G #RELR L2, MG
e\l F AR E ETMGCREICB W TS, PHElI
FAFYe L B OREE LR L2, FTGRICEEKE
721E5 mMO ) VEERETE (pH5.0~70) EHWIZEEI
12, ZHOPEISHREBEELL (Fig 1-3).
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B F IR OBMEEN S BBE S (Figs. 1-4~
1-7)6 —F, TVHAVEETZ+ 2775 —¥ (AIP), f-7
Vru=gF—¥ (B-Glu) BLUOIVEFT ¥y —YiEHR
R & 72 Ao 720 Periodic acid Schiff KJ& (PAS) 2k
HEO R AR S BB S nns (Fig 1-8), #ifig
BB IEIBERISIEFES 5Nk o 72. PASB MR I
FE, IRABEZEEETH), o737 — BRI

Lo THEE LE»o7 TIVY T v TV —3ETIX, Bk
B BES N2 o/ PVA T YT I— (TB) #efs
TiE, M, SRR E RO BEER SV EBIE S
N, TOBRTRFEETHo72 (Fig 1-9). XF V7
S v 7B (SBB), X¥ MBLUF ALy FOFRET
3, BHERMIIERE S N o7,

Fig. 1. Neutrophil from African lungfish, Protopterus annectens. 1, May-Grinwald (MG) using 5 mM phosphate
buffer (pH5.0) ; 2, MG using 5 mM phosphate buffer (pH6.0) ; 3, MG - Giemsa using distilled water ; 4, acid
phosphatase ; 5, a-naphtyl acetate esterase ; 6, a-naphtyl butytate esterase ; 7, naphthol AS-D chloroacetate
esterase ; 8, periodic acid Schiff reaction ; 9, toluidine blue in distilled water. Bars 10 u m, insets 2.5 u m.
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Table 1-1.

African lungfish, Protopterus annectens

Romanowsky-type staining characteristics of panchromatophilic granule (PG) in neutrophil from

Staining condition'

Color and number of PG*

MG (both fixation and stain) NS (N)
MG : DW B (N)
: 5 mM PB, pH5.0 o)
: 5 mM PB, pH6.0 B (N)
:5mM PB, pH7.0 B (S), NS (M)
15 mM PB, pHS.0 NS
: /15MPB pH5.0 o)
: /15 M PB, pH6 0 0 (S), NS (M)
G DV, 1.20, 15 min RP (S), NS (M)
: DW, 1:20, 60 min RP
:DW, 1:100, 15 min NS (N)
: DW, 1:100 , 60 min RP (S), NS (M)
: 0.5 mM PB, pH5.0, 1:20, 15 min RP (M), NS (S)
: 0.5 mM PB, pH5.0, 1:20, 60 min RP (M), NS (S)
£ 0.5 mM PB, pH5.0, 1:100, 15 min NS
£ 0.5 mM PB, pH5.0, 1:100, 60 min RP (S), NS (M)
:0.5 mM PB, pH6.0, 1:20, 15 min RP (M), NS (S)
: 0.5 mM PB, pH6.0, 1:20, 60 min RP (M), NS (S)
: 0.5 mM PB, pH6.0, 1:100, 15 min RP (S), NS (M)
0.5 mM PB, pH6.0, 1:100, 60 min RP (S), NS (M)
:0.5 mM PB, pH7 0, 1:20, 15 min RP (M), NS (8S)
: 0.5 mM PB, pH7.0, 1:20, 60 min RP (M), NS (S)
: 0.5 mM PB, pH7.0, 1:100, 15 min NS (N)
: 0.5 mM PB, pH7.0, 1:100, 60 min RP (M), NS (S)
: 0.5 mM PB, pH8.0, 1:20, 15 min RP (S), NS (M)
: 0.5 mM PB, pHS.0, 1:20, 60 min RP (M), NS (S)
: 0.5 mM PB, pH8.0, 1:100, 15 min NS (N)
:0.5 mM PB, pH8.0, 1:100, 60 min RP (M), NS (S)
: /150 M PB, pH5.0, 1:20, 15 min RP (M), NS (S)
: 1/150 M PB, pH5.0, 1:20, 60min RP (N)
: /150 M PB, pH5.0, 1:100, 15 min NS (N)
: /150 M PB, pH5.0, 1:100, 60 min RP (S), NS (M)
: /150M PB, pH6.0, 1:20, 15min RP (N)
: /15 M PB, pH6.0, 1:20, 60min RP (N)
: /15 M PB, pH6.0, 1:100 , 15 min RP (S), NS (M)
1/150 M PB, pH6.0, 1:100 , 60 min RP (M), NS (S)
: /150MPB pH7.0, 1:20, 15 min RP (N)
: /150 M PB, pH7.0, 1:20, 60 min RP (N)
: /150M PB, pH7.0, 1:100, 15 min RP (M), NS (S)
: /150 M PB, pH7.0, 1:100, 60 min RP (N)
: /150 M PB, pH8.0, 1:20, 15 min RP (S), NS (M)
: /150 M PB, pHS.0, 1:20, 60 min RP (S), NS (M)
: /150 M PB, pHS.0, 1:100, 15min RP (S), NS (M)
- 1/15sM PB, pHS8.0, 1:100, 60min RP (S), NS (M)

'MG, May-Griinwald; G, Giemsa; DW, distilled water; PB, phosphate buffer; 1:20 and 1:100, dilution ratio (Giemsa:diluent); 15 min

and 60 min, time of Giemsa stain.

’B, blue; O, orange; RP, reddish purple; NS, not stained; N, numerous; M, moderate; S, some.
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Table 1-2. Romanowsky-type staining characteristics of panchromatophilic granule (PG) in neutrophil from
African lungfish, Protopterus annectens

Staining condition'? Color and number of PG*

MGG : DW, 1:20, 15 min RP(N)

: DW, 1:20, 60 min RP (N)

:DW, 1:100, 15 min RP(N)

: DW, 1:100, 60 min RP (N)

: 5 mM PB, pH5.0, 1:20, 15 min RP(N)

: 5mM PB, pH5.0, 1:20, 60 min RP (N)

: 5 mM PB, pH5.0, 1:100, 15 min RP (N)

: 5mM PB, pH5.0, 1:100, 60 min RP (N)

: 5 mM PB, pH6.0, 1:20, 15 min RP(N)

: 5mM PB, pH6.0, 1:20, 60 min RP(N)

: 5 mM PB, pH6.0, 1:100, 15 min RP (N)

: 5 mM PB, pH6.0, 1:100, 60 min ' RP (N)

: 5 mM PB, pH7.0, 1:20, 15 min RP (N)

: 5 mM PB, pH7.0, 1:20, 60 min RP (N)

: 5 mM PB, pH7.0, 1:100, 15 min RP (N)

: 5 mM PB, pH7.0, 1:100, 60 min RP(N)

: 5 mM PB, pHS.0, 1:20, 15 min RP (S), NS (M)

: 5 mM PB, pH8.0, 1:20, 60 min RP (M), NS (S)

: 5 mM PB, pHS8.0, 1:100, 15 min RP (S), NS (M)

: 5 mM PB, pH8.0, 1:100, 60 min RP (S), NS(M)

: /15M PB, pH5.0, 1:20, 15min RP (N)

: /15M PB, pH5.0, 1:20, 60min ‘ RP (N)

: /15M PB pHS. O 1: 100 15 min RP (M), NS (S)

: /15M PB, pH5.0, 1:100, 60 min RP (M), NS (S)

: /15MPB pH6.0, 1:20, 15 min RP(N)

: /15MPB pH6.0, 1: 20 60 min RP (N)

: /15MPB pH6.0, 1: 100 15 min RP(N)

: /15M PB, pH6.0, 1:100, 60 min RP (N)

: /15M PB, pH7.0, 1:20, 15min NS ()

: /15M PB, pH7.0, 1:20, 60min NS (N)

: /15MPB pH7.0, 1: 100 15 min NS (N)

: /15M PB, pH7.0, 1:100, 60 min NS (N)

: /ISMPB pHS.0, 1:20, 15m1n NS (N)

: /15MPB pHS.0, 1: 20 60 min NS (N)

:'1sM PB, pH8.0, 1: 100 15min NS (N)

: 1/15MPB pHS.0, 1:100, 60min NS (N)

'MGG, May-Griinwald + Giemsa; 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 /s M PB.

3B, blue; O, orange; RP, reddish purple; NS, not stained; N, numerous; M, moderate; S, some.
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Table 2. Cytochemical reactivities of neutrophil fro

m African lungfish, Protopterus annectens

Test

Positive site (shape and number)

Periodic acid Schiff reaction (PAS)
PAS after digestion with ¢-amylase
Alcian blue (pH1.0)
Aléian blue (pH2.5)

Granule (round or rod, many, equivalent to PG)
Granule (round or rod, many, equivalent to PG)

Toluidine blue (distilled water) Granule (round or rod, some, -equivalent to some PG)

Sudan black B

SudanIll

Oilred O

Alkaline phosphatase

Acid phosphatase

B-Glucronidase

a-Naphtyl acetate esterase

a-Naphtyl butyrate esterase

Naphthol AS-D chloroacetate esterase
Peroxidase

Granule (round or oval, many, equivalent to PG)
Granule (round or rod, many, equivalent to PG)
Granule (round or rod, many, equivalent to PG)
Granule (round or rod, many, equivalent to PG)

-, non detection.

£ =

P. annectens DUFHERICIE, A0 RT1HEE
Ok (PER) PEE SN, RERIE, MGHRE TR
HRETLRBRFGER L. Ihoomflll, MGRE
WO Y VEEAF LY TV —HURE TP TR L TF
BENLZA YV BITAFL Y TA—IlLBEBbR
bo AT L TN EHREY L o TIIEMAEELEZR
TZELHHPY, MGHE TPEMIIRTR TH12 2
DS, ARERIZAF L YTV L o CTERRELER
LizbEZbND, FAFRERIE, T+ VBAFLY
Th—, ZFY VBT A—LB, TAX—=VBBLUAFL
VTN ELH, RBEEFTELA Y VBRAFLYT
W=t I AV VBT A= AVBEFNENEE L Tt
Y, AF VLY TN—BLUOTA-VBER DT, LAk
WIS SEEOBEICL > TREIRI S, TA—V
BbAF LT N— LREBIOREERT TREECTH Y, #
PEYIC L o TIRERPAEL R T, PERIE, FaiFl
BIlL o THREBRTZE LA, ZOBEIER, AFLr 70—
FETA-UBIC L AERAREHERLTAE EEbRL
B, AFLrT -k, RO, PR EIERICHE
bbh, Lizdto T, PEHEOKREAE, TA-ABICLS
EFREOBREC EHEINS,

NA F OB IROFEIREILL T 545, ZhET

W, A=A IV TNAFa T 7)INAFaFIIBw
T [IFPER (neutrophil) | & s MEAEE STV
22 Ward (1969) 254 —A P T TN F a3 TH
BUEPERIE, A% —VEE L BHEERICS 1 M
BERLZOOTHY, MREIZ OMMELE Y s 8%
WOTEBRIC & o T N5 2%, BRCIZZh o ILBER
WThHLBNTwEY, 7, Hine ef al (1990) 78
BLIA—A T YTNAFaOiFpERicid, 54 b
Lo CHENIIFEL 2V, &5 WIEMM% 7 X — ViFHE
BERHAFRERONL & LTw5 Y, RAEIZBVTD,
P. annectens DIFHERIE, REBEHIZL T, HaEH
Zinl, Eio, BEINZVWEHEELHoITEL,DL, A—2R
FTUTNAF g IZBWTEE SN, ABZEOL
hEk e B UHEOBEREKEE2 5b, L L, Delaney
et al. (1976) 257 7 ) HNAF afHOP. aethiopicus TEREE
L7zfFehEkid, 94 P-F2PREERET HHllhHy
BRAELTBY, BOORLEK (HEFH) 51,
BROBKIIAEEZBIIMNETH S, £72, Champy
and Louvel (1939-1940) 2SA&Hist & F CABTHELL
SFERERD, MERTEEMERTELTBDY, HoORL
ol (BEA 7 X ) TRENOERIZMEZ 2235k
THbo Lo T, INLOMEIZBBITFhE,
B L ORBHEL, S, REFFIZB VTP anectens \IZBI%E
ENTFHEREFERIBEOENRTHLLEELLN
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%o —77, Barber and Westermann (1978) 257 7 U 7
NA ¥ (BAARY) B L2 RE (heterophil)
id, MGGH:fIZ & o TIEDPIIKE A h o 72t (faint
grey-mauve) ¥ 2T ALY E TSI L5, KIFE
ORI E F CHEAERE Eb b, Champy and Louvel
(1939-1940) 7%k L T 5 B8EBREIFHER (myelocytic
neutrophil) ¥, RomanowskyZ:fa il & » TGN % IR
TERAE L, FEERE IR STV AY, KD
RIS, REEHICE T, BRAERAAFL YT
VR ERET A LD, 1R OFREERIEFRERIE, &K
WMEOUHPHRLEE—OFEI b LNE Vv, T/, das
Ribeiro et al. (2007) 253 FI T XA INAFallBEL
72 % B MK B (polymorphonuclear agranulocyte)
i, A8 = VEE LB ERERIIF A VRE G L TH
RINTBY, HFhoid, BEEIKE LTw a0 ETHEM
FEHRE T, BREROTWLY, BEICBVTY, #F
FERDFERE, REFMICI o TREELHNI EhD,
W o EE LSBTl L
BEND,

INETIZ, BELPEHE LAEIIBYT, HREkN
DFE R, HAOEMICRTEL I LEED LN T
W F 2 SPERERAICRH T A — )Dﬁ?‘l"i%%ﬁ‘%ﬂﬁﬁ £
BRENLTURWEY,

SHEABEHDOIFHERICBWT, HEEEE R ITAEROR
AME (Y/ME) (Yasumoto body, Y-body) BB S
TWRIEAN MR Ry FFCLBBER TS
ZEhs, FPMEEABESBBIBTEIOOEER
SNTWwBY, LaL, P annectensDIFPEIZIE, Y/
RITBBE s N h o7z, 24 OFFERIZS VMEEED S
NTWRWHEED REME Aeromonas hydrophila\Z N
RS 5 2 & T, FAMRERE T I RERDNIE 2 H B
THIEPHESINTHEY, LetsoT, 77U INA
Fad, WELELORELL > TYMPHET A2 L
Nz,

A LA D &, P annectensiF R EROPER O B
FEIRDEIIWHEFE L. AcP, a-NAE, o-NAEBXIU
NASDCAERG MR IE, TR & U B0 PR & 48148
LTwiZersb, INLEEEZPEMICEETALED
NBHo F7z, PASEHERER & MREEFE, O, PENIC
M#HTHEEZLNL, TBREEROBIIPER LD S
Alpndl, BIRPELUT 22,0, PEROW COPH
TBEHETH S LEESNL, £/, TBHMEEMIE, RE

BEELL-ZENG, BREEEEZRLTVWAEEER 5,
F=A I TNAF a T, FRROFEMZEREEY
HWRPHAS P E 2> THBH Y, HFHRERIZIE, AP, AcP,
a-NAEDB &L U'NASDCAEM I S 1, AcPIZEEAICHTE
TREENTWEY, 7z, IFRERIBRIIPASIC & o TH
BEINDERESNTVDY, —F, ZOFPFERICIE,
N-acetyl- f -glucosaminidase, [ -galactosidase, acetyl-L-
tyrosine - ¢ -naphthyl esterase, tosyl-L-lysine- a -naphthyl
esterase, f-Gly, a-NBEB X UL F T ¥ —Fonih
bRIMENTWRWY  KFFFEICBWTY, P annectens
DR ERERIIPASE L UACPBETH o 72, 72, ¢
-NAE & NASDCAE S R IZBIERIG RO bz, &5
12, B-Glubk )i &3 5 —BiEMILP. annectens DIFHER
Hh RN o7, L L, o-NBEFHMHIEP. annectens
DI PIROPEMR A BG5S, AIPIEHIZES
LM olze LIzAoT, N FaloEHT, Zhbd
—EROBEFEROFEIGENTH B LEZLND, 1B,
AcPIX I+ 37 2 INA ¥ a O AZEERERIC S R
ENTWBY,

INFETIL, FRELPRARLEEEEOFPIRIIBY
T, A OBEENRBE SN TV LS (Table 3), AL
PHESNTVEDORDE L, ¥ 7 FFIFHERTIE y
Bt o NBEBETH V', P endlicheriiTHERTIZ, a
-1 JHELIZAIP, AcP, B-Glu, a-NAE, a-NBEB LU
NASDCAESHAET 2L EZLNTWEY, £/, 7TUT
7 a7 SRR Ty SERICNASDCAERY, v+ ¥
y BRICIZACP, a-NAEB X U a-NBERY, J —¥ v
284 7 O BIERICACPIEMA, <A D o BRI ACP,
a-NAEB X OU'NASDCAEZ™, 7 U Tid § FH IZAIP
75,y BROC o NAESHET 5 &3 nTwaY, —7%,
NNV F BRI NFETIL, TITTETF, T
¥, =Ly TN—=FN, AXF, BEIRIF,
AVF, YA, TY, EIABIT T TIIIBWTH
BINTHY, B RESBIUEBRPEULLTVS
ZEdb, KBRS ERNICBETSEELILNTNE
BBABBBRI x i Xy ;K P oendlicheri, TV
TT7TUTF, OFX, =W 7, T—F), AKX
¥, eIAXF, ATVF, A, TV, eIABIT
57 7B, FPERICPASHAETAL & TR S
BEsNTwE, ThHOPASHEHMILe-7TI5—¥
THALENBZ &, FYa—F YL, BERLE
BhbbaNTnaeBa®s20 sl P annectensT



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

Fish and type of cytoplasmic granule?

Test' Eb Pa Pe Sf Af El Lm Lj, L Sq Gp Pm Po Tr

Y p al, a2,y o B,y o B,y B B B o B,y B L] p o B
PAS H&G:+ G:+(P) 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&G:— G:+(P) H&G:—~  H&G:— H&G:— H&G:— H&G:— H&G:— H&G:— H&G:— H&G:— H&G:— H&G:—
AB (pH1.0) - — - — - — - - — - - - -
AB (pH2.5) - - - - - - - - — - - - -
TB + (V) +(P) +() +(Y) +(Y) +(Y) +(Y) +(Y) +(Y) +(Y) +(Y) +(Y) +(Y)
SBB - — +(al) + + + + + +(B) + +(B) + +
SH - — - - — - - - - - — - -
ORO - — - — - — - - — - - - —
AlP - - +(al) - — - - - +(®) + - - -
AcP — +(P) +(al) - +1) +(B) - + + + +(a) + +
B-Glu - - +(al) - + -+ - - - - + - -
0-NAE - +(P) +(al) + +(v) + — + +{y) + + (o) + +
o-NBE +() +(P) +(al) + + + - - - - + - +
NASDCAE - +(P) +(al) +(v) + + - + - — + () - +
PO - = - +(B) +(B) +(B +(® +(B) +PB +(® +® +B) +(B)

'PAS, periodic acid Schiff reaction; PAS-aA, PAS after a-amylase digestion; AB, alcian blue; TB, toluidine blue; SBB, sudan black B; ST, sudan II[; ORO, oil red O; AIP, 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.

*Eb, Eptatretus burgeri (hagfish, Kondo and Takahashi (2009)'®); Pa, Protopterus annectens (African lungfish, present report); Pe, Polypterus endlicheri (Kondo and Takahashi (2009)'); Sf, Scleropages
Jormosus (Asian arowana, Kondo and Takahashi (2009)'®); 4/, Anguilla japonica (Japanese cel, Kondo and Takahashi (2009)'?); EI, Exos lucius (northern pike, Kondo er al. (2008)*); Lm, Lepomis
macrochirus (bluegill, Kondo et al. (2005)*); L, Lateolabrax japonicus (Japanese seabass, Kondo et al. (2007)*%); LI, Lateolabrax latus (seabass, Kondo et al. (2007)%%); Sg, Seriola quinqueradiata
(Japanese amberjack, Kondo et al. (2009)°%); Gp, Girella punctata (rudderfish, Kondo et al. (2005)°?); Pm, Pagrus major (red sea-bream, Kondo ez al. (2009)*); Po, Paralichthys olivaceus (Japanese
flounder, Kondo et al. (2005)*); Tr, Takifugu rubripes (tiger puffer, Kondo e al. (2007)*"); «, eosinophilic granule; al, a type 1; 02, a type 2; B, chromophobic granule; y, basophilic granule; P,
panchromatophilic granule; H, hyaloplasm; G, granular; —, negative; -+, positive; Y, Yasumoto body.
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