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Morphological and Cytochemical Characteristics of
Neutrophils from Triakidae Sharks (Banded Houndshark
Triakis scyllium, Starspotted Smooth-hound Mustelus manazo

and Spotless Smooth-hound M. griseus)

Masakazu Kondo ', Kohei Tateishi, Hiroki Hirayama,
Shinya Yasumoto and Yukinori Takahashi

Abstract : Two types of granulocytes were observed in peripheral blood of three species (banded houndshark
Triakis scyllium, starspotted smooth-hound Mustelus manazo and spotless smooth-hound M. griseus) of Triakidae
sharks (Carcharhiniformes, Galeomorphii, Elasmobranchii). The neutrophil of each shark was the only
phagocytic granulocyte and had two types of granules (neutrophil granule, NG; type A, NG-A; type B, NG-B)
with stratified structure. The NG-A was consisted of three layers: chromophobic inner layer (L0), eosinophilic
middle layer (L1) with chromophobic outer layer (L2). A round eosinophilic particle was observed in L1 of
some NG-A. The NG-B was round or oval, and both inner (LO) and outer (L1) layers of this granule was
chromophobic. Several lysozomal enzymes were detected in LO of NG-B. The L0 of 7 scyllium NG-B was
B-glucuronidase (B-Glu) positive, but acid phosphatase (AcP) negative. Conversely, the LO of NG-B from M.
manazo and M. griseus was [-Glu negative (AcP positive). The L2 of NG-A also alpha-naphtyl acetate esterase
positive. The neutrophils lacked alkaline phosphatase and peroxidase. In this report, morphological and
cytochemical similarities of neutrophils among elasmobranchs were discussed.

Key words : shark, Triakis scyllium, Mustelus manazo, Mustelus griseus, granulocyte, morphology, cytochemistry

& (10) k= F v Ui THh Yy, LooREEOE (L1) b
I UVHETHAOIHLT, L1zBEHE (L2) &,
TAHIA TIEEERA LY, A AF X TIEEEFEE R L

1

il

FH SRR E TR E SMAARELIE D 7 5 T A Dasyatis

akajei (LA BT AZARE) &7 AY XSquatina japonica
(VX EBAZAFEABH A AR (20T, FHERO
SRESEIY B X O L2 2 s L 72 7 h A1
ZARRRE D, H AW A TR O PR ERABIZE S N7z,
MAMICBWTHAERE A T 5 FRIRIIHPEROATH -
7219, Wi RE X IR ERICIZ2ME (AR EBR) oM
ko (WF R B Rineutrophil granule, NG; A%, NG-A; B#,
NG-B) 2SfFfE L, WA & ICHEREZ A L T\,
NG-AF3EN S %), WS S I[EROP.OER) T

7% NG-BIZWifafE L 1222550, wihokkd i
Ptk Th o7z 72, NGBIZIREHY vV — ARERD
B E 7225, 2o 0 RERRICITEV AR b7z,

BEEIE T A X EFAXITKRAI S, HBE\FEFA X IFR
EHEY F R EHICZG SN RIFFETIE, WAL
2B BHHERIEEO LA Z WS 22T 2RO —Bi L
LT, % A 3% 2 L HGaleomorphii® ¥ 1 ¥ x H
Carcharhiniformes F 7 X #} TriakidaelZ &3 % FF 4 2
Triakis scyllium, 7K 3/ W X Mustelus manazo} X U 3 T4 A M.

IRFER A W HE R (Department of Applied Aquabiology, National Fisheries University)

TRIRI Y 353Kk 5E (corresponding author) : kondom@fish-u.ac,jp



142 WREREA, SEAOACE, PILsE, ZARER, EARE

griseus\ZOWT, WFHEROILRESA B X I LA 4e:
WG 5",

MRELVFHE

RN X o TR S Nz B9 238 (RE: No. 1,
22 kg No. 2, 70 kg; No. 3, 40 kg) &K HFX3E (KE:
No. 1, 420 g; No. 2, 960 g; No. 3, 25 kg) B Uv a1
& (fk#E: 13 kg) ZAKERFROFERZICHAL, W
KRG CHAMBIEEE Lo bIcERICHf Lz, fMEN
ARG & L7z BRIMKEO KR IE B 5 2 TI13205T
(No. 1, No. 2) BX0220C (No. 3), w¥# 2 Tid180C
(No. 1, No. 2) BLU220C, ¥ u% 2 Tix195C TH - 7=
FHNY L TR, RBIINAE 2 DRI L 720 MR R
ADOEH, % 41 FRomanowsky®! 4 & 54 i%:  (MRSV;
Table 1), #HAINBIL Gt s L O 0 BER OMITLRE H sk
Dzymosankl T2 5§ 5 H AREILHTH Y & ko )ik T
172720

7 R

WO FF 2B O M S b 288 0 TR ER
DL I NT22%, zymosanfi 1239 5 HE X ERICO
HROHNTz IHERIFEMIETH Y, MlikoRE 313
Bex Th o7 (BFENL0-20 um). HRLAER (23 %
ARVERD) OBIRDZHETH - 7245 (FE, MK, #RIR
FisE), — N OUFRERTIZ/NE O, KB ORF Bk
TEHKREOMEE 7213 TH ), hROUFHERCTIIRE
REFZZGHERE CTH 5720 F72, M T 721390 HRL &
IR & 72 13RS R SRR 3 2 00k b B 7z
DY EHIIM C, KEOBRMREE WAL L Twiz, ¥
FARTE L, B OIS HE Th o 72 BHHEE TH -
7o, SR (K3 dRDLNL, FF¥RX (Fig
1), Y%+ (Fig.2) By a¥* (Fig. 3) OV
BT AP Ek oM I Z 2B o Jkr (IFHh 2k
Fineutrophil granule, NG) 2% & 7> (Figs. 1A, 1B,
2A, 2B, 3A, 3B). WFHERER O D B, BRI F Y v
IO 2 A3 2 ABER. (NG-A) Z3E»5 %%
KRS A L Cnize TF ¥ VAR X, R

OHLEBETRE (L0) &, L0 FGLI» MK I TEY,
LOIE W N D5 dRomanowsky & Fe B A Z B W T
gtk ThH o720 Tz, LUETA D VIFHER L7,
Bt Bl L o Tl EEREETH > 72 (Table 2), L1D
JE P I Rk 2 R TL228 B % S 7z (Figs. 1A, 1B,
2A, 2B, 3A,3B)o WTND FFHFRAFH AFHITBWTDH,
WL OPDONG-ADOLUZ T4 ¥ ViRt CHIE Ok TR
i& ¥ (inner granular eosinophilic particle; IGEP) %51
Blgts 7z (Figs. 1A, 1B, 2A, 2B, 3A, 3B). HEMIEOBH
Wik (NG-B) &, ¥ hosttdRomanowsky 4 42
AIZBWTH G TH - 720 Romanowsky R JefafliA
TN T E VA, SR LS REOHE, NGBIZ
F28E 05 % B BRGSO b (RO PG E T
LOL ZOREMOLL) . IFHERICE R S N7zzymosankl 11
LiLidpstar 2 L7z (Figs. 1C, 2C, 3C)o

FF % X TIING-BOLOIZB-Z V7 =¥ —+¥ (B-Glu)
EWEAHI S 7zAs (Fig 1D), Sy L a¥FxTid
B-GlulZ@B® S d o7z (Table 3)o LA L, FFH X
TIIBREOBYE T + 27 75— (AcP) PRIV F ALY
O A 2B W TNG-BOLOWRAE L 72 (Figs. 2D, 3D)o W
T FFF AR AFIBNTD, a-F 7F VT LT —
FTA75—¥ (a-NAE), a-F7FV7FL—PTR
79 —%¥ (a-NBE), BXUF+ 7 = IVASDZuu7+t
T— ML AT T —EDNGBOLOIZFED b7z (Figs. 1E-
1G, 2E-2G, 3E3G)o % B, o -NAEEHEHIING-ADL2IZH
B &7z (Figs. 1E, 2E, 3E)o AFHhERICIZ I £ 721300
M I D periodic acid Schiff (PAS) SOt B Pk Rk A3 4 88t
gah, MIBEEEDEHMEEZR LS (Figs. 1H, 2H,
30), THOEDBHILIEa-7 I 7 — PRI > TS
122 L7 (Table 3)o

FHERICIZ T VY T YT h—, T4V Ly FO, X¥ ¥
B L XY Y HB (SBB) et TIBERT LIdBIZ S h
Gdrolze 2, TVAVRT A AT 7 —BERVFF
VY-l I N eh ot £, THITA OEFFERIC
BRSO 2IHERE O RER/ME (YME) "Md720
bNahoi,

NG-A®DL1B X IGEPIZX, WFhoffEicBwTd
B-Glu, #FHILRAT I —¥EBLUSBBRuEOBG M (=
AX—D~NT FF 2 hefh) ZHBMERSE R L7z,

R GE D — R, PRS0 RE H AR A HZ AR K[20184FE 37 3H; 317: LBE B, ALAHLE, V- ILEE, Ak, EiG3EHl:
FFHRX LRI FXDFHEROEREFEY (Fu 7T 28X OHHER, 43) 138 L ORKFKA[20184E 9H13H; 307: 3
HEEA, BARES: ¥ o A OIFhROIBREZNEEY (70275 0B X HEHER, 16) BV THIE L.



FF 5 X FHOUF R ER

Table 1. Staining conditions of multiple Romanowsky-type stain valuation
PN Condition? PN Condition"?
1 MG :DW 42 G /150 M PB, pHS8.0, 1:20, 15 min
2 : 5 mM PB, pHS5.0 43 /150 M PB, pHS8.0, 1:20, 60 min
3 : 5 mM PB, pH6.0 44 /150 M PB, pHS8.0, 1:100, 15min
4 : 5 mM PB, pH7.0 45 : /150 M PB, pHS8.0, 1:100, 60min
5 : 5 mM PB, pH8.0 46 MGG :DW, 1:20, 15 min
6 :1/1s M PB, pH5.0 47 : DW, 1:20, 60 min
7 :1/1s M PB, pH6.0 48 :DW, 1:100, 15 min
8 :1/1s M PB, pH7.0 49 :DW, 1:100 , 60 min
9 :'/1s M PB, pH8.0 50 : 5 mM PB, pH5.0, 1:20, 15min
10 G :DW, 1:20, 15 min 51 : 5 mM PB, pH5.0, 1:20, 60min
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, 15min
14 : 0.5 mM PB, pH5.0, 1:20, 15min 55 : 5 mM PB, pH6.0, 1:20, 60min
15 : 0.5 mM PB, pH5.0, 1:20, 60min 56 :5mM PB, pH6.0, 1:100, 15 min
16 : 0.5 mM PB, pHS5.0, 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, 15min
18 : 0.5 mM PB, pH6.0, 1:20, 15min 59 : 5 mM PB, pH7.0, 1:20, 60min
19 : 0.5 mM PB, pH6.0, 1:20, 60min 60 :5mM PB, pH7.0, 1:100, 15 min
20 : 0.5 mM PB, pH6.0, 1:100, 15 min 61 :5mM PB, pH7.0, 1:100, 60 min
21 : 0.5 mM PB, pH6.0, 1:100 , 60 min 62 : 5 mM PB, pHS8.0, 1:20, 15min
22 : 0.5 mM PB, pH7.0, 1:20, 15min 63 : 5 mM PB, pH8.0, 1:20, 60min
23 : 0.5 mM PB, pH7.0, 1:20, 60min 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 :1/1sM PB, pH5.0, 1:20, 15min
26 : 0.5 mM PB, pH8.0, 1:20, 15min 67 :1/1sM PB, pH5.0, 1:20, 60min
27 : 0.5 mM PB, pH8.0, 1:20, 60min 68 :1/1sM PB, pH5.0, 1:100, 15 min
28 : 0.5 mM PB, pH8.0, 1:100, 15 min 69 :1/1sM PB, pH5.0, 1:100, 60 min
29 : 0.5 mM PB, pH8.0, 1:100, 60 min 70 :1/1sM PB, pH6.0, 1:20, 15 min
30 /150 M PB, pH5.0, 1:20, 15 min 71 :1/1sM PB, pH6.0, 1:20, 60 min
31 /150 M PB, pH5.0, 1:20, 60min 72 :1/1sM PB, pH6.0, 1:100, 15 min
32 /150 M PB, pHS5.0, 1:100, 15 min 73 :1/1sM PB, pH6.0, 1:100, 60 min
33 /150 M PB, pHS5.0, 1:100, 60 min 74 :1/1sM PB, pH7.0, 1:20, 15min
34 /150 M PB, pH6.0, 1:20, 15min 75 :1/1sM PB, pH7.0, 1:20, 60min
35 /150 M PB, pH6.0, 1:20, 60min 76 :1/1sM PB, pH7.0, 1:100, 15 min
36 /150 M PB, pH6.0, 1:100, 15 min 77 :1/1sM PB, pH7.0, 1:100, 60 min
37 /150 M PB, pH6.0, 1:100, 60 min 78 :1/1sM PB, pHB8.0, 1:20, 15 min
38 /150 M PB, pH7.0, 1:20, 15 min 79 :1/1sM PB, pH8.0, 1:20, 60 min
39 /150 M PB, pH7.0, 1:20, 60 min 80 :1/1sM PB, pH&8.0, 1:100, 15min
40 /150 M PB, pH7.0, 1:100, 15 min 81 :1/1sM PB, pH&8.0, 1:100, 60min
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 150 M PB.

PN, preparation number.
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Table 2. Summary of multiple Romanowsky-type stain characteristics of L1 of NG-A from Triakidae sharks

neutrophils
PN Species' and color of L1? PN Species' and color of L1? PN Species' and color of L1?
Ts Mm Mg Ty Mm Mg Ty Mm Mg
1 E E E 28 E E E 55 E E E
2 E E E 29 — E — 56 E E E
3 E E E 30 E E E 57 E E E
4 E E E 31 E E E 58 E E, — E
5 E E E 32 E E E 59 E E, — E
6 E E E 33 E E E 60 E E, — E
7 E E E 34 E E E 61 E E, — E
8 E E E 35 E E E 62 E E, — E, —
9 E E E 36 E E E 63 — E, — E, —
10 - E E 37 E E E 64 E, — E, — E
11 E E E 38 — E - 65 E, — E, — E
12 E E E 39 — E, — - 66 E E E
13 E E E 40 E E E 67 E E E
14 E E E 41 E, — E E 68 E E E
15 E E E 42 — E — 69 E E E
16 E E E 43 — E, — — 70 E E E
17 E E E 44 E E E 71 E E E
18 E E E 45 — E — 72 E E E
19 E E E 46 E E E 73 E E E
20 E E E 47 E E E 74 E, — E E
21 E E E 48 E E E 75 E, — E, — E
22 E E E 49 E E E 76 E E E
23 E E - 50 E E E 77 E E E
24 E E E 51 E E E 78 E, — E, — E
25 E E E 52 E E E 79 — E, — E, —
26 - E - 53 E E E 80 E E E
27 — E, — — 54 E E E 81 E, — E, — E
PN, preparation number (See Table 1).
'T5, Triakis scyllium; Mm, Mustelus manazo; Mg, Mustelus griseus.
’E, eosinophilic; —, not stained.
Table 3. Summary of reactions of neutrophils from Triakidae sharks to cytochemical tests
Species and positive site (shape, number and positive site)'
Test Triakis scyllium Mustelus manazo Mustelus griseus
Periodic acid Schiff reaction (PAS) G (r or o,some); H G (r or 0, some); H G (r or 0, some); H
PAS after digestion with a-amylase - - -
Alcian blue (pH1.0) - - -
Alcian blue (pH2.5) - - -
Toluidine blue in distilled water N N N
Sudan black B — _ _
Sudan IIT - - -
Oil red O - _ _
Alkaline phosphatase - - -
Acid phosphatase - G (r/o with NS, some, eq L0 of NG-B)
B-Glucuronidase G (r/o with NS, some, eq L0 of NG-B) - -
o-Naphtyl acetate esterase G (two types: r/o with NC, many, eq L2 of NG-A; r/o with NS, many, eq LO of NG-B)
o-Naphtyl butyrate esterase G (r/0 with NS, many, eq LO of NG-B)
Naphthol AS-D chloroacetate esterase G (r/o with NS, many, eq LO of NG-B)
Peroxidase - _ _
'G, granular; H, hyaloplasm; N, nucleus; —, not detected; r, round; o, oval; NG-A, neutrophil granule type A with three-layer structure (L0, L1 and L2); NG-B, neutrophil granule type B with two-layer

structure (LO and L1); NC, negative core; NS, negative surrounding; eq, equivalent to.
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Neutrophils of banded houndshark Triakis scyllium. A & B, May-Griinwald - Giemsa (MGG; PN=53; A,
intact cell; B, lysed cell). Note two types of neutrophil granules [type A (NG-A) and type B (NG-B;
ringed arrows)]. NG-A consists of chromophobic inner layer (LO; arrows), eosinophilic middle layer (L1;
crossed arrows) and chromophobic outer layer (L2; arrowheads). Some NG-A contain an inner
granular eosinophilic particle (tailed arrows) in L1. NG-B consists of chromophobic inner and outer
layers (LO and L1, respectively). C, phagocytosis of zymosan particles (MGG; PN=53; *, zymosan
particle); D, f-glucuronidase; E, a-naphtyl acetate esterase (a-NAE); F, a-naphtyl butyrate esterase;
G, naphthol AS-D chloroacetate esterase (without counter stain). Except for a-NAE (D), enzyme activities
are localized in LO of NG-B. The «-NAE activity is detected in L2 of NG-A and LO of NG-B; H, periodic
acid Schiff reaction (PAS). Counter stain in D-F & H, hematoxylin (Mayer). PN, preparation number
(See Table 1). Bars=1 ym.
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Fig. 2. Neutrophils of starspotted smooth-hound Mustelus manazo. A & B, May-Griinwald-Giemsa (MGG;
PN=53; A, intact cell; B, lysed cell). Note two types of neutrophil granules [type A (NG-A) and type B
(NG-B; ringed arrows)]. NG-A consists of chromophobic inner layer (LO; arrows), eosinophilic middle
layer (L1; crossed arrows) and chromophobic outer layer (L2; arrowheads). Some NG-A contain an
inner granular eosinophilic particle (tailed arrows) in L1. NG-B consists of chromophobic inner and
outer layers (LO and L1, respectively). C, phagocytosis of zymosan particles (MGG; PN=53; *, zymosan
particle); D, acid phosphatase; E, «-naphtyl acetate esterase (o-NAE); F, a-naphtyl butyrate esterase;
G, naphthol AS-D chloroacetate esterase (without counter stain). Except for a-NAE (E), enzyme activities
are localized in LO of NG-B. The a-NAE activity is detected in L2 of NG-A and L0 of NG-B; H, periodic
acid Schiff reaction (PAS). Counter stain in D-F & H, hematoxylin (Mayer). PN, preparation number
(See Table 1). Bars=1 ym.
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Neutrophils of spotless smooth-hound Mustelus griseus. A & B, May-Griinwald - Giemsa (MGG; PN=53; A,
intact cell; B, lysed cell). Note two types of neutrophil granules [type A (NG-A) and type B (NG-B;
ringed arrows)]. NG-A consists of chromophobic inner layer (LO; arrows), eosinophilic middle layer (L1;
crossed arrows) and chromophobic outer layer (L2; arrowheads). Some NG-A contain an inner
granular eosinophilic particle (tailed arrows) in L1. NG-B consists of chromophobic inner and outer
layers (LO and LI, respectively). C, phagocytosis of zymosan particles (MGG; PN=53; *, zymosan
particle); D, acid phosphatase; E, o -naphtyl acetate esterase (o -NAE); F, a-naphtyl butyrate esterase;
G, naphthol AS-D chloroacetate esterase (without counter stain). Except for a-NAE (E), enzyme activities
are localized in LO of NG-B. The a-NAE activity is detected in L2 of NG-A and L0 of NG-B; H, periodic
acid Schiff reaction (PAS). Counter stain in D-F & H, hematoxylin (Mayer). PN, preparation number
(See Table 1). Bars=1 uym.
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Table 4. Comparison of reactions of neutrophils from five elasmobranchs to cytochemical tests

149

Test

Species and positive site (shape, number and positive site)"

Dad"

Sjb

T5, Mm, Mg®

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

Sudan IIT
Oilred O
Alkaline phosphatase

Acid phosphatase

B-Glucuronidase

o-Naphtyl acetate esterase
a-Naphtyl butyrate esterase
Naphthol AS-D chloroacetate esterase

Peroxidase

G (r/0, many); H

G (amorphous, a few, eq Yb); N
G (r/o with NS, many, eq LO of NG-B)

G (r/0 with NS, many, eq LO of NG-B)

G (r/0 with NS, many, eq LO of NG-B)
G (r/o with NC, many, eq L1 of NG-B)

G (r/0 with NS, many, eq LO of NG-B)

G (r/o with/without NS, many); H

G (r/o with NS, some, eq LO of NG-B
around nucleus)

N
G (long-spindle with NS, many, eq LO
& L1 of NG-A)

G (three types: r/o with NS, many, eq
L0 of NG-B; r/o with NC, many, eq L1
of NG-B; r/0 consist of positive core
and surrounding, some, eq entity NG-B
around nucleus)

G (r/0 with NS, many, eq LO of NG-B)

G (/0 with NS, many, eq L0 of NG-B)

G (two types: r/o with NS, many, eq LO

of NG-B; long-spindle with NS, many,
eq L0 & L1 of NG-A)

G (r/o, some); H

G (r/0 with NS, some, eq L0 of NG-B)
inMn & Mg; — inTs

G (r/o with NS, some, eq L0 of NG-B)
in 75, — inMn & Mg
G (two types: r/o with NC, many, eq L2
of NG-A; r/o with NS, many, eq LO of
NG-B)
G (r/o with NS, many, eq LO of NG-B)

G (r/o with NS, many, eq LO of NG-B)

'Da, Dasyatis akajei; Sj, Squatina japonica; Ts, Triakis scyllium; Mm, Mustelus manazo, Mg, Mustelus griseus; G, granular; H, hyaloplasm; N, nucleus; Yb, Yasumoto body; —, not detected; r, round; o, oval;

NG-A, neutrophil granule type A with three-layer structure (L0, L1 and L2); NG-B, neutrophil granule type B with two-layer structure (L0 and L1); NC, negative core; NS, negative surrounding; eq, equivalent

to.

* Kondo et al. (2017)"?; *, Kondo et al. (2018)”; <, present report.

NG-A

NG-B

Dasyatis akajei Squatina japonica
(Dasyatidae, (Squatinidae,
Batoidea)? Squalimorphii)®

>,

L1 g

y ‘

Triakis scyllium,
Mustelus manazo, M.
griseus (Triakidae,

Galeomorphii)©

Fig. 4. Comparison of the structure of neutrophil granules (NG) from five elasmobranchs. NG-A, NG
type A; NG-B, NG type B; L0, layer 0 (inner layer); L1, layer 1 (middle layer); L2, layer 2 (outer
layer); P, inner granular eosinophilic particle. (], chromophobic; B, eosinophilic; B , basophilic. *,
Kondo et al. (2017)"; *, Kondo et al. (2018)”; ¢, present report.
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SIS —FEFERER (BRVIIBEORERER ZHT 2)
B4 O 4 T VU EFE RO VT b4 L
BWERRTWE A, E-FIFEEER (B X OWFhER) &
T REUFPE T ML ER & DRI IO W TIdMh TV v, £ 72
Mo T4 Y VIR mERO (T) & () ZHE S
FELTWARV, AFRICBWT FFF A LR THF RO
HERER IR 2 OIBER R L, WBER = ¥ L iF kAT
L) 2RI ehn, FEHSOIFPERKIIHEED FFH 2

BIORYFAOF Y VA LERD (1), (1) B
IO ON) T EEZONS, T2, BHLDE

MU IRER S ZEH L OUHIRICE TN D L ER b, KA DH
2T, Mo Y YEHEAnEo (=), $abb,
M S OB =M ERERIE BT AR A3 ICED SN
Bhrolze &, WEEOMEBEFE MER & WH S OF—
FEIFFRER B & O ERIZOWTIIRIMCTE LR T 508, FHH
DOSARWIZEIS BV THETE 2 4845 L 72 B AR 2 7R & %\ BT,
B, SO OBRIKRICHYLTLEER D,

Hine and Wain (1987) "% X U'Hine et al. (1987) "
FAXIFRALHOY B, FXIFAHY AHE (XX
IHAR) EATVOFXHYAFOR (b 7Y AR, FF
WARME, FreaF R X T aF R OB
¥k%, eosinophil, eosinophilic granulocyted & U*neutrophilic
granulocyte®? (& %\ Ak D3I 2 % 2 Ncoarse
eosinophilic granulocyte, fine eosinophilic granulocyted
X U'neutrophilic granulocyte E#LTWw3) D3O
AT TN =% HCTHELTHBY Y, R A
WKLo THRELLOD, WT DI X HIZ D eosinophilic
granulocyte (= fine eosinophilic granulocyte) % [F%E L
TWwb, Z MDeosinophilic granulocyte X ARFIEIZ BT 5 4F
HERICHS S 52 %2 5h b, %72, Hine and Wain (1987) ¥
# & OHine et al. (1987) "3 o % X 39 2 LHH 2
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3} eosinophilic granulocyteld 7 VA VT + 27 7 % —¥
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ThHYP, KHRICBT R VF AL v OHFROREL
—HL T2,

1)

2)

3)

4)

5)

6)

I

X &

EHEEA, HNRFIE, P, ZARER SR
T AT A OUFPEROTEREF R B X OHIRBA LSRR, K
AR, 65, 189-194 (2017) [Kondo M, Higashikawa S,
Hirayama H, Yasumoto S, Takahashi Y:
Morphological and cytochemical characteristics of
neutrophils from whip stingray Dasyatis akajei. J Nat
Fish Univ, 65, 189-194 (2017) (in Japanese with English
abstract)]
AR ER, HIRFE, ZARER, SN 7014
DUF R ERER & AP FRER IR DAL (2D Tl KRN
#H, 66, 195-197 (2018) [Kondo M, Higashikawa S,
Yasumoto S, Takahashi Y: On the structure of
neutrophil granules and eosinophil granules from
whip stingray Dasyatis akajei. J Nat Fish Univ, 66, 195-
197 (2018) (in Japanese with English abstract)]
AR EM, BT, ZAREE A ZH X O hERO
CIEER B L UM LA R 4R 8. ACRBEH, 66, 123-
129 (2018) [Kondo M, Maekawa K, Yasumoto S:
Morphological and cytochemical characteristics of
neutrophils from Japanese angelshark Squatina
japonica. J Nat Fish Univ, 66, 123-129 (2018) (in
Japanese with English abstract)]
LEEEA, R, PILSIE, 2ARMESE, smEi
T 1 T A OIFEEMEBREROEREF B L ORI L
Y HE L K KA ¥k, 65, 195201 (2017) [Kondo M,
Higashikawa S, Hirayama H, Yasumoto S, Takahashi
Y: Morphological and cytochemical characteristics of
non-phagocytic granulocytes from whip stingray
Dasyatis akajei. J Nat Fish Univ, 65, 195-201 (2017) (in
Japanese with English abstract)]
EHEEA, BN, ZAEH: A 2 0FFaa%
FERER DTERE I B X OB L RO, KRBT ¥k,
66, 131-139 (2018) [Kondo M, Maekawa K, Yasumoto
S: Morphological and cytochemical characteristics of
non-phagocytic granulocytes from Japanese
angelshark Squatina japonica. J Nat Fish Univ, 66, 131-
139 (2018) (in Japanese with English abstract)]
Heinicke MP, Naylor GJP, Hedges SB: Cartilaginous
fishes (Chondrichthyes). /n: Hedges SB, Kumar S (ed)

The Timetree of Life. Oxford University Press,



7)

8)

9)

10)

FF9 2 FHOUFHER 151

Oxford, 320-327 (2009)

Walsh CJ, Luer CA: Elasmobranch hematology:
Identification of cell types and practical applications.
In: Smith M, Warmolts D, Thoney D, Hueter R (ed)
The Elasmobranch Husbandry Manual: Captive Care
of Sharks, Rays and their Relatives. Ohio Biological
Survey, Ohio, 307-323 (2004)

Luer CA, Walsh C]J, Bodine AB: Recent advances in
Elasmobranch immunology. In: Carrier JC, Musick
JA, Heithaus MR (ed) Biology of Sharks and Their
Relatives. CRC Press, New York, 403-420 (2012)
rBE AL U8 MER =L F 7. SURBIEE AR, 17, 115-
154 (1920) [ ‘Nakanoin T: On the blood cells of fish.,
Kyoto Igaku Zasshi, 17, 115-154 (1920) (in Japanese)]
HRBE AL S MER=B 7 ORA) . USRS,
17, 280-2944+1X2%% (1920) [ ‘Nakanoin T: On the blood
cells of fish (continued)., Kyoto Igaku Zasshi, 17, 280-

1D

12)

13)

14)

294+2 plates (1920) (in Japanese)]

WA, Rk AME, WRIREER: 1879 A, fUHIM
WS AxEDE, W, 34-39 (1986) [Ikeda Y, Ozaki H,
Sezaki K: 1 Triakis scyllia. Blood Atlas of Fishes.
Midori-shobou, Tokyo, 34-39 (1986) (in Japanese)]*
Hine PM, Wain JM: Composition and ultrastructure
of elasmobranch granulocytes. III. sharks
(Lamniformes). J Fish Biol, 30, 567-576 (1987)

Hine PM, Wain JM: The enzyme cytochemistry and
composition of elasmobranch granulocytes. J Fish
Biol, 30, 465-475 (1987)

Hine PM, Wain JM, Boustead NC: The Leucocyte
Enzyme Cytochemistry of Fish. New Zealand
Fisheries Research Bulletin No. 28, New Zealand:
Ministry of Agriculture and Fisheries, Wellington,
75pp (1987)

2 Triakis scyllia\3 Triakis scyllum®D Y ) = 2T b



