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Morphological and Cytochemical Characteristics of Non-
phagocytic Granulocytes from Japanese Angelshark
Squatina japonica

Masakazu Kondo', Kouhei Maekawa and Shinya Yasumoto

Abstract : Two types of non-phagocytic granulocytes, type B and C granulocytes were observed in peripheral
blood of Japanese angelshark Squatina japonica (Squatinidae, Squatiniformes, Squalimorphii, Elasmobranchii).
Type B granulocyte (GB) had three types of granules (GBG-A, -B and -C) in the cytoplasm. The GBG-A was
coarse, round and consisted of three layers (L0, chromophobic inner; L1, eosinophilic middle; L2, chromophobic
outer). The GBG-B had similar shape, size and structure of GBG-A except for the staining character of middle
layer (basophilic). The GBG-C was round, small and made up of two layers: Amphophilic inner (L0) and outer
(L1) layers. The L1 of GBG-A and/or GBG-B showed positive reaction to toluidine blue (TB), Sudan black B (SBB),
a-naphtyl acetate esterase (a-NAE), a-naphtyl butyrate esterase (a-NBE) and naphthol AS-D chloroacetate
esterase (NASDCAE). On the other hand, in the GBG-C, SBB, acid phosphatase (AcP), a-NAE and NASDCAE
were detected in L0, ¢-NBE in L1 and TB in both L0 and L1. Type C granulocyte (GC) had one type of granules
(GCG) which show two-layer structure: Eosinophilic inner (L0O) and outer (L1) layers. Several enzymes (AcP,
a-NBE, NASDCAE) were detected in L0O. Both types of non-phagocytic granulocytes lacked alkaline
phosphatase, B-glucuronidase and peroxidase.

Key words : shark, Squatina japonica, granulocyte, morphology, cytochemistry
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Table 1. Staining conditions of multiple Romanowsky-type stain valuation

PN Condition'? PN Condition'?
1 MG :DW 42 G :'45MPB,pHS.0,1:20, 15 min
2 -5 mM PB, pH5.0 43 : /150 M PB, pHS8.0, 1:20, 60 min
3 -5 mM PB, pH6.0 44 - Y150 M PB, pHS8.0, 1:100, 15min
4 : 5 mM PB, pH7.0 45 - 1/15oM PB, pHS.0, 1:100, 60min
5 .5 mM PB, pH8.0 46 MGG :DW, 1:20, 15 min
6 -/1s M PB, pH5.0 47 : DW, 1:20, 60 min
7 -1/,s M PB, pH6.0 48 -DW, 1:100, 15 min
8 :'/,s M PB, pH7.0 49 :DW, 1:100 , 60 min
9 s MPB, pHS.0 50 :5mM PB, pH5.0, 1:20, 15min
10 G :DW,1:20,15min 51 - 5mM 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, pHS.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 : S mM PB, pH6.0, 1:20, 60min
15 : 0.5 mM PB, pH5.0, 1:20, 60min 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, pH5.0, 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 : 5 mM PB, pH7.0, 1:100, 15 min
20 :0.5mM PB, pH6.0, 1:100 , 15 min 61 .5 mM 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, 15min
22 : 0.5 mM PB, pH7.0, 1:20, 15min 63 : 5 mM PB, pHS8.0, 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 - 1/1s M PB, pH5.0, 1:20, 15min
26 : 0.5 mM PB, pHS8.0, 1:20, 15min 67 - 1/;sM PB, pH5.0, 1:20, 60min
27 : 0.5 mM PB, pH8.0, 1:20, 60min 68 - Y,sMPB, pHS5.0, 1:100, 15 min
28 0.5 mM PB, pH8.0, 1:100, 15 min 69 : 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 : 1/150 M PB, pH5.0, 1:20, 15 min 71 : 1/15M PB, pH6.0, 1:20, 60 min
31 : Y150 M PB, pH5.0, 1:20, 60min 72 :'1sM PB, pH6.0, 1:100, 15 min
32 : /150 M PB, pH5.0, 1:100, 15 min 73 - 1/,sM PB, pH6.0, 1:100, 60 min
33 - /150 M PB, pH5.0, 1:100, 60 min 74 :1/,sM PB, pH7.0, 1:20, 1 5min
34 : Y150 M PB, pH6.0, 1:20, 15min 75 - }/,sM PB, pH7.0, 1:20, 60min
35 : /150 M PB, pH6.0, 1:20, 60min 76 :Y1sM PB, pH7.0, 1:100, 15 min
36 : /150 M PB, pH6.0, 1:100, 15 min 77 :1/,s M PB, pH7.0, 1:100, 60 min
37 : /150 M PB, pH6.0, 1:100, 60 min 78 :1/,s M PB, pHS.0, 1:20, 15 min
38 : /150 M PB, pH7.0, 1:20, 15 min 79 :1/1s M PB, pH3.0, 1:20, 60 min
39 : /150 M PB, pH7.0, 1:20, 60 min 80 :1/1sM PB, pH8.0, 1:100, 15min
40 :/1so M PB, pH7.0, 1:100, 15 min 81 : 1/,sM PB, pHS.0, 1:100, 60min
41 - Y150 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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B A ADMPEROMEEOEA AN ERER (BEBEA
Bk, CRIBHRIR) T, 7AMYT Y ITN—, LMLy F
OB LUX Y VIIEBETIEBENMAIPRES WY, TLA
VT AT 75— (AP),B-F V7 u=y—¥ (B-Glu)
BIUORVT V¥ —F PO) KRB ENLE P o2, 2,
periodic acid Schiff (PAS) B, X% ~EB (SBB),
W7+ A7 75 —¥ (AcP), BGlu, £EELAFI—¥H
L UPORBBOMEME (R4 X —DAT P XY v §ufn)
IZIIBEL - CRUFRZROWT N OSER b e SNk o 72,

BEUFRRIEK

BRIEAR R (granulocyte type B, GB) 3E£E#200 um
OREE R TH o7, BRFELELTEY, REY
MEw <, MAZEREaEFBE I, TEKIIAD
SN oz (Fig 1), BEIEEA RO EN (GB granule,
GBG) BWiINdMBTLEIHWHAETH -2, Falkk
BLUEEDEVD H3EE (AR, GBG-A; B!, GBGB; C
#, GBG-C) Ic KB &N 7zo GBG-A L GBGBIZ & b ITRFELS
umB NFTHY, 3BRELZEL T T4hbDb, K
OHLLRBICFIET 2Rt R (L0), LoZI) B
etk (L1) BLULIOFBICHEET S HERBEED
B (L2) SRk Twiz, LIS ¥ Y iFE OBk
#GBG-AL L, LIASREF M OHEN ZGBGBE L7z, W
PR OLOEAEEL T2l (intact cel) TIXIZEA
CEgs T, TEAIIFREEE L 20ROk
hos2BEL LTROONS (Figs. 1A & 1B;
OEGEOIFEBRBOKRNE SITEEOS P T Tho72)0
L2 L%, ML (ysed cel) TIZEERAMHE
T 5720, HRaftoLlo@Ei#ksns: (Figs. 1C & 1D).
%72, MRSVOWL ORD&ATIE, BEL Tw 2wl
ZBWTH, WL OPDGBG-ALEGBGB T fAtELL
PER AT 52 8T LOSRO bR (Fig 1E
Table 2) . GBG-CIZRZE03 ymLTFTH 0, B 5EM Lo
TERN SRS Y V2 3EETEE R L (R
amphophilic; Figs. 1A-1D; Table 2), BEHE 3R TE
Bhole LAL, #BT 5 L) CHEM bR EOR
B &, ARFERLIZ2FEHE [FERM O RLEICEE T 58 (LO)
ELORBEDRE (L) |2H L Twis

BEIUBERERICIIPASKIEIC & » TE RO BN A HE
ah, MRELXELIBETH o205 (Fig 1F; Table 4),

a7 39— EHIC & o CTHREBRIG TR, MREEEL
HICREIWTHE Lz VLT TI— (TB) a2 Lo
TR FROBHRMN S BRBE S Wiz, TBRERTFOE
BRICIE BT 5 b O L REBSRD b2 VWEE
MFBEE L. BN FZE0REHEBROREIIE, H
FERERFZVCBEERNT LY S KRETHo7. T/, B
L7-#fa ik, & ROTBHERM &M FROBEEIHM
BEERN, WEOMNSMMZBETERMR S hiz, SBBY
Bz BT b TBEA & FIRRICH TR O BB 3% 58
BAINH, WTNOBERF b £ 0B I BEEREIRIEE
iz (Fig 16). 72, BEBL-METE, #H&HRO
BB & R F RO B IR BE S h, MEORNLE
ZONACBREFERAED SNz (Fig 1H). MO LS
DHE DL 6T, AcPHBMERFOFEICIZRVEEES
WAL (Fig 1Do -7 7F VT F— F2AT T —
¥ (a-NAE) & +7 b—IVASDZ TR 7%t5— hLXF
5 —¥ (NASDCAE) MBIz SBBIEEERAL & —F L7z
(Figs. 1], 1K, IN, 10)s L#L, a-} 7FV7TFL—b.x
A7 9 —+¥ (a-NBE) # Tk, SBB, aNAEB LU
NASDCAE & BBk D B SAL DT 204, AN R IR
R FFz e WINELNCIRIRIR O B YR b D BEBIR S iz (Figs
1L & IM)o

CEISERIER

ARk (granulocyte type C, GC) 12 EZEH180 um
OREE-ZRAETH Y, MOBERIKIZETHEHIZ
D PBThH ol BIMRIEL, B 2HE (HE»S
37%) R L7, BMOPEEREEIRL, HAhBiEka
BAREREINT, MR ICRIFEEOER (GC granule,
GCG) 2D oMz, AEMIEEREOS pm T oMM 4
BIFFAETHY, Ldicoty ViFHo2BHEEZE LT
Wiz IR OHGERICHETES 58 (L0) ELo% BT (L1 1o
BLbIC o T, SEICEREEEE CLCHR) 2
AT H4y VIFERT (LOICMHY) 20, WALCK
FRoOEREEER (LOCHY) 28bHERoT ¥
UEFERT LUCHY) L LTEESRL (Fig 2A &
2B; Table 3)o LO&L1AYE bzt ¥ ViFEZ R T&MEIE
BObNLhoT,

PASKUSIC & » THEOBMRFABE SN, Mg
BLHBETHo 8, a7 I —EHbicL o T Th
DAL BT D B RS 372k L7z (Fig. 2C; Table 4),
TBHets & SBBRM TRMBEIEETH Y, o-NAERKR



134 IREEAN, BIISEFE, RAREH

Fig. 1. Type B granulocytes of Japanese angelshark. A, Giemsa (PN=27); B, May-Griinwald-Giemsa (MGG; PN=79); C, Giemsa (PN=26): D,
MGG (PN=79); E, Giemsa (PN=11). A, B & E, intact cell; C & D, lysed cell. This granulocyte had three types of granules (granule of
type B granulocyte, GBG): GBG type A [GBG-A; arrows in A; consist of eosinophilic core (correspond to eosinophilic middle layer, L1)
and chromophobic surrounding (correspond to outer layer, L2)], GBG type B [GBG-B; arrows in B; consist of basophilic core
(correspond to basophilic middle layer, L1) and chromophobic surrounding (correspond to outer layer, L2)] and GBG type C [GBG-C;
arrowheads in A-D; amphophilic inner layer (L0) and outer layer (L1)]. The ratio between GBG-A and GBG-B in each cell is various.
The core of both GBG-A and GBG-B is made up of chromophobic inner layer (L0) and chromatophilic layer (L1). In the lysed cells,
inner layer (arrows in C & D) is visible because of extension of granules. Under several staining conditions, components of
chromatophilic layer diffuses in GBG-A and GBG-B even though in intact cell (arrows in E). As the result, chromophobic inner layer
(arrowheads in E) is visible. F, periodic acid Schiff reaction (All positive sites disappeared after a-amylase digestion); G & H, Sudan
black B (G, intact cell; H, lysed cell. L1 of GBG-A and/or GBG-B (weakly) and L0 of GBG-C (strongly) are positive); I, acid phosphatase
(LO of GBG-C are positive); ] & K, a-naphtyl acetate esterase (J, intact cell; K, lysed cell); L & M, a-naphtyl butyrate esterase
(a-NBE; L, intact cell; M, lysed cell): N & O, naphthol AS-D chloroacetate esterase (N, intact cell; O, lysed cell). These esterase
activities are detected in L1 of GBG-A and/or GBG-B (weakly) and L0 of BG-C (strongly)). Alpha-NBE activity is also observed in L1
of a few GBG-C (L0 is negative in these GBG-C; arrowhead in M). PN, preparation number (See Table 1). Bars=1 um.



B A X OIEEEPETER R 135

Table 2. Summary of multiple Romanowsky-type staining characteristics of the granules (A, eosinophilic
middle layer (L1) of GBG-A; B, basophilic middle layer (L1) of GBG-B; C, entire GBG-C) in intact type

B granulocyte from Japanese angelshark

Color and Number Color and Number Color and Number
PN A B C PN A B C PN A B C
1 - B3 D3 28 R (0-1) B (1-3) B3 55 R (0-3)* B3* D3
2 - B3 D3 29 R (0-1) B3 B3 56 R (0-1) B3* B3
3 - B3 D3 30 R(@-3) B@©I1) B3 57 R(0-1) B3* B3
4 - B3 D3 3] R3 B(©O-1) D3 58 R(@3)* B(-2 D3
5 - B3 D3 32 R (0-1) B3 B3 59 R(@2-3)* B(-2) D3
6 - B3 03 33  R(0-1) B3 B3 60 R(0-1) B3* B3
7 — B3 B3 34 R(@-3) B@3) B3 61 R(-3)* B(@23) B3
8 - B3 B3 35 R(-3) B@©3) D3 6 R@O2)* B3* D3
9 - B3 B3 36 R(0-1) B3 B3 63 R(@3)* B(1) D3
10 R(0-3) B(@©-1) D3 37 R (0-1) B3 B3 64 R (0-1) B3* B3
11 R3* B (0-1) D3 38 R (1-2) B (2-3) D3 65 R (0-3) B (2-3) D3
12 R(@©1) B@©3) D3 39 R3* B(©-2) D3 66 R(0-1) B3 B3
13 R(@-1) B(-3) D3 40 R(0-1) B3 B3 67 R(0-1) B3 D3
14 R@©1) B(@-3) B3 41  R(0-]) B3 D3 68 0(-1) B(l-3) B3
15 R(-1) B@3) D3 42 R(@©I1) BE@3)* D3 6 0@©l1 B@-3) B3
16 R@-1) B(@©3)* B3 43 R@3)* B@3* D3 70 R B3 D3
17  R(-2) B(-3)* B3 44 R(0-1) B3 B3 71  R(0-1) B3 D3
18 R(-3) B(@©3) D3 45 R(0-1) B3 D3 72 R(0-1) B3 B3
19 R3* B (0-3) D3 46 R3 B (1-2) D3 73 R (0-1) B3 B3
20 R(-1) B(@-3)* B3 47 R3 B(l-2) D3 74  R(0-1) B3 D3
21 R(0-1) B(1-3)* B3 48  R(0-1) B3 D3 75 R(@-1) B@2-3) D3
22 R3* B(-3) D3 49 R(0-3) B@©3) D3 76 R(0-) B3 B3
23 R3* B@(-3) D3 50 R(-2 B@3) B3 77 R(- B3 D3
24 R@©2) B@3) B3 51 R@2 BE3) D3 78 R(@0-1) B3 D3
25 R(0-1) B@3) B3 52  0(-) B3* B3 79 R(0-1) B3 D3
26 R(0-3) B@-3)* D3 53  0O(0-]) B3* D3 80  R(0-1) B3 B3
27 R(-3) B@©1) D3 54 R(@©2* B(@23) B3 8  R(0-1) B3 D3

PN, preparation number (See Table 1).

Color: B, light blue (basophilic); D, dark blue (basophilic); O, orange (eosinophilic); R, red (eosinophilic); —, not stained (=not

observed).
Number: 3, many; 2, some; 1, a few; 0, not pbserved.
*Diffusion of the chromatophilic components of middle layer.

Hanidois AcP, o-NBEB X U'NASDCAEHGCGIZ
FHOLN, ThOBEZEMLEAEICEYER2 2N
FROBGHIRAL & U CTBRE X/ (Figs. 2D-2F; Table 4)o

zZ =

AW AIZBEO A AN TR (BEERER, CHY
BRI PRDHONA. MENIKE D ICENIIRE#EEL
AELTHYH, BRENKRCEIBEEZ RI2HEED B
(GBG-AXGBGB) r2BH#EOHEN (GBGC) 7%, CHIM
PRI II2E#EE OB (GCG) DANBRE S N,
GBG-ALGBGBIZKE S LiEENL BITHEBL, HMe—,

FRaEE (L) oRaEoARE2252 L, GBGAL
GBG-BOAIEIL S IS BEBER IRE T4 TH B Z L H 5,
WEROMBLZREFEEOREVIIHE TE RV,
GBG-AB XU (F7212) GBGBOLLIZTBE M, SBB
BUWE, FEIATS—EHFETLLEEZ bNIL
GBG-Cld ki &4k (LOLL1) »*TBBEHETH b, LOICiE
SBBE; tE# &, o-NAED & 'NASDCAED R & iz,
¥ 72, a-NBEDRFEMDE VD5, GBG-CIZL0A%a-NBE
Bt o R ELIA RO BRICHMA S i S50,
GBG-CIZAcPZLOIZH T 5 JHkL & AcPRRHEDFERIC X B
nizo CRIAERO B (GCG) TIE, LOIZAcP, a-NBE
BLUNASDCAESRHET 5 L F 2 bhiz, BEB L UC
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Fig. 2. Type C granulocytes of Japanese angelshark. A, Giemsa (PN=17); B, May-Grinwald-Giemsa (PN=60).
The granules of this granulocyte (granule of type C granulocyte, GCG) consist of eosinophilic inner layer
(LO; arrowheads in A) and eosinophilic outer layer (L1; arrowheads in B). C, periodic acid Schiff reaction
(All positive sites disappeared after a-amylase digestion); D, acid phosphatase; E, a-naphtyl butyrate
esterase: I, naphthol AS-D chloroacetate esterase. These enzyme activities are detected in the LO of
GCG. PN, preparation number (See Table 1). Bars=1 um.

Table 3. Summary of multiple Romanowsky-type staining characteristics of the granules (GCG)
composed of eosinophilic inner (L0O) and outer layer (L1) in type C granulocyte from
Japanese angelshark

Color Color Color

PN L0 L1 i LO L1 EN L0 L1

1-9 R — 28-33 (6] e 54-65 e (6}

10 — (6] 34,35 - (0] 66-69 (6] -
11-17 (0] = 36, 37 (0] == 70,71 == (¢}
18,19 = (6] 38-43 = (0] 72,73 O =

20 (6] - 44 (6] - 74,75 = (6]

21 HE (6] 45 =3 [¢] 76 (0] -

22 (6] = 46 e 0 77-81 — (6]
23-27 — (6] 47-53 (6] —

PN, preparation number (See Table 1).
Color: O, orange (eosinophilic); R, red (eosinophilic); —, not stained.



Table 4. Summary of reactions of Japanese angelshark granulocytes to cytochemical tests

Positive site (shape, number and positive site)’

Test"? ;

° Type A granulocyte (Neutrophll)4 Type B granulocyte Type C granulocyte
PAS G g or o with or without negative surrounding, many); G (r or o, many); H G (r or o, many); H
—;[;;S':(;;&"—"G"(—r"df_é'bs_/i'tﬂ_r_xé_g;a{t—iifé_éﬁiféhﬂ&fﬁé:_ébﬁlé','é-d—I_;Ouéf """""""""""""""""""""""""" S

G (two types: r or o in intact cell (ring in lysed cell) with negative
B N surrounding, many, eq L1 of BG-A and/or BG-B; r or o, many, eq N

G (long-spindle with negative surrounding, many, eq G (two types: r or o in intact cell (ring in lysed cell) with negative

SBB surrounding, many, eq L1 of GBG-A and/or GBG-B; r or o with -
e OadLIoINGA) . negativesumounding many,eqL00fGBGC)
G [three types: 1 o.r o with negative s_urroundmg, marny, G (r or o with negative
eq LO of NG-B; r or o with negative core, many, eq . . . .
AcP - - . G (r or o with negative surrounding, some, eq LO of GBG-C) surrounding, many,
L1 of NG-B; r or o consist of positive core (strongly) L0 of GCG)
reoooo......and surrounding, eq entity NG-Baround mucleus] AT
. . . G (two types: r or o in intact cell (ring in lysed cell) with negative
a-NAE G IgGO- %;’ with negative surrounding, many, eq LO of surrounding, many, eq L1 of GBG-A and/or GBG-B; r or o with -
e, Degative surrounding, many, eq LOOfGBGC)
G (three types: r or o in intact cell (ring in lysed cell) with negative G (r or 0 with negative
G (r or o with negative surrounding, many, eq LO of surrounding, many, eq L1 of GBG-A and/or GBG-B; r or o with . &
o-NBE - : e . . surrounding, many,
NG-B) negative surrounding, many, eq LO of BG-C; ring with negative core, eq L0 of GCG)
e, A few, e BVOfGBGO) S AT
G (two types: r or o with negative surrounding, many, G (two types: 1 or o in intact cell (ring in lysed cell) with negative G (r or o with negative
CAE eq LO of NG-B; long-spindle with negative surrounding, many, eq L1 of GBG-A and/or GBG-B; r or o with surrounding, many,

surrounding, many, eq L0 and L1 of NG-A) negative surrounding, many, eq L0 of GBG-C) eq L0 of GCQ)
'PAS, periodic acid Schiff reaction; PAS-aA, PAS after digestion with a-amylase; TB, toluidine blue in distilled water; SBB, Sudan black B; AcP, acid phosphatase;a-NAE, a-naphtyl acetate esterase; a-NBE,
a~-naphtyl butyrate esterase; CAE, naphthol AS-D chloroacetate esterase.
2All types of granulocytes showed negative reaction to other tests (alcian blue (pH1.0, pH2.5), oil red O, Sudan III, alkaline phosphatase, B-glucuronidase, peroxidase).
*G, granular; H, hyaloplasm; N, nucleus; —, not detected; r, round; o, oval; eq, equivalent to; NG-A, neutrophil granule type A with three-layer structure [L0 (inner, eosinophilic), L1 (middle, eosinophilic) and
L2 (outer, basophilic)]; NG-B, neutrophil granule type B with two-layer structure [LO (inner, chromophobic) and L1 (outer, chromophobic)]; GBG-A, type A granule of granulocyte type B with three-layer
structure [LO (inner, chromophobic), L1 (middle, eosinophilic) and L2 (outer, chromophobic)]; GBG-B, type B granule of granulocyte type B with three-layer structure [LO (inner, chromophobic), L1 (middle,
basophilic) and L2 (outer, chromophobic)]; GBG-C; type C granule of granulocyte type B with two-layer structure [LO (inner, amphophilic) and L1 (outer, amphophilic)]; GCG, granule of granulocyte type C
with two-layer structure [LO (inner, eosinophilic) and L1 (outer, eosinophilic)].
*Kondo et al.”.
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BN BRI IZPASB RN SBRB E N2, o735 ¥
HALIC &L D BRI O N R b Eh 5, PASH
HERIE T - U NTFUAEEL b0 EEZ NS,
T AT A IE3EE O R AV IRk TR TR, P EREE,
NEURT R RERIER) AR L, FHEEIRICIIRBHEEE
HOHENTVERVWEREAENR L Z4EEOBRA, FEBIRIC
B HE GB) AT AN ABET L VWER
D2, NEUTEEMEIERN BRI IR B ENRD ST
WRVEEO BN AL STV, Zh o 0Bk
DVFNIZHTB, SBB, AcP, FETRA T I —EHBIZE -
THEMIROB PRI TB LY, H 2F2OBR
BRIERICBWCORABETH S Eh S, BEREERIERNT A
I A OFFERBFRIROVTICHYT 200HBT5 2
LRIREETHD, LrL, EROKE S LHMELRET S
&, B AW X OBREIBEMEROGBG-A L GBG-BIX, 7H 1A
FEERO K BEN (EG-A) LELULTwBEEbNS,
Tbb, EGAREREEOLIDFMICHEAE (EGA
T4 ¥ ViHE) OLIPELEL, ToFEICHRal
OL2HBH SN TV BY, O #EIZGBG-AL GBGBE [
LCHb, 7HIAFBERICIHERFHEOENIZBRESR
TWRWAY, 7H I PR ERSFEET 5. —F
A AP AR IEIR E BT 5 & & ANEY) 4 R BRI R0
Lk, BREUENIROGBGBOFFAaE (L) 3K
HIFETHo2e TREDI EDS, H AT 2 OBRER
BiE, 7HIA B BT EEk L FREROW S Ok %
P PR TR VWAL RIS, ZOHENE
LiFiE, AR X OCRERNIRILT h =4 ONETFEEME
BAERICHY T2 & FRISN S, CRIEENIRICIZIFEE
DB LR oy (NRUTER MR B TR B
EEFIZ R VC2EEOEN), TB, SBBE & Fa-NAEILE
WTh ot UMEGEEENRCIIBE. LrL, CB
AR B OLOCHY SN B5ACP, o-NBE B X U
NASDCAE(Z, /NEUFERMEERIKCIE, 288D 2 H O
I bk tEN (SEGB) ICRAEL, =4 ¥ Vi
(SEG-A) IZRBDHLRTWERW, ZhesnZehd, C
BUSER Bk O SEARL & 13/ BT IR SER Bk O SEG-BO B
FIBICSEG-AOB GBI MI R EBEEL %Y, E512
SEGBONEY M 5% 2 IR D =4 ¥ VIFER S E
NBES o R THE LHREINS,

THIA TR, 2BEFETSHFPRENDS B, =F
VUHRERE AT AEBENE (NGA) IBWwT, T4
PURBEOLIFAT I E VY ViZkoTHERERS (T

F 3 UIEOLOEEY) . F7, BBk & /BT R
Keheghoot v VIFEESREZETHERICBVTH
(FERERDEG-ADLY, MNEUFEREIER BRDOSEG-A), [F#H
BEAT PV VI THERSREY, LML, # 2R
FRALZBVTRFRRESL T ROFENRIZBNTHA
v b EVY) VBB GER SR o720

Hine and Wain (1987) B A¥F A HFEFThB 7N —
7 (Y /¥ALE) KBTSV FAHOY AFEH 10
IZoWTIIEROENEK% B L, cosinophil, eosinophilic
granulocyted & Utneutrophilic granulocyte D 3fEFH I 4548
LTwa% BN LA L )i, BEOSEHEE TR
eosinophilic granulocyte S FHERICH LT EH L EXZ N
%, Hine and Wain (1987) ®neutrophilic granulocyte®
BRI EE T, BETE,SRE (purple) ZRTE SR
TP, HAFRAOMBHIIZRFOENEFT 5
PERITFRD BN Do 72, Hine and Wain (1987) Tit,
eosinophilld MRz =4 ¥ VK2 AT H L SN, #I
HOY FABYAEHEDI L, TAFARDANTY ) H X
Deania calceak & X T X Centrophorus squamosus|Z 9 ML
W H I eosinophil D LN B E IR TWBY, L L, &
XHUCIRE I VF AT AR AR IR R, ATV
FRRZDWTRHELTRIZH S 00, HEMEHRIVR
ENTWRWIERS, HAW DNk DHIKIZTE
%\, Hine and Wain (1987) IR O10ED Y /¥ 2 H
P RAED ) BEICOWT, FNRZETHEBE THEL
(BRICHVZHSBIIAEIC L > TRA TH B), HED
PERIER (type DA cell, type DB cell, type DC cell) %32
DHTW5BY, BETEMEBRBRICHVISEOY /X B 2
F|oH b, MK Ceosinophil P b & b o 72
Etomopterus baxteri (1 5 AFAR) OS54 74 v LHE
Leydig's organ (FEM#HML) (CeosinophilBEBRE s, #
ORI 2 3 e il 2SS R L L BITR ST
5%, [@% (E. baxteri) ®eosinophil (type DC cell) DB
RUIKRIGNEC, W— L BETEELZAETLLSINTED?,
HAYF A OIEEEEMICED SN EEEIEES R
Tk, LAL, 9471 v LBRBEDAY ¥ TERDOY:
BENEH AY A OBREN IRICEL L, BAAICRKDS
Roh, v o0 TR PIIEHR OB A HED
bNbe LeHoT, #AYAOBRERIKE E. baxteri
eosinophiliX FRFKOMILTH b, HBHICBWTHIEL2S
LOEBHEET AT AN EFOOTRZVWRILEILR
5o
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[ LFHIC X 2 REBE O M ICHFAET 5 B sk
bR BT 2 METIE, Y/ VXY AE (~
S JHFRELEITJVHFR) DeosinophillZ IZTE & & 12
AcP¥ a-NAE IR &N 575, NASDCAEIZREM & sh
Tw39% 72, eosinophil?® AcPifiH: id Bk & Bk o> MR
Zdhh, FERNERND L) ICHERIEHED 5N, o-NAE
R L R O MBICHRIEE N EY% —F, BAFADB
BBRERICIZACPE a-NAE & & HIZNASDCAED #oH 5
N, AcPiEtEimFROBEHRMERL, Vv /7 FABT A
FH Deosinophil & IFE R B, LAL, eosinophil®FHL & HH
FOBBIZRE SN B0-NAEE, ~F Y % X Deosinophil
OREBBOTIMFRCAR S, ZOZLiF, Y/ FAH
W A DeosinophillZ IR R FHR DTN, HAFAD
BEIFEN B DOGBG-CO & 9 RABROEH P HEET A L E
RBELTWDEEbhs,

X

1) BB, AIEF, BAEE 2 XA OFHRD
FEREEN S L IR L2088 AR, 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)]

2) EREER, WILRE, FILZE, £RER wEEL
T A TA DIFBEROBEZNE X NI LERRFEL
KoK OB OBF %k, 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)]

3) FEEER, BIRE, TILSE, ZRER =EEA)
T A L4 OFEERBRROBEEN L L Uil
4 B K RBBF R, 65, 195-201 (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)]

4) EHEER, WINGE, ZAREW =EEH: 74

5)

6)

DUF RN & HFERIRAER OB T DV T ARREHE
#t, 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)]

Hine PM, Wain JM: Composition and ultrastructure
of elasmobranch granulocytes. I. Dogfishes
(Squaliformes). J Fish Biol, 30, 547-556 (1987)

Hine PM, Wain JM: The enzyme cytochemistry and
composition of elasmobranch granulocytes. J Fish
Biol, 30, 465475 (1987)



