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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, a-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 (L0) and outer (L1) layers. Several enzymes (AcP,
a-NBE, NASDCAE) were detected in L0O. Both types of non-phagocytic granulocytes lacked alkaline
phosphatase, -glucuronidase and peroxidase.
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Table 1. Staining conditions of multiple Romanowsky-type stain valuation

PN Condition"? PN Condition'?
1 MG :DW 42 G - /150 M PB, pHS.0, 1:20, 15 min
2 : 5 mM PB, pH5.0 43 - /150 M PB, pHS.0, 1:20, 60 min
3 : 5 mM PB, pH6.0 44 - /150 M PB, pHS.0, 1:100, 15min
4 : 5 mM PB, pH7.0 45 :'/15oM PB, pHS.0, 1:100, 60min
5 : 5 mM PB, pHS8.0 46 MGG :DW, 1:20, 15 min
6 :'/1s M PB, pHS.0 47 :DW, 1:20, 60 min
7 -1,s M PB, pH6.0 48 :DW, 1:100 , 15 min
8 -'/1s M PB, pH7.0 49 :DW, 1:100 , 60 min
9 :'/1s M PB, pHS.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, 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 : 0.5 mM 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 - '/,sM PB, pH5.0, 1:20, 15min
26 : 0.5 mM PB, pH8.0, 1:20, 15min 67 - '/1sM PB, pH5.0, 1:20, 60min
2 : 0.5 mM PB, pHS8.0, 1:20, 60min 68 :'4sM PB, pH5.0, 1:100, 15 min
28 : 0.5 mM PB, pHS8.0, 1:100, 15 min 69 - '/,sM PB, pH5.0, 1:100, 60 min
29 : 0.5 mM PB, pHS8.0, 1:100, 60 min 70 ;s M PB, pH6.0, 1:20, 15 min
30 : /150 M PB, pH5.0, 1:20, 15 min 71 :'/1sM PB, pH6.0, 1:20, 60 min
31 /150 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 - '/1sM PB, pH6.0, 1:100, 60 min
33 : /150 M PB, pH5.0, 1:100, 60 min 74 :'/1sM PB, pH7.0, 1:20, 15min
34 /150 M PB, pH6.0, 1:20, 15min 75 - '/1sM PB, pH7.0, 1:20, 60min
35 /150 M PB, pH6.0, 1:20, 60min 76 ;s M PB, pH7.0, 1:100, 15 min
36 : /150 M PB, pH6.0, 1:100, 15 min 77 :'/1sM PB, pH7.0, 1:100, 60 min
37 /150 M PB, pH6.0, 1:100, 60 min 78 - '/,sM PB, pH8.0, 1:20, 15 min
38 /150 M PB, pH7.0, 1:20, 15 min 79 ;s M PB, pH8.0, 1:20, 60 min
39 : /150 M PB, pH7.0, 1:20, 60 min 80 :'/1sM PB, pH8.0, 1:100, 15min
40 /150 M PB, pH7.0, 1:100, 15 min 81 - '/,sM PB, pH8.0, 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 '/,50 M PB.

PN, preparation number.
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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 (LO) 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 (LO) 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 LO 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.
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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 N A B c N 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(1-3) B(-1) B3 57  R(0-1) B3* B3
4 - B3 D3 31 R3 B(0-1) D3 58 R(3)* B(-2) D3
5 - B3 D3 32  R(0-1) B3 B3 59 R(@23)* B(-2) D3
6 - B3 03 33  R(0-1) B3 B3 60  R(0-1) B3* B3
7 - B3 B3 34 R(0-3) B(-3) B3 61 R(03)* B(@23) B3
8 - B3 B3 35 R(23) B(©3) D3 6 R(0-2*  B3* D3
9 — B3 B3 36 R(0-1) B3 B3 6 R(3)* B(-1) D3
10  R(@-3) B(@-1) D3 37 R(0-]) B3 B3 64 R(0-1) B3* B3
11 R3* B(0-1) D3 38 R(-2 B@23) D3 65 R(03) B(@3) D3
12 R(@-1) B(@3) D3 39 R3* B(0-2) D3 66  R(0-1) B3 B3
13 R@©1) B(-3) D3 40 R(0-]) B3 B3 67 R(0-1) B3 D3
14 R@©-1) B(-3) B3 41  R(0-]) B3 D3 68 0O(-1) B(l-3) B3
15 R(@-1) B(-3) D3 42 R(-1) B@3)* D3 6 0(@©1) B(13) B3
16 R(-1) B(0-3)* B3 43 R(I1-3)* B@23)* D3 70 R(0-]) B3 D3
17 R(0-2) B(0-3)* B3 44  R(0-1) B3 B3 71  R(0-1) B3 D3
18 R(1-3) B(3) D3 45 R(0-]) B3 D3 72 R(0-1) B3 B3
19 R3* B(0-3) D3 46 R3 B(-2) D3 73 R(0-1) B3 B3
20 R(0-1) B(l1-3)* B3 47 R3 B(1-2) D3 74 R(0-1) B3 D3
21 R(-1) B(I-3)* B3 48  R(0-1) B3 D3 75 R(0-1) B(@-3) D3
22 R3* B(03) D3 49 R(3) B3 D3 76 R(0-1) B3 B3
23 R3* B(13) D3 5 R@©2 B@23) B3 77 R(-D B3 D3
24 R@©-2) B(@-3) B3 51 R(@©2 B@3) D3 78 R(0-1 B3 D3
25  R(0-1) B(l-3) B3 52 0(0-1)  B3* B3 79  R(0-1) B3 D3
26 R(0-3) B(l1-3)* D3 53 0(0-1)  B3* D3 80  R(0-1) B3 B3
27 R@U-3) B@©-1) D3 54 R@©2* B@3) 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.

WMENLd o720 AcP, a-NBEH X U'NASDCAEDSGCGIZ
HHHN, TN OGRS b D
TIRDBEEAL E L CEIZg S vz (Figs. 2D-2F; Table 4) o

z =
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WRIER) 2% Sz TRRIER & 3 (JR I B e %
ALTBY, BRIk CIZ3ME S % R 9 2750 5 o ki
(GBG-A £ GBG-B) k2Bt ok (GBG-C) 75, CHUMH
KL BRI 13208 M 3 o R (GCG) @ AW & iz,
GBG-ALGBGBIZ K& & LM E ML, HE—,
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GBG-Cla Jid &k (LOLL1) A TBRME T D, LOIZIE
SBBR MW HE, a-NAE® X O'NASDCAEZ M & N 7zo
%72, a-NBED RAETED#E 7 5, GBG-CIZL0A%a-NBE
b Pk o JEAL ELIAS R Mk 0 AL ICHT 4 S uFze B 51,
GBG-CIZ AcPZ LOICAT 9 5 JHHRL & AcPRaYE D kI X &
N7z, CRUEARIERO MR, (GCG) TiE, LOICAcP, o-NBE
B L ONASDCAERRAET 5 L% 2 b7z, BB X UC
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Fig. 2. Type C granulocytes of Japanese angelshark. A, Giemsa (PN=17); B, May-Griinwald-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: F, 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 (L0) and outer layer (L1) in type C granulocyte from
Japanese angelshark

Color Color Color

PN LO L1 o5 Lo L1 . LO L1

1-9 R = 28-33 (6] = 54-65 = (6]

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

20 (0] — 44 (0] - 74,75 — (6]

21 — (6] 45 — (6] 76 (6] —

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

PN, preparation number (See Table 1).
Color: O, orange (eosinophilic); R, red (eosinophilic); —, not stained.
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RIBERIER I IS PASH R BIEE SN 722S, 07 39— ¥
WAL L D BEER IR O N R %5 2 05, PASK
PR 7)) a =7 VR ERLIZbDEE R BN D,

T A T AL ST O I A LTV Bk (R HR LR, SR Bk
INEURF PR R BR) DSEAE L, AR IR I U R AR
D HN TV \WH )N 7 2 AR O RS, BFERERIC
R (30) &A% MR & IR 7 & 5 7 2 o R
D2EHEDS, NP ERL BR AL B R 7 257260 5 T
W2 W2REE O BRI S hTw M, S S o Bk ER
DWFNIZHTB, SBB, AcP, FHET AT T —EHMIZL -
THERRO GBI ABIE SN TB YY), 7 A5 2 OBH
BWRIRICBOWCHFEMETH S Z LD, BREERIKDGT A
I A OIFEEER RO VTS T 2 D0 HWT 5 2
LIEWEETH D, LAL, BHOKE S EMELZILET
L, I AYF 2 OBMEREROGBG-A L GBGBIX, 7/H A4
IFMER OB R (EG-A) EHBLTWB EBDbN L,
Thbb, EG-AZEGm LD E P iFgetat: (EG-A
T A Y V) OLIAAFAEL, Z o5 P g tatk
DOL2FED 5TV DY ZOfiEIZGBG-A & GBG-B& [
LThb, 7HITAMBERIIIEIEF O BN IIBIZ 3
TWaRWAY, 77 AR EIET 50—,
B AN ANNIUFIRIEER E ¥R 5 & & ASEY) 70 POk ERIE 7R
S\, BRUER EROGBG-BOUF et tifg (L1) 133k
HIMETH o720 TNHDIT RS, H AYF X OBRIFEA:
BRix, 7T ANTBU D AR & AR O W ) OEE &
PrEFEo 2 ERER Tl R W LRI N D, ZOHELEDIE
LiFAuR, A ZAF X oCEUER BRI 7 71 A O /NEV 1
WORIERICH Y 35 L PREN D25, CHRUER BRI I 1RE R
DIFEHRL L 270 BT CNEUIF FR TR R C I3 i RE g
AR 2RE O W), TB, SBBH X UMa-NAEIXRE
HWTH o7 UNGFEEMEFRERCIEEM) . UL, CH
WUk Bk o R OLOWC M S 5 AcP, a-NBE B X O
NASDCAEZ, /NEVGFERE B Bk T, 203 S 2 ko
5 bt R, (SEG-B) WCRTEL, T 3 ViFrER
(SEG-A) KL TwARW, ZhsnZ &rb, C
TR BR O JERL & /N R SR BR O SEG-BO N A
JEPHICSEG-AD W 3 & Uig ks & 2 0, S 61
SEG-BOWEW A& % 2 fHIC b = F ¥ VIR 298 &
NBEI o BN THD L;HEEING,

T ITA T, 2B T AU EREN O b, =4
T VMR R AT AR (NG-A) IZBWwWT, =4
UM OLIAAT M F T VLo THERENS (=

T VUFEOLOERE) . F 72, WFERER & /NI R
Kehzhoot v YIFUESRE AT 2 8ICB VT
(W RERDEG-ADLL, /NEUGFERPE R Bk DSEG-A), [F4H
BIEAT PF Y VKo THEREINDY, LaL, R
FRIBW TP ERE GV FhoEREkICBVWTH A
< MR CEEERIEBIS SR 52

Hine and Wain (1987) 13/ A X AAEEN 5 7V —
7 (VX LER) BT AV 2 F A HOH AP0
WD\ T A O YR Bk % #81%2 L, eosinophil, eosinophilic
granulocyte & Utneutrophilic granulocyte® 3FH3H 12 7 3H
LTwa% Rt Lz &), BHEoSEEE TR
eosinophilic granulocyte2ShFrHERICH Y T2 L EZ b
%, Hine and Wain (1987) ®neutrophilic granulocyte®
BRNIEIE T, HIEAED 5% (purple) 2R3 & Sh
TV, 2 X O P b O R & 475 5
RERIZEED S N7 AH > 72, Hine and Wain (1987) Tig,
eosinophillIf K% =4 ¥ VPR A 3 2 & SN, i
ROV JHFEAHYFAFD) B, TAFEARDOANT Y/ HF R
Deania calcea k. & I T X Centrophorus squamosus|Z ® il
Wi Zeosinophil SR H H5NLB E ENTWBY, Lal, &
NI E I VRIS Rl 2R I R, AT S
ROV TR ARLBIEDH 2 D OD”, BMBEIVR
ENTVRWIERD, AAFADERIRE OIEIZTE
%\, Hine and Wain (1987) ZRiA 10/ > /4 X H
FRAFD ) BEMIZOWT, PR E EFERSETBlgE L
(BgCH WS A X > TR TH 2), 3EHO
MRIEK (type DA cell, type DB cell, type DC cell) % &2
BTV BT HMEEBIE I 5 D Y X H A R
Mo b, MK P (Zeosinophil2S 3 & L7z 7 o 72
Etomopterus baxteri (51 5 AFXE) 54 F4 v LitE
Leydig’s organ (GEIMLALHEL) Ceosinophil i X h, £
OREEZ BT 2 FEM 2 SL b AN R & & D ITRS AT
%%, [fl (E. baxteri) ®eosinophil (type DC cell) @ P
KOG RBINEC, W — LB FHEEEATHL ENTHY?,
H A A OIFEEMEPRICERD S NG Bl s h
T, LML, 7474 v eBREDOARY ¥ THEARDY:
WAFNE H A A OBRUERIER I L, BORIN S Bk A
RN, ORIk TR IR EIR O ASF20
bNbe L7zAoT, 7AW XOBRUREK L E. baxteri O
eosinophillZ M RFMOMBBTH D, HBEHEIIBVTH3EHIH
%A MEMEE AT A PR EROOTE 2w EEZ LR
5o
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[F] U352 & 2 AR o M I AFAE 9 2 Bk ER o Al
LA REEIC T 2 Wi T, Y 2 WA BT A8 (A~
S5V HRALEI VY A) DeosinophillZ iFMiAE & 3 12
AcP& a-NAE 34t 85 7%, NASDCAEZREM & sh
TWw2% F72, eosinophild AcPifiik & Bk & Bk o RIER
ZH Y, R EHEIS & ICHERIERO S, o-NAE
R L R ORI S N 2% —T5, B A ADB
RIBERERIZIZACP L a-NAE & & HICNASDCAES #2 5
N, AcPIHHEIZRFIRO BT 2R L, ¥ 2 F X B R
M Deosinophil & 1357 5, LA L, eosinophil® Jik; & i
ROBBUIHI E D a-NAEWE, ~F Y /% X Deosinophil
OFABITIIRTIRICRZ 2, CoZelE, Y/ FAH
X F Deosinophill VALK 7 Jk: DT DS, H AP RA D
BRUER ERDGBG-CD & 9 /N O BRI AT HZ L %
RELTWAHEEbNS,
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