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Morphological and Cytochemical Characteristics of
Neutrophils from Japanese Angelshark Squatina japonica

Masakazu Kondo ', Kouhei Maekawa and Shinya Yasumoto

Abstract : Three types of granulocytes were observed in peripheral blood of Japanese angelshark Squatina
Japonica (Squatinidae, Squatiniformes, Squalimorphii, Elasmobranchii). The neutrophil 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 long-elliptic shape, and consisted of three layers: Eosinophilic rod-shaped
inner layer (LO), eosinophilic middle layer (L1) with long-spindle outline, and basophilic outer layer (L2). The
NG-B was round or oval, and both inner (L0) and outer (L1) layers of this granule was chromophobic. Several
lysozomal enzymes were detected in NG-B, but the positive site was different among enzymes. Alpha-naphtyl
acetate esterase, a-naphtyl butyrate esterase and naphthol AS-D chloroacetate esterase (NASDCAE) were
detected in the LO of NG-B. According to the acid phosphatase positive site, NG-B were classified into three
types: NG-B with positive LO (negative L1), NG-B with negative LO (positive L1) and NG-B with positive LO
(strongly) and L1. Furthermore, the LO of NG-B around nucleus showed positive reaction to periodic acid
Schiff reaction after digestion with a-amylase. The neutrophils lacked alkaline phosphatase, -glucuronidase
and peroxidase. The L0 and L1 of NG-A showed positive reaction to Sudan black B and NASDCAE.
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Table 1. Staining conditions of multiple Romanowsky-type stain valuation

PN Condition'? PN Condition"?
1 MG :DW 42 G Y150 M PB, pHS.0, 1:20, 15 min
2 :5mM PB, pH5.0 43 /150 M PB, pHS.0, 1:20, 60 min
3 : 5 mM PB, pH6.0 44 - 1/15 M PB, pHS.0, 1:100, 15min
4 :5mM PB, pH7.0 45 Y150M 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 :'/1s M PB, pH6.0 48 :DW, 1:100, 15 min
8 :1/,s M PB, pH7.0 49 :DW, 1:100 , 60 min
9 :'/,s 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 : 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 : 0.5 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, pHS.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, pHS.0, 1:100, 60 min
25 : 0.5 mM PB, pH7.0, 1:100, 60 min 66 :1/,sM PB, pHS5.0, 1:20, 15min
26 : 0.5 mM PB, pHS8.0, 1:20, 15min 67 :1/,sM PB, pHS5.0, 1:20, 60min
27 : 0.5 mM PB, pHS.0, 1:20, 60min 68 :1/1sM PB, pHS5.0, 1:100, 15 min
28 : 0.5 mM PB, pH8.0, 1:100, 15 min 69 -1/,sM PB, pHS5.0, 1:100, 60 min
29 : 0.5 mM PB, pHS8.0, 1:100, 60 min 70 :1/,sM PB, pH6.0, 1:20, 15 min
30 /150 M PB, pH5.0, 1:20, 15 min 71 :1/1sM PB, pHG6.0, 1:20, 60 min
31 1150 M PB, pHS5.0, 1:20, 60min 72 :1/,sM PB, pH6.0, 1:100, 15 min
32 /150 M PB, pHS.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 :1/1sM PB, pH7.0, 1:20, 15min
34 /150 M PB, pH6.0, 1:20, 15min 75 :1/,sM PB, pH7.0, 1:20, 60min
35 /150 M PB, pH6.0, 1:20, 60min 76 :1/,sM 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/,sM PB, pH8.0, 1:20, 15 min
38 150 M PB, pH7.0, 1:20, 15 min 79 :1/,sM PB, pH8.0, 1:20, 60 min
39 /150 M PB, pH7.0, 1:20, 60 min 80 :1/1sM PB, pHS8.0, 1:100, 15min
40 /15 M PB, pH7.0, 1:100, 15 min 81 -1/,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 '/1s0 M PB.

PN, preparation number.
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Fig. 1. Type A granulocytes (neutrophils) of Japanese angelshark. A-D, May-Griinwald (MG; A & B, PN=6; C & D, PN=1; A & C, intact
cell; B & D, lysed cell). Note long-elliptic stratified granules (neutrophil granule type A, NG-A) with three-layer structure (layer, L;
L0, L1 and L2) and round stratified granules (neutrophil granule type B, NG-B; crossed arrows) with two-layer structure (LO and
L1). The NG-A consists of eosinophilic core (arrows in A & B) and surrounding area (L2) of the core. The core is made up of inner
(LO; arrowheads in C & D) and outer (L1) layers. The L2 shows chromophobic (A & B) or basophilic (C & D). The NG-B consists of
chromophobic LO and L1. E, phagocytosis of zymosan particles (MG; PN=2; *, zymosan particle); F, periodic acid Schiff reaction
(PAYS); G, PAS after digestion with a-amylase (Note positive reaction in the LO of NG-B around nucleus); H & I, Sudan black B [H,
intact cell; I, lysed cell. Note positive reaction in the core (LO + L1) of NG-A]; J, acid phosphatase [Three types of positive NG-B
are shown. Arrows, NG-B with positive L0 (negative L1); arrowheads, NG-B with positive L1 (negative L0); crossed arrows, NG-B
with positive LO (strongly positive) and L1]; K & L, non-specific esterase (K, a-naphtyl acetate esterase; L, a-naphtyl butyrate
esterase. Both enzymes are localized in the LO of NG-B); M & N, naphthol AS-D chloroacetate esterase (M, intact cell; N, lysed cell.
Note positive reaction in the core (LO + L1) of NG-A and L0 of NG-B). PN, preparation number (See Table 1). Bars=1 um.
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Table 2. Summary of multiple Romanowsky-type staining characteristics of long-elliptic
stratified granules (NG-A) with three-layer structure (inner, LO; middle, L1; outer,
L2) in the neutrophil of Japanese angelshark

PN Color and Number BN Color and Number BN Color and Number
LO L1 L2 LO L1 L2 LO L1 L2
1 R — B 28 o (@) = 55 (6] —0 =
2 R R — 29 (0] — B 56 (¢} (6] =
3 R R - 30 R R - 57 o o) —
4 R — B 31 R — B 58 (6] — B
5 R — B 32 R R — 59 02 — B
6 R R - 33 R R - 60 o) - B
7 R R — 34 R — B 61 (6] — B
8 R —0 = 35 R = B 62 = — B
9 R —0 — 36 R R — 63 - — B
10 (0] — B 37 R R — 64 (6] —0 —
11 0Ol = B 38 R = B 65 02 = B
12 (0] (6] — 39 R — B 66 R R —
13 ) o) - 40 R R B 67 R R -
14 ) o) - 41 R R B 68 R R -
15 (0] — B 42 R — B 69 R R =
16 o) (6] — 43 = — B 70 R —0 —
17 o) (6] - 44 R R B 71 R —0 —
18 (0] — B 45 R — B 72 R R —
19 (0] — B 46 (0] —0 — 73 R R —
20 o) (6] = 47 (0] —0 = 74 R1 = B
21 o) 0 - 48 o) 0 - 75 R1 - B
22 0Ol — B 49 (0] (6] — 76 R R B
23 01 = B 50 (0] —0 = 77 R R B
24 0] (6] — 51 (0] —0 — 78 R1 — B
25 (0] (6] — 52 (0] (6] — 79 R1 — B
26 = - B 53 o) 0 - 80 R R B
27 = — B 54 O —0 — 81 R2 = B

PN, preparation number (See Table 1).

Color: B, light blue (basophilic); O, orange (eosinophilic); R, red (eosinophilic); —, not stained.
Number: 2, some; 1, a few; 0, not observed.

No Arabic number means many.

Under line means presumption because of difficulty to distinguish from L1.

Table 3. Summary of reactions of Japanese angelshark neutrophil to cytochemical tests

Test Positive site (shape and number)

Periodic acid Schiff reaction (PAS) G (round or oval with or without negative surrounding, many); H

PAS after digestion with a-amylase =~ G (round or oval with negative surrounding, some, eq LO of NG-B around

nucleus)
Alcian blue (pH1.0) -
Alcian blue (pH2.5) -
Toluidine blue in distilled water N
Sudan black B G (long-spindle with negative surrounding, many, eq LO and L1 of NG-A)
Sudan I1I —
Oil red O —
Alkaline phosphatase -
G [three types: round or oval with negative surrounding, many, eq LO of NG-B;
) round or oval with negative core, many, eq L1 of NG-B; round or oval
Acid phosphatase
consist of positive core (strongly) and surrounding, eq entity NG-B around
nucleus]
B-Glucuronidase —
a-Naphtyl acetate esterase G (round or oval with negative surrounding, many, eq L0 of NG-B)
a-Naphtyl butyrate esterase G (round or oval with negative surrounding, many, eq LO of NG-B)

Naphthol ~ AS-D  chloroacetate G (two types: round or oval with negative surrounding, many, eq LO of NG-B;

esterase long-spindle with negative surrounding, many, eq L0 and L1 of NG-A)
Peroxidase -
G, granular ; H, hyaloplasm ; N, nucleus; —, not detected; 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); eq, equivalent to.



128 AHREA, HINSET, RAEL

NGBIZBWTH A AR LT H T A DR THENDFED
N7z, MEONGBICIZZMET 4 VvV — AR (AcP,
a-NAE, a-NBE, NASDCAE) ®iftkA i & h 2 27,
NG-B™®LOIZ IZAcP, a-NAEX X O'NASDCAE?S, L1iZ
W a-NBEZSTET 2 DI2x LT, NG-BYTIE, o-NAE,
a-NBE 3 X O'NASDCAERZLOIZHR S 5B b DD, AcP
DRAEEE—HTIE %<, e DONGBIZ L > TRE-T
Wizo F72, BEEONGBYTIRLOICe-7 I T — 1L
P OPASK P B A5 S 7z 2%, 1) OB IENG-B™ 2 1
AOLN TRV, &5, NGB*OLOIZSBBR M TH
%59, NGB CldwihoEbBtkch -7,

BB OUFhERIE B CUF RER L TR T B 0™, Tk
OYALVE UMY (= ¥ VFE) TH B E sh Ty,
LAL, AAFROUFHRIRICIET =4 &L 7205
DR HFED SN, NGAIIZZ A Y v iFEog Lok
L) 28 IN5, L7225 TC, WEE O HhERIZE W
TP R & R S T & S I PR Tl < T
HHEWERIND, HAFRALHIZIEHAFADET S 7
AFRXHOMIZ, v/ HFAH, F7HFRXH, JaFYFR
HBXU# 7% XA T2, Hine and Wain (1987)
BB Y A Y AR CF a2 R v W
ARIOME, T AV ARHE, F 7R A5 A
A B2, 3 v A4 % 2 F1fE) o ¥k Ek % eosinophil,
eosinophilic granulocyte® & UFneutrophilic granulocyte®
SHFICABL Tw 2 B o5k
eosinophilic granulocyte2SUf HERICHY T2 L EZ b1
5o VA HY A Deosinophilic granulocyte® FHAT (&
MEL, =y YAk TH DY, SR PIEBIC ISR 0 Kl
TN HEG] L 2= E RO NEW A3 i, 2 hasiiliko
BARZEKT 5 L ShTwd? ko rticon i
BhENTOARVYY, R FR O PGE T E (L0)
THdbERET D E, ¥ /¥ %0 *H Deosinophilic
granulocyte DYEFI2NE 54 % L Sh, TAHT AR
HAFADTF T VIR 2 H T HEG-AD3SETHLH I L
LR D, 72, VI RAEFABIIET A A R AN
ATHBLEEINLEGBRERAO LN TRV, Y /X HY
X T & b Etomopterus baxteri®eosinophilic granulocyte
EARTFZED A1 A4 2 LA FRIZAIP, B-GluB & O'POIZREMET
HY, AcP, a-NAE® X ONASDCAEREE EhTwbY,
L2 L, E baxteriTIIREMED a-NBEZS, 7 A3 X Tldbpk
ThHo72,

X &

1) Heinicke MP, Naylor GJP, Hedges SB: Cartilaginous
fishes (Chondrichthyes). /n: Hedges SB, Kumar S (ed)
The Timetree of Life. Oxford University Press,
Oxford, 320-327 (2009)

2) AREEA, HNIGEHE, TILSE, ARG iR
7 N TA ORFREROILEER B L OIS A48
KoK R BF #E, 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) EHEEA, BUIREH, SPilhaiE, Z2AEE, SRl
7 7 A OIFEEVEER RO TEIEE N B L Ol L
¥ 5 BB K KB HF 4, 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)]

4) RS, SR v FiIFREROBRAN B LU
MTBAL A MR, RRBEHIEER, 58, 1-13 (2009) [Kondo M,
Takahashi Y: Morphological and cytochemical
characteristics of neutrophil from Japanese eel
Anguilla japonica. J Nat Fish Univ, 58, 1-13 (2009) (in
Japanese with English abstract)]

5) JEHEEM, WK, WA <Ny BIEROTEE
B L O NS AL 2 09 R . K PE B4 G, 58, 363-371
(2010) [Kondo M, Kondo K, Takahashi Y:
Morphological and cytochemical characteristics of
leukocytes in sevenband grouper Epinephelus
septemfasciatus. Aquaculture Sci, 58, 363-371 (2010) (in
Japanese with English abstract)]

6) ACEEM, HIRFHE, ZAGER, SFEEN 74
DU ERIERL & I R BRAEURE OB 38512 D Tl AKRARATE
i, 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)]



7)

8)

9)

10)

B A A DIk

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)
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, 465-475 (1987)

129



