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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 (L0), eosinophilic middle layer (L1) with long-spindle outline, and basophilic outer layer (L2). The
NG-B was round or oval, and both inner (L0O) 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 L0 (negative L1), NG-B with negative LO (positive L1) and NG-B with positive LO
(strongly) and L1. Furthermore, the L0 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  :'15MPB, pH8.0,1:20, 15 min
2 : 5 mM PB, pH5.0 43 : '/150 M PB, pH8.0, 1:20, 60 min
3 : 5 mM PB, pH6.0 44 : /150 M PB, pH8.0, 1:100, 15min
4 :5 mM PB, pH7.0 45 :Y150M PB, pH8.0, 1:100, 60min
5 : 5 mM PB, pHS.0 46 MGG :DW,1:20, 15 min
6 :'/,s M PB, pH5.0 47 : DW, 1:20, 60 min
7 :/,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 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 .S 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, pHS.0, 1:20, 60min
23 : 0.5 mM PB, pH7.0, 1:20, 60min 64 : 5 mM PB, pHS8.0, 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 - ,sM PB, pHS5.0, 1:20, 15min
26 : 0.5 mM PB, pH8.0, 1:20, 15min 67 :'/1sM PB, pH5.0, 1:20, 60min
27 : 0.5 mM PB, pH8.0, 1:20, 60min 68 :1/;sM PB, pH5.0, 1:100, 15 min
28 : 0.5 mM PB, pH8.0, 1:100, 15 min 69 :1/,sM PB, pH5.0, 1:100, 60 min
29 :0.5 mM PB, pH8.0, 1:100, 60 min 70 :'/;sM PB, pH6.0, 1:20, 15 min
30 Y150 M PB, pHS5.0, 1:20, 15 min 71 1,5 M 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 : Y/15s M PB, pH5.0, 1:100, 15 min 73 :'/1sM PB, pH6.0, 1:100, 60 min
33 : Y150 M PB, pH5.0, 1:100, 60 min 74 :,sM PB, pH7.0, 1:20, 15min
34 : 1150 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 :'/;sM PB, pH7.0, 1:100, 15 min
36 : Y150 M PB, pH6.0, 1:100, 15 min 77 :11s M PB, pH7.0, 1:100, 60 min
37 : 1/150 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 - ;sM PB, pHS8.0, 1:20, 60 min
39 /150 M PB, pH7.0, 1:20, 60 min 80 :'/,s M PB, pHS.0, 1:100, 15min
40 : /150 M PB, pH7.0, 1:100, 15 min 81 :'/,s M 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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H AN A DM A IISEE DR IRD BT S iz, £
nonSH, zymosanbi F I B EEIZEFHPERICO AR
Doz, WHRIZE TN T TN—, F4 Ly FO
BLUXy VIEETIRBERREBE SN0 o7
Iz, THVAVET AT 7 I —F¥ (AIP), BN u=
F—¥ G BLURMZAXIF—E (PO) RS
Nhoize

BRI REH200 pmO M T 23 TH Y, B
OYEERIIM <, DMOBREEEIHIEL T,
BERIEL, BOBRBICMMPEHE TH o7z, MEHMET
Ho A, HEN (BAINE) dbFED S, FHERIC
REARRISRO LN, MRE I 2EEOEN (MhRE
#ineutrophil granule, NG) 2SI &h7z (Fig. 1)o VT
D 4= DRomanowsky T HefiZ A2 B v T b W EER I
Fooh, HBENZSEBIEL Twi, 72, £ DA
HOFHRRICBEEZESR T A IFEEROARETRME (Y
) ERBO ST,

FHREROS L, BRNAICTE Y ViFhoREELEE
BT HAREER (NG-A) ZEHEMAE (BE20 pumbl T,
H1R08 ymbPAF) TH Y (Figs. 1A, 1B; Table 2), 3/@H
LRLMBHEEE L Tzt ¥ VGO REE,
WRoOPLEHETE 10) &, LOZHESLI»SHERSN
THY, oLl e dicmt ¥y ViF iR L7 (Figs
1C, 1D; Table 2). LOWZEZR0S ymPLTF, HEE02 umPlT
OB THY, LIoWIHIIESHEE (RELO pmPLTF,
HE03 pmbLT) THo7zo LIOFEIZRREEMFICL -
THEREME T 2 IFREN (BEFR) 2RTL2IEES
7z (Figs. 1C, 1D; Table 2). LOB & UL1D &85 D
FORIZE  OBE, BERNORLHE—FLTwieds, &
IR PNCRAE L Twis, IFRERICE A S Nizzymosankl
FizLELidHBm %2 L7z (Fig. 1E). EG-Aldperiodic
acid Schiff (PAS) FUS M Td - 7z (Figs. 1F, 1G; Table 3)
La»L, X% VBB (SBB) FI2 L o TLOLLIMHER
wERL7 (Figs. 1H, 1D, ¥72, BT+ X7 75— ¥
(AcP), a-F7FNVTEF—PFIRAF5—¥ (a-NAE) B
$Ua-F7FNV7FL—FLRTT—¥ (a-NBE) WAMH
B S o722 (Figs. 1J-1L), +7 b —IVASD
suu7yEy—bT A7 T —¥ (NASDCAE) EHEHLO
ELUCED Bz (Figs. 1M, IN; Table 3)o

HH® (HE2SIWAK, BELS umllT) OBREN

(NGB) &, WIFhosfORomanowsky R REiEARIZ B
Wb ERE M CH o 720 RomanowskyBlgem A CI%i#
NTE WY, SEMBILEREOKRE NGBIZE2ER
b2 2BBHEENRD bz, NGBOIZIZHRIRITHELET
HEMBOLO (RELO pmPlT) 1213a-NAE, o-NBEH
& O'NASDCAED M & h /- (Figs. 1K-IN; Table 3)o
7z, NGBiZid AcPiEfd B o0y, REWRDENH
ONGBIX3EE I I N T4bE, OLODOAIZACP
PR SN BNGB, QLO%ZBFTE (L1) OARICAKBEN
ROOLNBNGB, GOLO (BEM) LL1OWHICABERE
A TN BNGBIZKBI S i (Fig 1)) ®DNGB
BRICHBZERLCRED bR, £, HBEELO
NG-BTi%, LOMPASHHETHY, ZOBHEREBITa-7 3
I —EHBRICHHEL 2 h o (Figs. IF, 1G)o ARJh:
IXSBBY I IZ BB CH - 720

TFHRERICIZMIE & 72 13 I OPAS UG MR (B
08 mPLT) PEHBE I (Fig. 1F; Table 2), HilaZ
EELF/HEERLED, Cho0BEEiite-7IT—
BRI & o TEEHE L (Fig 16),

£ €

HAF ANEIEEOFR RS RO bl d, AREER
AT HHEMRIIHFPROATH o 72, FHIRICII2FEED
R NG-AENGB) 2883 h, Wi REdEs A
THEN (RBER) ThrlidHohtliok.e 7H
A TIRABEOBENEARD S Twa 2™, ARk
AT HENRIITFFROATH Y2, HFRRICIZBEORK
BENFBEINTYEY, I AFAFHRONG-A (NG-
A% X7 H T4 FHRONGA (NG-A™) & RRICIEHE
BEEALTBYY LOLLLIENG-AYE X UNGA™E dicT
FV VIR TH ol 72, A AFADNGB (NGBY) b
7THIA (NGB™) ERBICE D CHpatolo:Liy
LhB2BBEERL T, TNLDZ LR, HAW
AT HITA OFHRIFPL T LEZLND, LA
L, WEOHBIROMIZE: SR S, NG-ADORN
BThoL208mMd 7 h ol TRERENETHLDITH
LT AR CHREBETRTH o7 72, NGATD
LO& L1i3SBBE; 1 #* DNASDCAER ¥ T & - 72 %%, NG-
AP Em eI LCEETH 2% S5, NGA™OLLZ
AT b E VY PRI X o THRMRIS 25729, NG-A™
TEWTROBIIBW T AREICH LTERETH > 72,
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. 1. Type A granulocytes (neutrophils) of Japanese angelshark. A-D, May-Grinwald (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 (L0 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
(PAS); G, PAS after digestion with a-amylase (Note positive reaction in the L0 of NG-B around nucleus); H & I, Sudan black B [H,
intact cell; T, lysed cell. Note positive reaction in the core (L0 + L1) of NG-A]; ], 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 xm.
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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

Color and Number Color and Number Color and Number
PN L0 L1 L2 PN L0 L1 L2 PN Lo L1 L2
1 R - B 28 0o o] - 55 [0} —0 -
2 R R - 29 o) - B 56 0 0 -
3 R R - 30 R R - 57 o] [0}
4 R - B 31 R — B 58 e} - B
5 R - B 32 R R - 59 02 - B
6 R R - 33 R R - 60 (¢} — B
7 R R — 34 R it B 61 [¢] e B
8 R —0 - 35 R - B 62 - - B
9 R —0 — 36 R R — 63 - - B
10 0 — B 37 R R — 64 (o} —0
11 o1 — B 38 R - B 65 02 - B
12 0o 0 - 39 R - B 66 R R -
13 0 (o] - 40 R R B 67 R R
14 0 (¢} - 41 R R B 68 R R —
15 0 — B 42 R — B 69 R R -
16 o] o = 43 = — B 70 R —0 -
17 o] o} - 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 0 (o] - 47 e} -0 - 74 R1 - B
21 0o (o] — 48 [¢] (o} - 75 R1 - B
22 01 - B 49 [¢] (o} - 76 R R B
23 0Ol - B 50 [¢] —0 - 77 R R B
24 o] (o} - 51 (6] —0 — 78 R1 - B
25 [¢] 0 - 52 o] (o} — 79 Rl - B
26 = - B 53 0 [0} - 80 R R B
27 = — B 54 [0} —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 distingnish 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 L0 and L1 of NG-A)
Sudan III —
Oilred 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)
o-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 (L0 and L1); eq, equivalent to.
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NGBREZBWTHHAFRAET I T L DRI TEVHED
N7z MEONGBIZIZEZET 4 V' — 2EEE (AcP,
a-NAE, o-NBE, NASDCAE) ®IfH:23H S h 528,
NG-B™®LOIZ iZAcP, o-NAEB & 'NASDCAEZS, L1iZ
Za-NBEXFRET 5 0i2xt LT, NGBYTIE, o-NAE,
a-NBE 3 & O'NASDCAERLOIZMIEN S L DD, AcP
DREEEHTIERL, HeONGBYICk s TELR T
Wizo 72, MABONGBICIELOK -7 3 T — ¥ HLHE
PDOPASEHHE RS A & /225, | BUS NGBz ik
ADHLNTVEWY, X512, NGB*OLOIZSBBBHTH
537, NGB THWIFhOEDBHETH o 7

WERIE D UF P ERIT — PRI E TR THB Y, B
ORI (42 VITHE) THBE ShTw5Y,
Lo L, AAFRADEFHERICIET o4 L FHP L /275
DERIFED SN, NGALRZF Y ViFHhEoR (Lok
L) #EgEEhD, LAdoT, WBEHOHFHRIKIZE
THFERYE N & AR SN T E LS BN TR BT
HEHELMBEING, WAFALBIZEAAFTAPET A
AFREOMIZ, Y/ YRAE, FI7HRAE, JaFYFR
BBLXUHZ5F A BhEEN 5" Hine and Wain (1987)
WHEEEOY YA AE Koy ARE v ¥
AR2ME, TAFARHE, A FUYARE hIRY
AR, oA ¥ AFUE) O K 2eosinophil
eosinophilic granulocyte® & Fneutrophilic granulocyte®
SEECHSFELTwED?, HEOSEEETIE
eosinophilic granulocyteDSEF FERICH Y THLEZ BN
5o V¥ A BY A Deosinophilic granulocyte? k1%
MEL, oAV UFRTH D, BRI PIERIC IR o Rl
FENZES LR oNEWHRO bh, Ehriiko
BEEBET S L SR TwnEY BEOREEICOWTIE
SRERT RV, BE2ENOF.LEETRE (L)
ThdrERET S L, v/ FXHY A8 Deosinophilic
granulocyteDJERII2B 4 5 LR Sh, 7hrf %
HAFADLA Y B EAETHEGADIBTHL &
LRL D, £/, VIFABFRAEET AL RHAY
ATBEISNBEGBERBED LN TRV, YW AHY
XA 3 C & 5 Etomopterus baxteri®eosinophilic granulocyte
EAFIED H AH A L FEBRICAIP, B-Glub & CPOIXEMT
»Y, AcP, aNAEB I UNASDCAEHME: ShTw3aY,
L2, E bateriTiZRRMEDa-NBEA, # AH¥ X Tk
THol,
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