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Morphological and Cytochemical Characteristics of
Non-phagocytic Granulocytes from Whip Stingray
Dasyatis akajei

Masakazu KondQT, Shouki Higashikawa, Hiroki Hirayama,
Shinya Yasumoto and Yukinori Takahashi

Abstract: Three types of non-phagocytic granulocytes, basophil, eosinophil and small eosinophilic granulocyte,

were observed in peripheral blood of whip stingray Dasyatis akajei (Dasyatidae, Myliobatiformes, Batoidea,
Elasmobranchii). Basophils had four types of granules (BG) in the cytoplasm. The type A BG (BG-A) were rod-
shaped and stained light blue with May-Grinwald. Other types (type B: BG-B) were round and show red (BG-
Ba), violet (BG-Bb) or purple (BG-Bc). The BG-Ba were localized around nucleus. Two types of granules were

observed in eosinophils. One was rod-shaped eosinophilic granules (EG-A), and other was round chromophobic
(EG-B). Small eosinophilic granulocytes also had two types of granules (SEG): SEG-A, subangular to anglar in
shape and eosinophilic; SEG-B, round chromophobic. All types of non-phagocytic granulocytes lacked alkaline
phosphatase, B-glucuronidase and peroxidase. However, acid phosphatase (AcP) and several types of esterase

were detected in those granulocytes. Both EG-A and SEG-A were hematoxylin (Mayer's) positive, but positive

reaction in AcP staining preparation was different: EG-A, positive; SEG-A, negative.
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Table 1. Staining conditions of multiple Romanowsky-type stain valuation

g, HJ, P, 'R, S

BRI S Moz,

PN Condition'” PN Condition"*
1 MG :DW 42 G 5 MPB,pHS.0, 1:20, 15 min
2 15 mM PB, pH5.0 43 : /150 M PB, pH8.0, 1:20, 60 min
3 : 5 mM PB, pH6.0 44 : Y150 M PB, pHS8.0, 1:100, 15min
4 :5mM PB, pH7.0 45 - 1/15sM PB, pHS8.0, 1:100, 60min
5 : 5 mM PB, pHS8.0 46 MGG :DW, 1:20, 15 min
6 : 15 M PB, pH5.0 47 : DW, 1:20, 60 min
7 :'/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 :1/is M PB, pH8.0 50 : 5 mM PB, pH5.0, 1:20, 15min
10 G : DW, 1:20, 15 min 51 : 5 mM PB, pHS5.0, 1:20, 60min
11 : DW, 1:20, 60 min 52 : 5 mM PB, pHS5.0, 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 : S 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, pH8.0, 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, pHS.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 : l/ISM PB, pH5.0, 1:20, 15min
26 : 0.5 mM PB, pHS8.0, 1:20, 15min 67 : l/15 M PB, pH5.0, 1:20, 60min
27 : 0.5 mM PB, pH8.0, 1:20, 60min 68 :1/sM PB, pHS5.0, 1:100, 15 min
28 : 0.5 mM PB, pH8.0, 1:100, 15 min 69 : l/15M PB, pH5.0, 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 : 7150 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 :'/,sM PB, pH6.0, 1:100, 15 min
32 : Y150 M PB, pHS5.0, 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, 15min
34 /150 M PB, pH6.0, 1:20, 15min 75 :1/,1sM PB, pH7.0, 1:20, 60min
35 : 1/150 M PB, pH6.0, 1:20, 60min 76 :Y/,sM PB, pH7.0, 1:100, 15 min
36 : 1/150 M PB, pH6.0, 1:100, 15 min 77 :1/;sM PB, pH7.0, 1:100, 60 min
37 : /150 M PB, pH6.0, 1:100, 60 min 78 :'/1sM PB, pH8.0, 1:20, 15 min
38 : /150 M PB, pH7.0, 1:20, 15 min 79 :'/1sM PB, pH8.0, 1:20, 60 min
39 /150 M PB, pH7.0, 1:20, 60 min 80 : l/15 M PB, pHS8.0, 1:100, 15min
40 : Y150 M PB, pH7.0, 1:100, 15 min 81 : '/1sM PB, pHS.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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EThh, BIREL, e aBE (HErL35%E) %
RL7: (Fig. Do BoRaBEMIIT <, MRz HREE
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RO E N2 S, BIR (BELS umbPhF, HE05 umbh
T) oAf (BG-A) &, MEFAZMME (RE06 um
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X % 4 #F T RomanowskyZ! % & 4% % (Multiple
Romanowsky-type Stain Characteristics, MRSC) @ & \»
538 (aB, BG-Ba; b, BG-Bb; ci, BG-Bc) (24

—

&N7z (Table 2)o BG-ARMBEICEEICHEEL, /s M
Y v ERREE K & BV 72 May-Grilnwald (MG) #fs12 X -
THFEQER LD Fig 1A), ottt cidifykt
T & o 720 BG-BaldpH80D5 mMY ~ BB B & OF
pH5.0~800"/1;; MY ¥ BRI % IV 7eMGHfaIZ X o T
Faxr B L7, £, —HDOEMHTlEGemsad: s L MG-
Giemsa (MGG) iz ko> THRBICHB I NIz, KIEF
RSO BE I AE/BEL Tz (Fig. 1A)., BG-BbizFH
BLz BTN THY, MBEIZAEHEL TV
(Fig. 1B)o A FEA X% { DS OMG, Giemsad X O
MGGHEERTHD 5 N7z BG-Beld ks th 2 /R kL

Fig. 1. Basophils of whip stingray Dasyatis akajei. A, May-Griinwald (PN=9; small arrowheads, BG-A; large arrowheads,
BG-Ba); B, May-Griinwald - Giemsa (PN=63; small arrowheads, BG-Bb; large arrowheads, BG-Bc); C, periodic acid
Schiff reaction; D, toluidine blue in distilled water; E, Sudan black B; F, acid phosphatase; G, a -naphtyl acetate
esterase; H, @ -naphtyl butyrate esterase; I, naphthol AS-D chloroacetate esterase. PN, preparation number (See

Table 1). Bars=5 um.
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Fig. 2. Eosinophils of whip stingray Dasyatis akajei. A, May-Griinwald * Giemsa (PN=63; small arrowheads, EG-A; large
arrowheads, EG-B); B, periodic acid Schiff reaction; C, toluidine blue in distilled water; D, Sudan black B; E, acid
phosphatase; F, @ -naphtyl acetate esterase; G, @ -naphtyl butyrate esterase; H & I, naphthol AS-D chloroacetate
esterase (H, with counter stain (Mayer’'s hematoxylin); I, without counter stain). The EG-A was stained with
hematoxylin (D-H). PN, preparation number (See Table 1). Bars=5 um.

Table 2. Summary of multiple Romanowsky-type staining
characteristics of four types of basophil granules
(BG) in whip stingray Dasyatis akajei

g, WL, SFIL,

BAR, Fff

Bk Type and number of BG
BG-A BG-Ba BG-Bb BG-Bc

1-4 — e + ++
5 - ia - -
6-9 ++ + — —
10-43 - - + g
44,45 - + - -
46-64 - - F R
65 = + + ++
66-81 = - + ++

PN, preparation number (See Table 1); BG-A, type A (rod-shaped light blue
granule); BG-B, type B (round granule); BG-Ba, red; BG-Bb, violet; BG-Be
purple; ++, many; +, some; -, not observed.
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Fig. 3. Small eosinophilic granulocytes of whip stingray Dasyatis akajei. A, May-Griinwald * Giemsa (PN=63; small
arrowheads, SEG-A; large arrowheads, SEG-B); B, periodic acid Schiff reaction; C, toluidine blue in distilled water;
D, Sudan black B; E, acid phosphatase; F, a -naphtyl acetate esterase; G, a -naphtyl butyrate esterase; H & I,
naphthol AS-D chloroacetate esterase (H, with counter stain (Mayer’s hematoxylin); I, without counter stain). The
SEG-A was stained with hematoxylin (D, F-H) except for E. PN, preparation number (See Table 1). Bars=5 ym.

Table 3. Summary of reactions of whip stingray Dasyatis akajei granulocytes to cytochemical tests

Positive site (shape, number and positive site)’

1

b Neutrophil* Basophil Eosinophil Small eosinophilic granulocyte
PAS G (r or o, many); H G (r or o, many); H G (r or o, some); H G (roro,afew); H
PAS-aA S = <=5 ==

AB (pH1.0) = = = =

AB (pH2.5) = — = —

TB G (amorphous, a few, eq YB); N G (r or o, purple, many, eq BG-Bc); N G (r or 0, many, eq EG-B); N G (roro,afew); N
SBB G (r or o, many, eq core of BG-B) G (r or o, some, eq BG-B) G (r or 0, many, eq EG-B) G (roro, a few)
Sudan II1 = = = —

Oil red O — - = —

AlP - = = o

AcP G (r or o, many, eq core of fG-B) G (r or 0, many, eq BG-B) G (r or o, many, eq EG-B) G (r or o, some, eq SEG-B)
B-Glu = = — —

a-NAE G (r or o, many, eq core of pG-B) G (r or o, many, eq BG-B) G (r or 0, many, eq EG-B) G (r or o, some eq SEG-B)
o-NBE G (r or o, many, eq surrounding of core of BG-B) G (r or o, some, eq BG-B) G (r or o, some, eq EG-B) G (r or o, some eq SEG-B)
NASDCAE G (r or o, many, eq core of BG-B) G (r or 0, many, eq BG-B) G (r or o, many, eq EG-B) G (r or o, some eq SEG-B)
Peroxidase = = = =

'PAS, periodic acid Schiff reaction; PAS-A, PAS after digestion with a-amylase; AB, alcian blue; TB, toluidine blue in distilled water; SBB, Sudan black B; AIP, alkaline pt
B-Glu, B-glucuronidase: a-NAE, a-naphty] acetate esterase; a-NBE, a-naphtyl butyrate
*G, granular; H, hyaloplasm; N, nucleus; —, not detected; r, round; o, oval; BG-B, neutrophil granule type B (ch
granule type B (chromophobic); SEG-B, type B granule of small eosinophilic T

: NASDCAE, naphthol AS-D chl

esterase.

BG-B, t

*Kondo etal.".

v phobic); Yb, Yz

body; eq, equi to..

AcP, acid phospk

phil granule type B; BG-Be, BG-B type ¢ (purple); EG-B, eosinophil
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7ZRIMETHY, REBERE L. BETV AR T 7 I -
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ML AT T —¥, aNAEa-F 7FNVTFL—FLXT
5—%, ¢-NBE; +7 h—IWASDZuua7t5y— L5
7 —¥, NASDCAE) ¥4 3 72 1250 3 0 FERLIR 2
e shi Figs. 1F-1D,

¥ BRIk

HEEERIEREHIR mmo M F - 3HAETH D, B
BRIEL, Mx2ER (ABH»535%) 2R B
BRI, HRLRRRBREFBE SN Sk
W2 OBk (eosinophil granule, EG) 452 b7
(AZB, EG-A; B#l, EG-B; Fig. 2A), MEA VT hof&Ms
DRomanowskyBH e iZERICBVWTHEBEEN EGA
OB E ERRTH Y (EER20 i T, EE05 um
DTF), WEBEER L, I ENomRBoRaitid
FHEERIC IR THE 5 72 EGBIRMBE T 2 3WMNETH
D (R#EO5 umlTF), WFhoREitizswy T B
R R R S THEMTH o

PASEUBIZ & o THBO GRS S h, MigEE
HHTHEETH o225 o735 —¥HLII o T
NOFAIZBNTHBERIGIZEE L2 (Fig. 2B; Table
3)o TBHets & SBBRATIRSHOBH LR RO 5h
7z (Figs. 2C, 2D) o ABGHEIEALIZMOR £ 7213 TH o
720 TBREBERIZREGZE Lo ACPBIUEELA
77 —¥ (a-NAE, a-NBE, NASDCAE) i&H2sHE Z 72
EINA R O R IRICBE Sz (Figs. 2E-21), AcP,
a-NAEB & UNASDCAEB AR 3% {, o -NBEBMIE
$rid b % b5 720 SBB, AP, PGlub L USHMLZF T —
CPREBZOMED (R4 X -DAT ST VM) 12
¥ o TKREI QI £ 72 1 SRIRIER A5F Y L7 (Figs. 2D-
2H)o L2 L, PASBIUPORBHOZNIZHELET O
o7z

BT ER RN ER

ABEK B (small eosinophilic granulocyte, SE) 2 E%
W130 umOIHIE F - 3R TH Y, BIIREL, B
EMAE»SIARE, T CO%E) 27 L7 B0
FEEEERS, AR REREESBE SN (Fig
3o MBEIZIX2EE O (SE granule, SEG) 258® 5
/- (A#, SEG-A; BE, SEGB). WM IV hofH
DRomanowsky B EERIZBWTHBE SN, SEG-A
BAPHEETEWEATE (WAE»LAAT) F72308H
BB TH Y (BELS pmPhF, HEHFELO pmBlT), ©
THORBERFIIBCTOFBYEER LIz, ¥, B
R L ABBICREEOREVEIRD SN R, o7,
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FTHROREBEMIIBNTO AR a2 RS THESET
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PASKUGIC & o THOBOBHERSEHE S0, Mgt
BIBEPHEHETH o725, a-7IF—EHEIZE > T
NOFMIZB VT LB L L (Fig. 3B; Table
3)o TBY:fh & SBBYt TR K OFE BRI 250 b
7z (Figs. 3C, 3D)o ABMERIIMIEE 221300 METH -
7zo TBHMEEMIZRFOERE L2, ACPBIULHETX
77— CEESEE E PRI ABBRES L
7z (Figs. 3E-3D. SBBB L UEBI R 75— EHEHD
Bt 2 & o TREDIIFIE & 72135 AIEER S H I L 72
(Figs. 1D, 3F-3H)o L#*L, PAS, AcP, B-Glu® X U'PO
REBOZNITIEET SR o7 (Fig 3E).
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NTWBA, 737 TEFEOLEET 2 EEOENH
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