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

Masakazu Kondo ", 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-Griinwald. 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
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reaction in AcP staining preparation was different: EG-A, positive; SEG-A, negative.

Key words: stingray, Dasyatis akajei, non-phagocytic granulocyte, morphology, cytochemistry

#

il

WHRICBWTEE ST B = 1 Dasyatis akajei (B
MrAX A BT HxAF) OUFhEROIRESF 1S
% % =1 T Romanowsky B 4t 5#lli: (MRSV) 12X o T
WH2IL, ShE Tl L SRS L2,
ZORE, T T A OUFRERIC LR O TR fH O UF R
CIZR S DEFEERO SN T T A DI
IR ER DM R Bk & U CUFsREEk, WFMsks L O
INEUIFPRVE A BR SBIR S B 28, F AR P ERIZ D A
RO HLNTze AR TRFHERDADOEREREZ RS HW0
CGEaEY) FREKOZEEW B X Ol L7 g -
WTHIET %0

MHtE LVHE

TATA (REK8 kg) & IKIR19.0+ 1.0C T L [HBIE
fiE L0 BIZEBRICMHL 7z, fEMMPIE <54
Pagrus major®Y) 1) 5 % WHAGEE L7ze ¥V Y ¥ Thilg
%, D2 PRI L 720 ME SRR O/ER, MRSV (Table
1) B X OHEMI g ka1 L2dts 72,

S
7 A T A DU OISR OIE BRI (TR,

RFRRER, NURFRVENTRIER) 12, TNV T T v—, A
Ly FOB LAY VIRt TR IERT AR S s

IKFE R SR (Department of Applied Aquabiology, National Fisheries University)

T BRI Y 5k (corresponding author) : kondom@fish-u.ac.jp

RAFFEDO—ERIE, P27 H AR ARGFRE (201545 9 H25H) (2B W Tl L7z (309: Lrik B0, HUINRFIE, VIl 241G
& WAEER: 7 A OFFARVERIROBREEEE (7077 28 X UWHIERE, 23)).



196

Mol Fiz, TVHIVMET+ A7 75 =¥ (AIP), B-7
Vru=gF—+¥ B-Glu) BLOXVAFT¥—E (PO)

Table 1. Staining conditions of multiple Romanowsky-type stain valuation

el S W) 1V N7 N1

BRI S Mo Tz

PN Condition'? PN Condition'*?
1 MG :DW 42 G :'/;5MPB,pHS.0, 1:20, 15 min
2 :5mM PB, pH5.0 43 - /15 M PB, pH8.0, 1:20, 60 min
3 .5 mM PB, pH6.0 44 : /15 M PB, pH8.0, 1:100, 15min
4 .5 mM PB, pH7.0 45 - /15oM PB, pH8.0, 1:100, 60min
5 :5 mM PB, pH8.0 46 MGG :DW, 1:20, 15 min
6 :1/1s M PB, pH5.0 47 : DW, 1:20, 60 min
7 :1/1s M PB, pH6.0 48 :DW, 1:100, 15 min
8 :1/1s M PB, pH7.0 49 : DW, 1:100 , 60 min
9 :/1s 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, 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, pHS8.0, 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, pH5.0, 1:20, 60min
27 : 0.5 mM PB, pHS8.0, 1:20, 60min 68 :1/,;sM PB, pH5.0, 1:100, 15 min
28 : 0.5 mM PB, pHS8.0, 1:100, 15 min 69 :1/,;sM PB, pH5.0, 1:100, 60 min
29 : 0.5 mM PB, pHS.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, pH6.0, 1:20, 60 min
31 - /150 M PB, pH5.0, 1:20, 60min 72 :1/1sM PB, pH6.0, 1:100, 15 min
32 : /150 M PB, pH5.0, 1:100, 15 min 73 :1/1sM 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 :1/1sM PB, pH7.0, 1:20, 60min
35 - /150 M PB, pH6.0, 1:20, 60min 76 :1/1sM 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 :1/1sM PB, pH8.0, 1:20, 15 min
38 : /150 M PB, pH7.0, 1:20, 15 min 79 :1/1sM PB, pH8.0, 1:20, 60 min
39 - /150 M PB, pH7.0, 1:20, 60 min 80 :1/1sM PB, pH8.0, 1:100, 15min
40 : /150 M PB, pH7.0, 1:100, 15 min 81 :1/1sM 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. 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, a-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, a -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

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

1-4 — — + ++
5 - + - -
6-9 ++ + — —
10-43 - - + ++
44, 45 - + - -
46-64 - - + ++
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-Bc
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, o -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 um.

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

Test'

Positive site (shape, number and positive site)’

Neutrophil*

Basophil

Eosinophil

Small eosinophilic granulocyte

PAS
PAS-0A
AB (pH1.0)
AB (pH2.5)
TB

SBB

Sudan IIT
Oil red O
AlP

AcP

B-Glu
a-NAE
a-NBE
NASDCAE
Peroxidase

G (r or 0, many); H

G (amorphous, a few, eq YB); N
G (r or 0, many, eq core of BG-B)

G (r or 0, many, eq core of BG-B)
G (r or 0, many, eq core of BG-B)

G (r or 0, many, eq surrounding of core of BG-B)
G (r or 0, many, eq core of BG-B)

G (r or 0, many); H

G (r or o, purple, many, eq BG-Bc); N

G (ror o, some, eq BG-B)
G (r or o, many, eq BG-B)
G (r or o, many, eq BG-B)
G (ror o, some, eq BG-B)
G (r or o, many, eq BG-B)

G (ror o, some); H

G (r or 0, many, eq EG-B); N

G (r or 0, many, eq EG-B)
G (r or 0, many, eq EG-B)
G (r or 0, many, eq EG-B)
G (r or o, some, eq EG-B)
G (r or 0, many, eq EG-B)

G (roro,afew); H
G (roro,afew); N
G (roro,afew)

G (r or 0, some, eq SEG-B)
G (r or o, some eq SEG-B)
G (r or o, some eq SEG-B)
G (r or o, some eq SEG-B)

'PAS, periodic acid Schiff reaction; PAS-aA, PAS after digestion with a-amylase; AB, alcian blue; TB, toluidine blue in distilled water; SBB, Sudan black B; AP, alkaline phospt

B-Glu, p-gl

*Kondo etal.”.

a-NAE, phtyl acetate esterase; a-NBE, a-naphtyl butyrate esterase; NASDCAE, naphthol AS-D chloroacetate esterase.
*G, granular; H, hyaloplasm; N, nucleus; —, not detected; r, round; o, oval; BG-B, neutrophil granule type B (chromophobic); BG-B, basophil granule type B; BG-Be, BG-B type ¢ (purple); EG-B, eosinophil
granule type B (chromophobic); SEG-B, type B granule of small eosinophilic granulocyte (chromophobic); Yb, Yasumoto body: eq, equivalent to..

AcP, acid phospt
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3)o M IE2FEF o JEk: (SE granule, SEG) 72780 5
7z (A%, SEG-A; B#Y, SEG-B). MR T VI DM
MDRomanowsky B GBI AR I B W T HBIZEEX 72, SEG-A
FANHBETHRWE ML (WA SRNMIE) 7213000
BORRTH Y (RELS umBUF, FAELO umBLF), W
FTNOROEMFIIBNTHIFMEEZ R L7z, 72, B
HL iR & A RS el OB VIR H N h o 72,
SEG-BIZMIE £ 7213 FIE CTH b (05 umBLT), W
FTHDORAMGANT BT H PR AR 2R S T HRMT
o7z (Fig. 3A),

PASKIEBIZ & » TH RO B R A B S, Mfe 3
LB TH o728, a-7 357 —EHIT LT T
MO BT Btk OSEH g L7 (Fig. 3B; Table
3)o TBHfl & SBBY: L CTl3 A B 0 55 B M R 25580 &
7z (Figs. 3C, 3D)o AR FIE £ 721390 TH -
7zo TBEGPERRIZIR T EZ R L72e AcPB X UNEH T 2
7 7 — BT £ 721308 MR O JRCIR I A RBig s
7z (Figs. 3E-3])o SBBB L V&L X7 5 — ¥ §tuttd
Bgeta 2 X o TREDIIIE £ 72135 MR A E R L 72
(Figs. 1D, 3F-3H), L#*L, PAS, AcP, B-Glu® X U'PO
Rt D Z 3T 54 h o 72 (Fig 3E).

z =

T T ANIIMEH O I A EVEER ERDSTRO H Tz U
WEROAMFH O PRI FEUN R LD Eh D, TheE
TR FFOPR & Z 2 5N b, KRR EIVNE DN
EEERR & LTRINE NG Z L0 s, ENORERITIE
HIROBG-BICHAT L b b, $72, TBEMEER &
SBBRG LR & BG-BICAHY § % LHEZR S 575, TBRE
MR R R AR L, RERE R L, SO Epb,
TBR 1% 8 K7 1ZRomanowsky & et THREML 2 B4 5
BGBcll M T 5L F 25, TNFETII, 7 3 T4mia
calvak 3 7 > 1 Konoshirus punctatus\Z b I FEERABILE &
NTWEA, 737 TIRHEEL 2T 2 1O PR A
AEL, SO IIPASHYE, TBCTkEREET 5, F72,
AcP & B-GluAsil BRLIR I SN2 78, HFET A T T —



T h A DIV R 201

B ST, —7, 3/ Y uOaffREIRIC
ST O PR AEAE L, KO ARR 3R %, N
OBER L CR I ZNZRERB L ORETOEET 2
LERTVS, 72, AcP ¥ B-Glud Bl ik 12 it =
NpLldyis, KM AT T —EROIZDHEEERT,

T A A O ERIRIIE2HE O FR 25D Tz, ik
HCTREOEG-ATIE, TR OPLEHOGOENTHTNC &
PoEHEEZAEL, TORTERETHS LHEEINS,
TBE VR, SBBE IR 35 & OF 4% F I 36 1% 1 s 1 ks
VT ANCREE ZIZIETH L 2 L0 s, il
HDOEGBIZHIN T 5 L Bbh b, EG-AIZIEAMIE THA
L 7= S FE A b g i LTS 2R & e ho 72
A%, SBBR:f b, POZ B SMEEFEGEICB T B4
(RAX—DAT PEF VY Uifn) ICXoTHERLE, T
7 AW RIEROBG-ADU M Z R TED, A M)
YNZE o THRES N L DS, ACPRAAEARTIZY ML S v,
7 X T ORFERERICIE, GFERTE O RBUERL & 3 2R /N
RSB ENTE Y, WEAICPOTEEL ML S h,
TR IIPASE X OTBHYETH 5 °. £72, AcPEB-Glu
DHANERRICRIN S N B 25, T AT 5 — Btk 5
NTwn?, ¥R 75 3% X Acipenser baeriil b I
MRERASA A S NTH Y Y, MR I3 R/ N D U
WL & NACPAKREVERIZRTET %0 72, BGlu
REMIT AT 7 — B S BARICHRIE SN 2755, PO
[EVETdh %o ~ 7N Epinephelus septemfasciatus\Z 1% AL D
TEIRAE 7% 2 2R O WP R IRAMEAE T 5 4%, FhZEh 2
NI ERE SR TV, 737 —BILlitshin
PASHFMERIRL & & 12, TBR MR & SBBIG Mk & 52
D 5N, AcP, BGlu, a-NAEB X U o -NBEF 4 A3
ENTW5BD, NASDCAEL PO TH %, $72, <
NY OIFERERIZE R RT

T 71 LA OISR Pk TR ERASBIEE S 7z
C DRI T 1 LA OUFRRERIELL, SRR &
JePE R 2 A LT\ e T72, BRI ALt ML L
Tz LA L, GFERVESER OIZIRASH R ER TR 5,
F 7z, NEUIFERVE R BR O A M SR 1, SR ER O I
PR TRED DL JHR I B 1T 2 FtafE DT IR S
Nl oize S5, MRRIROFHEIEER I APt o
AT M) VRIS K S THEE I NS A, ANEIFEEREE

WERCIIP I NG o7z DEoZ s, IFERERE /N
TURF IR R BR VX S 70 2 R ER ©° b B LIRR L 720 /NELGF
VLR ER O IF IR OA~N~ M3 2 v fnkid 7 o
A M HEROBG-ADIF IR Z R TR LA TH o 720 /N
IR ER O, 3/ 0E Y RYTFavHF AT
LA SN TWB2PY, HiH IR0, HE I
DEFRARD LN TW5B,

Hine and Wain (1987) 7 %A OWAFHED. brevicaudatus
% L U o = A4 5 o 0k Bk % eosinophil, eosinophilic
granulocyte & Utneutrophilic granulocyte® 3FH3H 12 7 3H
LTWwaAY, ZhHET 7T A OUfiesk, iFhikas L oF
GFEIEBRICHIY T2 L BbNn b, FUFHIC X 2D
R IR O X B HETIE, A O M THl#E A
HHLOD, WTFROEREKDB-GludBEETH L7,

X ®

1) EEEREM, ZAER, ®SERA 7 h A OfrhERD
e B X OIS ALSA AR, AKORMIF L, 65, 141-
145 (2017)

2) LEEM, EAMERE S 7 3 7 ORREROE
R0 B X OB LA i ds . KRB, 64, 196-203
(2016)

3) EEEEM, AT sE ZAER SRl oo
DERLIRDILREF M B X UL A IR AR KEAT
, 63, 250-260 (2015)

4) SLEE, EIHERI, ZAES SR XY 7
Fa v R OFRIKROBEFN B X OHlAL 7104
T ARAAFR, 63, 262270 (2015)

5) LEEM, EHEOR, mAEREA <Ny PR OTRE
FH B & O AL & B 45 8. 7K EE HE Gil, 58, 363-371
(2010)

6) Hine PM, Wain JM: Composition and ultrastructure
of elasmobranch granulocytes. II. Rays (Rajiformes).
J Fish Biol, 30, 557-565 (1987)

7) Hine PM, Wain JM: The enzyme cytochemistry and
composition of elasmobranch granulocytes. J Fish Biol,

30, 465-475 (1987)



