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Morphological and Cytochemical Characteristics of
Neutrophils from Triakidae Sharks (Banded Houndshark
Triakis scyllium, Starspotted Smooth-hound Mustelus manazo

and Spotless Smooth-hound M. griseus)

Masakazu Kondo', Kohei Tateishi, Hiroki Hirayama,
Shinya Yasumoto and Yukinori Takahashi

Abstract : Two types of granulocytes were observed in peripheral blood of three species (banded houndshark
Triakis scyllium, starspotted smooth-hound Mustelus manazo and spotless smooth-hound M. griseus) of Triakidae
sharks (Carcharhiniformes, Galeomorphii, Elasmobranchii). The neutrophil of each shark 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 consisted of three layers: chromophobic inner layer (L0), eosinophilic
middle layer (L1) with chromophobic outer layer (L2). A round eosinophilic particle was observed in L1 of
some NG-A. 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 LO of NG-B. The LO of T scyllium NG-B was
B-glucuronidase (B-Glu) positive, but acid phosphatase (AcP) negative. Conversely, the LO of NG-B from M.
manazo and M. griseus was B-Glu negative (AcP positive). The 12 of NG-A also alpha-naphtyl acetate esterase
positive. The neutrophils lacked alkaline phosphatase and peroxidase. In this report, morphological and
cytochemical similarities of neutrophils among elasmobranchs were discussed.

Key words : shark, Triakis scyllium, Mustelus manazo, Mustelus griseus, granulocyte, morphology, cytochemistry
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Table 1. Staining conditions of multiple Romanowsky-type stain valuation

FF-4F AFOEFHER

PN Condition"? PN Condition'?

1 MG :DW 42 G /150 M PB, pHS8.0, 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 : Y/150M PB, pH8.0, 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 :'/,s M PB, pH6.0 48 :DW, 1:100 , 15 min

8 : '/1s M PB, pH7.0 49 : DW, 1:100, 60 min

9 : 1/, 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, 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, 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 - 1/,sM PB, pH5.0, 1:20, 15min
26 : 0.5 mM PB, pH8.0, 1:20, 15min 67 :1/,sM PB, pHS5.0, 1:20, 60min
27 : 0.5 mM PB, pH&.0, 1:20, 60min 68 :YsMPB, pHS5.0, 1:100, 15 min
28 : 0.5 mM PB, pH&.0, 1:100, 15 min 69 :1/,sM PB, pHS5.0, 1:100, 60 min
29 : 0.5 mM PB, pH&.0, 1:100, 60 min 70 :/;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, pHS5.0, 1:100, 15 min 73 :1/;sMPB, pH6.0, 1:100, 60 min
33 : /150 M PB, pH5.0, 1:100, 60 min 74 2 sM 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/,;sMPB, pH7.0, 1:100, 60 min
37 : /150 M PB, pH6.0, 1:100, 60 min 78 :'/,sM PB, pH$.0, 1:20, 15 min
38 : Y150 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 : /s M PB, pH8.0, 1:100, 15min
40 : /150 M PB, pH7.0, 1:100, 15 min 81 : 1/,sM PB, pHS8.0, 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 '/;5 M PB.
PN, preparation number.
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Table 2. Summary of multiple Romanowsky-type stain characteristics of L1 of NG-A from Triakidae sharks

neutrophils
PN Species' and color of L1? PN Speciesl and color of L1? PN Species® and color of L1?
T Mm Mg Ty Mm Mg T5 Mm Mg
1 E E E 28 E E E 55 E E E
2 E E E 29 — E - 56 E. E E
3 E E E 30 E E E 57 E E E
4 E E E 31 E E E 58 E E, — E
5 E E E 32 E E E 59 E E, — E
6 E E E 33 E E E 60 E E, — E
7 E E E 34 E E E 61 E E, — E
8 E E E 35 E E E 62 E E, — E, —
9 E E E 36 E E E 63 - E, — E, —
10 — E E 37 E E E 64 E, — E, — E
11 E E E 38 — E — 65 E, — E, — E
12 E E E 39 — E, — — 66 E E E
13 E "E E 40 E E E 67 E E E
14 E E E 41 E, — E E 68 E E E
15 E E E 42 — - 69 E E E
16 E E E 43 — E, — — 70 E E E
17 E E E 44 E E E 71 E E E
18 E E E 45 — E — 72 E E E
19 E E E 46 E E E 73 E E E
20 E E E 47 E E E 74 E, — E E
21 E E E 48 E E E 75 E, — E, — E
22 E E E 49 E E E 76 E E E
23 E E — 50 E E E 77 E E E
24 E E E 51 E E E 78 E, — E, — E
25 E E E 52 E E E 79 - E, — E, —
26 — E — 53 E E E 80 E E E
27 — E, — — 54 E E E 81 E, — E, — E
PN, preparation number (See Table 1).
Ty, Triakis scyllium; Mm, Mustelus manazo; Mg, Mustelus griseus.
?E, eosinophilic; —, not stained.
Table 3. Summary of reactions of neutrophils from Triakidae sharks to cytochemical tests
Species and positive site (shape, number and positive site)’
Test Triakis scyllium ) Mustelus manazo Mustelus griseus
Periodic acid Schiff reaction (PAS) G (r or o,some); H G (ror o, some); H G (r or 0, some); H
PAS after digestion with o-amylase - - -
Alcian blue (pH1.0) - ] - -
Alcian blue (pH2.5) - - -
Toluidine blue in distilled water N N N
Sudan black B - - -
Sudan I — _ _
Oilred O - - -
Alkaline phosphatase - - -
Acid phosphatase - G (r/o with NS, some, eq L0 of NG-B) —l
B-Glucuronidase G (r/o with NS, some, eq L0 of NG-B) - . —
a-Naphtyl acetate esterase G (two types: r/o with NC, many, eq L2 of NG-A; r/o with NS, many, eq L0 of NG-B)
a-Naphtyl butyrate esterase G (r/o with NS, many, eq L0 of NG-B)
Naphthol AS-D chloroacetate esterase G (r/o with NS, many, eq LO of NG-B)
Peroxidase - - -

'G, granular; H, hyaloplasm; N, nucleus; —, not detected; r, round; o, oval; 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); NC, negative core; NS, negative surrounding; eq, equivalent to.



Fig. 1.
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Neutrophils of banded houndshark Triakis scyllium. A & B, May-Griinwald-Giemsa (MGG; PN=53; A,
intact cell; B, lysed cell). Note two types of neutrophil granules [type A (NG-A) and type B (NG-B;
ringed arrows)]. NG-A consists of chromophobic inner layer (LO; arrows), eosinophilic middle layer (L1;
crossed arrows) and chromophobic outer layer (L2; arrowheads). Some NG-A contain an inner
granular eosinophilic particle (tailed arrows) in L1. NG-B consists of chromophobic inner and outer
layers (LO and L1, respectively). C, phagocytosis of zymosan particles (MGG; PN=53; *, zymosan
particle); D, B-glucuronidase; E, a-naphtyl acetate esterase (a-NAE); F, a-naphtyl butyrate esterase;
G, naphthol AS-D chloroacetate esterase (without counter stain). Except for a-NAE (D), enzyme activities
are localized in LO of NG-B. The a-NAE activity is detected in L2 of NG-A and L0 of NG-B; H, periodic
acid Schiff reaction (PAS). Counter stain in D-F & H, hematoxylin (Mayer). PN, preparation number
(See Table 1). Bars=1 um.
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Neutrophils of starspotted smooth-hound Mustelus manazo. A & B, May-Griinwald-Giemsa (MGG;
PN=53; A, intact cell; B, lysed cell). Note two types of neutrophil granules [type A (NG-A) and type B
(NG-B; ringed arrows)]. NG-A consists of chromophobic inner layer (LO; arrows), eosinophilic middle
layer (L1; crossed arrows) and chromophobic outer layer (L2; arrowheads). Some NG-A contain an
inner granular eosinophilic particle (tailed arrows) in L1. NG-B consists of chromophobic inner and
outer layers (LO and L1, respectively). C, phagocytosis of zymosan particles (MGG; PN=53; * zymosan
particle); D, acid phosphatase; E, a-naphtyl acetate esterase (o« -NAE); F, a-naphtyl butyrate esterase;
G, naphthol AS-D chloroacetate esterase (without counter stain). Except for a-NAE (E), enzyme activities
are localized in LO of NG-B. The a-NAE activity is detected in L2 of NG-A and L0 of NG-B; H, periodic
acid Schiff reaction (PAS). Counter stain in D-F & H, hematoxylin (Mayer). PN, preparation number
(See Table 1). Bars=1 ym.
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Fig. 3. Neutrophils of spotless smooth-hound Mustelus griseus. A & B, May-Griinwald - Giemsa (MGG; PN=53; A,
intact cell; B, lysed cell). Note two types of neutrophil granules [type A (NG-A) and type B (NG-B;
ringed arrows)]. NG-A consists of chromophobic inner layer (LO; arrows), eosinophilic middle layer (L1;
crossed arrows) and chromophobic outer layer (L2; arrowheads). Some NG-A contain an inner
granular eosinophilic particle (tailed arrows) in L1. NG-B consists of chromophobic inner and outer
layers (LO and L1, respectively). C, phagocytosis of zymosan particles (MGG; PN=53; * zymosan
particle); D, acid phosphatase; E, a-naphtyl acetate esterase (a¢-NAE); F, a-naphtyl butyrate esterase;
G, naphthol AS-D chloroacetate esterase (without counter stain). Except for a-NAE (E), enzyme activities
are localized in LO of NG-B. The a-NAE activity is detected in L2 of NG-A and L0 of NG-B; H, periodic
acid Schiff reaction (PAS). Counter stain in D-F & H, hematoxylin (Mayer). PN, preparation number
(See Table 1). Bars=1 um.
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Table 4. Comparison of reactions of neutrophils from five elasmobranchs to cytochemical tests
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Test

Species and positive site (shape, number and positive site)'

Da*

th

Ts, Mm, Mg®

Periodic acid Schiff reaction (PAS)
PAS after digestion with a-amylase

Alcian blue (pH1.0)
Alcian blue (pH2.5)

Toluidine blue in distilled water
Sudan black B

Sudan 111
Oil red O
Alkaline phosphatase

Acid phosphatase

B-Glucuronidase

o-Naphtyl acetate esterase

a-Naphtyl butyrate esterase

Naphthol AS-D chloroacetate esterase

Peroxidase

G (r/o, many); H

G (amorphous, a few, eq Yb); N
G (r/o with NS, many, eq LO of NG-B)

G (r/o with NS, many, eq LO of NG-B)

G (r/o with NS, many, eq LO of NG-B)
G (/0 with NC, many, eq L1 of NG-B)

G (r/o with NS, many, eq LO of NG-B)

G (r/o with/without NS, many); H

G (/o with NS, some, eq LO of NG-B
around nucleus)

N

G (long-spindle with NS, many, eq LO
& L1 of NG-A)

G (three types: r/o with NS, many, eq
L0 of NG-B; r/o with NC, many, eq L1
of NG-B; r/o consist of positive core

. and surrounding, some, eq entity NG-B

around nucleus)

G (r/o with NS, many, eq L0 of NG-B)

G (r/0 with NS, many, eq L0 of NG-B)

G (two types: r/o with NS, many, eq LO

of NG-B; long-spindle with NS, many,
eq L0 & L1 of NG-A)

G (r/o, some); H

G (/o with NS, some, eq L0 of NG-B)
in Mn & Mg; — inTs

G (r/o with NS, some, eq L0 of NG-B)
in7s; — in Mn & Mg
G (two types: r/o with NC, many, eq L2
of NG-A; r/o with NS, many, eq L0 of
NG-B)
G (r/o with NS, many, eq L0 of NG-B)

G (r/o with NS, many, eq LO of NG-B)

'Da, Dasyatis akajei; Sj, Squatina japonica; Ts, Triakis scyllium; Mm, Mustelus manazo; Mg, Mustelus griseus; G, granular; H, hyaloplasm; N, nucleus; Yb, Yasumoto body; —, not detected; r, round; o, oval;

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); NC, negative core; NS, negative surrounding; eq, equivalent

to.

* Kondo et al. (2017)"*; *, Kondo et al. (2018)”; <, present report.

NG-A

NG-B

Dasyatis akajei Squatina japonica
(Dasyatidae, (Squatinidae,
Batoidea)? Squalimorphii)®

Ny 1.2

y ‘

Triakis scyllium,
Mustelus manazo, M.
griseus (Triakidae,

Galeomorphii)®

Fig. 4. Comparison of the structure of neu_trophil granules (NG) from five elasmobranchs. NG-A, NG
type A; NG-B, NG type B; L0, layer O (inner layer); L1, layer 1 (middle layer); L2, layer 2 (outer

layer); P, inner granular eosinophilic particle. [ ], chromophobic; B , eosinophilic; i ,

Kondo et al. (2017)"*: *, Kondo et al. (2018); ¢, present report.

basophilic. ¥,
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ST —HEIFERR (HRVHIBOPERENEET5) 28
PREOMEEO LI T yBFEHIROVWTRICBELS L
BWEBRRTWEHY, TR (B LUFHIR) &
TS Ak & QMBI oW T Ty, 72,
RO ; T U EFERnERO (1) & () 2BES
FAEL TV, KRBT FFFRALFIF IO
FERBERIIE . OREER L, BRR T ¥ VIR
L) 2RTIedd, FELOFHIRKIIHEED N2
BIOR I RO U UBFERLRD (1), (7) B
FOTON) YT sEEIONS, $, BMASOEZ
IR DELOOFPRICETNELER . B2 OB
8BCTE, PROTF YV VBHFERLRD (=), T4bb

HH S OFEZEIFIRIKE FFF AR T XE3EICEOLN

ol %B, PIROWMEREIED Mk MH S DE—
FEFEEER D X U ROV TCIIRMTEE T L, FH
EREMEICBVTHEELEB L -HEERE RS VR
A, INOLOBENIKICHLTLEER B,
Hine and Wain (1987) 3 X U'Hine et al. (1987) ™
RAXIFALAOI B, AXIFABYAHIE (R X
IFRAR) LAVOYFRABYAFE (I FABE FF
YA, FruFARIE 2 TVOF AR O
Ek#, eosinophil, eosinophilic granulocyteds & Uneutrophilic
granulocyte®® (& 2 W3R O3B % 2 1 Fcoarse
eosinophilic granulocyte, fine eosinophilic granulocyteds
X Uneutrophilic granulocyte' EHLTwW3) DO3EHED
AFTY = BCTHELTE Y, BRI R AR
WEoTRR2BH0D, WTFhoy AHHIT D eosinophilic
.granulocyte (= fine eosinophilic granulocyte) % [ i L
TWwh, ZMDeosinophilic granulocyteldAWFIZBIT 4T
HERICAIS T 5L Z 2 5N b, %7z, Hine and Wain (1987)
® X U'Hine et al. (1987) “EFIB O R X I F 2 LHY 2
FIHEOMBALRHEFERICI OV TLAN, wFhoW A8

} eosinophilic granulocyteld 7V A YT+ A 77 ¥ —E ,

ERNVEAF VY —ERBETHE I L, AcPHiENAEE
BEOAENFETHILEHREL TS, ChbDl L
3, FEO FFFRABF ABICH YT T 5, HFIT,
Za2— Y= 5 ¥ Nk ¥ X Mustelus lenticulatus TIZAcP
%, BGlufetE, = X575 —+¥ (a-NAE, o-NBE) Ktk
THH, RKRECBI BRI F ALY OFAORHRL
—HEL T2,
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