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Morphological and Cytochemical Characteristics of Non-
phagocytic Granulocytes 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 : Only one type of non-phagocytic granulocyte (type B granulocyte, GB) was observed in peripheral
blood of three Triakidae sharks (banded houndshark Triakis scyllium, starspotted smooth-hound Mustelus manazo
and spotless smooth-hound M. griseus; Carcharhiniformes, Galeomorphii, Elasmobranchii). The GB had two
types of granules (GBG; type a, GBG-a; type b, GBG-b). The GBG-a was coarse without stratified structure,
round or oval (subangular to angular) in shape and chromophobic. The GBG-b was smaller than GBG-a, round
or oval with stratified structure (inner LO and outer L1) and chromophobic. Beta-glucuronidase activity was
detected in LO of GBG-b from T. scyllium (negative in Mustelus sharks), and acid phosphatase was localized in LO
of GBG-b from Mustelus sharks (negative in T. scyllium). Localization of «-naphtyl acetate esterase and «-naphtyl
butyrate esterase were different among Triakidae sharks. The GB lacked alkaline phosphatase and
peroxidase. In this report, morphological and cytochemical differences of non-phagocytic granulocytes among
elasmobranchs were discussed.
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Fig. 1. Type B granulocytes of banded houndshark Triakis scyllium. A, May-Griinwald-Giemsa [PN=53 (See
Kondo et al”]; B, f-glucuronidase; C, a-naphtyl acetate esterase (a¢-NAE); D, a-naphtyl butyrate esterase;
E, naphthol AS-D chloroacetate esterase; F, periodic acid Schiff reaction. Counter stain in B-F,
hematoxylin (Mayer). Except for a-NAE (C), enzyme activities are localized in LO of GBG-b. The
a-NAE activity is detected in GBG-a and GBG-b [Two types of positive GBG-b are shown: GBG-b with
positive LO (negative L1) and GBG-b with positive L1 (negative L0)]. Bars=1 um.
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Table 1. Summary of reactions of non-phagocytic granulocyte (type B granulocyte) from Triakidae sharks to cytochemical tests

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

1
Test Triakis scyllium Mustelus manazo Mustelus griseus
PAS G (r/0, a few); H (weak) H H
PAS-0A - - -
AB (pH1.0) - - -
AB (pH2.5) - - -
TB N N N
SBB - - -
Sudan IIT - - -
Oil red O - - -
AlIP - - -
AcP - G (r/o with NS, some, eq LO of GBG-b) G (r/o with NS, some, eq LO of GBG-b)
B-Glu G (r/o with NS, many, eq L0 of GBG-b) - -

G (three types: coarse angular, many, eq GBG-a; r/o with NC, G (two types: coarse angular, a few, eq GBG-a; .

a-NAE many, eq L1 of GBG-B; /o with NS, some, eq L0 of GBG-b) t/o with NS, some, eq LO of GBG-b) G (/o with NS, many, eq L0 of GBG-b)
o-NBE G (/o with NS, many, eq LO of GBG-b) G (t/o with NS, some, eq L0 of GBG-b) Gg G(t:"rzp;i}f/;\’l ;” lst:nljf’:qf:vg’:fqé‘é C?-fb)
CAE G (r/o with NS, many, eq LO of GBG-Bb) G (r/o with NS, many, eq LO of GBG-b) G (r/o with NS, some, eq L0 of GBG-b)
Peroxidase - - -
'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; AIP, alkaline phospt AcP, acid phospt

B-Glu, B-glucuronidase; o-NAE, a-naphtyl acetate esterase; a-NBE, o-naphtyl butyrate esterase; CAE, naphthol AS-D chloroacetate esterase.
%G, granular; H, hyaloplasm; N, nucleus; —, not detected; r, round; o, oval; GBG-a, type a granule of type B granulocyte; GBG-b, type b granule with two-layer structure (L0 and L1) of type B granulocyte;
NC, negative core; NS, negative surrounding; eq, equivalent to.
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Fig. 2. Type B granulocytes of starspotted smooth-hound Mustelus manazo. A, May-Griinwald-Giemsa [PN=53
(See Kondo et al"}; B, acid phosphatase; C, & -naphtyl acetate esterase (a-NAE): D, a -naphtyl butyrate
esterase; E, naphthol AS-D chloroacetate esterase; F, periodic acid Schiff reaction. Counter stain in
B-F, hematoxylin (Mayer). Except for a-NAE (C), enzyme activities are localized in LO of GBG-b. The
a-NAE activity is detected in some GBG-a and L0 of GBG-b. Bars=1 ym.
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Fig. 3. Type B granulocytes of spotless smooth-hound Mustelus griseus. A, May-Griinwald-Giemsa [PN=53
(See Kondo et al."]; B, acid phosphatase; C, a -naphtyl acetate esterase; D, & -naphtyl butyrate
esterase (o -NBE); E, naphthol AS-D chloroacetate esterase; F, periodic acid Schiff reaction. Counter
stain in B-F, hematoxylin (Mayer). Except for a-NBE (D), enzyme activities are localized in LO of GBG-b.
Two types of a-NBE-positive GNG-b are shown: GNG-b with positive L0 (negative L1) and GBG-b with
positive L1 (negative LO; arrowhead). Bars=1 ym.
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Table 2. Structure and Romanowsky-type staining properties of non-phagocytic granulocytes (NPG) from five elasmobranchs

Species Type of NPG' Type of granule’ Characteristics®
Type B0 BG-A Rod-shaped, B (light blue), NSS
BG-B Round (three subtypes: BG-Ba, red; BG-Bb, violet; BG-Bc, purple), NSS
Dasyatis akaje® Type C Da EG-A Oval or rod-shaped, SS (3 layers: L0, C; L1, E; L2, C)
EG-B Round or oval, C, NSS
Type D Da SEG-A Oval or angular, E, NSS
SEG-B Round or oval, C, NSS
GBG-A Round or oval, SS (3 layers: L0, C; L1, E; L2, C)
o o Type BY GBG-B Round or oval, SS (3 layers: LO, C; L1, B; L2, C)
Squatina japonica GBG-C Round or oval, SS (2 layers: L0, A; L1, A)
Type cy GCG Round or oval, SS (2 layers: L0, E; L1, E)
Triakidae sharks™® Type B GBG-a Round, oval, rod-shaped or angular, C, NSS
GBG-b Round or oval, SS (2 layers: LO, C; L1, C)

"Type B™, formerly called basophil; Type C™, formerly called eosinophil; Type D™, formerly called small eosinophilic granulocyte; Type BY, formerly called type B; Type C™, formerly called type C.

*BG-A, basophil granule type A; BG-B, basophil granule type B; EG-A, eosinophil granule type A; EG-B, eosinophil granule type B; SEG-A, type A granule of small eosinophilic granulocyte; SEG-B, type B
granule of small eosinophilic granulocyte; GBG-A, type A granule of granulocyte type B; GBG-B, type B granule of granulocyte type B; GBG-C, type C granule of granulocyte type B; GCG, granule of
granulocyte type C; GBG-a, type a granule of type B granulocyte; GBG-b, type b granule of type B granulocyte.

3NSS, non-stratified structure; SS, stratified structure; L0, inner layer; A, amphophilic; B, basophilic; C, chromophobic; E, eosinophilic.

* Kondo et al. (2017)"?; °, Kondo et al. (2018)"; ©, present report.

“Triakidae sharks: Triakis scyllium, Mustelus manazo and Mustelus griseus.

Table 3. Comparison of reactions of non-phagocytic granulocytes from five elasmobranchs to cytochemical tests

Species, type of non-phagocytic granulocytes and positive site (shape, number and positive site)”

Test' Dasyatis akajei’ Squatina japonica® ! Triakidae sharks"
Type B> Type C™ Type D> Type BY Type C¥ Type B®
PAS G H G;H G;H : G;H G;H ‘ G (Ts); H
PAS-aA - - - : - - I -
AB (pH1.0) - - - - - ; -
AB (pH2.5) - - - : - - ' -
: G (L1 of ;
TB G (BG-Be); N G (EG-B); N G;N ! GBG-A/GBG-B; N : N
entire GBG-C) '
: G (L1 of :
SBB G (BG-B) G (EG-B) G : GBG-A/GBG-B; L0 of - . —
: GBG-C) :
Sudan I1I - - - - - | -
Oil red O - - - : - - ' -
AIP - - - : - - 3 -
AcP G (BG-B) G (EG-B) G (SEG-B) | G(LOofGBG-0) G(LOOfGCG) | G o 0;(;35'1” M
B-Glu — - — : - - ' G (L0 of GBG-b, T¥)
: G (L1 of ! G (GBG-a, 5 & Mm;
o-NAE G (BG-B) G (EG-B) G (SEG-B) : GBG-A/GBG-B; L0 of - : L1 of GBG-b, T5; LO of
: GBG-C) ; GBG-b)
G (L1 of ! .
o-NBE G (BG-B) G (EG-B) G (SEG-B) i GBG-A/GBG-B; L0 of G (LO of GCG) ; G (Tosz%i(gi)ﬁ/’g’
i GBG-C; L1 of GBG-C) :
: G (L1 of :
CAE G (BG-B) G (EG-B) G (SEG-B) ! GBG-A/GBG-B; L0 of G (LO of GCG) : G (LO of GBG-b)
: GBG-C) :
Peroxidase - - - - - -
'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; AIP, alkaline phosp AcP, acid phc
B-Glu, B-glucuronidase; o-NAE, a-naphtyl acetate esterase; a-NBE, o-naphtyl butyrate esterase; CAE, naphthol AS-D chloroacetate esterase.
*G, granular; H, hyaloplasm; N, nucleus; —, not detected; r, round; o, oval; Type B™, formerly called basophil; Type C™, formerly called eosinophil; Type D™, formerly called small eosinophilic granulocyte;

Type BY, formerly called type B; Type C™, formerly called type C; BG-B, basophil granule type B; BG-Bc, BG-B type ¢; EG-B, eosinophil granule type B; SEG-B, type B granule of small eosinophilic
granulocyte; GBG-A, type A granule of granulocyte type B; GBG-B, type B granule of granulocyte type B; GBG-C, type C granule of granulocyte type B; GCG, granule of granulocyte type C; GBG-a, type a
granule of type B granulocyte; GBG-b, type b granule with two-layer structure (LO and L1) of type B granulocyte; NC, negative core; NS, negative surrounding; eq, equivalent to.

* Kondo et al. (2017)"?; ®, Kondo et al. (2018)”; ¢, present report.

ITriakidae sharks: 5, Triakis seyllium; Mm, Mustelus manazo; Mg, Mustelus griseus.
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