2A
A

Journal of National Fisheries University 63 (4) 262 — 270 (2015)

INUYTTF aTY ADERERDIZREH B KO
CILRE s SR EE

ITEEERT, PEHRR, ZAER, miEEdl]

Morphological and Cytochemical Characteristics of
Granulocytes from Siberian Sturgeon Acipenser baerii

Masakazu Kondo ', Maho Sakai, Shinya Yasumoto and Yukinori Takahashi

Abstract:Three types of granulocytes, neutrophil, eosinophil and small eosinophilic granulocyte, were
observed in peripheral blood of Siberian sturgeon Acipenser baerii. The neutrophil had three types of
granules, eosinophilic granule (aG; orange), chromophobic granule (3G) and basophilic granule (YG;
light blue) in the cytoplasm. These granules were round or oval, but the maximum diameter was
different each other (aG, =0.3 um; BG, =1.5 um; yG, =0.4 um). The nucleus of the neutrophil
showed polymorphism, round, oval, kidney and multi-lobes (to five lobes). Alkaline phosphatase (AIP),
acid phosphatase (AcP), B-glucronidase (-Glu) and some esterases were detected as positive granules.
Peroxidase (PO) activity was not observed in the neutrophil. Eosinophil had polymorphic nucleus and
two types of eosinophilic granules (EG), large EG (LEG) and small EG (SEG). Both granules were
round or oval and the diameter of LEG (=1.1 um) was larger than SEG (=0.4 um). The former was
stained orange, the latter showed brick color. In eosinophil, AcP, B-Glu and some esterases were
positive, but AIP and PO were negative. Small eosinophilic granulocyte was small sized cell with
condensed nucleus and some eosinophilic granules. The cell was round to oval, and had high nuclear to
cytoplasmic ratio. The morphology and staining characteristics of the granules were similar to LEG of
eosinophil. No enzyme activities were detected in the granulocyte. Phagocytosis against zymosan

particles was observed in only neutrophil.

Key words : Siberian sturgeon, Acipenser baerii, granulocyte, morphology, cytochemistry
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HARKE W) DI ER D B RE A9 B K UM b AR5 1 %
BHSMICL, TRETICESSOHE LZ&/ELE ™ 0
EFRERE B Uz, E7z, HFAPERDASMC 2 FREH O FIRIER A
RBOLNT=ZENS, ZNSPERIEKIZDNWTHBEAND
KO AR & B S iz L 7z
MHEELUAE

IRERNOBIHEENSBWAL LS RNY T F a U AY)
FBEIKFEREROEAFRITHAL, 17 AL EBIEEHEE
L7cDBIZEBITH L 72 OKiR 18.0 £ 1.0°C) . Al F K]
g, WIROBEEE (YU 65, MIKESE) ZHEHAG
AL 7z, FRIMEEOMREIZK 160 g TH o7z, MIEBHREA
DIE#L, 25:/F F Romanowsky BIL AN 7E (Table 1) 3B
K OB AR L= BRI - &8 Y12, zymosan i
TEENYET DARRBITIERES iUk o7z,

w R

N T F a v ADMEAICIE 3 FEOER R (FH
BR, GFERER, /NEUFEGVERERIER) MERI N,
BRISERO s Nah o fo. BFHERICIE 3 FEED, FFREERICIZ
2FEED, NRUIFEETEERIERICIE 1 FEO RO 5N
720 Zymosan (219 2 B BEEIZHHERD A IO 5Tz,

4 ik

FFHRERIZERR) 13.0 um OFBEIZIIHETH D, #%
DORAEMIT <, HARRHEAENSHBRI N
MREL, HE, UM, BRENS55E K S 05)
EhkxIaBREE R Uz, AT 3 RO RERL (o B,
B AL v RD DB I N (Figs. 1A, 1B).

o FEKL & vy FEkI O MRSC % Table 2 12779, o fkIIZE
203 um LA FOMEELIFINMETHD, MBEIZLEK
WEL T\, ATERIIHE L OYPESt FTHRERERL
o8, R, ZREUKEZ13EEYE (pHS.0 & pHE.0) DV >
PR 2 N 72 MG Rt B L pHS.0 D /s M U > FERE
16 % F WY T Giemsa PR O FHREZ 1:100 & L 72 MGG
AR > TEHEEIR S NIz, B EERIZMIE Z I3’
THD (ERLSumPLT), MRSV OWTNOREAEMIC
BOTHHB R AR Z RS BN STz, v FERIZER 0.4 um
AT OMBEZIZIINMNE TH > /oo AR MRSV O W
TNORBEBITBNTHREEE R L. £<OAED

IR I N TOW B ORER/IME (Y /ME”)
bERIN. AMEOEEIZHF PR EIT/IZ> TV
2, E<EHEINBNHDIEIMTH -7z, A/MRTNTH
DORAEMITBVTHEBER L,

IR ERICIE M IE £ 721398 B @ periodic acid Schiff [ s
(PAS) BPEfERL (K203 um BAIF) MNEHEBERIN
(Fig. 2A; Table 3), Z DG MEERIIL o- 7 2 T —BULHIT
Lo THELL, TV T > T IV —RE TR ALIL B
RINBMMoT. £, NIV P2TIV— (TB) Jfa1C
o TENHFRIND EEBIT, MBELIIINME TRE
EOIGTERRL (RFE 0.4 um BUF) MEZ SN/ (Fig. 2B),
%7z, FixOBREZE R T BEIERA DR Sz, F A
Ly ROBIUZY > MPETIRIGEAT RIZBERIN
I, X¥>TFv 7 B (SBB) Rfalck> THE LTI
M CHREADBIERER (B 0.5um BUTF) 2B
I (Fig. 20, 7IVAUH T+ X7 75—+ (AIP)
3, M (B 0.5 um LUR) OREMEEER & U TEEBIR
N7z (Fig.2D), M7+ 27 v —1t (AcP) 1ZMFE
E2IINME (B 0.5 um LAT) DORHERRI & U TEE,
B- 7Ny —+t (B-Glw) EMHEZIZIME (RE
04 um LL'F) OGHEERE L TOERED SN, o-F 7
FINT7ETF—FILATT—1t (0-NAE) IXEL0.5um LT
DM ORGHERER & U TR SNz (Fig.2D). o F
TFINVTFL—hFILXTF—E (&-NBE) BXUF 7 h—
JVAS-D 7007 +t5—hILZAFT5—F (NASDCAE) 1
EBITHBEZIZINME (B 0.5 um LN DR EFRRL
ELTEERED 5Nz, POISFHFERIZB W THRITE N
N> 7= (Table 3).

BFHERIZ zymosan 1269 2 B RREARD 57z (Fig. 10).
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BRI Nz, M 2 Bk O JERL  OK B e ok
large eosinophilic granule (LEG), /N2 4f B M B K7 small
eosinophilic granule (SEG)) ME{E I N7z (Fig. 3). M
KL EBICHBEAIZIIMAETH O, LE BRITWITNOLF
FEERIZ H, SE BERIIIHI 80% DAFEEERIZ, MRSV DWI'h
DREFMBITBNTHREO 5N/, LE HEIIGFEEERD 1

TR O, EAL 26 EEH AT EREF AR Q0144 3 H 30 H) (B12: JEEEEM, RN, ZARER, @i
S 2N T F 3T FAOFREROBREANR (07 5 ABIUGHHESSE, 42) ITBWTHE L.
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Table 1. Staining conditions of multiple Romanowsky-type stain valuation

PN Condition'” PN Condition'”
1 MG :DW 42 G : /150 M PB, pHS8.0, 1:20, 15 min
2 :5mM PB, pH5.0 43 : /.50 M PB, pHS.0, 1:20, 60 min
3 :5mM PB, pH6.0 44 : /150 M PB, pHS8.0, 1:100, 15min
4 :5mM PB, pH7.0 45 : /.50 M PB, pHS.0, 1:100, 60min
5 :5mM PB, pH8.0 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, [5Smin
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 :5mM 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 :5mM 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, pH8.0, 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 : '/,5 M PB, pH5.0, 1:20, 15min
26 : 0.5 mM PB, pH8.0, 1:20, 15min 67 : 1/IS M PB, pH5.0, 1:20, 60min
27 0.5 mM PB, pH8.0, 1:20, 60min 68 :'/,s M PB, pH5.0, 1:100, 15 min
28 : 0.5 mM PB, pH8.0, 1:100, 15 min 69 :'/,s M PB, pH5.0, 1:100, 60 min
29 : 0.5 mM PB, pH8.0, 1:100, 60 min 70 :'/,s M PB, pH6.0, 1:20, 15 min
30 : /15 M PB, pH5.0, 1:20, 15 min 71 :'/,s M PB, pH6.0, 1:20, 60 min
31 : /15 M PB, pH5.0, 1:20, 60min 72 :'/,s M PB, pH6.0, 1:100, 15 min
32 : /15 M PB, pH5.0, 1:100, 15 min 73 :'/,s M PB, pH6.0, 1:100, 60 min
33 : /150 M PB, pH5.0, 1:100, 60 min 74 :'/,s M PB, pH7.0, 1:20, 15min
34 : /15y M PB, pH6.0, 1:20, 15min 75 :'/,s M PB, pH7.0, 1:20, 60min
35 : /150 M PB, pH6.0, 1:20, 60min 76 :'/,s M PB, pH7.0, 1:100, 15 min
36 : /150 M PB, pH6.0, 1:100, 15 min 77 :'/,s M PB, pH7.0, 1:100, 60 min
37 : /150 M PB, pH6.0, 1:100, 60 min 78 :'/,s M PB, pHS.0, 1:20, 15 min
38 : /15 M PB, pH7.0, 1:20, 15 min 79 :'/,s M PB, pHS.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 : /1o M PB, pH7.0, 1:100, 15 min 81 :'/,s M 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 '/,5, M PB.

PN, preparation number.
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Fig. 1. Neutrophils of Siberian sturgeon Acipenser baerii. A, May-Griinwald (MG; PN=2); B, MG-
Giemsa (MGG; PN=62); C, phagocytosis of zymosan particles (MGG; PN=53). PN, preparation
number (See Table 1). Bars=5 um.

Table 2. Summary of multiple Romanowsky-type staining characteristics of o and y granules in the neutrophil of Siberian sturgeon
Acipenser baerii

PN Number PN Number PN Number
a T a T « T
1 +++ + 28 - ++ 55 + ++
2 -+ + 29 - ++ 56 + ++
3 -+ + 30 — ++ 57 + ++
4 - ++ 31 + ++ 58 + ++
5 — ++ 32 - + 59 + ++
6 +++ + 33 + ++ 60 — ++
7 +++ + 34 — ++ 61 + ++
8 - ++ 35 + ++ 62 + ++
9 — ++ 36 — ++ 63 - ++
10 + ++ 37 — ++ 64 - ++
11 + ++ 38 + ++ 65 + ++
12 — ++ 39 + ++ 66 + +
13 - ++ 40 - ++ 67 +
14 + ++ 41 - ++ 68 +++ +
15 + ++ 42 + ++ 69 +++ +
16 - + 43 + ++ 70 + ++
17 - ++ 44 — ++ 71 + ++
18 + ++ 45 — ++ 72 + +
19 + ++ 46 + ++ 73 + ++
20 — ++ 47 + ++ 74 + ++
21 - ++ 48 + ++ 75 + ++
22 + ++ 49 + ++ 76 - ++
23 + ++ 50 + ++ 77 + ++
24 — ++ 51 + ++ 78 + ++
25 + ++ 52 + + 79 + ++
26 + ++ 53 + + 80 — ++
27 + ++ 54 + ++ 81 — ++

PN, preparation number (See Table 1); +++, many; ++, some; +, a few; -, not observed.
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Fig. 2. Cytochemistry of neutrophils from Siberian sturgeon Acipenser baerii. A, periodic acid Schiff
reaction; B, toluidine blue in distilled water; C, sudan black B; D, alkaline phosphatase; E, acid
phosphatase; F, B-glucronidase; G, a-naphtyl acetate esterase; H, o-naphtyl butyrate esterase; I,
naphthol AS-D chloroacetate esterase. Bars=5 um.

FERBPRTHD, ERLIum AT THhOEEEEL
SE HERIIZ/RIE B2 R B 04 um L FOERITH D, If
FEEk 1 #5720 10 fELAT OHiFH T S Nz,

HFIEERIT PAS B ESRRNIIRED S s in 5 7278, Ml E
NI TH 577, (Fig 4A; Table 3). T DIEMEIGIE o- 7 2
T—RIC L DRI L > THE LD e TIVT T >
TN =R K BBERIBR SN >/ £, TB
Pt |2 Ko TRID AN HFREI Nz (Fig. 4B), 1)V v R
0 BLUXY MR TSGR RIZBIR SN, SBB I
I & > THIREEEE B TH > 72735, BRI ER
INBhol (Fig 40). AP WEMEEZIZIIME (B
L1um BLR) OBEMERER & U TSR3 N~ (Fig 4D).
B-Glu 1F £A% 1.0 um BA N OARER QMR (17, JRM
BBIOHIR) &L THERD 5N/ (Fig 4E). o-NAE %
EZ03um LLFD, o-NBE BXLUNNASDCAE 13 & HICER

0.5 um PAUF @M% £ 721300 T OB EhL & U T 280852
X N7z (Figs. 4F-4H), AIP & PO S N 7=z
(Table 3)»

INEUOT RS B R K

AR BR85S um OB EZI3IIMHIETH D,
JIME RZIR AR A L T, BOREEITIRG
LTHD, FEEMIFAHE TH> 2. £, KIIRE
U, BT RIS S 2. MBI | fARE O LT R
TRIAVBIER I N2 (Fig. 5).

APERIIEZ I m L FOMEEZIZINMAETH D,
MRSV D WTNDORBFEEIIBNTHEAEE L, A
PRI ER 3 AE % DML ER IR TH D, TB BRI
Lo THOANFRE N/ (Table 3).
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Fig. 3. Eosinophil of Siberian sturgeon Acipenser baerii. May-
Griinwald * Giemsa (preparation number, 46; See Table 1).
Note two types of eosinophilic granules, large types and
small types (brick color; arrowheads). Bar=5 um.
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RSN 5,

BRI E YRR S > RY T F 3 7 H A DGk
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THOBWR E DR D, —F, TBREEADOS B, Ml
TEIBTERLIZ BB A BRI IR E K& X)) LRI
yIBERLICHER T 22 &5, y1I BRI TBEETH S &
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PARY T F a U AIMEEHICET 22, F Ok
1213 ol Bk, BO BRI B LUyl ERIED HND T En
5, AFEREIIHEEMOETAHEO IHICUET2 I N
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Fig. 4. Cytochemistry of eosinophils from Siberian sturgeon Acipenser baerii. A, periodic acid Schiff reaction; B, toluidine blue in distilled
water; C, sudan black B; D, acid phosphatase; E, B-glucronidase; F, o-naphtyl acetate esterase; G, a-naphtyl butyrate esterase; H,

naphthol AS-D chloroacetate esterase. Bars=5 ym.
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Fig. 5. Small eosinophilic granulocyte of Siberian sturgeon
Acipenser baerii. Giemsa (preparation number, 37; See Table
1). Bar=5 um.

I 1D BEFT B, Ez, PO DMFHERICHRHI RN &
MHEIRNYTF aUF AT -Dz FEICHEES 3 (Table 4),
T OHFHERIT alpoyl ERFLINBH Dz THDHEFA S,

GPEEERICIZ 2 FRME O K (LE $KI, SE FEkD) 2B
Nize 7z, AcP, B-Glu BLUKHI A7 T — G 1EE
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KIGED 5 NT=, TNSEBEMRRID D5, AcP Btk
IZBRE AR & R EIC B W T LE RN TS 2 &
NS, LE AT AcP BE1ETH 2 LRI NS (Table 3).
INERUGF P 1 FERT ER O BERL T RE“E R D B BR O LE
KL EHBIL TW/eny, Ml gIcsnTRE <Rz
BT &S, HERIREIZRBDIPRIEREEZ A 51D,

va—hK/)—=XAH— a3 Acipenser brevirostrum 1%
IFPER SRR ER DS BRI N TH 0, EHEEk S < D¥fE
ET 2 2 EMMmEINTND ", AR HERIZIE PO &
IR ENTWRWD, FFRRERICIIABEREEDN D 5N T
Ws, Fz AN =X AY — 3 > Scaphirhynchus
platorynchus (135 HHER (PO RMETH 5 Z LipSiF IR E
FRENTWD ) LUFEERAEIEL, MEERIERE ® PO k2
HTHDEINTVD Y, RFKITBWT, RO
IR XYY F aoF A TRIN

Table 3. Summary of reactions of Siberian sturgeon Acipenser baerii granulocytes to cytochemical tests

Positive site (shape, number and positive site)’

1

Test Neutrophil Eosinophil Small eosinophilic granulocyte
PAS G (roro,m,0.3) H -
PAS-aA - H —
AB (pH1.0) - -
AB (pH2.5) - -
TB G(roro,s,04,eqyG; am, af, eq Yb); N N N
SBB G(roro,s,0.5) H —
Sudan I — — —
Oilred O - - -
AlIP G (r, m, 0.5) - -
AcP G (roro, m,0.5) G (roro,m, 1.1, eq LEG) -
B-Glu G (roro,s,04,eqyG)) G (am, s, 1.0) —
o-NAE G (r, m, 0.5) G (roro, m,0.5) -
o-NBE G (roro, m,0.5) G (roro,m,0.5); H -
NASDCAE G (roro,m,0.5) G (roro, m,0.5) -
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 phosphatase; AcP, acid phosphatase; B-Glu, B-glucronidase; a-NAE, a-naphtyl 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; am, amorphous; m, many; s, some; af, a few; yG, y granule;
LEG, large eosinophilic granule; Yb, Yasumoto body; eq, equivalent to; Arabic numerals indicate the diameter (¢ = ; um).
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Table 4. Grouping of Chondrostei and Neopterygii based on the granule composition and PO positive site of neutrophil

Group Subgroup Granule PO Species and references
LAa o3, Bl y1 B1 Asian arowana Scleropages fozisfmosuslz), Nile tilapia Oreochromis niloticus®®, jack-
T mackerel Trachurus japonicus™
Japanese eel Anguilla japonica™, common carp Cyprinus carpio'™*?, striped grunt
I-Ba a3, B1,y2 Bl Parapristipoma trilineatum®®, Japanese amberjack Seriola quinqueradiata'”,
I greater amberjack S. dumerili>, yellowtail amberjack S. lalandi®
1-Ca a2, B1, vyl Bl devil stinger Inimicus japonicus™
I-Dz al, Bo, y1 ND  Siberian sturgeon Acipenser baerii”
1-Zz al, a2, BO, y1 ND threadfin shad Konosirus punctatus™
-Aa o3, Bl B1 tiger puffer Takifugu rubripes”, grass puffer T. niphobles®, threadsail filefish
’ Stephanolepis cirrhifer””
1 1I-Ab a3, Bl BI,N finepatterned puffer Takifigu poecilonotus™
1I-Ba al, B1 Bl  red sea-bream Pagrus major'®
northern pike Exos lucius'”, bluegill Lepomis macrochirus®, Japanese seabass
Ila Bl B1 Lateolabrax jap.onicuslo’, .seabassﬂL. latus'”, rudderfish Girella punctatas’”,nj)apanese
I flounder Paralichthys ollz\:aceus , marbled sole Pleuronectes yokohamae™’, barfin
flounder Verasper moseri >
1ILb Bl BN ayu Plecoglosszzlts altivelis®, gray mullet Mugil cephalus™, redlip mullet Chelon
’ haematocheilus®”, sevenband grouper Epinephelus septemfasciatus'”
IV-Aa B1,v1 Bl Japanese lates Lates japonicus™
v IV-Ba B1, y3b Bl marbled rockfish Sebastiscus marmoratus™
IV-Cb B2, y3a B2*, N oblong rockfish Sebastes oblongus™

al, eosinophilic granule (o granule) type 1; 02, o granule type 2; a3, o granule type 3; B0, chromophobic granule (B granule) type 0; B1, B
granule type 1; B2,  granule type 2; y1, basophilic granule (y granule) type 1; v2, y granule type 2; y3a, y granule type 3a; y3b, y granule type

3b; PO, peroxidase; N, nucleus; ND, not detected.
*Rod-shaped central core was negative.
**Present report.
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