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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 (BG) 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 ym; 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 (B-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.
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MG OFPIROBREEN S Z ORI b2 Rt s
oML, INETREESHHRELZEEAE 0
KRB Uz, £, FHRIRESNC 2 BEOERIRA
BEOONZIENS, TNSEAIRIC DN THBESENDS
SRR LR E S MIT L %,

HEBLOAE

EERNOBHEEENSBALEZI XU T FavdF Ay
BEKERERORATHERICHAL, | » AU LBIBEE
LzDOBIZERITH L OKiR 18.0 £ 1.0°C), FAHHIM
i, HIROESEHE (YU 65, MHEER »HEER
L, FRMEOEKEIZR 160 g TH o/, MIRBRHFELR
DER, £4:4F Romanowsky B EAEE{HE (Table 1) B
S UEERR L FREHRILEE - &1 12, zymosan Ki
TEENYETI2RABHERILEES ViU ok,

T

AR T F a U FAOMIEPICI 3 BEOERIER (7P
BR, GFEEER, /NBUFERMETRRIER) MEREEI N, FEE
RGO SNEMode, FHERICIE 3 BEO, FERIRICIE
2EEO, NEFBREERIRCE | BEOBERARD 5N
7o Zymosan iIZXY 2 EREEIIFHEROALIED N,

i Rk

FHERIZERY 3.0m OMBELBIFMB TS D, ¥
DOREFMEEIR <, HRTBHREAENSRERIN.,
HIMREL, ME, WMAE, BRE»SHE GR35
EREATRGRE R R U o MIMRELICIE 3 B ORI (o FEAL
BREAL, vHEED MEZmEN7 (Figs. 1A, 1B).

o FHKL & v FHKI D MRSC % Table 2 IZ7R 9. e ERIGE
B3 m UTOMBERLEIRMNBETSH D, MEEICESEK
HEL T\, AEkiiEr OREft FTHBAaEREL
e, Reic, REKEAGEMYE (HS.0 & pHE.O) DU
IR ER AR O MG BB LT pH5.0 D Y/ M V) EEE
B & B W T Giemsa B OFFREE 1:100 & L7~ MGG
REICE > TERERINE, pERIIMABEZIIEIMRE
THO (B 15mlT), MRSV OWThORBEREIT
BWTHHBELRAREZ RS AN . vERIZIER 04 um
UToOMBELIIIMAE TH >/, RERIE MRSV O
TNORBEHFIIBNWTHREREZRLL. Z<ORED

FRERICBEES N TV BIFEEEOFER/IME (Y /M)
bEBIN. A/MOBEEIIFFRIEICE RS T
A, EBEBEINBZNDBORKTH - 2. A/NMRITIVTH
DREEFBEICPBNTHEBREZEL

FHRERIZIZ M £ 72 3O D periodic acid Schiff [ i
(PAS) BBHEEER (BB 03 mUT) HERELINE
(Fig. 2A; Table 3). ZOBEER L o 7 2 5 —FAREIC
Ko THEL. TN 7 >IN —RaTIBESMITIE
Banhok, £, MV P2 TN — (TB) BER
Ko TENEREIND EEDHIZ, BEELIIIBHETRE
BOBMEER (BER04m T PBEREINE (Fig 2B).
¥, B4 OBEERTBERMNDERD SN, FA
Wby ROBLUZY U MRETIRBEMRIGERIN
$, X¥> 759 B (SBB) REICI-> THBELIZIM
M THREBEOBEEN (BER05mT) NWOREE
I Fig.20). FIAHVET+ X7 75— (AIP)
W, M (BEZR05um T OBREERE L TEHER
ENfz (Fig.2D). BET+ 27 74—t (AcP) IAE
EREBIMEE (B 0.5 um T OBMEERE L TEE,
B-ZNrn=¥F—F¥ PGl BHABELIMAE (E&
04 umLIF) OBEERAELTLOEEDSNSE, o-F 7
FINTEF—bIXFT—Y (@-NAE) (SEZE0.5um LT
OHBOHEER & L TEEBRENE (Fig 2D). o« T
TFNTFL—bTAFI5—t (eNBE) BKUF 7 +—
JAS-DZOO7t5F—hIAF5—F¥ (NASDCAE) i
EBITHABEZIIIBAL (BE 0.5 um BT) OBHEER
ELTEEFED SN, PORFHFERIIBWYW TR E N
Ino 7z (Table 3).
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Table 1. Staining conditions of multiple Romanowsky-type stain valuation

PN Condition'? PN Condition'
1 MG :DW 42 G : /.50 M PB, pH8.0, 1:20, 15 min
2 : 5 mM PB, pH5.0 43 : /.50 M PB, pH8.0, 1:20, 60 min
3 : 5 mM PB, pH6.0 44 : /.o M PB, pH8.0, 1:100, 15min
4 : 5 mM PB, pH7.0 45 : /.50 M PB, pH8.0, 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, pHS.0 50 : 5 mM PB, pH5.0, 1:20, 15min
10 G : DW, 1:20, 15 min 51 15 mM PB, pH5.0, 1:20, 60min
11 : DW, 1:20, 60 min 52 15 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 :5mM 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, pHS.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 15 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 1 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 :'1,s M PB, pH5.0, 1:20, 15min
26 1 0.5 mM PB, pHS.0, 1:20, 15min 67 :'/,s M PB, pH5.0, 1:20, 60min
27 1 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 MPB, pH5.0, 1:100, 60 min
29 : 0.5 mM PB, pH8.0, 1:100, 60 min 70 :'1,s M PB, pH6.0, 1:20, 15 min
30 : 1150 M PB, pH5.0, 1:20, 15 min 71 :'/,s M PB, pH6.0, 1:20, 60 min
31 /5 M PB, pHS5.0, 1:20, 60min 72 :'/,s M PB, pH6.0, 1:100, 15 min
32 : /15y M PB, pH5.0, 1:100, 15 min 73 :'7,s M PB, pH6.0, 1:100, 60 min
33 : /15y M PB, pH5.0, 1:100, 60 min 74 :'1,s M PB, pH7.0, 1:20, 15min
34 : /5o M PB, pH6.0, 1:20, 15min 75 :'1,s M PB, pH7.0, 1:20, 60min
35 : 1,50 M PB, pH6.0, 1:20, 60min 76 :'/,s M PB, pH7.0, 1:100, 15 min
36 : /15y M PB, pH6.0, 1:100, 15 min 77 :'/,s M PB, pH7.0, 1:100, 60 min
37 : /15 M PB, pH6.0, 1:100, 60 min 78 :'/,s M PB, pH8.0, 1:20, 15 min
38 : Y150 M PB, pH7.0, 1:20, 15 min 79 :'1,s M 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 : ;50 M PB, pH7.0, 1:100, 15 min 81 :'/,s M 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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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 ym.

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

Number Number Number
PN PN PN
@ 7 @ " = r
1 +++ + 28 - b 55 o ++
2 +++ + 29 = ++ 56 + ++
3 +++ + 30 = 44 57 + ++
4 — ++ 31 + ++ 58 + ++
5 = ++ 32 = + 59 # ++
6 +++ + 33 + ++ 60 = ++
7 +++ + 34 — ++ 61 + ++
8 - ++ 35 + ++ 62 + ++
9 - ++ 36 = ++ 63 = ++
10 + 4k 37 - ++ 64 = ++
11 - ++ 38 + ++ 65 + ++
12 - ++ 39 + ++ 66 + +
13 - ++ 40 - ++ 67 +
14 + et 41 ES ++ 68 +++ it
15 + ++ 42 + ++ 69 +++ +
16 — + 43 + ++ 70 + ++
17 — ++ 44 — e 71 ks G
18 + ++ 45 — Ry 72 + +
19 + 4+ 46 + ++ 73 + ++
20 = ++ 47 + ++ 74 + ++
21 — ++ 48 4 ++ 75 + ++
29 + ++ 49 + ++ 76 — ++
23 + ++ 50 + ++ 77 + ++
24 — ++ 51 + ++ 78 + ++
25 + ++ 52 + * 79 + ++
26 + s 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 ym.

BERERTHD, ERI1Im U T THhOEBEEZEL
SE BRI REBEZEZRTEE 04 um LTOBARITHD, o
BBk 1 72D 10 ELAF O THHE S Nz,

HFREERIC PAS B MEIERIIGRE®D S5 7278, Ml E A E
MM TH 577, (Fig. 4A; Table 3). T DREERIGIE 0- 7 3
F—HICEHALEIC L > THE LB e T T >
T —REIC LGRS Nah> 7, £z, TB
P K O TROAMNEREINZ (Fig. 4B). A1)V L v R
O BLURXY » IMPETIIBMEA RISBE SN, SBB %
B & - THRE R E B TH o 7275, [BHEERIIEER
Shiamo7z (Fig 40). AcPIZMBEEZITIIAE (BE
11 um BLF) OBMEER & U TLEE%E Nz (Fig 4D).
B-Glu [ZEAE 1.0 um LA F OARER OB ERL (H, S8
EBIOHIR) & U TAHEGED SN/ (Fig. 4E). o-NAE I
E03um LIF®D, o-NBE BXUNASDCAE I & HITERE

0.5 um AR O P 5 72 /398 I DR & U T2 8isige
I N7z (Figs. 4F-4H). AIP & POWT RIS Nz o /=
(Table 3) .

INEUGT EE M B R IR

APERIERIZERN 85 um OMEELZIIINHETH D,
SR £ AR ZR L T\, BOREEITENE
LTHD, REEWEIAHKRTH . iz, KIIRE
U, KIS R E» -z, MIREICIE | EEo Ltk
BRI I/ (Fig. 5).

AERIZER 1L m LTFOMBEZZIMEETH D,
MRSV DWTHOREREFICBNTHHEEEZE L. &
FERIERIIAE ~ DML ERAICEETH D, TBRAIIC
o THOHMNEFE 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.

z =

SARUYTF 3T AOIHFERICIT o kL, BEBIY
y BRI E Nz, o BRIE MG, Giemsa 3 K U MGG
REDZFNTNITBNT, W DhOLEH T THEINS
TEMD, TORMMET MGHGH E RIS, #HRY O
SRRICED, ol BERIEFAESIND, £z, vy BRIZWT
NORAEFHEITBOTHHRESND I ENS, MGHGH D
YUK CRES NS, 51T, BERICIE, ¥4 /1
ANV Sebastes oblongus DU FRER TEIZ X =R Lk
RO S5NT, POEESMRI NN/ &5 Bo
K ah s,

e

IR ERE RN S 2R 7 F 3 75 A DIk
DEPERIZRD X S ITHERE U7z (Table 3), PAS Fi KL
Ho-7I5—VickDHEELEZENS, FJVI-F>
EERSETIHEMTHD, WTNOBERICHMHL LR
WEEBbnsd, £, SBBEHEKIE, ZOoXKEINN
THOER EBRIRD, —F, TBHEERDOS S, #i
ISR R R OBIRERES) SERED
yUERICEMT 225, vy BRI TBRETH D &
EAZ6ND, £z, NEKD TB BRI Y /IMEITHY
T2EEDND, AP BEBRIZEESNRFEICHBNT,
AcP BBHEFERIIZZ DR EIITBNT, WITNOER & &7
BT EMSMBEEDOFEENMIZHEETE R, —7,
B-Glu [5 P FERLIE T A8 7 B R B & BRI ROAY y1 FRORLIC A
THTEMS, v HRIEBGCGuIEETHZ EEZ BN,
FHIZ T 7 —VEHEERIL, TORESIHNTNOER
EORIZD T ENS, FEMIMITHEE TSR,

RY T F a P AIREEMICET B0, £ OUFFER
12V ol B8R, O FEKIB X Uyl HRIMEO 5N D T &M
5, ARREZIHFEEROETHEO ITICAET ST En
WRET®H B, O/ 20O Konosirus punctatus O if FER S BO
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IRYTFauF AT o BRI I BETHLIZENSH
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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, a-naphtyl acetate esterase; G, a-naphtyl butyrate esterase; H,

naphthol AS-D chloroacetate esterase. Bars=5 um.
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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 BERT B, iz, POMFHEKICHEIS AW &
MEIRYT7Fa P AT Dz BEICT/HE SN (Table 4),
ZOIFHFERIT alpoyl &KL IND D2 THDEFA S,

BFEEERITIE 2 FEEEO KL (LE kI, SE fEAD MRS
Nize £z, AcP, B-Glu BIXUEHIT X 77— 5 MEHE
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RIDERD 5728, INSHBIEERI OS5, AcP MR
[T HE LR & BRI BT B W T LE AL 5 2 &
M5, LE BRI AP BETH D LHEREEND (Table 3).
/NI P BRI ER O BRI T RE A B RS S iR BR O LE 8
RLEFRBIL TW7h, MR sic B TRE SRz
DT EMS, HERIREIIRBDBRIEREEZ SN S,

v a— bk /) —XAHY— 3 Acipenser brevirostrum 12 %
BFHRER SFERERBIR SN TH O, FHEERD < DETE
B EMWEEINTNS ", FEEOLFERICIE PO IEHE
VRSN TR, IFEERICISABERTEMEARED 5N T
Wz, iz Yy XIS — LAY —P 3 > Scaphirhynchus
platorynchus \ZI\3HFHER (POFRMETH D Z &M BIFRIRE
ENTND ?) SUFREERATFIEL, WFRIERE B PO 2
HTHDEINTVWD Y, AFEKICBWT, RAKEOBRME
FrR R N7 Fa g FATREN .

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

Positive site (shape, number and positive site)’

Test'

Neutrophil Eosinophil Small eosinophilic granulocyte
PAS G (roro, m,0.3) H —
PAS-0A = 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 — — —
Oil red O = == =
AIP G (r, m, 0.5) - -
AcP G (roro, m,0.5) G (roro, m, 1.1, eq LEG) —
B-Glu G (roro,s, 0.4,eq7G)) 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 (o0 = ; #m).
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Table 4. Grouping of Chondrestei and Neopterygii based on the granule composition and PO positive site of neutrophil

Group Subgroup Granule PO Species and references
LAa o3, Bl 71 Bl Asian arowana Scler-opages fozrmosus'z), Nile tilapia Oreochromis niloticus*®, jack-
i mackerel Trachurus japonicus™
Japanese eel Anguilla japonica™, common carp Cyprinus carpio™™, striped grunt
I I-Ba a3, B1, 72 Bl Parapristipoma trilineatum**”, Japanese amberjack Seriola quinqueradiata'”,
greater amberjack S. dumerili®®, yellowtail amberjack S. lalandi™
1-Ca a2, Bl, vl Bl devil stinger Inimicus japonicus™
I-Dz al, B0, vl ND  Siberian sturgeon Acipenser baerii”
I-Zz al, a2, B0, y1 ND threadfin shad Konosirus punctatus™
Az o3, Bl Bl tiger puffer Ta{cifugu 2;;ubripes”, grass puffer 7. niphobles®, threadsail filefish
’ Stephanolepis cirrhifer’”
1 II-Ab a3, Bl B1,N finepatterned puffer Takifugu poecilonotus™
II-Ba al, Bl Bl red sea-bream Pagrus major'®
northern pike Exos lucius'’, bluegill Lepomis macrochirus®, Japanese seabass
s b1 b1 Lateolabrax japonicus', seabass7)L. latus'?, rudderfish Girella punctatas‘”,zg)apanese
I flounder Paralichthys oli;;aceus , marbled sole Pleuronectes yokohamae™ | barfin
flounder Verasper moseri *
[11-b Bl B1.N ayu Plecoglosszzlts altivelis®, gray mullet Mugil cephalus®®, redlip mullet Chelon
’ haematocheilus®”, sevenband grouper Epinephelus septemfasciatus'
IV-Aa B1,v1 B1  Japanese lates Lates japonicus™
v IV-Ba B1,y3b B! marbled rockfish Sebastiscus marmoratus™
IV-Cb B2, v3a B2*, N oblong rockfish Sebastes oblongus™

al, eosinophilic granule (o granule) type 1; 02, a granule type 2; 03, o granule type 3; PO, chromophobic granule (B granule) type 0; B1, B
granule type 1; B2, B granule type 2; y1, basophilic granule (y granule) type 1; v2, v granule type 2; y3a, ¥ 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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