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Morphological and Cytochemical Characteristics of Neutrophils from Lampreys
(Arctic Lamprey Lethenteron camtschaticum and Siberian Brook Lamprey L. kessleri)

Masakazu Kondo!-T, Shinya Yasumoto! and Hajime Matsubara?-3

Abstract : Two types of stratified (two-layer) granules (type 1, G-1; type 2, G-2) were observed in the
neutrophils of lampreys, Lethenteron camtschaticum and L. kessleri. The G-1 consisted of chromophobic
inner layer (L0) and outer layer (L1). On the other hand, the G-2 had chromatophilic LO [eosinophilic
and basophilic (metaazurophilic) in L. camtschaticum, basophilic (metaazurophilic) in L. kessleri] and
chromophobic L1. Both lamprey species had same cytochemical characteristics. The LO of G-1 showed
positive reaction to alkaline phosphatase. Some lysozomal enzymes, such as acid phosphatase,
B-glucuronidase, o.-naphtyl acetate esterase and naphthol AS-D chloroacetate esterase were detected in
the LO of G-2. The L0 of G-2 was also Sudan black B positive. The neutrophils lacked o -naphtyl butyrate

esterase and peroxidase.
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FELRINITIC, AHEOFPRIZSEHET
RomanowskyZ®i %t 45 5 i #: (Multiple Romanowsky-type
Stain Valuation, MRSV) ##H L, SEAFICBITHEF
HERER OB A HE L CE 2 GRS 281) . A
T X, MRSV% 3 £ o & 3 HAgnatha (B O
Cyclostomata) @ — ¥ T & 5 X ¥ v F X Eptatretus
burgeri ( X % 7 4 ¥ HMyxiniformesX ¥ 7 F ¥ #
Myxinidae) DFFERICEM L, FFHIRICII2EE QTN
PHEETHIE, ZAoOENMIIEDI2BLI O L HHE

BEEXATAZEEHEL,PIC L. AOBEICIEX Y Y FF

Fhagfisho iz ¥ X 7 FFlamprey (¥ A7+ ¥H

Petromyzontiformes) 258 F h, B4 I3 10E47TE
[3 4 3% Y X BGeotriidae (UB1H), €N Fx 7H

Mordaciidae (UE3%&), ¥ * 7 F FH Petromyzontidae
(8E431E)] /ST ™, :

YA FFEOBENEAME (GEREK) ohET
2, YV AU TR 7YY A B Lethenteron® American
brook lamprey L. appendix™**& 57 % Y X Arctic lamprey
L. camtschaticum®*?, TRt Lampetral& DEuropean brook

lamprey L. planeri®™ &European river lamprey L. fluviatilis™,

LKEEAS A E RSP (Department of Applied Aquabiology, National Fisheries University)
PHEEREKRET 7 784 458 (Department of Aquatic Biology, Faculty of Bicindustry, Tokyo University of Agriculture)
SEE: @IRAFHM TS MET % (present address: Faculty of Biological Science and Technology, Institute of Science

and Engineering, Kanazawa University)
TRIR ) §5Kk5%E (corresponding author): kondom®@fish-u.ac.jp
*! FishBaselZ & % (previsionally acceptedfE D2 % &) o

*2 Jordan and Speidel (1930)? ®Lampetra wilderi& Fujii (1981)° % Lampetra japonicard &N ENLethenteron appendix& Lethenteron

camtschaticum® > ) =5 Th s (FishBaselZ X %),



42 ok, wA, RE

%} Petromyzon J& Dsea lamprey P. marinus®™, 393
Ty AR 77O YY ABDOT 7 1YY Apouched lamprey
Geotria australis® TEESNTWA, $72, L. planeri®
Wi (Ammocoetes) %%, L. fluviatilis® 5\ &L, planeri
DIED BEET7 707 Y ADOHMETIHESATVEY,
YAy FFEOBENBROEREE L F0BHIE, AEHL
VIRFFREIC & o TREA TH 52577, Rowleyd (1983)
HY Y 2+ FEOBEMBRITIFFRRADOMMR

(neutrophilic/heterophilic granulocyte) A& EN 5 & L
Twa®, Larl, ¥ 2y FFROFFRENOGREN
WKOWTEIREICLoTEEY, FT7Y Y ADFFERIZIE
Gilemsafeta | & o THAENGOR2 2 2BHEO B (Gublk
7355 < MO % JERL & R B ORERR) SEEINTNS
2, L. fluviatilis Tl Wright¥etd 5 v i3Giemsafeta L
PR ERICETERE (bluelilac) OER® & 5\ iEMay-
Grinwald - Giemsafe® T 7 X — VT % 7R3 R ASE20
BNTVBY, —F, P marinus &7 7 0% Y A DFH
BRIER IR 2 B M AR & PIFRRE ST,
FFETREYY AV FERAITYY ABOHT Y X
E#EHEY) &3 NY T YT AL kessleri (K T—E%
W) OIFFEROEEZEN S & UL % ]
T 5o

(
B
H
=

MRS L UHE

HEENOFNITRESI N2 7YY A MA2E (KE
#9120 g, EEA40 cm) VN 7YY ABACRE (KE
#6 g, £FHN16 cm) % ZNEN20174E4A B L UBA IS
KRERFEROFERRICMA L, KIR10C TLEAMEIHE
BLZOBIZERIZH L2 @FKICIIRR LKEKE
Ay, SEHMPIIEGEE Lz, 30T 0 THEME,
BT XY AIRERME 2 5 A% Y NaK BB (1,000
units/ml) % AEANZEFSEE AR L. XY
TV AhoHORMIZ, BN L o7, RBILEIzS
BN YNaKBBERMWL 720 MEEHRBEROME
8, % 4 TRomanowsky®i # & 5 ffi = (MRSV; Table
D, BREMAALZEE B L O 7YY A FHERDzymosan
KT 2 RERRIGHHR & ABOFETT o2, &
B, BEFEBRIIIOCTERL 72

ERHLUER

WENROY Y X T FEO MBI S VEEO B BKD
BlE s (Figs. 1A & 1B), zymosanfl 12513 5 HED
Ao bz (Fig 10). MEDIFHEITE B IZENE TS
b, MBI EEOEN (&, G 28, G2) Mg
Ens: (Figs. 1A & 1B, 2)o G-LIZMRSVOWF et
ZEHFICBVTHEBRAERELR L, —F, G20EMAIC
kT g E % (chromatophilic) D EFEEFEBE S L,
ZOEREELEROPLEEDE (L0) L, LORH
HEEE R LLE T 5, LliZv: 9o & ORomanowsky !
FEERCBATIELEAEETH L. —FH, LOIAY
YA TERREREMIL o THRE, REED LV ITERE
HTHY (Table 2), YN 7YY ATRFRESHLVIZ
B4 f T H o7z (Table 2)o M A E DG I,
RomanowskyBI g BAZAR TII#BI T & 2 vas, SEMab
BREOER, TVAIVET+ X775 —¥ (AIP) B
DOLOAEIg S niz (LODEBDOLLIZAIPKEE: Figs. 1D)o
L7cioT, ITXYVRAEIRYTYY ADMFRRITL D
EEORBENEAETALE LA, B, GlOLOE
G2mLOE & b IZAEA» LIAR TH o 7245, FIFEDOHA
KEITH 72 (GIOLO, <05 pum; G-20L0, <03 um)o

APPUA DML ZE R EEIz oW T b EEIENIE 2
¢, G2OLOWIdMEtE7 +# A7 7 % — ¥ (AcP), B-Z IV
su=F—¥ (B-Glu), a-F7F V7T~ FLRT
75—+ (a-NAE) BLUF 7 b—NVASDZ OB 7 X7 —
FL27 75—+ (CAE) #ii &7z (Figs. 1E-1H). ¥
72, G20L0E X ¥~ 2B (SBB) B TH - 7z (Fig
Do 0-F7FNV7FL—+rxA75—¥ (a-NBE) &~
VA F V¥ —¥ (PO) 3 Ehih o7 (Table 3),
BRI /ANE G F 7212 Dperiodic acid Schiff

(PAS) FUGHERFOIEEE S, MBREEE LR
BERLAEDY, ThEOBERTITa-7 37— FREIC
Lo TEEITHE LA (Table 3)o £/, PNVAT LT
V=T, FEROBEME (Y/ME) POEBD 5
nizds, VI Ty TIN—, FANVLy FOBXUXSF
Tt iR Rt s ha o7,

I E TIZ, Lethenteron appendix V213288 0 BRI BR

(special granulocyte & eosinophil) ZSEIZE & TV 555,
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Table 1. Staining conditions of multiple Romanowsky-type stain valuation

PN Condition!? PN Condition!
1 MG :DW 42 G : 1/150 M PB, pH 8.0, 1:20, 15 min
2 :5mM PB, pH 5.0 43 : 1/150 M PB, pH 8.0, 1:20, 60 min
3 :5mM PB, pH 6.0 44 : 1/150 M PB, pH 8.0, 1:100, 15 min
4 :5mM PB, pH 7.0 45 : 1/150 M PB, pH 8.0, 1:100, 60 min
5 :5mM PB, pH 8.0 46 MGG :DW,1:20,15 min
6 :1/15MPB, pH 5.0 47 : DW, 1:20, 60 min
7 : 1/15MPB, pH 6.0 48 : DW, 1:100, 15 min
8 :1/15MPB, pH 7.0 49 : DW, 1:100 , 60 min
9 : 1/15 M PB, pH 8.0 50 : 5 mM PB, pH 5.0, 1:20, 15 min
10 G :DW, 1:20, 15 min 51 : 5mM PB, pH 5.0, 1:20, 60 min
11 : DW, 1:20, 60 min 52 : 5mM PB, pH 5.0, 1:100, 15 min
12 :DW, 1:100, 15 min 53 : 5mM PB, pH 5.0, 1:100, 60 min
13 : DW, 1:100, 60 min 54 : 5 mM PB, pH 6.0, 1:20, 15 min
14 : 0.5 mM PB, pH 5.0, 1:20, 15 min 55 : 5 mM PB, pH 6.0, 1:20, 60 min
15 : 0.5 mM PB, pH 5.0, 1:20, 60 min 56 : 5mM PB, pH 6.0, 1:100, 15 min
16 : 0.5 mM PB, pH 5.0, 1:100, 15 min 57 : 5 mM PB, pH 6.0, 1:100 , 60 min
17 : 0.5 mM PB, pH 5.0, 1:100, 60 min 58 : 5mM PB, pH 7.0, 1:20, 15 min
18 : 0.5 mM PB, pH 6.0, 1:20, 15 min 59 : 5 mM PB, pH 7.0, 1:20, 60 min
19 : 0.5 mM PB, pH 6.0, 1:20, 60 min 60 : 5SmMPB, pH 7.0, 1:100, 15 min
20 : 0.5 mM PB, pH 6.0, 1:100, 15 min 61 : 5 mM PB, pH 7.0, 1:100, 60 min
21 : 0.5 mM PB, pH 6.0, 1:100 , 60 min 62 : 5 mM PB, pH 8.0, 1:20, 15 min
22 : 0.5 mM PB, pH 7.0, 1:20, 15 min 63 : 5 mM PB, pH 8.0, 1:20, 60 min
23 : 0.5 mM PB, pH 7.0, 1:20, 60 min 64 : 5 mM PB, pH 8.0, 1:100, 15 min
24 : 0.5 mM PB, pH 7.0, 1:100, 15 min 65 : 5 mM PB, pH 8.0, 1:100, 60 min
25 : 0.5 mM PB, pH 7.0, 1:100, 60 min 66 : 1/15M PB, pH 5.0, 1:20, 15 min
26 : 0.5 mM PB, pH 8.0, 1:20, 15 min 67 : 1/1SM PB, pH 5.0, 1:20, 60 min
27 : 0.5 mM PB, pH 8.0, 1:20, 60 min 68 : 1/15M PB, pH 5.0, 1:100, 15 min
28 : 0.5 mM PB, pH 8.0, 1:100, 15 min 69 : 1/15M PB, pH 5.0, 1:100, 60 min
29 : 0.5 mM PB, pH 8.0, 1:100, 60 min 70 : 1/15M PB, pH 6.0, 1:20, 15 min
30 : 1/150 M PB, pH 5.0, 1:20, 15 min 71 : 1/15M PB, pH 6.0, 1:20, 60 min
31 : 1/150 M PB, pH 5.0, 1:20, 60 min 72 : 1/15M PB, pH 6.0, 1:100, 15 min
32 : 1/150 M PB, pH 5.0, 1:100, 15 min 73 : 1/15M PB, pH 6.0, 1:100, 60 min
33 : 1/150 M PB, pH 5.0, 1:100, 60 min 74 : 1/15M PB, pH 7.0, 1:20, 15 min
34 : 1/150 M PB, pH 6.0, 1:20, 15 min 75 : 1/15 M PB, pH 7.0, 1:20, 60 min
35 : 1/150 M PB, pH 6.0, 1:20, 60 min 76 : 1/15M PB, pH 7.0, 1:100, 15 min
36 : 1/150 M PB, pH 6.0, 1:100, 15 min 77 : 1/i5M PB, pH 7.0, 1:100, 60 min
37 : 1/150 M PB, pH 6.0, 1:100, 60 min 78 : 1/15M PB, pH 8.0, 1:20, 15 min
38 : 1/150 M PB, pH 7.0, 1:20, 15 min 79 : 1/15M PB, pH 8.0, 1:20, 60 min
39 : 1/150 M PB, pH 7.0, 1:20, 60 min 80 : 1/15M PB, pH 8.0, 1:100, 15 min
40 : 1/150 M PB, pH 7.0, 1:100, 15 min 81 : 1/15M PB, pH 8.0, 1:100, 60 min
41 : 1/150 M PB, pH 7.0, 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 sclution); 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 1/150 M PB.
PN, preparation number.
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Fig. 1. Neutrophils from lamprey (Lethenteron camtschaticum). A, May-Grinwald (PN=2); B, May-Griinwald-Giemsa
(PN=60). Note two types of granules, type 1 (G-1) and type 2 (G-2). The G-2 consist of chromatophilic inner
layer (LO; arrowheads in A & B) and chromophobic outer layer (L1); C, phagocytosis of zymosan particles
(PN=60; *, zymosan particle); D, alkaline phosphatase; E, acid phosphatase; F, {-glucuronidase; G, d-naphtyl
acetate esterase; H, naphthol AS-D chloroacetate esterase; I, Sudan black B. Positive reaction: D, LO of G-1; E-I,
L0 of G-2. Counter stain: D, safranine O; E-I, hematoxylin (Mayer). PN, preparation number (SeeTable 1). Bar

(5 um) in A is adapted to other figures (B-I) in Fig. 1.

FE o 77Xy A VEE O Bk (£ A% A Mk
polymorphonuclear leucocyte, PMN) L i 51T
2\, F 72, L. planeri 1213 2F83H (neutrophil & eosinophil)®
& A\ it 3fEH (neutrophil, eosinophil, basophil) @
FLERA, L. Alwviatilis 12 %18 (granulocyte” & % 1%
azurophil'”) ¥ 72132f3 (neutrophil® eosinophil) @Y
KERABEZE SN TWB"Y, X512, Petromyzon marinus
D PRI BR1Z2FE 48 (neutrophil & eosinophil)® F 7z (X348

(neutrophil, eosinophil, basophil) 12V, 77 u¥ v
TIX1fE4E (granulocyte) 2SI NTWEY, b0

WRIERD S B, P L bATX Y ADOPMN®, L. planeri
®neutrophil®”, L. fluviatilis®neutrophil” ¥,
granulocyte” 3 X Wazurophil” 7% & WP, marinus O
neutrophil® "V WV TR LIFHEKTH L LEZ SR TS
(Rowley & (1988)" \ZIXL. appendixk 7 7 B XY A D
RIS 2WE " BFHSh TR, Lo,
KXY 27 FFEOIFHPERO G (IR OgMm
) 1ZkEATHY, L. appendix Dspecial granulocyte [L.
appendixtZ 1Especial granulocyte & eosinophil ¥ % & 11
TWwb Z &5, special granulocyte?SIFHERIZAHYS 4 5
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Table 2. Summary of multiple Romanowsky-type stain characteristics of LO of G-2 in neutrophils
from two species of lampreys [Lethenteron camtschaticum (Lc) and L. kessleri (LE)]

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

'PN, preparation number (See Table 1).
%R, red: P, purple; —, not stained.

Table 3. Summary of reactions of neutrophils from two species of lampreys [Lethenteron camtschaticum
(Le) and L. kessleri (LE)] to cytochemical tests

Test Positive site (shape, number and positive site)
Periodic acid Schiff reaction (PAS) G (round or oval, many); H
PAS after digestion with a-amylase —
Alcian blue (pH1.0) -
Alcian biue (pH2.5) -

Toluidine blue in distilled water G (amorphous, a few, eq Yb); N
Sudan black B G (round or oval, many, eq LO of G-2)
Sudan I —

Oilred O —

Alkaline phosphatase G (round or oval, many, eq L0 of G-1)
Acid phosphatase G (round or oval, many, eq L0 of G-2)
B-Glucronidase G (round or oval, some, eq L0 of G-2)
a-Naphtyl acetate esterase G (round or oval, many, eq L0 of G-2)
a-Naphty| butyrate esterase —

Naphthol AS-D chloroacetate esterase G (round or oval, many, eq L0 of G-2)
Peroxidase =

G, granular ; H, hyaloplasm ; N, nucleus ; Yb, Yasumoto body; —, not detected; G-1, neutrophil granule type 1 with two-
layer structure (chromophobic LO and L1); G-2, neutrophil granule type 2 with two-layer structure (chromatophilic LO
and chromophobic L1); eq, equivalent to.
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Lz LNE] OBEBIIWright 612 & » TR BTN
(basophily) % 7R3 & &N TwaY LA L, Jordan
(1930)" O [fig. 62 (FRshzAy v F)] TlRERK
EEARINTELT, MRERESHRETFELRL TV
AT RS, BERNEREINLWEEZOND [—#IZHE
WRFEEED A VIIHFREREZ RS2 EE, Pk
(neutrophilic) &MFIEN B A, ERIZIERBIN TV A
VDT, KRS TIL G M chromophobic & I K], —
., BTV XAOFHERIZIZGlemsad il X o THm Mk
DEL B2EBPOBPRAFEEINTV DD (G355 <
O 7 JERE & RS B O B, Fujii (1981)° @ getafs
[fig 2 (HEFE)] ICRBEFOEENIR SN 5,
Lampetra fluviatilis O FPERERIL, Wright@®dh 5 »
(dGiemsae 12 & o THFHE (bluelilac)” & v ik
May-Grinwald - Giemsafeta T7 X — WiFHZRT & &R
Tw5Y, Kelényi and Larse (1976)" 12137 X — Vi
R OBMITER I N TVLEWD, —RIZ7TA-1EFEx
EL el (Wrightdefh R Glemsafe ) 2L » CTHRE%E
ET 5T (FROrFRECIrIMbLY), 7TX—
MaEEPRFAREME Ay ra<wd—) BRLICEEZ,
T A= VIR E MR, L7ASo T, L. fluviatilis DT A—
VIFHEER R THLEEZONS, L2 L, Page
and Rowley (1983)? @ # & 1§ (figs. 1 & 2) &Kelényi
and Larse (1976) o#@fg (fig 3) CHFERIATY
BWIERAED SNE, 512, P.omarinus & 77 0%
VA DU ERER L AR S e TR ST E (=g
wlih) ThHHELY, KMEOHR, H TV Y REINRYT
YU A DU RERICII2EE O N (G-1LG2) BHEEL,
GlLIEEZEMH D, G20k E (L0) 3#a M
LoTlts (BT v R) RHRER (HT7VYAEINY)
TYVA) BRTIEPHALhE R/, DI EPS,
Fujii (1981)% 754 7% Y A OIFRERIZEIEE L2 REBD
ML L, Fujii (1981)Y Dfg. 2123850 & W5 dEde Bk
BENENRFFEOGC2DL0LGLIMET AL LEL SR
o FRRICL. fluviatilis DHFHRBEH 27 X - VT
FERY (XG20L0TH O, L. fluviatilisD i 5k 0 G o 5
WRS WA BEEEERIIGITH L EEbE, G20
LOESEM iz Lo Tidra s N h o7 (Table 2) L7z
o T, G2OLOMHEEEZ RTBEIZE, GlEG2%
KB T&E R, 202 kH»5, L appendir Dspecial
granulocyte, P. marinus 3 & U7 7 BV A O#deta k8
AL, LOPSEBEN TV R WGE2E GlOTAICHL T 3

YE 2B, Fujii (1981)% 254 71 X OFFhERIZBEL
7o deta Aty < O 2 Bk & 0%, WERLR M B R AT
TRICARZI-OTRERLZVREEES NS,

BT A, L. AuviatilisB & UP. marinus® i 1 Bk 1E
FAIEEFHEBE L o TEROBEFEE I LT
B0 IS BEOEEE X AIEOGS & UG-27
NENDOLOHET B EEZ LN D,

R & FFOREKIC L 2EEORBENHESNT
By, BRakoLOLIFREROLIP S 2 EG1E, HFY
B OLOE HERAEEOLIY L R AGACTEEN TV S
(Fig. 2)% %7, GlOLOIXG20LOL Y bk E WY, K
WIS BIT 57y A 7 FEOU IR O 58I, |/
WD RS 7 F FIFHRROFEROFY T KL 272 (G1o
LOASX & o+ F T REEHE, vy A7+ FETIIHE
BHETHLEEEL Fig 2o ¥V AT T FHEHOG2OL0
i, ATy ATERCEEFRERE, IR TR
TRFREFEBEE LS (Table 2)o #7Y Y XDG20L07°
FEBEEZRT DL, May-GrinwaldEEIZIBITH W 20D
FMHIZBWTTH D, May-Grinwaldi (JEil) 4>
v @BERE) EAFLYTV— (BEEEE) AL
XAV VBAF LY TN =% A ) - VICBEL-b D
THb, FEBIBHEECRELFIRT LI LTt
SEAF VLTI B LIS T, ATV A
DC2DLODFREBIZ T L VIZLBLDTHE, HTYY
AL RYTFTXYADGC2OL0IE, Gemsafzf b & O
May-Grinwald-GiemsaZt B DV { DD EHFTIZB W T
REB AR L7 (Table 2)o Giemsal§ii i3 {8 5 W 12 AR 1
HETHMENLY, HRBOLEERFIIZIF Y, 2
FL YT N—BLUT A— VB (EHEEEE) 2544 1L
LR CHET %, AF L7 —b 7 A= VBIdEHR
RTHEBTHLY, ZNLOHEEEEEIELEEYIZEE
L7zBC, REOBEOBL R THEICEREEE
voawId—) &, RerETIHAICEREaEETR
LizkdNb, HTX Y AETINYTYY ADG2OL0E
May-Grinwaldg il Lo THEBRETERWVWI &0, A
FLyTU—lid s ERIND, T2, K%
fa OLOIXMay-Griunwalde & 2 R I B8 & 1§,
Giemsafe B A 1 L U'May-Griinwald-GiemsaZe i 1% A 0
W OPDEBTIZBVWTREDOLNLI &b, G2DLO
DI EIICiemsae BT D7 X — VB ERG AN 2R
Lz litiaEZzONL, 72, 70V AFHERO
May-Grinwald-Giemsa &t ®@IEA D ) 5, G2OLOAHRE I
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gefty S5 S O May-Grinwald e i 7 12 Giemsaife fo %
i L7236 120%, Glemsafe kg 235 vy (1543/#) £ L0
et Y, FiEHATRY (6057H) HEIRESRE
ET5ZLhH o7 (Table 20PN52L53, PN56E57) 0
ZOZ L, May-GrinwaldZe R ICLOICK & L7z 4 &

U, GiemsaZt Bl ICLOD ST 2 2 L ARIEL TW
50 ATXYADG2DL0Z AT VICHEATHELE DI
TA=LVBIZbRETHEEZONDLZ NS, Wk

(amphophilic) THAEHBFRx 5. X7 7 FFDG1DLL
1ZPN51 7D 444 D May-Griinwald-Giemsa e i = 4 T D Ak
BEllgbsh, G20LOLPNSITIRRERE, MBoSkMt:
TRFOEE IR T, F72, G20L0IEMay-Grinwald e
WKLo THhBRFOEET LI LMD, XF T FFOGID
L1 7 X —VBIZ & o TRkt (Rgfalt) 2R1L1,
G20LO A F L ¥y 7V —TH@ (E#REmE) &, 7
A= VBIZ & o TSt (BFgetlh) 12835 LffEgs
5 (Fig. 2),

ATYYRETNR)TY Y ADIFHERIZIZAIP, AcP,
B-Glu, a-NAE, CAEZ#iti &4, SBBEMETH - 72,
AIP & AcPIZL. planeri®, L. fluwviatilis® ' 3L O"7 70
VAP b ENRTWA, LA L, B-Gluk o-NAEH!:
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G-1

hagfish 0 L1
lamprey @ L1
Fig. 2. Comparison of two types of neutrophll granules

from hagfish Eptatretus burgeri® and lampreys
[Lethenteron camtschaticum (Lc) and L. kessleri
(LR)]. G-1, type 1; G2, type 2; L0, layer O (inner
layer): L1, layer 1 (outer layer). [, chromophobic;
M, chromatophilic [hagfish: L1 of G-1,
metaazurophilic (purple); LO of G-2,
orthomethylenophilic (blue) and
metaazurophilic (purple). lamprey: LO of G-2,
eosinophilic (red; Lc¢) and metaazurophilic
(purple; Lc and Lk). LO of G-2 of Lc is
amphophilic.

Table 4. Comparison of reactions of neutrophil granules from hagfish and lampreys to cytochemical tests

Species?, type of granules and reaction*

Hagfish? Lamprey
Staining'? :
G-1 G-2 ; G-1 G-2

L0 Ll L0 LI | Lo L1 L0 Ll
AlP _ _ - — 1 = ~ _ B
AcP - - - S e _ n ﬁ
B-Glu _ - _ e o s - + -
a-NAE - = _ - | = . 3 _
oa-NBE o = = — 5 _ = - -
CAE — - - = 1 = — + _
PO - = - -~ | = — + —
SBB - - —~ - i = - + -

'AlP, alkaline phosphatase; AcP, acid phosphatase; B-Glu, B-glucuronidase; a-NAE, a-naphtyl acetate esterase; o-NBE,
a-naphtyl butyrate esterase; CAE, naphthol AS-D chloroacetate esterase; PO, peroxidase; SBB, Sudan black B.
’All types of granules showed negative reaction to other tests [periodic acid Schiff reaction, alcian blue (pH1.0, pH25),

toluidine blue in distilled, oil red O, Sudan III].

haghsh Eptatretus burgert; lamprey, Lethenteron camtschaticum and L. kessleri.
‘G-1, neutrophil granule type 1; G-2, neutrophil granule type 2; L0, layer 0 (inner layer); L1, layer 1 (outer layer): +,

positive; —, negative (non-detection).
“Kondo and Yasumoto (2020)%:
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WL, AuiatilisCTRBHLNELODY® 0¥y T
BEMTH B, ¥, CAERL. Auviatilis TiZEMHES 0,
7ru¥y ATREETH B, 72, ATYVAEYN
7YY A THEMETSH o 72SBBIXL. fluviatilisTIXRMET
B0 HTYYRETNR) TV ATERETH - 2P0
L. fluviatilisk. 7 7 O Y BT HBIETH 57321012,
L. planeriTIEAER (inconstant) 2B TH 5% X ¥
Y > FOFPERIZIE o-NBEFEASG-1OLOIHEE ST
5%®, AP, AcP, B-Glu, a-NAE, CAE® & UPOIRR
HCHY, SBBREDIEETHS (Table ) LPL, &
BHEERICEREINZX T Y FF TR, FHskoMiaibs
HEEAEILT B2 EFBEENTVEY, YU Xy F¥
HOBBII BT 2 MRFRFEOECD, BIZAENSE
GBI EIZLBDOH, HEHVIERAITS hOFEEN
BIEL TR LIZL200EHAL L TIAR V. RFFEIC
Avwiery 20+ FEONBICERFERIRO LN o7z
A, ML EERREZ LTV, 4%, FhAREE
YU RXATTFEOFHROBEEEZHLPIZL T &Y,
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