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

Masakazu Kondo! ", 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 camischaticum and L. kessleri. The G-1 consisted of chromophobic
inner layer (LO) 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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Romanowsky#! 4% 1 5 fffi {: (Multiple Romanowsky-type
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HERIER OB 2 S LT & 72 GRS Y 2B . A
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F#} Petromyzon |& Dsea lamprey P. marinus® Y, I 3
XYY AR T 7aXy Ao 7 7 1y Apouched lamprey
Geotria australis® THBIEEN TS, £72, L. planeri®
4 (Ammocoetes) %%, L. fAluviatilisd 5 \NEL. planeri
DOYED BLUT7 7 0¥y AOWETHHEENTVEY,
YAy FHEOBRIROME I & 2 0RINE, D 5
WIZRFFES I & o THEA TH 57, Rowley b (1988)
Yy XY FE O B R BRI R GR o M
(neutrophilic/heterophilic granulocyte) »3& N5 & L
TV Larl, ¥ A F FEOMhEREER O Getatt
WZOWTEIHFIZL>TERRY, 7YY ADUFHERIZIE
GiemsaZefi |l & o THAMED 570 2 M O JEkL (Fef it
B3G5 < Bl 72 JEAL & AR O RBVSERD) PEIZS N Tw 2
%, L. fluviatilis Tl¥Wright4¢t b % v 13Giemsadstn L
IF R ERIC S (bluelilac) O R B 5\ iZMay-
Grunwald - Giemsadett T 7 X — WA % 7% 3 B 25780
SNTWVBY, —F, P omarinus & 7 70X A DU
ERIERT LI BN 7 e V2R S FHFFPYE L ShTwp P,
ARETIEY Y AT+ FRATY I XEDH T A
(mIEHEY) & 2R 7YY XL, kessleri (K T—H%
BTFY) OFHEROTLRESM B L OO % 3
Y o

MEE L VHE

JLHEEN O TRES N2 A T Yy A 2R ((RE
#1120 g, 4EAY40 cm) £ PN T XY Af6R (FE
96 g &EM16 cm) & FNZFN20174E4H B L UBH I
IKERFROFE RFMA L, JKiR10T T 138 B BI s
BLAOBIZERICH L7z, ABRICIIRR L 72KEKE
Fve, FEMM A SEREE Lz, FFVY 2 CTHRIEE,
H T XY AGREBIME 2 5 ~/8Y U NaK T (1,000
units/ml) %A ANTEFELHCTRILL 72, XY
T XS ORIMIL, JBEYIEN & o7z, diH M4
BEONSY YNaRBERZ BN L 72o MEEHREARDE
% 41 TRomanowskyl! % 5 (i (MRSV; Table
1), FHMIR bEgm B L O 7YY X ER O zymosan
R oxl§ 2 AERBIIHHY & kO ETT 72, %
B, AEABIII0C TEML 72,

BRELUER

WEIOY Y AT F FEO M b VIO FRIER A
ez s (Figs. 1A & 1B), zymosanfil 11233 5 & &)Y
Ao bz (Fig 10). MAEDIFHERIE & b ICHEMIETH
h, MilsE 2RO MR 18, G-1; 28, G2) A%
a7z (Figs. 1A & 1B, 2)o G-LIEMRSVOWFT o gty
FHICBWTOERAMEL R L. —77, G20HRNIZ
FF ettt (chromatophilic) OB EAEBIZ S iz,
oK R R oR.LEFGRE (L0) &L, LoxHA
L ALIE T 5, LUE W o5 ®Romanowsky%l
BERERIIBVWTH R THo 2, —TF, LOEAY
Y ATIRIGASEM X - TR, REED S I3 G
HTHY (Table 2), XY TV ATEHFEORD L IE
W e fo ik T dH o 72 (Table 2)o T Ml OG-112 13,
Romanowskyfll §eta A CIEFRGI T & v, SR b
BROOFER, TVH )T+ AT 75 —¥ (AIP) Btk
DLOPEILZE S 7z (LOOFEBADOLLIZAIPEM:; Figs. 1D)o
L7235 T, ATXY ALY TYY AOUHERITE D
W2BHEORBERN BT L LEF X b, B, GlOLOL
G2DLOIZ & b IZHED LI TH - 720%, BIH DT B
KECH -7z (G1OLO, <05 um; G-20L0, <03 um)o

AIPLIAL O MR AL G e P12 D v T b R R I 38 v 2
<, G2DLOIIZMtE7 + 27 7 % —+¥ (AcP), B-7 )V
ruaz=4—¥ (BGlw), a-F7F V77— FITAT
7—% (a-NAE) BLUF 7 b= WVASDZOUO7 75—
hx277—+ (CAE) e sz (Figs. 1E-1H). &
7z, G2OL0E X ¥~ BB (SBB) Btk Td - 72 (Fig.
Do 0-F7FNVTFL—FTATT7—+¥ (a-NBE) &
Vi F Ty —+¥ (PO) M &Nz p o7z (Table 3)o
TP BRI /N C I £ 7213 IR I @ periodic acid Schiff

(PAS) BRUSKmIER T2 8iis: S, MINBEZEE b 550
MR LD, IhSOBETIZa-7 3 7 — YRz
Lo TEEICHER L (Table 3)o 72, PVAT VT
V=3t TIE, TNEROBM/ME (YME) 508D 5
N7Zzh, TVITyTh—, FANVLy FOBLURS ~
Tt TR AT IR S 2o 72

Z N F TIZ, Lethenteron appendix 2 \Z2FH o JH 7 Bk

(special granulocyte & eosinophil) ASEE S LT 528,
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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 : 5 mM PB, pH 8.0 46 MGG :DW, 1:20, 15 min
6 : 1/15M PB, pH 5.0 47 : DW, 1:20, 60 min
7 : 1/15 M PB, pH 6.0 48 :DW, 1:100, 15 min
8 :1/15M PB, pH 7.0 49 : DW, 1:100 , 60 min
9 : 1/15 M PB, pH 8.0 50 : 5mM PB, pH 5.0, 1:20, 15 min
10 G : DW, 1:20, 15 min 51 : 5 mM 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 : 5 mM 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 :5mM 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 :0.5mM 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 :5mM PB, pH 7.0, 1:100, 15 min
20 :0.5mM PB, pH 6.0, 1:100 , 15 min 61 : 5mM 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 :0.5mM 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 : 1/15M PB, pH 5.0, 1:20, 60 min
27 : 0.5 mM PB, pH 8.0, 1:20, 60 min 68 : 1/15SM 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 : 1/15M PB, pH 7.0, 1:20, 60 min
35 : 1/150 M PB, pH 6.0, 1:20, 60 min 76 : 1/15SM PB, pH 7.0, 1:100, 15 min
36 : 1/150 M PB, pH 6.0, 1:100, 15 min 77 : 1/15M 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 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 1/150 M PB.
PN, preparation number.
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Fig. 1. Neutrophils from lamprey (Lethenteron camtschaticum). A, May-Griunwald (PN=2); B, May-Grinwald-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, a-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.

g D7 7y AR VEE O R R (AL ik
polymorphonuclear leucocyte, PMN) L 2232 541 T
o 72, L. planeri \Z\X2FH (neutrophil & eosinophil)”
& B\ iZ 3K (neutrophil, eosinophil, basophil) @
W ERDY, L. Aluviatilis 121315 (granulocyte” & % W 1
azurophil) ¥ 7-132748 (neutrophil® eosinophil) %
BERDSBE I NTWBYY, X512, Petromyzon marinus
O YR ER L2/ % (neutrophil & eosinophil)® ¥ 7= 1378 4

(neutrophil, eosinophil, basophil) 2!V, 7 7 o ¥ x
TIE1ES (granulocyte) [CAFHES T3, ThHo

WRERD I L, Db I TYY AOPMNY, L. planeri

16, 7) 17, 8)

®Dneutrophi . L. fluviatilis®neutrophi
granulocyte” B X Pazurophil® 7 & P, marinus O
neutrophil® " FVFR L IFHETH L LEZ SN TREY
(Rowley 5> (1988) \ZIXL. appendink 7 7 T A D
BERLERICBE T 2 Y X5 ST wv), L,
HHY Y Ay F O RERO Jeta e (B 12 BR. O getn
M) 1384 TH Y, L. appendix Dspecial granulocyte [L.
appendix|Z 1Especial granulocyte & eosinophilZS#H%: X U

TW5bZ EH 5, special granulocyte2SIFHERIZHI M 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 (Lk)]

Species and color? of LO Species and color? of LO Species and color? of LO

1 1 1
PN Lc Lk PN Lc Lk PN 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 (Lk)] 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 blue (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)
Sudanlll -

Oil red O —

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

Naphthol AS-D chloroacetate esterase G (round or oval, many, eq LO 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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EEZONL] OFERIIWrightde 12 & - THEIETH
(basophily) #7R¥ & S Tw s, L4 L, Jordan
(1930)" oI [fig. 62 GEB SN A7 v F)] TILEH
FEBINTELT, MBEEESIEETEZRL T
BT END, BREERESAZVEZEZOND [—HIZH]
RIS 2 VIR R 2 RS Wi E, ik
(neutrophilic) & FHEN 5 A, EBIZIIHERBI N TV
WO T, KRt Tl g Mchromophobic & 5], —
J7, B ITX Y X OIFHERIZIEGilemsad 1l X o Ttk
DETp B 2O PRI SBE SN TV DA (Gt H355 <
A 70 ORE & RS B 0 KDY, Fujii (1981)° o 4 i 1%
fig 2 (AREE)] ICIdHROEELTRLS N 2,
Lampetra fluviatilis O ERFERIE, Wrightf b 5 \»
(¥Giemsa: i 12 & > TH F M (bluelilac)” & 5\ ik
May-Griinwald - Giemsafeta T7 X — VIFE 2 R § & S
T3, Kelényi and Larse (1976)" 12137 X — Witk
PR OB EN TV RWD, —RIZT A—VaFEs
G gutaii (Wrightdeta Glemsafeft) 12 & o T %
95N TR (FROPREOQPEIMDRV), 7X—
WEENERROE (X ravy—) 2RLIEEEZ,
T A=WV E MR, L72h o C, L. fluviatilis DT A —
WIFH R IZ R CH DL EEZ BN L, L L, Page
and Rowley (1983)” @ 4«1 % (figs. 1 & 2) & Kelényi
and Larse (1976)" o %% (fig 3) ICid#m I TW
HBWHRARBO LN L, S5, P.omarinus &7 7 0%
YV A DUF P ERER XN 2 Gl 2 R ST (=BG
k) THH"Y, KRFEROMEE, HTY Y AETNRYT
YV A ORFRERICIG2FEFE O R (G-12G-2) AFFE L,
Gl aMED , G20 B kkffE (LO) 1@ Mic
Lo TRt (BTYYR) RFEH (7Y AEINY)
TXVRA) BRTIEVHLNE o 2O END,
Fujii (1981)% 5% 7% v A DIFhERIZEIE L 72 REm o
PR, Fujii (1981)° Dfig. 2012388 & 15 e ta vk Bk
EFNENAEAIEDG20L0EGLIHLT L EEZ Hh
o [ARECL. fluviatilis DGR 27 X — VT
B 13G20L0TH W, L. AuviatilisD U1k O e ta %
RSN D g R I3G1TH 2 L BbN b, G20
LOESMFIC X o Cldeta SN e hr o 72 (Table 2), L7z
Bo T, G2OLOPHEGEM 2 RTIHAICIE, GlEG2%
KB TER WV, 2D ED5, L appendix Dspecial
granulocyte, P. marinus 3 L7 7 04X A O#fgef 41
i, LOAgm EN TR WG2E Gl IS T 2

LE R 5o Fujii 1981”7 237 7 ¥ v 2 OiFhEkIZBIER L
T g 3G5 YOI 70 BERT & &, R o0 MR R A
FRICRZ 2OTE A LRSS,

B IX YA, L. fluviatilisB X O°P. marinus® - rh B E
FACIEETEMEICL > TERoMEI T Bg s Tw
%080 s O SR A ARBTSE OG-8 £ 0G-2%
NZNOLOICHE T ZLEEZ NS,

R 5 S FOUFHERIC b 2MESE O BB R 2B S T
By, HEGaHEOLOLFREROLINS 2 5G1E, I
otk OLOL gtk OLID B 2 2G2IFEE N T3

(Fig. )Y £ 72, G1OLOIXG20LOL » b K& W, &
WFEIC BT 27 Y 2 F FEOUF RN O 58I, #l
WD R G 7 F FUFRERO JHR O R A S 2872 (Gl
LOAS R & 7 F TG @, vy 27 FE TS
ik Th b mE < Fig 2)o YV A7 FFHEOG2OL0
E, AT Y ATERE EIIREEE, SR T YR
TR E 2 L7 (Table 2)o 77XV 2 DG20OLOA
R ERT OIL, May-Grinwaldgefm 12 B1F 50 OHh0
M BWTTH D, May-Grinwaldii (BiE) &+ >
vo(EEMmER) EAFLYTV— (EEMEFR) SEEL
PR d TV VBEAFL TN =% A ) = VIZER LI D
Thrbo FABICRERECHREAMT 22Tty
YERXRTFLYTN=DEEES B Lo T, ATYY A
DG2OL0DFRBIT AT Y IZEBbDTHSH, HTYY
AL TR T XY ADG2OL0IE, Giemsaf B L O
May-Grinwald-GiemsaZ: i O\ { D 0D 4TI B W T
IR % R L7z (Table 2)o Giemsal5 i (3 i F IRe (2 4% &
B CHMEND A, HRGEOGEHEPITITTA T >, X
FLYTNV—BLUOTA—=VB (HEEEE) 1+ 1L
L7ZIRETHAET 5o AT L V7 —b 7 X— VBIEHR
HTHEOTH LA, NS OEEEBRI PO IS
L7zKlZ, BROBEOBEZRIIGEICEREEE (Fv
vruxy—) &, BOEET L5813 B ak R
L7zb&Nb, BTYYRETIXRY)TY Y XADOG20L01E
May-GrinwaldZ¢ il L » THERERS L2V LA n, X
FLYTN—IZBREBEN GV EHRINDL, £/, KT
o OLOIZMay-GrinwaldZs o 125 A (2 1 8l % & 1L 7,
GiemsaZe = A B & 'May-Grunwald-Giemsags A 0
W ODPDEHETIZBVWTROOLNLZ L2E, G2DL0
DFEEIIGlemsafetaifirh O 7 X — VBB g ta %R
L7zZbitdaeHEz2oNb, T/, BTV Y XEFHERD
May-Griinwald-Giemsa#: i fZ A D 9 5, G-20LOA R IZ
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g X5 %ﬁ:@May—Grimwald 1512 Giemsadets %
L 72354 121%, Giemsadefm B A8 (1547#) L0
DGt SN, QlEH SR (6090H) HEICRREE
B2T25ZehHo7 (Table 20PN52L£53, PN56&57),
2D Z kiE, May-Grinwaldge ke IZLOICH A& L7zt &
V5, GiemsademBRIZL02 S AEEST 2 2 L 2 /RIB L T
o NTXY ADG2OL0E LA ¥ VAT AL EHIC
TA=NVBIZbETAHEEZEZONLZ 0D, MM
(amphophilic) TH2E b2 2. X7 FFDG1INLL

1ZPN51 D 4 D May-Grunwald-Giemsae A T D Ak
Bt sn, G20L0LPNSITIRERE, oSkt

BRFERERT. 72, G20L0IZMay-Griunwald4e
Lo THRBEOERETHIERNS, ¥ T FFOGC1D
L1 7 A= WBIZ & o TR ® (BRgar) 2RL,
G20L0IZ A F L v 7V —Cifth (EfEmE) 2, 7
A —VBIZ & o TilRsE e (RS EME) 1IC5E 2 RS
n% (Fig. 2)o

HTX Y A& TR T XY XDOFHERIZIZAIP, AcP,
B-Glu, a-NAE, CAEXH#i &h, SBBEMETH - 72,
AP & ACPIXL. planeri®, L. fluviatilis®™ 3 L7 7 0¥
VAP BRIBEN TV A, LA L, B-Gluk a-NAEG!:
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G-2

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

from hagfish Eptatretus burgeri® and lampreys
[Lethenteron camtschaticum (Lc) and L. kessleri
(LE)]. G-1, type 1; G-2, type 2; LO, 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

LO L1 LO L1 LO L1 LO L1
AlP — — — — + — _ _
AcP — — — — — — + —
B-Glu — — — — — — + —
o-NAE — — — — — — + —
a-NBE + — — — — — — —
CAE — — — — — — + —
PO — — — — — — + —
SBB — — — — — — + —

'AlIP, 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.
2All types of granules showed negative reaction to other tests [periodic acid Schiff reaction, alcian blue (pH1.0, pH25),

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

hagﬁsh Eptatretus burgeri; 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- detectlon)
“Kondo and Yasumoto (2020)%:
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