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Morphological and cytochemical characteristics of
neutrophils from adult of far eastern brook lamprey
Lethenteron reissneri

Masakazu Kondo ™ and Shinya Yasumoto

Abstract : Neutrophil granules (NG) of adult (mature) far eastern brook lamprey Lethenteron reissneri [L. sp. S
(souther form)] were classified into two types of stratified [two-layer; inner layer (L0) and outer layer (L1)] granules
(type 1, NGla; type 2, NG2), like as larva (ammocoetes) of this species. The LO of NGla and LO of NG2 in adult
neutrophils were chromophobic, and L1 of NGla and LO of NG2 showed chromatophilic. The stainability of those
chromatophilic layers with May-Griinwald (MG), Giemsa, or MG-Giemsa were varied [chromophobic, eosinophilic or

basophilic (orthomethylenophilic or metaazurophilic)] with a slight difference to larva. As seen in larval neutrophils,
these layers were positive for alkaline phosphatase, a -naphtyl acetate esterase and Sudan black B, and some
enzymes (acid phosphatase, -glucuronidase, and naphthol AS-D chloroacetate esterase) were detected in the LO of
NG2. Alpha-naphtyl acetate esterase was positive in LO of NG2 of adult neutrophils. Both larval and adult

neutrophils lacked peroxidase.
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LR - AR (20223, 2022b) IZIEW L ODDEY D3H S 72D T I TETIET 5, i - A (2022a)" : pl128AB4L3, LO — L1: [[L5,
NGla — NG2; p129 table 2, PN62-65, PN70-7948 X O'PN81IZ3B W TL1 of NGla& L0 of NG2D LA 2% > T B (ARFdDTable 2
ASIE L \»); pl30 table 48172, distilled — distilled water; p13045¢L7, L. planeri — L. planeri; p132 table 5®Sugita (1953) (281} 5
neutrophil ® FEFR, [neutrophiulic leukocyte] — [neutrophilic leukocyte]; p14245E¢L4, Raunich (1896) — Raunich (1947); p143 table 73
11, Kondo & Yasumoto (2022)*89 — Kondo & Yasumoto (2022)***; [d]ZH, Hine et al. (1987)"*"" — Hine et al. (1987)"!; [& 737,
staine — stain; pl45%ii:5, Ammocoetes — Ammocoetes; pl463ZHK1DL4A-5, 69, 41-49 (2021) — 68, 93-95 (2020). TiE - 24 (2022b) ? :
pl149 abstract®L1, (eosinophil granule. — (eosinophil granule,; p151 fig. 2015, M , basophilic — [, basophilic; L1554 B¢
L13, bODEZ LML = D LEZ LN pISTHE FTHL2TH, O 5 R\ — f80 Ly pl59/LE LY, HIH — RIH,
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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/I5SM PB, pH 6.0 48 :DW, 1:100, 15 min

8 :1/ISMPB,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 :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 :5mM 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 :0.5 mM PB, pH 6.0, 1:20, 15 min 59 :5mM 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 :5mM 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 : 1/15 M PB, pH 5.0, 1:20, 15 min
26 :0.5 mM PB, pH 8.0, 1:20, 15 min 67 : 1/15SM PB, pH 5.0, 1:20, 60 min
27 :0.5 mM PB, pH 8.0, 1:20, 60 min 68 : 1/1SM PB, pH 5.0, 1:100, 15 min
28 :0.5 mM PB, pH 8.0, 1:100, 15 min 69 : 1/15SM PB, pH 5.0, 1:100, 60 min
29 :0.5 mM PB, pH 8.0, 1:100, 60 min 70 : 1/1SM 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 : 1/1SM 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 1/150 M PB, pH 5.0, 1:100, 60 min 74 : 1/1SM 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 : 1/1SM PB, pH 7.0, 1:100, 15 min
36 1 1/150 M PB, pH 6.0, 1:100, 15 min 77 : 1/15SM PB, pH 7.0, 1:100, 60 min
37 1 1/150 M PB, pH 6.0, 1:100, 60 min 78 : 1/15SM 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 : 1/15SM PB, pH 8.0, 1:100, 15 min
40 1 1/150 M PB, pH 7.0, 1:100, 15 min 81 : 1/15M PB, pH 8.0, 1:100, 60 min
41 1 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.
2Diluent for Giemsa of MGG stain were DW, 0.5 mM PB or 1/150 M PB.

PN, preparation number.
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TRRENLEZR L. 72, AN E 2RI g
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P BAREOTH Y, AEOUFgetath g Hssi e ot
%R TMGGH A D 4t (PN=68, 80) O 1k fit D if etk g
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YAV II A F XY AGER X 7 7 FEFIEFUTH Y,
TP ERER IINGla E NG2ICSE S D (Fig. 2. —J, 7
TXY AL TR T ADOKMIZ B B UF P ERER I
L12%#Egetatk ONGIb &, LOAMT Jetathk 2 7R § NG2A S
ENTBYY, AFv Yy AL R s (Fig 2o 72, 7
TXYRAEIRYTYY AOEMTIE, NG2OLOE A+
XYY ADOENLD b Glemsafeft e & D — G2 BT 5
WHRHPHITH B0 A TY Y AFATIINL DHOEAD
MG#: TNG2OLOD e %, % D52 B1T % Glemsa
ety L MGGH . THREME R T —TJi, Y RYTX YR
A DONGZOLOIMGHtn T3 getatk ch by, # 7YY
A R fn & BRI Giemsade s & MGGHta TREk A % 5 2
A5, BERAAVE LRSS T XY A L) SO,
RBEFRICHE L7z A5y A RIS RSBl S
%705 720 Table 3I2A F Y A OPRERICE S 2 #iih &
ZNSICBY L PR EKOITFO %2 T &7z BE (1919

Fig. 1. Neutrophils from adult (mature) of Lethenteron reissneri. A, May-Griinwald-Giemsa (PN=75; See Table 1). B,
alkaline phosphatase; C, acid phosphatase; D, B-glucuronidase; E, a-naphtyl acetate esterase; I, a-naphtyl
butyrate esterase; G, naphthol AS-D chloroacetate esterase; H, Sudan black B; I, periodic acid Schiff
reaction. Note two types of granules, type 1 (NGla; arrows) and type 2 (NG2; arrowheads). Positive
reaction: B, E & H, L1 of NGla & LO of NG2; C, D, F & G, LO of NG2. Counter stain: B & G, safranine O;
C-F, H & I, hematoxylin (Mayer). Bar in I (5 um) is adapted to other figures (A-H) in Fig. 1.
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B8 (1919)2 & Katsunuma (1924)P28i I L72v v A 7 F

FHIZOWTIIHRB T 5], B IFEEER 2 520 72 H 3t

OLIFBEABR SN TR WIREI2H 5, HiHIcs
WTZ DN, AFY Y AT B BRI L 72
TR (R R B S 2 o Tlk v LR L
2% Thb b, IAEHERERABE S hTw 2 ST,

L7250 e £ 2 b, IFBERE RO Thin

Hagfish  (Eptatretus
burgeri; adult)

Lamprey (Lethenteron
reissneri; larva & adult)

Lamprey (Lethenteron
camtschaticum & L.
kessleri; adult)

Fig. 2. Comparison of two types of neutrophil granules from hagfish Eptatretus burger (Eb)*®

WEOHAEIZITRTH B L EE L7, RHEB (1963)712
A L7244 O RERICHE T 2 5 HT % v,

Kanesada (1956)» & & & % < v, 5l X #K12
Kanesada (1956)"%3% % Z & 205, Rk (1963)° 0 il
FEARICBIT MR EEZE R S5ND, RSO A ST Y X
BUAN IR AP ERDTED S a5 720 —T7, IRIB (1919)7,
Katsunuma (1924)® X "Kanesada (1956)'"" Tl iz d
WFRRERASAEAES 5 2 &1l 5 T o T THA (1919)7
B & UKatsunuma (1924)PAEH L7277 X 7 F FHIZo

NG2

NGlI

®.

NGla NG2
@ L1

NGla NG2
‘ @ )

NGI1b NG2

) and

lampreys [Lethenteron reissneri (Lr; larva (ammocetes)” and adult (present report), L.
camtschaticum (Lc; adult)® and L. kessleri (Lk; adult)’]. NG1, type 1 (NGla & NGI1b, subtypes of
NGI1); NG2, type 2; L0, layer 0 (inner layer); L1, layer 1 (outer layer). [], chromophobic; M,
chromatophilic [E£b: L1 of NGla, eosinophilic (orange) and metaazurophilic (purple); LO of NG2,
eosinophilic (red), orthomethylenophilic (blue) and metaazurophilic (purple). Lr (larva and
adult): L1 of NGla & LO of NG2, eosinophilic (red or orange), orthomethylenophilic (blue) and
metaazurophilic (purple). Le (adult): LO of NG2, eosinophilic (red) and metaazurophilic (Lc and
Lk; purple). Lk (adult): LO of NG2, metaazurophilic (purple)].



114

WTEET L, BFE (191921 M o Mg Ic s 5
Rl AH Y, HARIZBWCTHIED MERO— gk % i
Lz OMEEEZ oML, L L, BB % K2 %
DHIE L WL HIRE LLrRHLTBLTY, #E
BRICHEH L2 HIEARHTH > 72 (EHE - %A (2022,
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TEBRBY 2 RE MR L T EDBWSHh & o727,

$ 72, B (1919238 X O°Katsunuma (1924)P25% ¥ % +
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B & UKatsunuma (1924)?13¥ v 2 7 F FHEH OB %
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BOLRIZE o THEL SO AN O R (&I
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Table 2. Summary of multiple Romanowsky-type stain characteristics of L1 of NGla and L0 of NG2
in neutrophils from larva (ammocoetes, L) and adult (mature, A) of Lethenteron reissneri
[modified and revised from Kondo & Yasumoto (2022a)"]

Color™? Color™ Color™
PN L1 ofNGla L0 of NG2 PN L1 ofNGla L0 of NG2 PN L1 ofNGla L0 of NG2
L A L A L A L A L A L A
1 R R R R 28 — P — P 55 P P P P
2 R R R R 29 P P P P 56 R P R P
3 R R R R 30 P P P P 57 P P P P
4 B B B B 31 P P P P 58 P P P P
5 B B B B 32 — — — — 59 P P P P
6 R R R R 33 — — — — 60 P P P P
7 R R R R 34 P P P P 61 P P P P
8 B B B B 35 P P P P 62 P P P/BP? P
9 B B B B 36 — P — P 63 P P P/BP? P
10 P P P P 37 P P P P 64 P P P/BP? P
11 P P P P 38 P P P P 65 P P P/BP? P
12 R R R R 39 P P P P 66 P P P P
13 P P P P 40 — P — P 67 P P P P
14 P P P P 41 P P P P 68 R P R P
15 P P P P 42 P P P P 69 — P — P
16 O — (6] — 43 P P P P 70 P P P/BP? P
17 P — P — 44 — P — P 71 P P P/BP? P
18 P P P P 45 P P P P 72 P P P/BP? P
19 P P P P 46 P P P P 73 P P P/BP? P
20 — P — P 47 P P P P 74 P P P/BP® P/BP?
21 P P P P 48 R P R P 75 P P P/BP* P/BP?
22 P P P P 49 P P P P 76 P P P/BP?® P
23 P P P P 50 P P P P 77 P P P/BP® P/BP?
24 — P — P 51 P P P P 78 P P P/BP® P/BP?
25 P P P P 52 R P R P 79 P P P/BP® P/BP?
26 P P P P 53 R P R P 80 — P — P/BP?
27 P P P P 54 P P P P 81 P P P/BP® P/BP?

*IPN, preparation number (See Table 1).

2R, red (eosinophilic); O, orange (eosinophilic); B, blue (orthomethylenophilic); P, purple, (metaazurophilic); BP, blackish purple

(metaazurophilic); —, not stained.
%P or BP (P>BP).
P or BP (BP>P).
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AR ERMETRTV DD, BAIIIFRBERA 2w
EEZTWD WA ER & IR H 5).
Fey (1966)" b %2k & B fl oo ML it i 2 i rp Bk & 0 1
BR(B X OVIFHEIEER) % iR Tw b, Werzberg
LI MZL. fluviatilisD K HE & fa o ML 12 3 Ek
EBIZLTWAD, EEEAO LD 5D
Bz v LTw b, Page & Rowley (198313L.
fluviatilis® JE AT R ERO A %3O, Wk (L
planeri & L. fluviatilis7y3{RAE) (I3 FIRER & 3 Rk %
Blgt LT 52, Kanesada (1956)' 135 7 ¥ Y A K
FAHF R & AP IEER R RO TV B A%, HT (1953) *
AR ER L 22 % v & LT W %, Piavis & Hiatt
(1971)®1F 7 I X v Asea lamprey Petromyzon
marinusJ§% 8 O MR GFEEER, WP ERB X O Tl
B B DUFEIEERZ B152 L 720 Hined (1987)"1&7 2
oYy 2ot LR oMM (macrophthalmia)
BLOBAZTAZhO MBI BREAmERE L
THHPEROAZEDT VL, TNHDIH L, Sk

/

Table 3. Granulocytes from Lethenteron reissneri [modified and revised from Kondo & Yasumoto (2022a)"]

References

Basophil

Eosinophil

Granulocyte type (—, not observed)

Neutrophil

Stage & origin

Katsunuma (1919)'?

[Eosinophile]*

[granulire Zellen]™

Probably this species™ (adult,

blood)

Leukozyten mit grobe metachromatische Granula

Probably this species (adult,

blood)
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(in German)
special granulocyte (neutrophil)

heterophil ([neutrophil] *7, special

Larva™, blood & typhlosole;

adult™, blood
Larva™, blood & typhlosole

leukocyte)

granulocyte
granulocyte (polymorphonuclear

Tanaka et al. (1981)'7

Fujii (1983)!®

Larva™, blood & typhlosole

leucocyte)

polymorphonuclear leucocyte

Larva™, typhlosole

Fujii & Hayakawa (1983)!9

eosinophilic granulocyte

Larva™, skin allograft

Larva, blood

Kondo & Yasumoto (2022a)"

eosinophil

neutrophil
neutrophil

“IIn previous reports'?), we speculated that the lamprey examined by Katsunuma (1919) was Lethenteron camtschaticum.
“2*5Reported as follows: “2Ammocoetes branchialis, **Lampetra planeri, “*Entosphenus reissneri, "> Lampetra reissneri.

*0Katsunuma (1919) did not describe these cells in a foreign language, however, he read eosinophil in German.

“70sogoe (1919) did not describe these cell name in a foreign language.

“$Present report.

Kondo & Yasumoto (2023)"

Adult (mature), blood

115



Bk

&

IRREA, AR

116

“Woda1juasalde,

“UWNOPDYISTUDD UO.L21Ud YT Sem (6]6]) BuInunsiey Aq paurwexs Aoidurey oy Jey) paje[naads om - s1iodax snoiaaid uj,,
"N 29 JOB[q M { ‘BSWAID-DIN ‘DO ‘PlEAUND-KEN ‘DA
‘orosoqydAy ‘dA7, (g "814 99S) 17T 21qoydowoayd pue (T drrgdorewodyd ‘zON 17 d1rydorewonyd pue (o diqoydoworydo ‘@[HN (7 “I10Ae[ 1IN0 (T ‘IoAe[ Iouul) sa[nueid (10Ae[-0m1) pagnens ‘TON ¥ B[ON,

"SUOIIPUOd
Surureys o3 urpiodoe (9rdind ysoyoelq Jo opdind) orrydoinzeejowr 1o (9npq) s1rydousjAyiowoyio (pax) orrydoursod ‘orqoydoworyo
1M ZON JO 0T pue BION JO 1T “(ZON 2 BION) sonueis jo sed£) om}—DHON ‘eswdln) DN :1edws poofq :(eamewr) ynpy

¢.(£207) olownsex 2 opuo3]

"SuUOnIpuOd
Surureys 03 Juipioooe (9dind yspyoerq Jo 9dind) orrydoanzeeowr 1o (anjq) orprydousiAypowoyrio (e3ueio o par) diiydoursos

‘o1qoydoworyo a1om ZON JO 0T Pue BION JO 1T {(ZON 29 BIDON) se[nueis jo sadA) omi—OOIA “eswol) DA :JedWs poo[q :eale]

(1(Z207) olownsex 7p opuoy|

‘[ermonns pue 10j0o anuess jo uondriosap ou I oN] DDA :9[0so[ydA} Jo uoneredard yonoy pue Jesws poojq eAle]

1(1861) "Te 30 eeURL

[ydei3ojoyd [jews 03 onp a1njongs nueIs A} UO JUIWWOD 0} JNILPYIP SI 3] “9[0so[ydA) Jo uonoas st (10[0d ‘ydeisojoyd) -1 ‘S1]]
‘[(391014) 91dand-on[q Jo (o1dind) ojdind-pa1 03 s19501 91ding, IOy Iea[oun sI I “2Inonns d[nueid Jo uondLdsap ou ‘TeawWs poojq
Jo 81y oN] ([o1][iydoydwre 10 orprydonnau) ysippar Jo ojdmdg, 10UI0 ‘Ouij—eswalr) :9[0so[ydA} Jo uo1oas pue Iedws pooq :BAle]

«1(£961) 903080

[yder3ojoyd pasnooy Aj100d

pue [[ews 0} aNp AINONIS dNUeI3 Y} UO JUSWWOD 0} JNILPYIP SI ] -9[oso[ydA) jo uoneredard yonoy st (g ‘yderdojoyd) § “Si1q]
‘[oamionns onueis Jo uondLosap ou ‘Tedws poo[q

Jo 81y oN] (jrydoydure) ysippar 10 ojdmnd 1oy ‘ou—OHON 10 eswaln) :9[0so[ydA) Jo uoneredaid yono) pue Ieaws poolq :BAIR]

[omionns pue 10700 snuers Jo uondirosap ou “3if ON| HOJA 10 BSWILL) :1BIWS POO[d NPV

»1(9561) epesouey|

[sprydomnau ysyySey se awes ay) 9q 03 pajenoads axe sjiydonnou Aoxdure ‘o1o0ja1oy |, Asxdwe] pue ysysey

U2aM39q 0UIYIP oy 1no jutod jou prp o “(o1dind a1e ZHN Jo (T pue e[ON JO 171) srydonnou ysysdey oy ur punoj a1e (ZHN pue
BION) sonueid jo sadA} om] (urejs eswoln) Yojoxs paIofod ‘H/[ ‘SI) uoroas Jo amsy Y} pomoys pue (SUIISOIUI JO UOIIAS USZOK
29 1eaws poolq) spiydonnau (ma34nq snjanvidy K[qeqoid) ysySey ul SONSLIO)OBIBYD dWES PIGLIOSIP BWNUNSIEY ‘dINJRIdNI| SIY) Uf]
[omyonns pue 10700 onuei3 Jo uondirosap ou 3y ON| 9[nuULIS 9SIL0 ONBWOIYIB)OW—ESWILL) [ TBIWS POO[q

«(FT61) ewnunsey|

[odm3onys pue 10700 dnuels Jo uondirosap ou 31 ON | 9NueIS ISIB0I OBWOIYIBIOW—ESWILL) :(J[NPe) JBAWS Poo[q

2 (@ (6161) BUNUNSIEY]

1 [uowwon] 29 wonduosaq

SOOUQIRJ Y

[(82202) orownse x

7 OPUOY WOJJ PISIAdI pue parjipowr] uoneredard paurels Y} UO PISB( Lussial uo2juayja7 WOIJ sa[nueld [1ydorinau 9y} jo suondrrosa(d p dqel,



AF XY A M DU HER 117

&AL ICHFRERATRE®D B Nz i T, B (191978 X
UKatsunuma (1924)7 & [7) Bk IS ZSREWE 2 O R 2 L 72
Ohb LNk, T, 770YY AESE, HEaB X
UBADOWT S IFEBERSBE S hTwiavy, Zh
EATYY AOLHRTFHRINTHLHRIY, AR
IHRER A B S VY Y A FFEPFAT LT EE2RBEL
TWwhe S5 L flwiatilisTE, AN S BRI S PR
EOBDO LN VLT HME LY, FRRERAIAEICIEDH S
PRI BHFLEL RV E T 2HENH 52223, ZHZ &
&, L fluwiatilisiZB\WTH AF XY X & [FERI BB I8
B MPHFETHILERL TS EEDNRS,

Table 412 A F X Y A GFHERO — Gtk B3 % w2
DWEZRR LT BIE (191921E X &7 FFEAF TV R
DUF BRI SR G 2 IR SR R R &2 B 7o LA L,
R oM BRI T 2B A% <, Kbhv, —7,
Katsunuma (1924)12IZFBOREIBROIEN XD D % (fig
17G)e ZOIKIZ R ¥ v F F oo milk ERoMET
IR AR T 2 RSB TH D, FEIRM O S
FICEFLF Rzl 2b 0 E2 505, FICHi»rNh:
SMoMED S B, 2 IFFEEOTR DRSNS Z & h
5, WEkE bz, T2, HoOFHERICIZ2HEEOM
RAANTEY, LIPKREEONGlal L0V REBE R
THLG2IHIY T % & E 2 %, Katsunuma (1924)?1% 2 o
LDV TER LT RV, Lo, AFY Y XD4fH
REDFEWHIML TV AV EAR S, BH (191978 L O
Katsunuma (19242352 L 72 ZA F ¥ 2 A DUFrh BRI 2
HF ORI, (NGla&ENG2) PFIEL 72 EZ BN D, &b,
AF XY XA DWHEERICOWT [BZ 5L X ¥ v F FIZIET
MREk & BLEE L Cuw ey MK - 24 (202372 1) B
(19192Tix ‘M= [+ F /) 74 —NV] =542 ) 5T
W +] FHEANVEIFEANVTNFEWF T X LOIAL
LTWwaEA (4] 34+ F3 5 —¥omid), Katsunuma
(1924)7CIUFERER (O B E 2 BB+ 2 & — IR L6
Ji BT A2 R 9 W B & [lichtbrechenden tropfigen
Substanzen (=light-refracting droplet-like substances)] 2%
RBOLNDLE LTS, BUREN TV WO TREMNIIAY]
THHD, WD ELIHE - %A (2022b)7I2BVT AT
TV A WA OGFEEERERC G2 & 7z b% 1 A T Roptical
artificial image (p154) IZHS T 5 D2 L,

Kanesada (1956)""1Z 2 F ¥ X O & i fa o il 4k
AU IRER L P ER 2 BIEE L, S)HE O I HpBR o> JER 13
H TR R Mmpurple F 7213 KRk fareddishd &5 50129 F %

&L, B oGt m g amphoplil TH % & L7z (KR
LTy O hERICE S 250l i3 vy Tk - %
A (20222)"TliZKanesada (1956)® i 7k ®amphophil # ‘il
ek LARL 7278, %il§ 2R (19637 DL 5
amphophil%® ‘W#e: &35 (amphop1hc®7i7ﬁ§ln
¥ 2 5N 5), Kanesada (1956) itk T TR Y
F % MR & AR Gt X 2 R AT LA O I BRI AR AE S
52k &%, Kanesada (1956) 72517 » 7z 4ett S I3 A
THrHH, TOFMBIZHEL TERE - ©A (20222)"T 1%
MGGHt % L 728565 & Giemsafefa & L 725512001 T
2L T\ %. Kanesada (1956) 13X E DB NHEHERZ D 2 &
TR IR P ER R R TB Y, iR ERI i
OIFPER & FBROBR A BIH L2 LTwd, ushic
ALY TEARIFREN TV DD, ZHUIAMHHZA
BEETHY, IFRERPU B X OUFEEER B o @R & BRIk
IZOWTIEATH %,

B (1963)712 B A F Y A G4 ofF Bk & 1P EEERIC
B3 258D 5, fidko@E), BEEiIKanesadad i
BHETHo72Z M5, idiliZKanesada (1956) 121,
3 5, L& L, If Ek 2 Kanesada (1956)'"%% ‘special
granulocyte’ @ 5\ & ‘neutrophil & L TWADIZHL
T, BB (1963)7Tix ‘Uf B Ekheterophil , ‘IFHER
T 7213 kAL Ekspecial leukocyte’ A TW5S, T 72,
GBI 2 KA CRO T R0 ER DS (T
Zb B IF P F 7213 W tamphophil) O R % B0k
LR LT b (amphopilicd T ATE WY, BBk (1963)”
D BRE PREGLZOPFEEGALONEIAINUTH L, L
72785 T, Kanesada (1956)'"® ‘purple’ 2S7R&&th %35
DOPEPBWIETE BV, BEB (1963) 11315 PR
DOYR (F A FGEER) BRHLIIH D (77 —FH),
e At % B3 B UFIRIRDSHERE T & 225, Mo#Mgid/
S, B ERIEURE R U TR ERIFURL o0 BRI FE A AL 22 e

Tanaka® (1981)" 13 %524 o M S HRELA & 5 NHERERE 0
A8 ¥ TR BT B U EkO KRR R k2 3~ T
W5, Tanaka® (1981)1bk & J5 ik 0 1 Tl RS O
AL Y TEARIIMGGREZ L2 LRl L TW A AT D
BIERER DA 7 < (MEEIHAEARICE LT 2 W),
TP ERER. OMGGH itk & R O IEIRIIATH %,

XU A FFEHOYE L KA BT B U Eko —# gt
PEDENZL. planerik L. fluviatilisTHI S5 NTEH Y, Giglio-
Tos (1896)"1Z L. planeriDIFhERER. DYtttk (X FL v 7



118 ILEEA,  BARE

R=B LM77 ¥ v getalh) (TG4 & oI
BNV E LTWh, —J7, Raunich (1947)13L. planeri
DA DUF P ERIER IIMGGHAL I X » THRVERMIC Y &
Y, Ehrlich® ZH Yt T O REICY T 20548 BE L LT
Who AL, BATIRIYE CTHIRICREOIC RIS
L L7z Werzberg (1911)NZL. fluviatilisD 3 HE D i
PR IMGGH T E L2 VDI LT, AT
ETHROIIREEL L LTS, ARICBWTAFY Y XD
BB WTD, RlaffFic X - TEM A & oItk
DE DD 57z (Table 2)o Werzberg (1911)” & [ £
DHRLIZ, Table 20PN=69& 8012 B W THIZESh, Th
5 OEMEOMGCHAL TIE, WA DI ERIRZ gt S h
VA, HATRIRERYET S,

AF X AW O HERTIE, NG2OLOW K HifEs [7
VAT + 27 75—+ (AIP), BT+ A 775 —+F
(AcP), B-7Vvru=¥—%¥ (Glu), a-F7FNV7E7T—1
IAF5—¥ NAE)B LU} 7 F—VASDZ oo 7t
7 — T 25 J—+¥ (CAE)] »# i & 1 (Figs. 1B-1E
&1G), X% » 5B (SBB) Kitt Td - 72 (Fig. 1H; Table 5).
— 77, NGla®L1iZAIP, NAE$ X USBBB; 1 T & - 72
(Figs. 1B, 1E & 1H), 1o ofifafbazgetatdiz A ot

HEREM U TH 2. Lo L, PETRERDa-F7FV
7FL—FIAFF—+¥ (NBE) 29 ADONG2OLOZ M
EN7z (Fig 1F) ~VF F ¥ 7 —+¥ (PO) 1354 & MBI
WA BT LA ERICHIE S e 72 (Table 5). 4F
FRER I/ CHIE £ 721390 I @ periodic acid Schiff
(PAS) BUSKPERL A0 RBlgE S, MR RUIRE b 55tk
ERLEDS, SNOOBERMIE -7 I T — BRI L 5
T&IZigde Lz (Fig. 1L Table 5)o 72, MV A T VT
V— (TB) #etaTld, AEBOBEE/ME (YIME=7— 1/
1K) DHICAERD SN, TVTT YT Iv— (pHLO &
pH25), F 4 VL v FOB XX ¥ VIIEt TIEB LT R
BARB SN h o7z KADIFHERDOPAS, TB, 7L ¥
TYTN—, A4y FOBILOR Y VTt 54
DENELF L TH -7z (Table 5)o

HITXYRAE YN TY Y AORBMOMIb G
AFX Y AYEOZ TP L TV B0, B it
%% (Table 6)s %72, AF YV AWMIZHWVTNG2OLO
WK ENANBEIR, AT7X Y AEIRYTYY XD
MTIRBEETH 2% 2T 2 L RBRICIFTERICNGlak
NG2EHT A X5 7 FFHMTIE, AFY Y AWML B
ICNBERGETH 2 457, JRIEFBMLATA F ¥ Y 2 B f Tl
NG2OLOTH 5 DIt L TX ¥ 7 F FfA TIENGlad L0

Table 5. Summary of reactions of neutrophils from larva (ammocoetes) and adult (mature) of Lethenteron

reissneri to cytochemical tests

Positive site (shape, number, and positive site)"!

Test

Larva™?

Adult

Periodic acid Schiff reaction (PAS)
PAS after digestion with a-amylase
Alcian blue (pH1.0)

Alcian blue (pH2.5)

Toluidine blue in distilled water
Sudan black B

Sudanlll

Oil red O

Alkaline phosphatase

Acid phosphatase

B-Glucronidase

a-Naphtyl acetate esterase
a-Naphtyl butyrate esterase
Naphthol AS-D chloroacetate esterase
Peroxidase

G (round or oval, some)*?; H
*

G [amorphous, a few (rare), eq Db]; N
G (round or oval, many, eq LO of NG2; ring, some, eq L1 of NG1a)

G (round or oval, many, eq LO of NG2; ring, some, eq L1 of NG1a)

G (round or oval, some, eq LO of NG2)
G (round or oval, some, eq LO of NG2)

G (round or oval, many, eq LO of NG2; ring, some, eq L1 of NG1a)

G (round or oval, a few, eq LO of NG2)

G (round or oval, some, eq LO of NG2)

G (round or oval, many, eq LO of NG2)

*IG, granular ; H, hyaloplasm ; N, nucleus; —, not detected; NGla, neutrophil granule type la with two-layer structure (chromophobic LO and

chromatophilic L1); NG2, neutrophil granule type 2 with two-layer structure (chromatophilic LO and chromophobic L1); Db, Dohle body; eq,

equivalent to.
"2Kondo & Yasumoto (2022a)".

“3PAS-positive granule was accumulation of glycogen particles because the positive reaction of the granule disappeared after digestion with

a-amylase.



A F XY XA O ER

TH 5", F72, NBEZBRWT, AFY Y A (B L pifh),
ATXYAFRBLOTRY 7YY AN SN S %
MR IZ X 57 FFTRBETH DY, SBBIZ b Bk i
%R &7 7o 72 (Table 6)o
AT XY A DU BRI 5B LA igEi a7 <,

B 78 (1919)2, Katsunuma (1924)", Tanaka® (1981)"3
L ONIERE - A (20222)"%°d% B (Table 7)o BEH (1919)35
X OfKatsunuma (1924)13 2 F ¥ 2 A i (Lo X 91
ZHEM S VM L E 2 5N D) OIFPFERICIEI AL A F
v ¥ — ¥ (stable oxidase) b ZEE A ¥ ¥ ¥ — ¥ (labile
oxidase) DM E N v & % #HiH L /2o Tanakab
(1981) ™& K2 > i & Wy > 3 M ALV AEAE § 2 A rh BRI
AIPKEHETH 5 POL AcPIIBEMETH L2 L HEL TV 5
(BURL T Zw)e Tk - ZA (2022a)" O BI%HHE R % Table
6IZHR L7,

XY X7 FFEITB W TR ER OB LR R 8 % Dk
LS TR U722 & L CRaunich (1947)°, Fey (1966)"”

119

B X UHine 5 (1987)""5°% %75, Raunich (1947)°1XL. planeri
DIFHERIZPOYetE & Goldmannett [Sudan IIT& a-naphthol
rHVHERE oY MOE] LT, s ofbitkix
WL L B TE D B o728 LTS, Fey (1966)”d
L. planeri®d ) & WM DU ERZ T, ETIIRETE
Lo 72PO%S, A TIIRE T DU ERICEETH 2 & L
Twb, HineH (1987)"EMEEEORL L7 7 0Y Y 2
DUFHPER A TR, A L R TR BEEOPOD, Ao
FEFICIXRED ON DD DD, RIS % /R 3R I EE L
72 (lysed) &FiERHROFR OBED E LT 5B, T2,

AcPE CAEE M S v (W4 & fEfE ), NAE
A LR TIERETH 20 WIETIEEEOSEDLH
%), BATIEBEETH L LWE L TwbH, NBEEAAELE
ZEE oMM TIREETH Y (Kffidnot determined),

PASH: A id G 2L & M THE L L Tw % (42 idnot
determined)s ARMFZED A F ¥ X TIINBEDSS A TR
e DITx L O CIERE L 2o 7278, oMl by gt
HEDEEWATH L TH o720 770XV RAEAFYY

Table 6. Comparison of reactions of granules in blood neutrophils from hagfish and lampreys to cytochemical

tests [modified after Kondo & Yasumoto (2022a)"]

Stage, species, granule type™ and reaction™

o Hagfish (Eptatretus) Lamprey (Lethenteron)

*Jéo Adult Larva (ammocoetes) Adult

:g E. burgeri® L. reissneri® L. reissneri Lc and Lk™4

g NGla NG2 NGla NG2 NGla NG2 NG1b NG2

Lo L1 Lo LI {LO LI LO L1 j{LO L1 ©LO L1 Lo L1 Lo L1

AP — — — — — + + — — + + — + — — —
AcP — — — — — — + — — — + — — — + —
Glu — — — — — — + — — — + — — — + —
NAE -— — — — — + + — — + + — — — + —
NBE + — — — — — — — — — + — — — — —
CAE — — — — — — + — — — + — — — + —
SBB — — — — — + + — — + + — — — + —

*IAIP, alkaline phosphatase; AcP, acid phosphatase; Glu, B-glucuronidase; NAE, a-naphtyl acetate esterase; NBE, a-naphtyl butyrate esterase; CAE,

naphthol AS-D chloroacetate esterase; SBB, Sudan black B.

“2All types of granules showed negative reaction to other tests [peroxidase, periodic acid Schiff reaction, alcian blue (pH1.0, pH2.5), toluidine blue in

distilled, oil red O, Sudan III].

“NGla, NG1b & NG2, stratified (two-layer) granules (inner layer, LO; outer layer, L1): NGla, chromophobic L0 and chromatophilic L1; NG1b,
chromophobic L0 and L1; NG2, chromatophilic LO and chromophobic L1 (See Fig. 2)

"4+ positive; —, negative (non-detection).

“Le, L. camtschaticum;, Lk, L. kessleri.

2K ondo and Yasumoto (2020)¥; ’Kondo and Yasumoto (2022a)Y; ¢present report; ‘Kondo et al. (2021)®.
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