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Morphological and cytochemical characteristics of
monocytes from lampreys: Reevaluation of Kiyono's
literature on the identification of hagfish monocytes

Masakazu Kondo' and Shinya Yasumoto

Abstract : The monocytes of lampreys [Lethenteron camtschaticum (adult), L. reissneri (adult), L. hattai (adult,
ammocoetes)] were round or oval, low nucleus/cytoplasm ratio, and have striated (two-layered) granules (MoG).
The MoG consisted of a basophilic inner layer (L0O) and a chromophobic outer layer (L1). The LO were positive for
acid phosphatase, a-naphthyl acetate esterase, naphthol AS-D chloroacetate esterase and Sudan black B. Also, the
L0 showed orthochromatic (blue) with toluidine blue. However, p-glucuronidase, a-naphthyl butyrate esterase and
peroxidase were not detected in the monocytes, which were negative for periodic acid Schiff reaction, alcian blue,
Sudan II1, and oil red O. Kenji Kiyono reported the two types of monocytes (as blood histocytes), real and dubious
monocytes, from the blood of hagfish Eptatretus burgeri. He observed both monocyte types in grown-up hagfish, but
only real monocytes in undeveloped (details not stated) hagfish. His real monocytes in undeveloped hagfish were
speculated as the monocytes of lamprey (mistaking the specimen), and the real monocytes in grown-up hagfish as
poorly stained neutrophils. The dubious monocytes of Kiyono were considered as the real monocytes of hagfish.
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Fig. 1. Monocytes from lampreys. Lethenteron camtschaticum. (A), May-Griinwald-Giemsa (MGG) stain [PN=60. See table 1 in

Kondo et al. (2021)"”]; (B), phagocytosis of zymosan particles by monocyte [MGG stain (PN=60)]; (C), acid phosphatase; (D),
toluidine blue. Bars = 10 um.
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L1

Lampreys Hagfish

Fig. 2. Structure of monocyte granules from lampreys and hagfish’. L0, inner layer; L1, outer layer. O,
chromophobic; @, chromatophilic (lampreys, basophilic; hagfish, eosinophilic).

Table 1. Summary of reactions of monocytes from the blood of lampreys' to cytochemical tests

Test Positive site (shape, number, and positive site)?
Alkaline phosphatase —
Acid phosphatase G (round, some, eq LO of MoG)

B-Glucuronidase —
a-Naphthyl acetate esterase G (round, some, eq LO of MoG)
a-Naphthyl butyrate esterase —
Naphthol ~ AS-D  chloroacetate

esterase

G (round, some, eq LO of MoG)

Peroxidase —

Periodic acid Schiff reaction (PAS) —
PAS after digestion with a-amylase —

Toluidine blue in distilled water G [orthochromatic (blue): round, some, eq LO of MoG]; N & DB

(orthochromatic)
Alcian blue (pH1.0) —
Alcian blue (pH2.5) —
Sudan black B G (round, some, eq LO of MoG)
Sudan III —
Oilred O —

' Lethenteron camtschaticum (adult), L. reissneri (as L. kessleri; adult), L. hattai (as L. reissneri; adult & ammocoetes).
’G, granular; MoG, monocyte granule; LO, inner layer; L1, outer layer; N, nucleus; DB, D&hle body; —, not detected; eq,
equivalent to.
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Table 2. Comparison of reactions of monocyte granules from hagfish and lampreys to cytochemical tests

Species® and reaction*

Staining'-2 Hagfish®

Lamprey

AIP
AcP
NAE
NBE
CAE —

TB + (MC)
SBB —

+ 1+ +

+ (0C) -

+3+ 1 ++ 1[5
|

'AIP, alkaline phosphatase; AcP, acid phosphatase; NAE, a-naphthyl acetate esterase; NBE, o-naphthyl butyrate esterase; CAE,
naphthol AS-D chloroacetate esterase; TB, toluidine blue in distilled water; SBB, Sudan black B.
2All types of granules showed negative reaction to other tests [B-glucuronidase, peroxidase, periodic acid Schiff reaction (PAS),

alcian blue (pH1.0, pH2.5), Sudan III, oil red O].

Shagfish, Eptatretus burgeri (adult); lamprey, Lethenteron camtschaticum (adult), L. reissneri (as L. kessleri; adult), L. hattai (as

L. reissneri; adult & ammocoetes).

4L0, inner layer; L1, outer layer; +, positive; —, not detected; MC, metachromatic; OC, orthochromatic.

2Kondo & Yasumoto (2024)".
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