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Morphological and cytochemical characteristics of
neutrophil granules from West
African lungfish Protopterus annectens

Masakazu Kondo™ and Shinya Yasumoto

Abstract : Neutrophil granules (NG) of West African lungfish Protopterus annectens were classified into two types of
stratified [two-layer; inner layer (LO) and outer layer (L1)] granules (type A, NG-A; type B, NG-B). The L1 of NG-A
and both layers of NG-B were chromophobic, and LO of NG-A showed polychromatophilic [eosinophilic or basophilic
(orthomethylenophilic or metaazurophilic)]. The LO of NG-A showed metachromatic (reddish purple) with toluidine
blue. On the other hand, LO of NG-B were positive for acid phosphatase, a-naphthyl acetate esterase, a-naphthyl

butyrate esterase and naphthol AS-D chloroacetate esterase. Both types of granules were negative in periodic acid
Schiff reaction, alcian blue, Sudan black B, Sudan III, and oil red O. Alkaline phosphatase, f-glucuronidase, and

peroxidase were not detected in either granule.
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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 : 1/15SM PB, pH 5.0 47 : DW, 1:20, 60 min
7 : 1/15M PB, pH 6.0 48 :DW, 1:100, 15 min
8 :1/1ISMPB,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 :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 :0.5mM 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 :0.5mM 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 1 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 :0.5mM PB, pH 6.0, 1:100 , 60 min 62 : 5 mM PB, pH 8.0, 1:20, 15 min
22 :0.5mM 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 : 1/15M 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 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 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 West African lungfish. A & B, May-Grinwald-Giemsa (PN=46; See Table 1. A, intact cell; B,
lysed cell); C, acid phosphatase (intact cell); D,  «a -naphthyl acetate esterase (lysed cell). Note two types of
granules, type A (NG-A; large arrowheads) and type B (NG-B; small arrowheads). Positive reaction in C & D: LO
of NG-B. Bar in D (5 um) is adapted to other figures (A-C) in Fig. 1.
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Fig. 2. Structure of neutrophil granules (NG) from West African
lungfish. NG-A, type A; NG-B, type B; L0, layer 0 (inner
layer); L1, layer 1 (outer layer). [, chromophobic; H,
chromatophilic (See Table 2).

Table 2. Summary of multiple Romanowsky-type stain characteristics of inner layer (LO) of
neutrophil granules type A from West African lungfish [modified from Kondo &
Takahashi]

PN Color 2 PN! Color 2 PN! Color 2
1 B 28 C 55 P
2 O 29 P>C 56 P
3 B 30 P>C 57 P
4 C>B 31 P 58 P
5 C 32 C 59 P
6 O 33 C>P 60 P
7 C>0 34 P 61 P
8 C 35 P 62 C>P
9 C 36 C>P 63 P>C
10 C>P 37 P>C 64 C>P
11 P 38 P 65 C>P
12 C 39 P 66 P
13 C>P 40 P>C 67 P
14 P>C 41 P 68 P>C
15 P>C 42 C>P 69 P>C
16 C 43 C>P 70 P
17 C>P 44 C>P 71 P
18 P>C 45 C>P 72 P
19 P>C 46 P 73 P

20 C>P 47 P 74 C
21 C>P 48 P 75 C
22 P>C 49 P 76 C
23 P>C 50 P 77 C
24 C 51 P 78 C
25 P>C 52 P 79 C
26 C>P 53 P 80 C
27 P>C 54 P &1 C

“IPN, preparation number (See Table 1).
*2B, blue (orthomethylenophilic); O, orange (eosinophilic); C, colorless (chromophobic); P, purple (metaazurophilic).
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Table 3. Summary of reactions of neutrophils from West African lungfish to cytochemical tests (revised

form Kondo & Takahashi?)

Test Positive site (shape, number, and positive site)”
Alkaline phosphatase -
Acid phosphatase G (round, oval or short rod, many, some, eq LO of NG-B)

B-Glucuronidase

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

G (round, oval or short rod, many, eq LO and of NG-B)
G (round, oval or short rod, many, eq LO of NG-B)
G (round, oval or short rod, many, eq LO of NG-B)

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

Toluidine blue in distilled water

Alcian blue (pH1.0)
Alcian blue (pH2.5)

H

G [metachromatic (purple), round, oval or rod, some, eq
L0 of NG-A]; N (orthochromatic)

Sudan black B
Sudan IIT
Oil red O

"G, granular; NG-A, neutrophil granule (NG) type A; NG-B, NG type B; L0, inner layer; L1, outer layer; H,
hyaloplasm; N, nucleus; —, not detected; eq, equivalent to.

* W2 TR T H T A DK % Dasyatis akajei & FE L7275, 2 WUdHemitrygon akajei®d Y ) = L Th b,
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