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Morphological and Cytochemical Characteristics of Neutrophil from
Polypterus endlicheri

Masakazu Kondo™ and Yukinori Takahashi

Abstract . Morphological and cytochemical characteristics of neutrophil in Polypterus endlicheri were ex-
amined by light microscopy and the composition of neutrophil granule were inferred in this study. The
neutrophils were round or oval (14.0~23.0 #m in diameter) and the nucleus round to two lobule-shaped.
Three types of granules; two types of acidophilic granules ( @-1G and @-2G), and basophilic granule
(7 G) were observed in neutrophil. Chromophobic granule (8 G) was not observed. The @-1G was
round (0.3 #m in diameter) or rod (0.8 #m in length) in shape and observed in May-Griinwald (MG),
Giemsa and MG-Giemsan (MGG) preparations. The @ -1G was alkaline phosphatase, acid phosphatase,
B - glucronidase, - naphtyl acetate esterase, @ -naphtyl butyrate esterase, naphthol AS-D chloroace-
tate esterase and sudan black B positive. On the preparation fixed with formalin vapor, the & -1G was
stained with eosin. The @-2G was round (0.3 #m in diameter) and observed in MG and MGG prepara-
tions using /1sM phosphate buffer (pH 7.0 and pH 8.0). The @ -2 G was stained with eosin on the pre-
paration fixed with formalin-methanol. The 7 G was round to oval (<0.5 #m in diameter) and stained
with Giemsa and MGG using '/sM phosphate buffer (pH 7.0 and pH 8.0). Yasumoto body (Y-body) was
also observed in neutrophil and stained with toluidine blue, methylene blue, azure A and safranine O.
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Fig. 1 . A Polypterus endlicheri neutrophil stained with
May-Griinwald concentrated-solution, which served
as agents for both fixation and staining. After the
staining for 5 min, the sample was washed with
distilled water. Note many acidophilic granules
(¢ —1G). Bar=10 g m.
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Fig. 2 . Polypterus endlicheri neutrophil stained with May-Griinwald solution under various conditions. After fixation and
staining for 5 min with May-Griinwald concentrated-solution, the sample was stained again for 10 min in May-
Griinwald diluted with the following solutions : (1) distilled water, (2) phosphate buffer (5 mM, pH5.0), (3) phos-
phate buffer (5 mM, pH6.0), (4) Fhosphate buffer (5 mM, pH7.0), (5) phosphate buffer (5mM, pHS.0), (6)

phosphate buffer (!/1sM, pH5.0),

7) phosphate buffer (*/1sM, pH6.0), (8) phosphate buffer (*/:sM, pH7.0) and

(9) phosphate buffer ('/isM, pH8.0). Arrowheads show Y-body. Bars=10 zm.
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Fig. 3 . Polypterus endlicheri neutrophil under various staining conditions. Giemsa stain. After fixation for 5 min with metha-

nol, the sample was stained with Giemsa solution diluted as follows : (1) Giemsa solution was diluted in distilled
water at a rate of 1  20. Giemsa stain was for 15 min. (2) Giemsa solution was diluted in distilled water at a rate of
1:20. Giemsa stain was for 60 min. (3) Giemsa solution was diluted in distilled water at a rate of 1 : 100. Giemsa
stain was for 60 min. (4) Giemsa solution was diluted in 0.5 mM phosphate buffer (pH5.0) at a rate of 1 : 20.
Giemsa stain was for 15 min. (5) Giemsa solution was diluted in 0.5 mM phosphate buffer (pH5.0) at a rate of 1 :

20. Giemsa stain was for 60 min. (6) Giemsa solution was diluted in 0.5 mM phosphate buffer (pH5.0) at a rate of
1:100. Giemsa stain was for 15 min. (7) Giemsa solution was diluted in 0.5 mM phosphate buffer (pH6.0)
at a rate of 1 : 20. Giemsa stain was for 15 min. (8) Giemsa solution was diluted in 0.5 mM phosphate buffer (pH
6.0) at a rate of 1 : 100. Giemsa stain was for 15 min. (9) Giemsa solution was diluted in 0.5 mM phosphate buffer
(pH6.0) at a rate of 1 : 100. Giemsa stain was for 60 min. (10) Giemsa solution was diluted in 0.5 mM phosphate
buffer (pH7.0) at a rate of 1 : 20. Giemsa stain was for 15 min. (11) Giemsa solution was diluted in 0.5 mM phos-
phate buffer (pH7.0) at a rate of 1 : 20. Giemsa stain was for 60 min. (12) Giemsa solution was diluted in 0.5 mM
phosphate buffer (pH7.0) at a rate of 1 : 100. Giemsa stain was for 15 min. (13) Giemsa solution was diluted in 0.5
mM phosphate buffer (pH7.0) at a rate of 1 : 100. Giemsa stain was for 60 min. (14) Giemsa solution was diluted in
0.5 mM phosphate buffer (pHS8.0) at a rate of 1 : 20. Giemsa stain was for 15 min. (15) Giemsa solution was di-
luted in 0.5 mM phosphate buffer (pH8.0) at a rate of 1 : 20. Giemsa stain was for 60 min. Arrowheads show
Y-body. Bars=10 g m.
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Fig. 4.

Polypterus endlicheri neutrophil under various staining conditions. Giemsa stain. After fixation for 5 min with
methanol, the sample was stained with Giemsa solution diluted as follows : (1) Giemsa solution was diluted in 0.5
mM phosphate buffer (pH8.0) at a rate of 1 : 100. Giemsa stain was for 15 min. (2) Giemsa solution was diluted in
0.5 mM phosphate buffer (pH8.0) at a rate of 1 : 100. Giemsa stain was for 60 min. (3) Giemsa solution was di-
luted in /1:0M phosphate buffer (pH5.0) at a rate of 1 : 20. Giemsa stain was for 15 min. (4) Giemsa solution was
diluted in /150M phosphate buffer (pH5.0) at a rate of 1 : 20. Giemsa stain was for 60 min. (5) Giemsa solution was
diluted in '/1soM phosphate buffer (pH5.0) at a rate of 1 : 100. Giemsa stain was for 15 min. (6) Giemsa
solution was diluted in */15M phosphate buffer (pH5.0) at a rate of 1 : 100. Giemsa stain was for 60 min. (7) Giem-
sa solution was diluted in /1M phosphate buffer (pH6.0) at a rate of 1 : 20. Giemsa stain was for 15 min. (8)
Giemsa solution was diluted in '/150M phosphate buffer (pH6.0) at a rate of 1 : 20. Giemsa stain was for 60 min. (9)
Giemsa solution was diluted in /150M phosphate buffer (pH6.0) at a rate of 1 : 100. Giemsa stain was for 15 min.
(10) Giemsa solution was diluted in /oM phosphate buffer (pH6.0) at a rate of 1 : 100. Giemsa stain was for 60
min. (11) Giemsa solution was diluted in */1:0M phosphate buffer (pH7.0) at a rate of 1 : 20. Giemsa stain was for
15 min. (12) Giemsa solution was diluted in '/10M phosphate buffer (pH7.0) at a rate of 1 : 100. Giemsa stain was
for 15 min. (13) Giemsa solution was diluted in /1M phosphate buffer (pH7.0) at a rate of 1 : 100. Giemsa stain
was for 60 min. (14) Giemsa solution was diluted in /1M phosphate buffer (pH8.0) at a rate of 1 : 20. Giemsa
stain was for 15 min. (15) Giemsa solution was diluted in '/1M phosphate buffer (pH8.0) at a rate of 1 : 100.
Giemsa stain was for 15 min. Arrowheads show Y-body. Bars=10 g« m.
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Polypterus endlicheri neutrophil under various staining conditions. May-Griinwald + Giemsa stain. (1) distilled water.
Giemsa solution was diluted in distilled water at a rate of 1 : 20. Giemsa stain was for 15 min. (2) distilled water.
Giemsa solution was diluted in distilled water at a rate of 1 : 100. Giemsa stain was for 15 min. (3) phosphate buf-
fer (5mM, pH5.0). Giemsa solution was diluted in 0.5mM phosphate buffer at a rate of 1 : 20. Giemsa stain was
for 15 min. (4) phosphate buffer (5 mM, pH5.0). Giemsa solution was diluted in 0.5mM phosphate buffer at a rate
of 1 :100. Giemsa stain was for 15 min. (5) phosphate buffer (5 mM, pH5.0). Giemsa solution was diluted
in 0.5mM phosphate buffer at a rate of 1 : 100. Giemsa stain was for 60 min. (6) phosphate buffer (5 mM, pH6.0).
Giemsa solution was diluted in 0.5mM phosphate buffer at a rate of 1 : 20. Giemsa stain was for 15 min. (7) phos-
phate buffer (5 mM, pH6.0). Giemsa solution was diluted in 0.5 mM phosphate buffer at a rate of 1 : 20. Giemsa
stain was for 60 min. (8) phosphate buffer (5 mM, pH6.0). Giemsa solution was diluted in 0.5mM phosphate buf-
fer at a rate of 1 : 100. Giemsa stain was for 15 min. (9) phosphate buffer (5 mM, pH6.0). Giemsa solution was di-
luted in 0.5 mM phosphate buffer at a rate of 1 : 100. Giemsa stain was for 60 min. (10) phosphate buffer (5 mM,
pH7.0). Giemsa solution was diluted in 0.5mM phosphate buffer at a rate of 1 : 20. Giemsa stain was for 15 min.
(11) phosphate buffer (5mM, pH7.0). Giemsa solution was diluted in 0.5 mM phosphate buffer at a rate of 1 : 100.
Giemsa stain was for 15 min. (12) phosphate buffer (5 mM, pH7.0). Giemsa solution was diluted in 0.5mM phos-
phate buffer at a rate of 1 : 100. Giemsa stain was for 60 min. (13) phosphate buffer (5 mM, pH8.0). Giemsa solu-
tion was diluted in 0.5mM phosphate buffer at a rate of 1 : 20. Giemsa stain was for 15 min. (14) phosphate buffer
(5mM, pH8.0). Giemsa solution was diluted in 0.5mM phosphate buffer at a rate of 1 : 100. Giemsa stain was for
15 min. (15) phosphate buffer (5 mM, pHS8.0). Giemsa solution was diluted in 0.5mM phosphate buffer at a rate of
1 :100. Giemsa stain was for 60 min. Arrowheads show Y-body. Bars=10 s m.
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Fig. 6 . Polypterus endlicheri neutrophil under various staining conditions. May-Griinwald * Giemsa stain. (1) phosphate

buffer (*/1:0M, pH5.0). Giemsa solution was diluted in /1M phosphate buffer at a rate of 1 : 20. Giemsa stain
was for 15 min. (2) phosphate buffer (*/10M, pH5.0). Giemsa solution was diluted in '/150M phosphate buffer at a
rate of 1 : 20. Giemsa stain was for 60 min. (3) phosphate buffer (*/1M, pH5.0). Giemsa solution was diluted in
/1M phosphate buffer at a rate of 1 : 100. Giemsa stain was for 15 min. (4) phosphate buffer (*/10M, pH6.0).
Giemsa solution was diluted in /1M phosphate buffer at a rate of 1 : 20. Giemsa stain was for 15 min. (5) phos-
phate buffer (*/1M, pH6.0). Giemsa solution was diluted in '/10M phosphate buffer at a rate of 1 : 20. Giemsa
stain was for 60 min. (6) phosphate buffer (*/1M, pH6.0). Giemsa solution was diluted in '/15M phosphate buffer
at a rate of 1 : 100. Giemsa stain was for 15 min. (7) phosphate buffer (*/10M, pH6.0). Giemsa solution was di-
luted in “/10M phosphate buffer at a rate of 1 : 100. Giemsa stain was for 60 min. (8) phosphate buffer (/10M,
pH7.0). Giemsa solution was diluted in '/10M phosphate buffer at a rate of 1 : 20. Giemsa stain was for 15 min. (9)
phosphate buffer (*/150M, pH7.0). Giemsa solution was diluted in /1M phosphate buffer at a rate of 1 : 20. Giem-
sa stain was for 60 min. (10) phosphate buffer (*/1M, pH7.0). Giemsa solution was diluted in '/10M phosphate
buffer at a rate of 1 : 100. Giemsa stain was for 15 min. (11) phosphate buffer (/10M, pH7.0). Giemsa solution
was diluted in /1M phosphate buffer at a rate of 1 : 100. Giemsa stain was for 60 min. (12) phosphate buffer
(*/150M, pH8.0). Giemsa solution was diluted in /1M phosphate buffer at a rate of 1 : 20. Giemsa stain was for 15
min. (13) phosphate buffer (*/1M, pH8.0). Giemsa solution was diluted in '/10M phosphate buffer at a rate of 1 :
20. Giemsa stain was for 60 min. (14) phosphate buffer (*/15M, pH8.0). Giemsa solution was diluted in '/10M
phosphate buffer at a rate of 1 : 100. Giemsa stain was for 15 min. (15) phosphate buffer (*/1:0M, pH8.0). Giemsa
solution was diluted in '/1:0M phosphate buffer at a rate of 1 © 100. Giemsa stain was for 60 min. Arrowheads show
Y-body. Bars=10 xm.
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Fig. 7. Cytochemistry of Polypterus endlicheri neutrophil. (1) alkaline phosphatase, (2) acid phosphatase, (3)
-glucronidase, (4) @ -naphtyl acetate esterase, (5) @ -naphtyl butyrate esterase, (6) naphthol AS-D chloroacetate
esterase, (7) sudan black B, (8) periodic acid Schiff reaction (PAS), (9) PAS after digestion with @ -amylase,
(10) toluidine blue in distilled water, (11) toluidine blue in methanol, (12) azure A in methanol, (13) safranine O
in methanol, (14) hematoxylin-eosin (HE). Blood smear was fixed with formalin vapor before stain., (15) HE.
Blood smear was fixed with formalin-methanol before stain. Bars=10 zm.
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Table 1 . Summary of morphological and staining characteristics of two types of @ granule (a-1
G and @-2G) in Polypterus endlicheri neutrophil

a-1G u-2G
Shape and size (um) round (0.3) or rod (0.8) round (0.3)
Color light red to red dark red to reddish brown
Number in a neutrophil many some
Number of granules observed in each staining preparation’?
MG (both fixation and stain) many NO
MG : DW or 5mM PB many NO
- s MPB (pH5.0 and 6.0) marny NO
s MPB (pH7.0 and 8.0) many some
G :DW, 1:20, 15 min many NO
: DW, 1:20, 60 min some NO
: DW, 1:100 (15 or 60 min) many NO
1 0.5mM PB, pH5.0, 1:20, 15min some NO
1 0.5mM PB, pH5.0, 1:20, 60min NO NO
1 0.5mM PB, pHS.0, 1:100 (15 or 60 min) some NO
1 0.5mM PB, pH6.0, 1:20, 15min some NO
: 0.5mM PB, pH6.0, 1:20, 60min NO NO
: 0.5mM PB, pH6.0, 1:100 (15 or 60 min) some NO
: 0.5mM PB, pH7.0, 1:20, 15min many NO
:0.5mM PB, pH7.0, 1:20, 60min NO NO
: 0.5mM PB, pH7.0, 1:100 (15 or 60 min) many NO
: 0.5mM PB, pH8.0, 1:20, 15min many NO
: 0.5mM PB, pH8.0, 1:20, 60min NO NO
: 0.5mM PB, pH8.0, 1:100 (15 or 60 min) many NO
: '/15 M PB, pH5.0 or 6.0 (1:20 or 1:100, 15 or 60 min) NO NO
: /150 M PB, pH7.0, 1:20 (15 or 60 min) NO NO
: /150 M PB, pH7.0, 1:100 (15 or 60 min) many NO
: /150 M PB, pH8.0, 1:20 (15 or 60 min) some NO
Y50 M PB, pHS.0, 1:100, 15min many NO
:'/150M PB, pHS.0, 1:100, 60min some NO
MGG: DW or 5 mM PB (1:20 or 1:100, 15 or 60 min) many NO
: '/1sM PB, pH5.0, 1:20, 15min many NO
:1/,sM PB, pH5.0, 1:20, 60min some NO
:'/,sM PB, pH5.0, 1:100 (15 or 60 min) some NO
:1sM PB, pH6.0, 1:20 (15 or 60 min) some NO
:1/;sM PB, pH6.0, 1:100 (15 or 60 min) many NO
:'/;sM PB, pH7.0, 1:20, 15min some NO
: '/1sM PB, pH7.0, 1:20, 60min many NO
: '/;sM PB, pH7.0, 1:100 (15 or 60 min) many oI some some or NO
: '/;sM PB, pH8.0, 1:20 (15 or 60 min) NO NO
. '/;sM PB, pHS.0, 1:100, 15min NO some or NO
2 '/1sM PB, pHS.0, 1:100, 60min NO NO

'MG, May-Griinwald; G, Giemsa; MGG, May-Griinwald + Giemsa; DW, distilled water; PB, phosphate buffer; 1:20 and 1:100,
dilution ratio (Giemsa:diluent); 15 min and 60 min, time of Giemsa stain; NO, not observed.
Diluent for Giemsa of MGG stain were DW, 0.5 mM PB or /150 M PB.
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Table 2. Summary of reactions of Polypterus endlicheri neutrophil to cytochemical tests

Test

Positive site (shape, number and size)

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

Alcian blue (pH2.5)

Toluidine blue in distilled water
Toluidine blue in methanol
Methylene blue (Loffler’s methylene blue)
Methylene blue in methanol

Azure A in methanol

Safranine O (for Gram stain)
Safranine O in methanol

Eosin (smear fixed with formalin vapor)

Eosin (smear fixed with formalin-methanol)
Sudan black B

Sudanll

Oilred O

Alkaline phosphatase

Acid phosphatase

B -Glucronidase

« -Naphtyl acetate esterase
« -Naphtyl butyrate esterase

Naphthol AS-D chloroacetate esterase

Peroxidase

Granule (round, many, ¢ 0.3pm); Hyaloplasm

Granule (amorphous, a few, equivalent to Y-body)
Granule (amorphous, a few, equivalent to Y-body)
Granule (amorphous, a few, equivalent to Y-body)
Granule (amorphous, a few, equivalent to Y-body)
Granule (amorphous, a few, equivalent to Y-body)
Granule (amorphous, a few, equivalent to Y-body)
Granule (amorphous, a few, equivalent to Y-body)
Granule (round (many, ¢=03um) or rod (many,
length=0.8um), equivalent to a-1G)

Granule (round, some, ¢ =0.3um, equivalent to a-2G)
Granule (round (many, ¢ =03um) or rod (many,
length=0.8um), equivalent to a-1G)

Granule (round (many, ¢=0.3um) or rod (many,
length=0.8um), equivalent to a-1G)

Granule (round (many, ¢=0.3pum) or rod (many,
length=0.8um), equivalent to a-1G)

Granule (round (many, ¢=0.3um) or rod (many,
length=0.8um), equivalent to a-1G)

Granule (round (many, ¢=03pm) or rod (many,
length=0.8um), equivalent to a-1G)

Granule ((round (many, ¢=03um) or rod (many,
length=0.8um), equivalent to 0~1G)

Granule (round (many, ¢=0.3um) or rod (many,

length=0.8um), equivalent to a-1G)

—, non detection.
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D) YRR Y AW MGRETIE, RENEDO R
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G758 d, FAFRERHTRTAILICL ST
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TRARLIPEBEN o7, T2, MGGHETIE,
EEARBLU S mMY VEERER T AV ASE I AR
PERES AT, VM) YEBREHEICBWCHpH5.08 &
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