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Azurophilic granule of Carp Neutrophil

Masakazu Kondo*, Shinya Yasumoto, and Yukinori Takahashi

May-Grinwald Giemsa and Giemsa staining properties of cytoplasmic granules in
carp neutrophils were reexamined in this study. Three types of granules; eosinophilic
granule (a@), chromophobic granule (BG) and azurophilic (basophilic) granule (7
G) were observed in a single neutrophil. The aG was small (<0.3um in diameter)
and round in shape. The staining pattern of a G was influenced by pH, constituent
and concentration of diluent of the staining solution. To estimate the staining condi-
tion onaG, five neutrophil types were categorized as follows: type 0, no aG in the
cell; typeI, aG occupied less than 10% of whole cytoplasm; typell, in 10~40%; type
I, in 40~80%; typelV, more than 80%. Eosinophil of aG was disappeared by loﬁg—
time Giemsa stain after May-Griinwald. The BG was round to oval and was larger
(0.5¢m in diameter) thanaG. The 7G was round to oval, smaller (<0.4xm in dia-
meter) than BG. To estimate the staining condition on 7 G, three neutrophil types
were classified into as following types as follows: type a, no 7 G in the cell; type b,
v G occurpied 50% of the whole cytoplasm; type ¢, in more than 50%. The 7 G were
observed in Giemsa staining preparation, but not in May-Grinwald. However, this
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- granule type appeared by long-time Giemsa stain after May-Grinwald.
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Fig. 1. A carp neutrophil stained with May-Griinwald
concentrated solution, serving both as (dou-
ble as) fixation. After the staining for 1

min, the sample was washed in distilled

water. Bar=5um.
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Fig. 26. Effects of fixation- and stain-times on the
different types of carp neutrophils catego-
rized on the distribution pattern of a-gra
nule after staining with May-Griinwald. F,
fixation; S, stain. Fixation was conducted
in May-Grinwald solution. Diluent for
May-Grinwald stain was distilled water
(pH5.2). B, type 0;/A4, typel;[H, typell;
B, typell;E& , typelV.
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Figs. 2 to 25 Carp neutrophils under various stain-

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

ing conditions. Bars=5um.

May-Griinwald stain. After staining for 10
min by May-Grinwald concentrated solu-
tion, doubling as fixation, the sample was
stained again by May-Griinwald diluted so-
lution in distilled water (pHb5.2) for 20 min.
Note many dark red granules (aG, typelV).

May-Grinwald stain. After staining for 5
min by May-Grinwald concentrated solu-
tion, doubling as fixation, the sample was
stained again by May-Grinwald diluted so-
lution in phosphate buffer ( '/sM, KH;PO;-
Na.HPO., pH5.0) for 10 min. Note many
red granules (aG, typelV).

May-Griinwald stain. After staining for 5
min by May-Grinwald concentrated solu-
tion, doubling as fixation, the sample was
stained again by May-Grinwald diluted
solution in phosphate buffer (5 mM, KH,
PO,-Na,HPO., pH7.0 ) for 10 min. Note
many faint red granules (a G, typelV).

May-Griinwald stain. After staining for 5
min by May-Grinwald concentrated solu-
tion, doubling as fixation, the sample was
stained again by May-Grinwald diluted so-
lution in phosphate buffer ( /sM, KH;PO,-
Na:HPO,, pH7.0) for 10min. Note faint red
granules (a G, typelV).

May-Grinwald Giemsa stain. After staining
for 5 min by May-Grinwald concentrated
solution, doubling as fixation, the sample
was stained again by May-Grinwald diluted
solution in distilled water (pH5.2) for 10
min. After May-Grinwald stain, the sample

‘was stained for 60 min with Giemsa diluted

solution in distilled water (pH5.2) at a rate
of 1 :20. Eosinophilic granule (aG) was
not stained. Note many chromophobic gran-
ules (8Q) and azurophilic granule (7 G,
type ¢).
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Flg 7. May-Grinwald Giemsa stain. After staining

for 5 min by May-Grinwald concentrated
solution, doubling as fixation, the sample
was stained again by May-Grinwald diluted
solution in phosphate buffer (5 mM, KH.
PO+-Na,HPO:, pH7.0 ) for 10 min. After
May-Griinwald stain, the sample was
stained for 60 min with Giemsa diluted so-
lution in phosphate buffer (0.5 mM) at a
rate of 1 :20. Eosinophilic granule (& G)
was not stained. Note many azurophilic
granule (7 G, type o).

Fig. 8. May-Grinwald stain (10 min). After stain-

ing for 5 min by May-Grinwald concen-
trated solution, doubling as fixation, the
sample was stained again by May-Grinwald
diluted solution in phosphate buffer (5mM,
KH.PO,-Na.HPO,, pH5.0 ) for 10 min.
Type IV neutrophil. Note many dark red
granules (@G, typelV).

Fig. 9. May-Grinwald Giemsa stain. After staining

for 5 min by May-Grinwald concentrated
solution, doubling as fixation, the sample
was stained again by May-Grinwald diluted
solution in phosphate buffer ( '/sM, KH,
PO.-Na:HPO,, pH6.0) for 10 min. After
May-Grinwald stain, the sample was
stained for 15 min with Giemsa diluted so-
lution in phosphate buffer ( '/ M) at a
rate of 1 :10. Eosinophilic granule (a Q)
was not stained (type 0).
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Fig. 27. Effects of diluent on the different types of
carp neutrophils categorized on the distri-
bution pattern of a-granule after staining
with May-Griinwald. DW, distilled water
(pH5.2); PB, phosphate buffer (KH. PO, -
Na,HPO.). Fixatioh and stain were con-
ducted for 5 and 10 min, individually. B,
type 0; A, type I ; [, typeIL; RA, typell; B,
typelV.
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Fig. 28. Effects of Giemsa stain on the different
types of carp neutrophils categorized on
the distribution pattern of a-granule after
staining with - May-Grinwald Giemsa.
Diluent was distilled water. Fixation and
stain with May-Grinwald were conducted
for 5 and 10 min, individually. Giemsa was
diluted (1 :20) with distilled water. B,
type 0; A, typeI;Ed, typell; B, typell;
B, typelV.
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Fig. 29. Effects of diluent on the different types of
carp neutrophils categorized on.the distri-
bution pattern of «-granule after staining
with May-Griinwald Giemsa. DW, distilled
water (pHb.2); PB, phosphate buffer
(KH;PO,-Na;HPO.). Fixation and stain
with May-Grinwald and stain with Giemsa
were conducted for 5, 10 and 15 min, indi-
vidually. Giemsa was diluted (1 :20) with
each diluents which diluted (X10) with dis-
tilled water. B, type 0; A, typeI; [, type
0; B, typell; BR, typelV.
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Fig. 10. May-Griinwald Giemsa stain. After staining

for 5 min by May-Grinwald concentrated
solution, doubling as fixation, the sample
was stained again by May-Grinwald di-
luted solution in distilled water (pH5.2)
for 10 min. After May-Griinwald stain, the
sample - was stained for 15 min with
Giemsa diluted solution in distilled water
at)a rate of 1 :50. Note many a G (type
v). -

Fig. 11. May-Grinwald Giemsa stain. After staining

for 5 min by May-Grinwald concentrated
solution, doubling as fixation, the sample
was stained again by May-Grinwald di-
luted solution in phosphate buffer ('/sM,
KH,PO.-Na,;HPO,, pHT7.0) for 10 min. After
May-Grinwald stain, the sample was
stained for 15 min with Giemsa diluted so-
lution in phosphate buffer ('/M) at a
rate of 1 :50. Eosinophilic granule (a G)
was not stained (type 0).

Fig. 12. May-Grinwald Giemsa stain. After staining

for 5 min by May-Grinwald concentrated
solution, doubling as fixation, the sample
was stained again by May-Grinwald di-
luted solution in distilled water (pH5.2)
for 10 min. After May-Grinwald stain, the
sample was stained for 15 min with
Giemsa diluted solution in distilled water
at)a rate of 1 :100. Note many aG (type
v).

Fig. 13. May-Grinwald Giemsa stain. After staining

for 5 min by May-Grinwald concentrated
solution, doubling as fixation, the sample
was stained again by May-Grinwald di-
luted solution in phosphate buffer (*/sM,
KH: PO, -Na, HPO4, pH70) for 10 min.
After May-Grinwald stain, the sample was
stained for 60 min with Giemsa diluted so-
lution in phosphate buffer (/M) at a
rate of 1 :100. Eosinophilic granule (a@)
was not stained. Note the 7 G (type o).

Fig. 14. Giemsa stain. After fixation for 5 min by

methanol, the sample was stained for 60
min with Giemsa diluted solution in phos-
phate buffer ( '/wM, KH.PO.-Na.HPO.,
pH6.0) at a rate of 1 :20. Eosinophilic
granule (¢ G) was not stained (type0).

Fig. 15. May-Griinwald Giemsa stain. After staining

for 5 min by May-Grinwald concentrated
solution, doubling as fixation, the sample
was stained again by May-Grinwald di-
luted solution in phosphate buffer (!/isM,
KH, PO -Na: HPO., pH6.0) for 10 min.
After May-Griinwald stain, the sample was
stained for 60 min with Giemsa diluted so-
lution in phosphate buffer ('/wM) at a
rate of 1 :20. Eosinophilic granule (a Q)
was not stained. Note many chromophobic

“granules (8 G) and azurophilic granules

(7 G, type ¢).

~Fig. 16. May-Griinwald Giemsa stain. After staining

for 5 min by May-Griinwald concentrated
solution, doubling as fixdtion, the sample
was stained again by May-Grinwald di-
luted solution in phosphate buffer ('/sM,
KH. PO, -Na, HPO,, pH5.0) for 10 min.
After May-Griinwald stain, the sample was
stained for 15 min with Giemsa diluted so-
lution in phosphate buffer (*/wxM) at a
rate of 1 :10. Chromophobic granules (A
G) was not found due to eosinophilic gran-
ules (a@G, faint red, typelV).

Fig. 17. May-Grinwald Giemsa stain. After staining

for 5 min by May-Grinwald concentrated
solution, doubling as fixation, the sample
was stained again by May-Grinwald di-
luted solution in phosphate buffer (5mM,
KH:PO,-Na: HPO,, pH7.0 ) for 10 min.
After May-Grinwald stain, the sample was
stained for 60 min with Giemsa diluted so-
lution in phosphate buffer (0.5 mM) at a
rate of 1 :100. Note ¢ G (typell), BG
and 7 G (type b).



a A RO 7 X — VEERL .23

hil %%
al vitvent Neutrop! 510 type (%)

DwW
PB

SmM,
pH!

SmM, -
pH

SmM,
H’

H

1/15M,
pH6

5
pH7|

1/15M

Neutrophil %
C ] Diluent ‘ RS0 pe (%) 100

A A A AL AL TR T
A A A A RO A A A A
LU Ras AT AR A IATIAS

M,

100 b Diluent

dl Diluent §

Neutrophil type (%)
50 ' 100

Neutrophil type (%)
50 100

DW

PB
s e )

SmM,
pH:

5mM,
Hi

SmM,
H’

VI5M,
Hs

T15M
pH

2

H

Fig. 30. Effects of diluent and dilution on the different types of carp neutrophils categorized on the distribu-
tion pattern of @-granule after staining with May-Grinwald Giemsa. DW, distilled water (pH5.2);
PB, phosphate buffer (KH:PO:-Na.HPO,). Fixation and stain with May-Grinwald and stain with
Giemsa were conducted for 5, 10 and 15 min, individually. Giemsa was diluted (a, 1:10; b, 1:20; c,
1:50; d, 1:100) with each diluents which diluted (X10) with distilled water. B, type 0; W, typel;

[, typell; BA, typell; B, typelV.
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Fig. 18. Giemsa stain. After fixation for 5 min by

methanol, the sample was stained for 60
min with Giemsa diluted solution in phos-
phate buffer (0.5 mM, KH;PO.-Na,HPO:.,
pH6.0) at a rate of 1 : 20. Eosinophilic
granule (@' G) was not stained (type 0).
Note the BG.

Fig. 19. May-Griinwald Giemsa stain. After staining

for 5 min by May-Grinwald concentrated
solution, doubling as fixation, the sample
was stained again by May-Grinwald di-
luted solution in phosphate buffer (/i M,
KH,PO.-Na, HPO., pH7.0 ) for 10 min.
After May-Griinwald stain, the sample was
stained for 15 min with Giemsa diluted so-
lution in phosphate buffer (/M) at a
rate of 1 :20. Note the v G (type ).

Fig. 20. May-Griinwald Giemsa stain. After staining

for 5 min by May-Grinwald concentrated
solution, doubling as fixation, the sample
was stained again by May-Grinwald di-
luted solution in phosphate buffer ('/isM,
KH,;PO.-Na; HPO,, pH7.0 ) for 10 min.
After May-Griinwald stain, the sample was
stained for 60 min with Giemsa diluted so-
lution in phosphate buffer ('/wM) at a
rate of 1 :20. Note the v G (type ¢).

Fig. 21. May-Grinwald Giemsa stain. After staining

for 5 min by May-Grinwald concentrated
solution, doubling as fixation, the sample
was stained again by May-Grinwald di-
luted solution in phosphate buffer (5
mM, KH;PO,-Na:HPO., pH5.0 ) for 10
min. After May-Griinwald stain, the sam-
ple was stained for 60 min with Giemsa di-
luted solution in phosphate buffer (0.5
mM) at a rate of 1 :20. Note the 7 G
(type o).

Fig. 22. May-Grinwald Giemsa stain. After staining

for 5 min by May-Grinwald concentrated

. solution, doubling as fixation, the sample

was stained again by May-Grinwald di-
luted solution in phosphate  buffer (5
mM, KH2PO4-N&2HPO4, pH70 ) for 10
min. After May-Griinwald stain, the sam-
ple was stained for 15 min with Giemsa di-
luted solution in phosphate buffer (0.5
mM) at a rate of 1 :10. Note the 7 G
(type ©).

Fig. 23. May-Grinwald Giemsa stain. After staining

for 5 min by May-Grinwald concentrated
solution, doubling as fixation, the sample
was stained again by May-Grinwald di-
luted solution in phosphate buffer (5
mM, KH2P04-N8.2HPO4, pH50 ) for 10
min. After May-Griinwald stain, the sam-
ple was stained for 15 min with Giemsa di-
luted solution in phosphate buffer (0.5
mM) at a rate of 1 :10. Note the faint
v G (type o).

Fig. 24. May-Grinwald Giemsa stain. After staining

Fig. 25.

for 5 min by May-Grinwald concentrated
solution, doubling as fixation, the sample
was stained again by May-Grinwald di-
luted solution in phosphate buffer ('/sM,
KH2P04-N8.2HPO4, pH70 ) for 10 min.
After May-Griinwald stain, the sample was
stained for 15 min with Giemsa diluted so-
lution in phosphate buffer ('/wM) at a
rate of 1 :100. Note the v G (type o).

Giemsa stain. After fixation for 5 min by
methanol, the sample was stained for 60
min with Giemsa diluted solution in phos-
phate buffer (0.5 mM, KH;PO,-Na;HPO,,
pH7.0) at a rate of 1 :20. Eosinophilic
granule (¢ G) was not stained. Note the
7G (type ©). :
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Fig. 31. Effects of diluent and dilution on the differ-
ent types of carp neutrophils categorized on
the distribution pattern of a-granule. after
staining with May-Grinwald Giemsa. DW,
distilled water (pH5.2); PB, phosphate
buffer (KH,PO,-Na.HPO,). Fixation and
stain with May-Grinwald and stain with
Giemsa were conducted for 5, 10 and 60
min, individually. Giemsa was diluted
(1:100) with each diluents which diluted
(X10) with distilled water. B, type 0; &4,
type I ;[ , typell; B, typell; B8, typelV.

AA-TY 2 vV FREBIHAVAIERREEA LT
A, pHO TRVWThoZEREBWVWT H. TR a Bh
DOlHic SENOBRIRECH -7, L L. flidpH
DEFEKTII RES i a FRHBDEB VD, BERH
HBRINhi, L L, BENOBEII a B O/ ic R
BTH -7,

F A REREEEE L TRRRICEEKE VMGG
RtB BT o2 & T By TNTORBRKT SERABES N
720 IBHLAD ¥ A FRETREHKDO aBhICX D, B
BRI ORI RARTEH - 720 L Ly 30% 721360530+
LAyt LA, aBNsREshe, MRE
HEMSKHEDICYET 500, SERAHBICEBES i,
(Fig. )0
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Fig. 32. Effects of Giemsa stain on the different
types of carp neutrophils categorized on
the distribution pattern of 7 -granule after
staining with May-Grinwald Giemsa.
Diluent was distilled water. Fixation and
stain with May-Grinwald were conducted
for 5 and 10 min, individually. Giemsa was
diluted (1:20) with distilled water. [, type
a; [, type b; B, type c.

Neutrophil type (%)
Diluent 50 100
3 N I | ' ] 1 1 L 3
DW
PB

Fig. 33. Effects of diluent on the different types of
carp neutrophils categorized on the distri-
bution pattern of 7 -granule after staining
with May-Grinwald Giemsa. DW, distilled
water (pH5.2); PB, phosphate buffer
(KH,;PO.-Na,HPO,). Fixation and stain
with May-Grinwald and stain with Giemsa
were conducted for 5, 10 and 15 min, indi-
vidually. Giemsa was diluted (1:20) with
each diluents which diluted (X10) with dis-'
tilled water. [, type a; [, type b; BB, type
c.
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Fig. 34. Effects of diluent and dilution on the different types of carp neutrophils categorized on the distribu-
“tion pattern of 7-granule after staining with May-Grinwald Giemsa. DW, distilled water (pH5.2);
PB, phosphate buffer (KH:PO,-Na,HPO.). Fixation and stain with May-Grinwald, and stain with
Giemsa were conducted for 5, 10 and 15 min, individually. Giemsa was diluted (a, 1:10; b, 1:20; c,
1:50; d, 1:100) with each diluents which diluted (% 10) with distilled water. [, type a;[,

type b; B, type c.
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Neutrophil type (%)
Diluent 50

Fig. 35. Effects of diluent and dilution on the differ-
ent types of carp neutrophils categorized on
the distribution pattern of 7 -granule after
staining with May-Grinwald Giemsa. DW,
distilled water (pH5.2); PB, phosphate
buffer (KH,PO.-Na.HPO,). Fixation and
stain with May-Grinwald and stain with
Giemsa were conducted for 5, 10 and 60
min, individually. Giemsa was diluted
(1:100) with each diluents which diluted
(x10) with distilled water. [, type a; [,
type b; BH, type c.
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