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Morphological and Cytochemical Characteristics of Neutrophil
from African Lungfish, Protopterus annectens

Masakazu Kondo™ and Yukinori Takahashi

Abstract : Morphological and cytochemical characteristics of neutrophil from African lungfish, Protopterus
annectens, were examined by light microscopy. The neutrophils were round to oval (35-40 xm in
diameter) and the nucleus round to lobule-shaped. Only one type of granule, panchromatophilic granule
(PG) was observed in the neutrophil. The PG was round to rod-shaped and stained panchromatophilic
according to staining conditions. The PG was eosinophilic or methylenophilic (methylene blue positive)
with May-Grinwald (MG). And further, the PG showed reddish purple with Giemsa stain. This color tone
may be due to the metachromatic reaction by azure B in Giemsa (metaazurophilic). This granule was
acid phosphatase, a-naphtyl acetate esterase, a-naphtyl butyrate esterase, naphthol AS-D chloroacetate

esterase, PAS ( a-amylase digestion resistance) and toluidine blue (metachromatic) positive.
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Fig. 1. Neutrophil from African lungfish, Protopterus annectens. 1, May-Grinwald (MG) using 5 mM phosphate
buffer (pH5.0) ; 2, MG using 5 mM phosphate buffer (pH6.0) ; 3, MG - Giemsa using distilled water ; 4, acid
phosphatase ; 5, a-naphtyl acetate esterase ; 6, a-naphtyl butytate esterase ; 7, naphthol AS-D chloroacetate
esterase ; 8, periodic acid Schiff reaction ; 9, toluidine blue in distilled water. Bars 10 u m, insets 2.5 u m.
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Table 1-1.

African lungfish, Protopterus annectens

Romanowsky-type staining characteristics of panchromatophilic granule (PG) in neutrophil from

Staining condition'

Color and number of PG?

MG (both fixation and stain) NS (N)
MG : DW B (N)

: 5 mM PB, pH5.0 ON)

: 5 mM PB, pH6.0 B (N)

: 5 mM PB, pH7.0 B (S), NS (M)

: 5 mM PB, pHS8.0 NS (N)

:1/15MPB pHS5.0 o (N)

: /15 M PB, pH6.0 O (S), NS (M)

: /,5MPB pH7.0 NS (N)

:'/1s M PB, pH8.0 NS (N)

G :DW, 1:20, 15 min RP (S), NS (M)

: DW, 1:20, 60 min RP

:DW, 1:100, 15 min NS (N)

: DW, 1:100 , 60 min RP (S), NS (M)

: 0.5 mM PB, pH5.0, 1:20, 15 min RP (M), NS (S)

: 0.5 mM PB, pH5.0, 1:20, 60 min RP (M), NS (S)

: 0.5 mM PB, pH5.0, 1:100, 15 min NS (N)

:0.5 mM PB, pH5.0, 1:100, 60 min RP (S), NS (M)

: 0.5 mM PB, pH6.0, 1:20, 15 min RP (M), NS (S)

: 0.5 mM PB, pH6.0, 1:20, 60 min RP (M), NS (S)

: 0.5 mM PB, pH6.0, 1:100, 15 min RP (S), NS (M)

: 0.5 mM PB, pH6.0, 1:100, 60 min RP (S), NS (M)

: 0.5 mM PB, pH7 0, 1:20, 15 min RP (M), NS (S)

: 0.5 mM PB, pH7.0, 1:20, 60 min RP (M), NS (S)

: 0.5 mM PB, pH7.0, 1:100, 15 min NS (N)

: 0.5 mM PB, pH7.0, 1:100, 60 min RP (M), NS (S)

: 0.5 mM PB, pH8.0, 1:20, 15 min RP (S), NS (M)

:0.5 mM PB, pH8.0, 1:20, 60 min RP (M), NS (S)

0.5 mM PB, pH8.0, 1:100, 15 min NS (N)

: 0 5 mM PB, pH8.0, 1:100, 60 min RP (M), NS (S)
/150M PB, pH5 0, 1:20, 15 min RP (M), NS (S)
Yiso M PB, pH5.0, 1:20, 60min RP (N)

/150 M PB, pH5.0, 1:100, 15 min NS (N)
/150 M PB, pH5.0, 1:100, 60 min RP (S), NS (M)
/150 M PB, pH6.0, 1:20, 15min RP (N)
/150 M PB, pH6.0, 1:20, 60min RP (N)
/150 M PB, pH6.0, 1: 100 15 min RP (S), NS (M)
/150 M PB, pH6.0, 1:100 , 60 min RP (M), NS (S)
/150 M PB, pH7.0, 1:20, 15 min RP (N)
/150 M PB, pH7.0, 1 20, 60 min RP (N)
/150 M PB, pH7.0, 1:100, 15 min RP (M), NS (S)
/150MPB, pH7.0, 1:100, 60 min RP (N)

: /150 M PB, pH&8.0, 1:20, 15 min RP (S), NS (M)

: /150 M PB, pH&8.0, 1:20, 60 min RP (S), NS (M)

: /150MPB pHS8.0, 1:100, 15min RP (S), NS (M)

:'/150M PB, pH8.0, 1:100, 60min RP (S), NS (M)

'MG, May-Griinwald; G, 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.

’B, blue; O, orange; RP, reddish purple; NS, not stained; N, numerous; M, moderate; S, some.
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Table 1-2. Romanowsky-type staining characteristics of panchromatophilic granule (PG) in neutrophil from
African lungfish, Protopterus annectens

Staining condition'" Color and number of PG?

MGG : DW, 1:20, 15 min RP (N)
: DW, 1:20, 60 min RP (N)
:DW, 1:100, 15 min RP (N)
: DW, 1:100 , 60 min RP (N)
: 5 mM PB, pH5.0, 1:20, 15 min RP (N)
: 5 mM PB, pH5.0, 1:20, 60 min RP (N)
: 5 mM PB, pH5.0, 1:100, 15 min RP (N)
: 5 mM PB, pH5.0, 1:100, 60 min RP (N)
: 5 mM PB, pH6.0, 1:20, 15 min RP (N)
: 5 mM PB, pH6.0, 1:20, 60 min RP (N)
: 5 mM PB, pH6.0, 1:100, 15 min RP (N)
: 5 mM PB, pH6.0, 1:100, 60 min RP (N)
: 5 mM PB, pH7.0, 1:20, 15 min RP (N)
: 5 mM PB, pH7.0, 1:20, 60 min RP (N)
:5mM PB, pH7.0, 1:100, 15 min RP (N)
: 5 mM PB, pH7.0, 1:100, 60 min RP (N)
: 5 mM PB, pHS.0, 1:20, 15 min RP (S), NS (M)
: 5 mM PB, pHS.0, 1:20, 60 min RP (M), NS (S)
: 5 mM PB, pH8.0, 1:100, 15 min RP (S), NS (M)
: 5 mM PB, pH8.0, 1:100, 60 min RP (S), NS (M)
- '/;sM PB, pH5.0, 1:20, 15min RP (N)
: //1sM PB, pH5. 0, 1:20, 60min RP (N)
: /15MPB pHS5.0, 1: 100 15 min RP (M), NS (S)
: /15M PB, pH5.0, 1:100, 60 min RP (M), NS (S)
: /15MPB pH6.0, 1:20, 15 min RP (N)
: /15M PB, pH6.0, 1:20, 60 min RP (N)
:'/;sM PB, pH6.0, 1: 100 15 min RP (N)
-1/,sM PB, pH6.0, 1:100, 60 min RP (N)
- 1/1sM PB. pH7.0, 1:20, 15min NS (N)
- '/1sM PB, pH7.0, 1:20, 60min NS (N)
:'/;sM PB, pH7.0, 1:100, 15 min NS (N)
:'/1sM PB, pH7.0, 1:100, 60 min NS (N)
: 1/15 M PB, pHS8.0, 1:20, 15 min NS (N)
: /]5MPB pHS8.0, 1:20, 60 min NS (N)
: /15MPB pH8.0, 1: 100 15min NS (N)
:'/,sM PB, pH8.0, 1:100, 60min NS (N)

'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.

’Diluent for Giemsa of MGG stain were DW, 0.5 mM PB or '/;50 M PB.

3B, blue; O, orange; RP, reddish purple; NS, not stained; N, numerous; M, moderate; S, some.
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Table 2. Cytochemical reactivities of neutrophil from African lungfish, Protopterus annectens

Test

Positive site (shape and number)

Periodic acid Schiff reaction (PAS)
PAS after digestion with a-amylase
Alcian blue (pH1.0)
Alcian blue (pH2.5)

Granule (round or rod, many, equivalent to PG)

Granule (round or rod, many, equivalent to PG)

Toluidine blue (distilled water) Granule (round or rod, some, equivalent to some PG)

Sudan black B

SudanIll

Oil red O

Alkaline phosphatase

Acid phosphatase

B-Glucronidase

a-Naphtyl acetate esterase

a-Naphtyl butyrate esterase

Naphthol AS-D chloroacetate esterase

Peroxidase

Granule (round or oval, many, equivalent to PG)
Granule (round or rod, many, equivalent to PG)
Granule (round or rod, many, equivalent to PG)

Granule (round or rod, many, equivalent to PG)

—, non detection.

Z =

P. annectens DIFHERICIE, T4 Otk % R4 155
OFikr (PEA) BRI N/, RERIE, MGHMETIX
HEBIIRFEER L. SROO®MIE, MGHRE
W oIy YBBAFL 27— SKEE T T L TR
WMENITF L v BIUAFLY T2 L b Ebh
Bo ATV YTV — WG & o TRtk 2R
TZEbH DAY, MGt TPEM I kTR TH 722
e D, RERIIAFL Y TIV—I2 & o TIEFGEEEZ R
L7ceEZ2bND, FAFREBRIE, =4 BAFL Y
TNV—, TF VBT A=NVB, TAXA=LVBBIUIAFL
TN G, KBEERFTIELA Y Y EBATL T
W=t IF VBT A= BRENENREEL Tt >
Y, AFLYTNV=BIUOT A= VBELRDHDT, Yetul
WIZIN S SHHEHOMRIC L > THROEITRZ 5, 7T A=)V
Bb AF Ly 7—LARICKBBRPTIZERTH D, #
Pt X o TIEEMPpMEL RS, PHERIE, FaFg
Lo TREREZE L. 2O, 2 FL T —
F72037 X - VBIZ X 2 Bt L R LT EEbh
LS, AFL YT N—IE, LikoRkic, PR E IEFICS
Dbo L72dS-> T, PERORE®RIE, TA—LBIZLS
EMGOORBRE L LR IN D,

N F 2 HOMREROGEIZERILL TWED, ThET

12, A=A FUTNAFa LT T) AN FaHHIIBW
T [ ER (neutrophil) | & FR SN 5 MERAEHEE ST
%2 Ward (1969) 54— A M F ) T4 ¥ 3 TH
BL7EPERIE, A Y ) —VEE LR IEAIC S A B Y
BEMLZZODOTHY, MBEIZOMMEY Y 7%
ORI L o Tl 72 SN D45, FRICIZE NS I BIER
Tl H LT, F72, Hine ef al. (1990)
L7 —A LT )TN FaOFhERICE, T4 Ml
Lo THRIIHFTEL 22\ dy, &5\ IdEi 2 7 X — V4
PR RIZER O S & LTwa Y, RFEICBVNTY

P. annectens DIFHERIL, FBEMHICL T, e 2R
ZRL, 7, FEINZVEELHoIERL, X
I TNAF 2 |ZBWTHEE SNUPERIE, RO
FRERE W CHEBEO R ERE ZE 2 51b, L2L, DeLaney
etal. (1976) 257 7V ANA F 2 HDP. aethiopicus THI%E
L70FRERiE, 94 M-FAFEEERET, MR Ry
WRAFLTBYY, HoomRLzK (BREI) 25,

MR OWIKIZMIZ E 723N TH 5, 72, Champy
and Louvel (1939-1940) 2SAWI%E & 6 CAMECTEIE L /2
BFRER S, BRI A R T E LTB DY, EoomL
72 (HEA 72 ) TIREROBRIZAE £ 721390 E
Thbo LIzAoT, INHDOMEITBITLIFHERIL,
RB LGP S, KIFFEIZB VTP, annectens | HI%E
SNIFhRERE IR 2 ZEEOERIKTHL LEZXHN
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%o —77, Barber and Westermann (1978) #7 7 71
NAFafH (HAAH) ICBIE L7205k (heterophil)
i, MGGHIZ & o TUEO N IR D ) o 7t (faint
grey-mauve) ¥ BT AN EETH I EH ST, KiFR
DU ER & [ U R ER & b b, Champy and Louvel
(1939-1940) At L T\ 2 BBk MESF hER (myelocytic
neutrophil) 1%, Romanowsky# 12 & - TUFHE M % 7R
TR ZH L, R E I EhTwaY, Ko
FER S, PrfEic L > Tk, BERPERAFL Y7
V—IFHERET LIRS, HOOFHEMEFRERE, &
WOk —0fEr b Ltz v, 72, daS
Ribeiro et al. (2007) 2SI F I T AV I NA FalBEL
72 % ¥ 48 JE R7 Bk (polymorphonuclear agranulocyte)
1, AF = VEGE L7 BREARIC F AP e 2 0 L CER
REINTBY, WHiE, EERIEKE LT 505 E T
FRIE TR, BEREZOTVE Y AHRICBWTY, F
FEROMBERE, P FIC Lo TERES RN END
Wt & B L 72 LT ER R TP R ER Tl 2 v L 3
HINb,

INFTIE, FHEOPHE LAMIIBWT, FHEA
OF—EEkA, HAOBEHFIHgTI L LEFED SN TV
W F e SRR BRI B 7 K — VI 2 RS R
BREN TRV,

FHABEOITPERICB T, PR 2RI ARERO%E
A/ (Y/ME)  (Yasumoto body, Y-body) 25BiZ2 i
TV R MEER S FFICLBBER TS
TEPS, AMEEA R L bAEICEET I OLEE R
ENTWRY Lo, P annectens DUFHERIZIE, Y/
HRIIBRE I N o7z T A DIFHERIZH Y MEIZRD &
NTHRWHED FEEME Aeromonas hydrophilalZ N5
RS DL LT, AMERET B ERAN L A B
T2IEPWESNTRDEY LD oT, T7UANA
Fad, MWHEZEOBEEICL > TYMEPHITH0D L
Nz,

MIBALZIHEVED S, P annectens i ER O PR O 1,
GERDOEIICHEE L7zo AcP, a-NAE, a-NAEBL O
NASDCAERGPERERIE, TIRB & ORER FA PREAL & FH L
LTW/eZenb, TNOLBRIEPHERICHELET 2 8D
Nb. F7z, PASHPEEER b WRESAHUHEEIA S, PREALIC
HUT 2 EeEZLND, TBEMEEOBIIPEN LD D
LA, IR T 52 &5, PHEEOW L Oh)
TBRETH 5 LRSI ND, F7-, TBRHEERIE, 7REK

R0, BRMEEaGERLTWELEER S,
F—ANF)TNAFa T, FHEROFEMZ ML
PERDSB S 20 & o TB Y Y, AFRERICIE, AIP, AcP,
a-NAEB X U'NASDCAED R & 41, AcPIZ BRI AF7E
FTorLEsNTwaY o 72, WFRERIERIIPASIC & > TH
BEND LWESNRTVDE Y —F, ZOFHRERIZE,
N-acetyl- f -glucosaminidase, f -galactosidase, acetyl-L-
tyrosine - a -naphthyl esterase, tosyl-L-lysine- a -naphthyl
esterase, f-Glu, a-NBEB LUVt F T ¥ —ED 31
b E R TwAEWY, KIFEIZBWTY, P. annectens
DU IR IIPASE L AP TH o720 72, a
-NAE & NASDCAE & R IZBE RSSO b szs &5
12, B-Gluk i &3 7 —BIEMEIEP. annectens DIFHER
W RAONEDo720 LAL, a-NBEFEMIIP. annectens
DU P EROPIRAZ G IEROC AR &, AIPTETEIZEED
bNadolz, Lo T, NAFaEOEMT, Inb
—MOBERIFENEDOEIENDYH DL EEZEROND, BB,
AcPIZ 3537 2 ) A F a OSTAZIIERIERIZ D M
shTwa?,

INFETI, FHEOPRANLEHAHOIFHERKIZ B W
T, HAx ORI HIE SN TWE2Y (Table 3), FFAEHL
PHESN TV DI %RL, X257 FFHHERTIE y
BRI o NBEBETH V'Y, P.endlicheritiFhEkTl, a
-1 BHALIZAIP, AcP, B-Glu, a-NAE, a-NBEB & ¥
NASDCAEDHAES % L EZ bRTwaY, F72, 7V
707 FHFRERTIE y BRIICNASDCAES ™, v+ ¥
y BRI IZACP, a-NAEB & U a-NBER"Y, / —#>
284 7 O BRI ACPIEYED™, < 5 4 O o BRI AcP,
a-NAE® & O'NASDCAEH™, 7 1) Tl g Bk IZAIP
75,y BRLC o NAEDEAES % & ShTwap™s —J
NNV FF T —EREINETIE, 7¥VTTUTS, v
F )= UNL s, T—F)N, AXF, bBIFTAXF,
ADF, A, T, EIABLON T T IIIBWTHE
RBINTBY, HRE, KRESBIUBRPELULTVS
ZENDL, RERILHIIRHETLEEZELONTVS
BABABBLBD0 - FFe 2y F X P endlicheri, 7Y
TTUTF, wFF, =Ry TU—=F)N, AR
¥, LIARAXX, ATVF, <FA, TY, eI ABLVH
T 77N BWT, IR ERICPASIHMETRAL & TBRE 1 F AL 23
BEINTW2, IS OPASHMERM L a-7 3T —¥
THILSND Z s, ZFYa—r 4L, B L
BB & BN TV REBABDN ) v P annectensT
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