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Morphological and Cytochemical Characteristics of Leukocytes
from Gray Mullet, Mugil cephalus

Masakazu Kondo, Hiroyuki Hayashi and Yukinori Takahashi

Abstract : Morphological and cytochemical characteristics of leukocytes from gray mullet (Mugil
cephalus) were examined by light microscopy. Lymphocyte, monocyte and neutrophil were observed
in the peripheral blood. Lymphocyte had round to oval nucleus with coarse chromatin-mesh. Cyto-
plasm was agranular or contained some basophilic (blue) granules (Lymphocyte Basophilic Granule,
LBG). Monocyte had round to kidney-shaped nucleus with fine chromatin-mesh and monocyte major
granule (MMG) in the cytoplasm. Neutrophil were round to oval and the nucleus round to lobule-
shaped. Only one type of granule, chromophobic granule (5 G) was observed in the neutrophil. The
£ G was round to oval, unstained by Romanowsky type stain and peroxidase positive. The Yasumoto
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body was also found in the neutrophil and toluidine blue positive (orthochromatically).

Key words : gray mullet, Mugil cephalus, leukocyte, morphology, cytochemistry
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Table 1. Staining condition of multiple Romanowsky-type stain valuation

Condition"* PN? Condition™* PN*
MG:DW 1 G s M PB, pH80, 1:20. 15min 42
:5mM PB. pH5.0 2 /o M PB. pH8.0, 1: 20, 60min 43
:5mM PB, pH6.0 3 /0 M PB, pH8.0, 1:100, 15min 44
:5mM PB, pH7.0 4 /15 M PB, pH&0, 1:100, 60min 45
:5mM PB, pH8.0 5 MGG : DW, 1:20, 15min 46
:'/i: M PB. pH5.0 6 :DW. 1:20, 60min 47
M PB, pH6.0 7 :DW, 1:100, 15min 48
s M PB, pH7.0 8 :DW, 1:100, 60 min 49
:'/is M PB, pH80 9 :5mM PB, pH5.0, 1:20, 15min 50
G :DW, 1:20, 15min 10 :5mM PB, pH5.0, 1:20, 60min 51
:DW, 1:20, 60min 11 :5mM PB, pH5.0, 1:100, 15min 52
:DW, 1:100. 15min 12 :5mM PB, pH5.0, 1100, 60min 53
:DW, 1:100, 60min 13 :5mM PB, pH6.0, 1:20. 15min 54
:05mM PB, pH5.0, 1:20. 15min 14 :5mM PB, pH6.0, 1: 20, 60min 55
:05mM PB, pH5.0. 1: 20. 60min 15 :5mM PB. pH6.0. 1:100, 15min 56
:05mM PB, pH5.0, 1:100, 15min 16 :5mM PB, pH6.0. 1 : 100, 60min 57
:05mM PB, pH5.0, 1: 100, 60min 17 :5mM PB, pH7.0, 1:20. 15min 58
:05mM PB, pH6.0. 1:20. 15min 18 :5mM PB, pH7.0, 1:20. 60min 59
:0.5mM PB, pH6.0, 1: 20, 60min 19 :5mM PB, pH7.0. 1:100. 15min 60
:05mM PB, pH6.0, 1:100, 15min 20 :5mM PB, pH7.0, 1:100, 60min 61
:0.5mM PB, pH6.0, 1: 100, 60min 21 :5mM PB, pH80, 1:20, 15min 62
:05mM PB, pH7.0, 1:20, 15min 22 :5mM PB, pH8.0, 1:20, 60min 63
:05mM PB, pH7.0. 1: 20, 60min 23 :5mM PB, pH8.0. 1:100, 15min 64
:0.5mM PB, pH17.0, 1:100, 15min 24 :5mM PB, pH&0, 1: 100, 60min 65
:0.5mM PB, pH7.0, 1:100, 60min 25 :'/is M PB, pH5.0, 1:20, 15min 66
:0.5mM PB, pH8&0, 1:20, 15min 26 /s M PB, pH50, 1:20, 60min 67
:0.5mM PB. pH8.0, 1: 20, 60min 27 :'/is M PB, pH5.0, 1:100, 15min 68
:0.5mM PB. pH80. 1:100, 15min 28 :'/is M PB, pH5.0, 1:100, 60min 69
:0.5mM PB, pH8.0. 1: 100, 60min 29 :'/is M PB, pH60, 1:20, 15min 70
/15 M PB, pH5.0, 1:20, 15min 30 :'/1s M PB, pH6.0. 1: 20, 60min 71
/1w M PB, pH5.0, 1:20, 60min 31 :'/is M PB, pH6.0, 1: 100, 15min 72
/1 M PB. pH5.0. 1: 100, 15min 32 1/ M PB. pH6.0. 1:100, 60min 73
/i M PB. pH5.0. 1: 100, 60min 33 115 M PB, pH7.0. 1: 20, 15min 74
/1 M PB, pH6.0. 1: 20, 15min 34 /s M PB. pH7.0, 1: 20, 60min 75
'/ M PB. pH6.0. 1: 20, 60min 35 /13 M PB, pH7.0. 1:100. 15min 76
/150 M PB, pH6.0. 1:100, 15min 36 /15 M PB, pH7.0, 1:100. 60min 77
/1 M PB, pH6.0, 1 : 100, 60min 37 :'/1s M PB, pH80, 1:20, 15min 78
/10 M PB. pH7.0, 1: 20, 15min 43 :'/is M PB, pH80. 1:20, 60min 79
/1 M PB, pH7.0, 1: 20. 60min 39 :'/is M PB, pH8.0, 1:100. 15min 80
/i M PB, pH7.0, 1:100, 15min 40 :'/is M PB, pH8.0. 1: 100, 60min 81
1 4]

/1% M PB, pH7.0. 1:100, 60min

'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 '/ix M PB.

*Preparation number.

A R AN SR TR L, MR EEREAR
BT 5 & & B0, MEE09%NaCITHR L ClEkEHE
BT XD ARImERGEE 2 B U 7o MGG % jili L 72 B IRAE
KAEBE L, ARIER2 00018 L. 1233 5 I mERE o E &
&, AfiEk200fE Ll e B A ZAMBMEDEE 7 KD, &
EMEREOMEE % EH Lo MRSV (Table 1) 8L U%
M LS g I b IS Lot o 72,

BRHAE

Zymosan A (Sigma) #09%NaCUK@ERIZHEBL, 3
HOPEE L7z (3000 rpm, 10471, 5T). LB % 09%NaCl
IKIEMIT23 % 10° cells/mit % B & 5 BEE L7 R L 72K
J M 9 & & Zymosan AMER 1 H%RE L, 23CT1H:
MIREER, BRIEATMEH L. MGGH& % it L CBEMERE
=172

=

AT OMEF L 3EEOA MR () > /33K, Biks &
PIFARER) PBE S 7. L L, HERIKE L UERER
FEDONL ot BT IMEFOEIMEKERE (cells/ml)
i, 04~13x10°TH Yy, HMmIEKIZED DU 2783k, HEk
B LUGTHREROEIL, 801% (701~87.6%), 7.2% (40~
108%) B & U127% (85~191%) TH o7 (n=7)o K
T HIMEROMRSVIC & % Bl % Table 212, #ifafbz
BY4E# % Table 31IR L7z KT OEIRE L UHFHEIZIX
Zymosan AZXI T AEREREMR Sz AY ) YNERIZIEE
BRI SN Lo (Fig 1). 70, ARFRTHEIK
BLUIFREROE AL L HITH10%TH o 720
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Table 2. Color of leukocytes from gray mullet, Mugil cephalus

Staining Lymphocyte Monocyte Neutrophil
condition ™ N H LBG N H MMG N H BG Yh
1 LRP LB B LRP LB B RP LB Cl B
23 LRP LRP B LRP LRP B RP RP Cl B
4.5 LRP LB B LRP LB B RP LB Cl B
6,7 LBP LRP B LBP LRP B LB RP Gl B
8,9 LBP LB B LBP LB B B LB Cl B
10 RP LB B RP LB B RP LB Cl B
11 RP LB B RP LB B RP LB Cl B
12..13 BP LB B BP LB B B LB Cl B
14. 15 RP LB B RP LB B RP LB Cl B
16-18 BP LB B BP LB B B LB Cl B
19-23 RP LB B RP LB B RP LB Cl B
24 RP LB B RP LB B B LB Cl B
25-29 RP LB B RP LB B RP LB Cl B
30 BP LB B BP LB B B LB Gl B
31 RP LB B RP LB B RP LB Cl B
32 BP LB B BP LB B B LB Cl B
33 RP LB B RP LB B RP LB Gl B
34 BP LB B BP LB B B LB €l B
35 RP LB B RP LB B RP LB Cl B
36 BP LB B BP LB B B LB Cl B
37-43 RP LB B RP LB B RP LB Cl B
44 BP LB B BP LB B B LB Cl B
45 RP LB B RP LB B RP LB Cl B
46-66 RP LB B RP LB B RP LB Cl B
67-69 RP LB B RP LRP B RP LB Cl B
70-81 RP LB B RP LB B RP LB Cl B

N, nucleus:H, hyaloplasm ; LBG, lymphocyte basophilic granule; MMG, monocyte major granule: §G, f§ granule (chromophobic

granule): Yb. Yasumoto body:B. blue;BP, bluish purple:Cl, colorless: LB, light blue;LBP, light bluish purple:LRP, tight reddish
purple ; RP, reddish purple.

*See Table 1.

1) 2 INEK

) BRI RAESI~T0umO M EEIIMIETS o
72 (Fig. 2A). MBI 5D B2BOEGIEE <, 970%0 1)
YIRERIZBWT, BR02~12umOMEF 23 II M OM

FDEE S Tz,

ForE L7

FAne I

ZOERIT VTN OB LI BWT D

Ligg, ) N ERICEBIE S LB R ) o8
BREE B4 Y%y (Lymphocyte Basophilic Granule, LBG) &

Bt RE4S~58 umO ML Z 723 TH H, #MIgA
Wiz, BORBEMITR, MR BERE

ICRRRELT

HaEsE s, Rgm gl
DY) v BRI A TR
PHIZB W TH RO TR L7220,

IR B L OHEE (5 mM)

CHWMGHEMATIE, wWIiho

R (/s M) D)

VERRET T IApHICPR R CRFHRETH o 72 BEAKE

TR B VW72 Gt T, IREE (G :

FRGH) % 1

20& L7354, gl (15500, 1EH) Kohbs T,
Bt B EEEE LS HREL
OB A BRI W G T
pH5.0D &, A1
1 :100THE, 157 ORI L o THEEEYELY, 1
R O gett, TIEREBR TH o7 —7, pHEO~B0DHE,
RIREOBE WL AV GRETIE, FHHEL LU
MiZhhbod BEEEEFREAETELL. GEEOK

Hol, KiBE

20T R

100TITFHEET

IREBEERL,

i AV CHe T3, pHS 0B L UDHE0DEE, FiR
HiInhbby, 159Moga TCEEFEREIERELE
L, 1EEoRt CliRERTH 72, T2, pH7.0@i'71
G, FREB L UREHEIII DS, BB IIRE
Br R LAY, pHBOTIE, HME L 20041, pHT0
ERABETHLLD?, 1 I00TRIGAMOREMBIZL > TH

BEEL, | BHOSE TIREATH 572, MGGHET
i, WTROBREE AT GROFRES L UREH
I hbh bR HITRESR 2R L7,

MRERERIEE AL ETORBEFIIBVTKE LY
2 LA, pH50B L UpH60D KR i % iV 7-MGH T
i, BEIL»DPDOTRREERL,

#310%> 1) > 7RERIZIE, periodic acid Schiff G (PAS)
VRO FERLASALE 1 F AU ADEEGE L T 7. PASKE
HERERIEREFCO y mU T ORI E /2IZIHETH Y, a-7
I —PWEE (g-A) Lo THELE. /2, wTho
J U SERIZB VT LA EEESPASBETH o 724
a- Al Lo TiHEEET, BRLBIEL 2070 TVIT
¥ 7= (AB) %8 CIEBHEIMIITBRE S o7z,
BARKICER LI VA7 — (TB) 12k »C, B &
Ui EEEsFRYE L, H70%D) »/3RkIC3fE 40
KESOFQOB RN (M F /2 E I8N, BE02~12
um) BVHBHERN, A1) Ly FO (ORO) BLU



Neutrophil

or + (80%). r, 0, rod, co or cr. s to m); H (weak)

G (r. 0, rod, co, cr or st, s, eq Yh); H; N
(roro,m eq BG);N

G (= or + (60%), r. 0. rod, co, cr or st. af)

G (o or o, s): H (weak)
G (= or + (80%). r, af)
G

G(roro m);:H
H (weak)

G(

G (r, 0 or rod, m)

'PAS, periodic acid Schiff reaction; PAS-a A, PAS after a-amylase digestion : AB, alcian blue; TB, toluidine blue: SBB. sudan black B;SII ;sudan II : ORO, oil red O AIP, alkaline phosphatase ; AcP, acid

phosphatase; f-Glu, §-glucronidase: a-NAE. a-naphtyl acetate esterase : a-NBE. a -naphtyl butyrate esterase ; NASDCAE. naphthol AS-D chloroacetate esterase : PO, peroxidase.

Positive site (shape and number)?

G (= or + (60%). r, 0 or rod, af)

Monocyte

(— or + (20%), r, 0 or st, s)

(= or + (20%), r, 0 or st, s)
G (r. 0, rod, co, cr or st, m, eq MMG):H ;N

G (r, o, rod. co or cr, s): H (weak)
G (— or + (60%), r. 0. co or cr. af to s); H (weak)

G (r, 0, rod. co or cr, m)

G
G

Lymphocyte

G (= or + (10%). roro,s); H

o, or rod, s); H (weak)

~ or + (70%), r or 0. s, eq LBG); H; N
or + (60%), r or o, af)

G(
G (r,
G (= or + (80%). r. o or rod. af)

G (r.oor rod, s)

G (=

a-NAE
a-NBE
NASDCAE

B -Glu
PO

Table 3. Cytochemical reactivities of leukocytes from gray mullet, Mugil cephalus

monocyte major granule; f G, f§ granule (chromophobic granule); Yb. Yasumoto body.

PAS
PAS-c A
AB (pl11.0)
AB (pH2.5)
TB

SBB
ORO
AlP

SH

AcP
“G. granular : H, hyaloplasm : N, nucleus : r, round : 0. oval ; co, comma; cr, crescent ; st, string: m, many :s, some :af. a few: —, non detection : eq, equivalent to; LBG. lymphocyte basophilic granule ; MMG.

o (A
" " % ;
46' I
o o @
A B @

Fig. 1. Phagocytosxs of Zymosan A by monocyte (A) and
neutrophil (B) from gray mullet. MGG. Bars=5 um.

AF VI (SIL) FETRBERMLEBE SN Lol X
¥ 77y oB (SBB) #Tid, ek (M (EZF03
umB ), IAEF (BF04umlT), #IF (ER06um
LT, EZ03umblF)) OBMERA VI oY vk
WO HEBE I N, T2, MEEE LB TH o2,
FTUANET+ AT 75— (AIP) MBS ol
W7+ 2778 —¥ (AcP) #BIZLoT, AEE (M
W (EFE04 umbTF), MK (BEOSumbT), #IE
(BEF06umB T, HE02umblT)) ORptER Vg
o) RIS g s (Fig 2B). #980%0 )
YIERIIBWT, AER (HE (EZ04umbllF), JIM
B (BZE06umbllF), #F (REL6umbT, HE06u
mUTF)) O B-rvra=y—¥ ([-Glu) iR
BEgEsn (Fig 2C)s a-F 7F NV THT— FPLRT T —
¥ (aNAE) BXWa-F7FVTFL—bILRATFT—F
(aNBE) k&N ero7e 77 h—IVAS-DroE
77— rLRAT7T 55—+ (NASDCAE) #taTix, #960%
D) Y NFRICEFOS u mP T O £ 721398 IR o B i
TRV HBE SN, RV FF ¥ =¥ (PO) THHE
Nhroize

IR
HERERZEI2~12umOMIEF B TH o 72
(Fig. 2D) o MBI S HOH G, MITEITEE
06 umLL T OMIZ £ /TR & & bi2, B (&
F12umPlTF, EBR06umbT) a3y~ ZHAES
LUK (BE32umBT) o/ EHEE XN, &
%E*ﬁl;twfﬂ@%ﬁ—@Romanowskyﬁ!?&@bl FoTHLFER
TR U/, APRZ LI, BEREEER (Monocyte Major
Granule, MMG) & #:3.
BITEETZ~82umOMEH, 5 Y FEWTH Y, MK
WZRRRAEL TWioe MOGEEMEIEM» <, MRl R
ENBE SN FBEOMRSVE ML) v/ Bk E [
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Fig. 2. Leukocytes of gray mullet. A-C, lymphocyte; D-F, monocyte; G-L, neutrophil. A, D and G, MGG; B, E and ], acid
phosphatase; C and F, f-glucronidase; H, toluidine blue; I, sudan black B; K, a -naphtyl acetate esterase; L, peroxidase.

Arrowheads show Y-body. Bars=5 um.

THhols
M EERIIZL DBROUEMRIIBVWTETREZELL
75, pH5.0B X UpH6O0D B W % AV 72 MGHE T, #%&

WROBRE b ST HRFRERR L, $72, pHS.0DH
BEORBER T B/ MGCHEBIZBWT, GROMMES
1 20T 1 R DBt T, 1 100 T gt b
5B E R B IS RFRELER L.

HIkoR20%1 PR OPASH N SHE SN D
BRI ERO6 umU TOME T I3IIME, 50k
AR (BE12umbTF) THY, a-AlCXoTHEL 2
o 72 MK EHEIGPASIEYE TH o /oo ABAL L TR
MITBE SN L o7, TBEETIE, WINOEKIZBW
Th, BBLUHREREL L LI 4ORESB LU
KoZHOER (MFE (ER06umblT), MK (BFE
06umBlTF), B (EFE12umlF, ER06umMT),
a¥=®, ZHAEE, MR (BS32umllT)) 2 TBEE
ThY), FEEE L. OROB L USI Yt TlaBsEEL
B s N o7, LA L, SBREGTIIAER (M

(EX06 umbLT), I (BE06umblT), #E (B

F1OumBlF, 04 umbF), 2=, ZHAE) @
GRS, WTNOHERII BN THDEEE I £
7o, MNEEEE SSBBIZHEBMETH o 720 AIPIIHRHI S 1L
o lze AcPHETIE, AEFR (MIE (EE04 umLTF),
PRATE (BE06umLLT), # (BEFL2umblF, E4
06umBlF), 2= ZAAK) OBMEERS »i
NOHIKIZLEHHE 3N/ (Fig 2E). B-GlulHiEk
3, BE06umUTOMRE 2 3NMES L EFRER
(ar=i, ZHAE) ThHh, F60%0EIKICDHEE
gz (Fig 2F)o T2, WTNOHEIKIIBWTHMIEE
EE»HBHHETH o720 a NAEE ¢ NBEZ W IO EIKIC
BOTHED SN AP o720 NASDCAER, EE06umbl
TOMAEF - EIMEES 2 WIEEE (BER03umblT, &
F06umbT) OBEMEERE LT, #60%DHIR-AEKEE
O 5NTe PO S ol
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FFERER

IFRERIIERIA~103umOMAFE ZI3IIHEETH Y,
MBS 50 2RO IR BRI 1 B o JEk (3
HeBER chromophobic granule, LA, B ¥R & F59)
EYAME (FeA/ME, Yasumoto body (Y-body)) AYEIEE &
n7: (Fig 2G). fEANIE, AR AR TRERZOS
ymB T Thy, MIBEICHRL Tz, REMIZ, W
ND %M DORomanowsky T gt |2 B8\ T L B 2 G F % 7R
SPTHERETH o720 —FH, YMEIZ VT oGt fmic
BWTHFRYEL, MF (EFE04xmllT), AE (B
06 umPT), B (BRLIOumTF, EE04umPlT),
av=l, ZHAK, MR (E326umblT) %L, BIK
BLUKRESFEHTH 70, VIMEORE G472 < 0T
FIRTEANZRR > T, & BE SN WIFRERIERE
DHHLNGro7,

AL (HFE48~63um) LA EHTH Y, Mo
e 2 E R RRIE L CHTE L7 O R il <
NE DB B AR S N7z, BEROEEpH0B & U
pHEOD il /B H W F VA MGRBEICB W TkERE
2 L7 —J5. pH708 X UpH8OD @i AR % v 72
MGHM T, BaEHIEIHEOT S L2 BEKEAREK
KRG G T, B - 1000546, Farmicy
b TREECEIIFOREE L, £, KREORER
TRV GHRETIE, pHBOTHMEL  1000HE10, %
BEEENC D S TRECHIEFRZE L. L2 L, &
REEL 20T, 155 Mol B TREEEEHIZERAIC
gets T 7z78, 1 MO TIRERTRE L. — 54,
B O R AV o G Tik, pHS0B L UpH6.0D
e, WIROBFRFIICBWTL, 155 Mo gt Tid R
BHIFREE LD, pHSODHE, AL 100108
WT, 165 HORETEELTZL, | HHORE TR
BEAR L. MOREEETIE, BYEOEIRELTD
277,

A EEEOMRSVEEIL ) vk EFMTH o 720

ER03umb T O M T 721350 FIE OPASE M Jks A
WENOFFRFRKICB T HMBEICEHBIE SN, 20
PEPESIRE o -AlC L o T T L7z, E70, MBEEED
PASTEBMUTH 27275 a-AllL > TEIMIZEITA D
DO, FEIIXHE L Do 720 ABRE TIBEEALIZE
BEEINR ol TBEMIZL 5T, He o (HE (B
Z04umbLITF), WK (EE06umbT). B (RELO
umbPl T, HE04umblF), 2o, Z0AE. IR
(RZ226umbF)) 2Ry FEOBENIVEBE S

[

(Fig. 2H)e S ORI PERT EICR L > Tz,
/o, BBLIUMBELESTBGETHY), H#REEL
726 OROB & USSTI Hete Tid MBI B S e b o 720
#1809 DIFHFERIZ BT, REFR (I (EE03 xmblT),
G (BE0IumbT), B (BE0umbl T, H&
04pumil V), 2=, =ZHAE) O 4 HOSBBR
Bl rBE s (Fig 2D, 2, WTNOPIERIE
WTh, MIBEEEBEHETH -7 AP S %
Moize AcPIIAETR (M (EZE05umblT), S
(BERO07umlT), B (BE08umb T, E&E03um
PTF)) oBMERE L TEEEE S (Fig 2])). &
60%DIFFHERICB VT, RER (M (EEELLumblT),
GRFIE (BEELlumbl ), BF (BEF14pmBlT, #E
08umBT), 2r<F, ZHAE, MK (BL2lumdl
T)) O B -GlubsiJEks A3 A 380 Hi172 o NAER 43k
i3, RECAumUToOMEE/AIIMAETHE), wiho
WFHRERIC S ARIRE S s (Fig 2K)o 70, MIBEIEE
L TH o7, a NBEIBEE Sz h o720 NASDCAR
E, F980% DI HIERIZ BT, BEE03 umL T OMIEE 4
P e LTS 57 PO (REZE08umbl
F) \dMBE MM Tay, MREICTML T
(Fig. 2L). F7-, #I2 b POBMRIGARED &1/,

£ B

R OMEHIE 3FEHEOEIIK () /38K, HIKB &
OWFRER) DEREE Sz, P (1919) 12K T Mg+
1 rosEk BLERB L O3 FEMEOMER IR (A4 Y TS E
MER, EHEEMEFE LR, et amsk) 28ELT
WA i s (1986) (X, FEILKR T OLEIM
TRIE DL 38 & UNh i (pp. 240-241) #FELCTHH ™,
BIUERFE S LT 88k, BERB L CIFFFEROFIL % 320
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