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B OE ARLAFIEFRTHEA G TS LA E R ES (PMA) # X
2, BREAVES IV FTES@E (md) A2 —1, SeEHEHRmE (PM) £
BAK/ H K MO B AK mb, BAGims md AR 8 mO FFARALT AR
H, EHEX-HCRABENRGELE mD, PMA A PM M A &% %, PMA
WA S PM @K F F ik, 3 PMA (90 st 7 T i3, A% PMA ¥4 2 254 3
mb HEFSAHE, CASRAEEM B FRHE P H R Fdhfodm B Eg A~ he
B, LTAELKFCHLMY, @ TSR kAT A &R0 R R LIS,

KEER %, veEMEdmi g, X4

EHEROCHHEANLEFEESAENOE4 R (PM), HERER /LR, B
SEEHESMMAREL (pigmented macrophage aggregate, PMA). H aflaFse &M,
B L R T ki s O R PMA Mk /h RIS R m, R OV fudp
i 150 £ 5015 (#8 PMA K/ R as ik,

LAERIF 2R A A PMA B4 M s vl s Mo fin@iec R gm B . e
BEAT AR AR R, EIRAERRAH Y ) m TR BEE 2 gk, HiA
hERGEMREBMWFEHBEE DD, B, XT PMABMIDEERHATARE
WOV T PMA BEHBEMIM D, BT Agius U7 345 3484 Salmo gairdneri 1%
ikf Tilapia zilli PMA A HRA BB EE D Vogelbein FX M Rivuius marmorattus
Fr b PMA B8R AR B O .

PMA MR TRABAFEMRAL, TG ULV 4R EEH A PRI E MO
AR — S MIEME RIS nd A — R R — 40 R F 1 48 M b TR (R AR B
METRIBEREMER (. R, DA ITFSHRHZ0ET PMA 5HE md [ AH
AR, £EFERER, EEUME L, REBMRT LSS PMA NiESRED
B, #NEE2TESREmONXR,

#oA 5 F %

SR BIEHFREAN, HE 120~250g, R TRBs, tBaEPAREE, kB
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16-22C ., 20 Hi 4 mh A T8, Mifhsa, ALhIid -FRVALHEOE
. BRAFGFEONEE 1~2 KB, FELEE X BEESs ko Jloim 14, 28
KIGEH, PR TUEx R,

U H AR 5y BUA BB A i A TR ME S EH (BSA) b BH AR
me . E3 BSA B8 & 400 M 1200me / EEHAYL, EHEBHE A S5, 45T
228mg CF#IRE) /R 3AH, #EMEEH 2, 7, 14 XEEW 2-3 I, MHEE
20 P4l 20%BSA TEESE B RIERIEH, & 3 H—ik, HIEGHILAS) & B e Broess
BRI, S0k, T 1L 2, 4, 6, SHIEH 2 KIFLARE 10 &kiES 2.
7. 14 128 KR4 BB #EE, BUbtishimih £ BSA M L% 3,

sk, 5 BSA Mg, 4hfa, MELAPE F-Ca Bl E 4CHE 24 /N, &
MR, —ERr A ERH HE SR PMA; B— 2 F o R LAELIE
Tome 0, EHSIMRE, LBEL Bouin AR RE, MK, HE R, BoOh %
GHTLA 20% B IS 40 HE 24 /hBF, LABRZ KB ARt PM AN ER, BTE5EF
WA BB me.

HHE 14 BRHERA, SiF TR BREHREMEE me R, HREE, &
5 BSA M. #f, WICLEEE L@ rsit T8 #EE me S %R, 1T BEHLER
10 M0, EAEEBEILE lmm® W ERTT&, HitBERSEMERRER.

%% E3

RiH o-2E KBS ufa 45 & HE Hefs, LT iy me 500 5 B, (D BR
/R me, ARG MR, RMFESECEAEIR, B MAIRENHLA;
(2) B me, HMARENEEHR, K7 4-6um, FEREREAHRFAR /FER me & (3
REWLE me, HREA, RNAFRMEERY, LEAR, REEFLIEIRL
o, RERSYf R A (4 EWEIE me, RAD EAIEEREMTHFLRENS
T, MEESRME M ER, S A; (5 PM, HAFAKERARFARE, FHP4
e mERe, EMREERTE,

EHMERE, PMERED, Sorlof THEREERS, REREES PM B
#/h PMA, B mo i SERBEIE & D, Uik 14 128 XJ5, PMA fEE me /)
BEBHABAMBSL (¥, 84 HE MU A Y, HELA me HEM LN
5 WE T,

5% 400mg BSA2 K5, m #1 PMA My S BMLL EH# 7 KA, 48R me.
B me MEAMLE me SR M N, A PMA CHBEL. FH 14X5, HPMAK
BETWH MR, HHE PMA PEERE ELA me. EE me R SR g R EH
(& Do

FEST 1200mg BSA2 KF5, PMA F1 PM (3. s/ 5 BRI, BT iF£ER
me FI—ER B 6 me, HH 7KE, FBLA me, S46 me FIPM HEHL, H
2 B E N PMA, ARl B4 @ me FELTE me. HH 14 X, PMA 5i
g 7 REMAL, BEPEFAEERIREIELL A me MELE me (K1)
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F1 BRERETN BSA FESH mp BT

Table 1 Changﬁs of mos in head kiduey of adults of Sifurus asotis 1. after reeciving BSA sajectinn

P H 4 MK /8 BB WE BBK SeE DE SeE MBHeEm
{mg/ &) (RN XS " me mg E1 R SR TR <) me e ) Lingk#m MRy O Bedt
mep me et RE; (1}

Dosage Sampling time Reticular ©  Shuttle Round Round Amount of

(mg / fisk} (after N days Fibrious g red ycoolw— PM MA PMA total round
of injection) me me  red mep mes ()

4] 0 + + + + + - + 78.5£193

(xt ) 14 + l + + - + 1.4+ 91

(Controls) 28 + + + 3 + i) + 7161140

2 + + + + + - + 68T+ 118

400 7 + + + + + + 9321145

14 + + + + + + 106.4+ 140

2 + + + + + + 11,0+ 19.7

1200 7 + + + + + - + 1489133

14 + + + + + + 177.2+ 228

(DEBEWE AR SRRV CFIOE + 58174 / mm® +: WHE: . LAREH, +. NENERRE
The amount of round mes (réound red me, round yellow—red me PM) is cxpressed as “meanst sdandard

error” / mm. +: observed; —: not observed; *: observed but rare.

F2 WERHTHBHELSPESRNSTHEAER S RMMRARNE %
Table 2 Induced development of MA{composed of round, carbon—laden me) in adult of Sifurus asotus L.
after receiving Indian ink injection

R Wi FF Ry Rk /74 Hik 154 7 B &1 o & BB B T 1 0R T i
(mg/ fi) (HEHNER iR me mp me s rod B CFEIHE + 501R)
A / mm?) ]
Dosage Sampling time Reticular / Shuttle Round MA Amount of round,
(mg / fish) (after N days Fibrious shaped mep 48] carbon—laden me
of injection) me me {M.+ S.E)Xn / mm%
2 + + :
55 7 + + +
14 + + + - 2462 3.0
2 + + t -
45 7 + + + -
14 + + + - 1440t 250
2 + + + -
228 7 + + + +
14 + + + + 873129593
ARFFIERARKEEREREY, N FREBEORBEGEMRETLY 2, 7 EGREHNMERY, &
. +, -MEHEE L

The mes listed in this table were all carbon loaded. The amount of round carbon-ladden me was not examined
since it was not dominate and rare compared with the other carbon -loaded tneps afler 2 or 7 days of the injection. +,
—and *are same as in Table {.
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3 SHEMABFEHL TN BSARXED PMA BWEE
Table 3 Development of PMA in head kidney of juvenile of Sifurus asotus L. after

BSA injections receiving repeated

AR ) BOHRHERY  BEAXE B TE BAR RO Rgix PMMAPMA  pim ., %4

WX RIEH (HEENX) ng/f) Hme me fAme LEme R+ IR
Y Kia 4/ mm?)
Sampling Age at Total Reticular / Shuttle— Round  Round Amount of round
time:alter sampling: dosage fibrous shapped  red yellow— P MM APMA me: M. 8E
Y days of on Day N {mg/ (ish) me meyp nme red {n 7 mm")
the X-th post—
injection hatch
Bk 2RR 22 4 + + + - - - - 139% 9.4
2 days; 1st
2 2RA 25 12 + - + - - - - 387+ 7.3
2 days; 2nd
a2 R k)| 44 * + + + o+ - 99.9+ 229
2 days; 4th
Homw 2Kk 37 104 + + + + - + + - 181.4%35.3
2 days; 6th
Bk, 2 K 43 172 + + + + + + - 199.4+33.3
2 days; §th
;I 2RE 49 256 + + + + + + o+ 237.0+ 3502
2 days; 10th '
B0k TRE 54 256+ o F o+ o+ 4 43924559
7 days; 10th )
B0k 4RE 61 236 + + + + + - + 3420629
14 days; 10th . )
Flok: REE 75 256 + + * t 4 - 4+ 271+498
28 days; 10th

M ES 5.5mg FIRERIF 2 KiE, WILWFET4 me. WK me AME G RN N 21
a5, MRS EAmAE me WREL: FHOATEH PMA. PM AR E me A FLHE
SRRk, TR 7 KFE, MR EEEAERNER me. ES 14 X, TR-ERE
R T me, HEXERD, REXOEARELE (MA) MEXREIMH (XD,

WAL 45mg IR BH 20 7 R, SEEREAEF me HoAIE S.5mg 44
fel, 514 R, HETFSREHBMOIEE me, ENERHERE WD MA,

WA TE S 228mg BRI 2 KE, AW HRHBKXESZEAMREBMR /4R me.
Bk me fl—LRK me. HH 7RG, WSHRHEAE me BRRE, B AH MA,
A3k 310 X 260pum. K MA ¥ T M¥ERHE, AHRL/NMIME. H4 14 XE MA
—%Hm, FHEHESNMATE, &R --ENINREE MA.

TE4hmE | kLS 2 RGME 2 ity 2 K5, HE me WEKEMRK, KNI PM
(%3, BAWES 2 KE, BBLE me ELE me HEVTHEMN, HFEE/NMA
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(G5 45x26um), PM 8 7, KU PMA. ¥ 6. 8 kikht 2 K5, MA #&fR/h, B
¥ome B AKEHYIEHM, PM EBMENERS N, AHRLARTN PMA, ¥ 10K
HE 2 K, PM @it B G me FIRT G me, BEE PMA RER. & 10 KIEHNT
EKJi, PMA &, A/h--Sm, 08 TEE RORRHEREHR, & 10K
E5 14 K5, PMAERREELEMC TMAMRIEL: MASARS . AF me HEKE
BE TR, % 10 i 28 X, EEL A me, KA me NERIMABN, PM K
i, HEE me f8KEHE -HukL. PMA 53 10 k5 14 KM

] iy

1. PMA OB LSS W08 2 0T SO BT BN AU 5 mep BEIRT PMA TR ), ¥R RE
EHBREAR, RENZAK me fFEAREAQR M PMA T8, SR B R
MA UM {HiXe me £EEER PM BIA . Vogelbein % 4y B T B8 deik tUG P
h PMA BRAEDE, R PMA KR TIL# TR Z4E, HUEBR PMA FHERE
FWREN O fegwt B R A RE A RF R BSA f&it, % PMA R 20 H
Boht XSRS BSA LFIH me 1530, AGBRENE PMA f1& M me BLAs )
B, RAsELE D PM Z2dibR /4R me 23 ER me. FHFILE me MR EL
Bme BFMBRRETMHEN. HF me WEETHE., EREXK MA 8 PMA, PM &K
#, MBI PMA; A PM EEKRE, WAREE PMA (% 1-3),

* T PMA PO R g, £ 255 BSA &K, TRZH PM 8B LM
%, XEHAMR "V HE. BE SHHE N PM A Ik i 25 8 L 41 ShaE BB &
BRy#s, HEREAELFES BSAL, HE M AKEEF TR (£ 3),
2. XF PMA MThak T PMA BE/DNGEEMAR, e admBEEE. TEM
BEARKEMAESHRNREREE Y RETE PMA RHA{#F PMA X/ M, FEHAE
NA PMA BEMNM KM PiFERRRHO NI, E2FARIIE, HIAHECERRFWE
ks TR e ML (12,579,121 R

Tsujii #1 Seno 'V R Mg D'S FURLTFER PMA AEmgiE st dHANmekE e, i
AR PMA (UL T EA itk onsdy, 1E& 5 BEk &L - PMA, PM fI
B EDA me HA LA MK RG: nsm5kE pRAY PMA L8 10 RSN
BSA2 KA B, WWighf &Fu i by BSA A kT PMA, FHEXZREMN,
PMA ARIIMEBH LS MEFAARES, XEEAH PMA A E& N MEER PiEER
i IhEE, PMA MREBASRE Y XE PM Bk / 4R mo, 1R mo R HE
L6 mo FRFH RSN EFHIAAER PMA WTEERR S PM 53 S HEHEA X,

Tsujii #1 Seno 7 L IR BB IIARFEIC M LY PMA rh¥0 85 3 40 Mok e & 22 50 B4 H,
NAETRZ2ERDPLBHECNY. AALTRERFEGLULHHRERIF, EERRE
Tsujii 0 Seno M &, HAHE. () PMA B/ERTEBEME T CEES 0 R W8S
KEEMERE, BREEFENHIARCETWREPOE RNEN. SERICERER
OB B A B PMA (97 (2) Lammers U7 ZE8f 5 PMA A ERLEE 31 /N E
MMM, Tsujii 7 Seno {E# LY PMA VY BN} A8 B bk LR BE, P /E XM ERPIFER T
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HER PMA & TARMGAE TR, 765 R RBR IO 86K & F0 £ 7k i 5 BSA 4B 3 PMA
(MA) WiEFERKROFEBHENTIX—4A. 3 AMERE L, PMA BifREkhH
i, HEEEMGRERR Y WS mnE g oA RBE 2 % m,
) ERERF L, AREOX, @200 a5, PM HIR MR35 B3
Befly, XHENTE PMA RACR ORISR - Y . B, HE BT EBEE
BREREEREDICBREDRTHRB A%, EHENMF @2 PMA Sl it S
KRR RGMMAEIS . mo INEEHRITGER 4 %,

Besh, —EEtEF AN PMA BARKRALE RISt ke, RR. 508

RITURE B PMA 88im 7 o 1B N7 LR T PMA [ B8 15 20 401 22 12 18 7 4y
B, BTN me ERIEDMER, EBARIAN PMA BSR4 1 s ity
IhAE,
3. APMAMAEE PMAMERENY & THRM. KEDLIRMAT ETE PMA ¥,
B 2 A R BB PR R RO RO OO ks s M o R, M E et LB
PMAMIERREXREERY, PMAMKERERTE mo SAEDNEE. BR, &%
i HLERAD A TS Yedy BT B B R4 B AR SRR AR A M A, AT mo 1EFD. Bl
PMA M8 m. Bk PMA ® LIRS Rk i fh f B Fn A et de ety (B2 Sohn iy BB, [
HEE PMA B SIE RN me &30 77 - 0 il i 3 #5340,

il AXERE TEREEENRAL LR 2N TR, REGEBECHES, KO D8R9 sTETnN
B, BB,

5 ¥ X W
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DEVELOPMENT OF PIGMENTED MACROPHAGE
AGGREGATE (PMA) IN THE HEAD KIDNEY
OF THE FRESHWATER CATFISH, SILURUS

ASOTUS L.

Zhong Mingchao

(Department of Biology, Zhongshan University, Guangzhou 510275)

ABSTRACT The deveolpment of pigmented macrophage aggreagte (PMA) in the head
kidney of adult and juvenile of the freshwater catfish Sifurus asotus L. was investigated
by peritoneally injecting Indian ink or bovine serum albumin with different dosages to
stimulate macrophages (m¢) activity. It was found that the m¢e heterogeneity existed in
head kidney. and pigment macrophage (PM) originated from reticulium / fibrous me
through the intermediate developmental stages of elongate me, round red meo and round
yellow—red me. The PMA was only a kind of cell aggregate composed of PMs which
had aiready lost phagocytotic ability, and its formation was closely related with the
amount of PM. The functions of PMA were discussed, and it was suggested that the ma-
terials accumulated in PMA are uptaken by PM's precusors and the increase of PMA is
derived from highly activities of other mes. Therefore. PMA can neither clear the in-
jected materials from circulation nor scavenge the tissue degradation products; PMA
should not be the primitive germinal centre. However, PMA may be used as indicators
for water pollution and fish health.

KEYWORDS Silurus asotus, Pigmented macrophage aggregate, Development
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