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Specific Reaction of Gold Fish Gills Exposed to Linear
Alkylbenzenesulfonate

Yoshio Fukuda
(Received February 15, 1982)

Reports of hyperplasia of the secondary gill lamellae resulting from specific reactions of
individual fishes to various chemical substances contained in water have recently appeared. There-
fore, this histological study was undertaken to determine the formation process of hyperplasia of the
gill lamellae and whether or not it was reversible.

Forty goldfish (Carassius auratus) weighing approximately 10 g and 8 cm in total length were
used. They were divided into four groups. Three groups (excluding the control) were bred for
10, 30, and 50 days, respectively in water that contained 0.5 ppm of linear alkylbenzenesulfonate
(LAS) as a substance causing a specific change in the gill. Following this, half of the fish in each
experimental group were bred in water not containing LAS for five, 10 and 15 days, respectively,
to determine indications of the reaction of the gill. Light and scanning electron microscopic ex-
aminations revealed marked edema on the respiratory epithelium of the secondary gill lamellae and
hyperplasia of global cell masses that originated from the gill filament epithelium corresponding to
the base of the secondary gill lamellae in the 10-day breeding group. The spaces between the
secondary gill lamellae were almost filled with cell masses. Retention of large quantities of mucous-
like substances within the proliferated cells and a slight structural relation between the cell masscs
and the respiratory epithelium composing the secondary gill lamellae were noted in the 30-day
breeding group. In the 50-day breeding group, in addition to hyperplasia, edema and slight
bleeding were observed in some fish. However, when these fish were bred in water not containing
LAS, edema of the respiratory epithelium disappeared within 5 days and the proliferative cell masses
filling the spaces between the secondary gill lamellae shed readily within 10 days.

(Chiba Prefectural Institute of Public Health, Chiba 280, Japan)
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Fig. 1. Scheme of the gill structure of a goldfish.
ABA, afferent branchial artery; AFA, af-
ferent gill filament artery; CGA, cartilage of
gill arch; CGF, cartilage of gill filament;
CSG, capillary net of secondary gill lamellae;
EBA, efferent branchial artery; EFA, ef-
ferent gill filament artery; EGA, epithelium
of gill arch; GF, gill filament; GR, gill
raker; M, muscle; MC, mucous cell; NF,
nerve fiber; SGL, secondary gill lamellae;
TB, taste bud.
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Fig. 2. Light microscopic and scanning electron microscopic findings of the gill lamellae of goldfish with-

out treatment and with LAS exposure.

A, a light micrograph of the gill lamellae of a control

% 120. B, a scanning electron micrograph of the tip region of the gill lamellae of a control. X 156.

C, a scanning electron micrograph of the secondary gill lamellae of a control.

x192. D, a light

micrograph of the secondary gill lamellae 10 days after exposure to 0.5 ppm LAS. Severe edema
and a sign of proliferation in the epithelium of the basal part of the secondary gill lamellae (arrow)

are observed. X 120.

E, a light micrograph of the secondary gill lamellae 30 days after exposure

to LAS. The gap between the secondary gill lamellae is filled with proliferative tissue consisting of

mucoid cells. X 120.

F, a light micrograph of the secondary gill lamellae 50 days after exposure to

LAS. Moderate edema occurs again and bleeding also occurs as a result of the destruction of the res-
piratory epithelium of the tip region of the secondary gill lamellae (arrow). % 120.

BANDOHEEMBOBEIIH S BM CTH - 1. kR
RO EMME TR L, TONBIEMEYELT
Wi, BHIIME OB T B MBI & o> T
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ZREEFR D FFRC 24 B S B (X ERIR o M BE A T
L, ELEXTEREOS 0N IBHETHEORKLT,
FD2FEEOBRCEL, RECHE M ~ETT
LBERBEH B EHRLTWT (Fig. 2D &H).

A ME FPHMEIE T3 (Fig. 3A, B, C), YA
& RRE, M\ IRER SR L kB ORIBRIZE S LS
BEE D, RAOER BRI H - TCEME R
LT, ZTh OO E K FE T, E-BHE
(microvilli) £ o 2\ HIED bR BITT X 7o\,
 OfEFEEE LB oiifaRimcELd 5 (Wang and
Thurlbeck, 1970; Nowell and Tyler, 1971). f#pEL7-—
KR O EERECAEHOWEIFE LT/
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Fig. 3. A scanning electron micrograph showing damage to the secondary gill lamellae of a goldfish exposed

to 0.5 ppm LAS. A, this figure shows severe edema in the secondary gill lamellae 10 days after ex-
posure to LAS. x240. B, asecondary gill lamellae 10 days after exposure to LAS. The respiratory
epithelium is swollen and elevated due to severe edema. x600. C, a secondary gill lamellae 10
days after exposure to LAS The swollen respiratory epithelium is partially detached and subepithelial
collagen layers are exposed. x720. D, E, the proliferation from the epithelium of the gill lamellae
30 days after exposure to LAS changes into mucoid cells and they completely fill the gaps between the

secondary gill lamellae. D, x204; E, x192.
lamellae 50 days after exposure to LAS. x240.

FRBIERS W CE B o B EE M R i Bk
BHDTHHIENELLRD. TE, O
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F, bleeding in the tip region of the secondary gill
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Fig. 4. Light microscopic and scanning electron microscopic findings showing the repair process of the

secondary gill lamellae of a goldfish which was transferred to a water tank without LAS, after exposure

to LAS. A, a light micrograph showing the secondary gill lamellae five days later. Eosinophilic
phagocytes are infiltrating between proliferative cell mass in the process of the destruction (arrow).
% 120. B, a scanning electron micrograph showing a section of the secondary gill lamellae five days
later. The granular structure on the surface of the respiratory epithelium covered with proliferative
cell masses in the process of the destruction originates from eosinophilic phagocytes (arrow). x1,560.
C, a scanning electron micrograph showing the proliferative cell masses which fill the gaps between
the secondary gill lamellae detaching and disappearing from the surface of the respiratory epi-

thelium X% 180.

restored to the pre-experimental condition, 10 days later.

MR L O, 5 30 ARoMABBIIMAE A, ERL
T KSR M & WP B & DRSS B DSBS TH B
ZEHERLTED, 2Oz EnBE LAS X ks
N RS OBFAITF R LR R4 5 b 0T\
TEHRTRELT S,

B I A R Ll kB oA RE F B B
(Fig. 3D, E) TiX, &ZREES ORIGIIAER O iRk
MR THEOR IR TWB I ExRL. LrL, R E
BT EAESHBEED & DI <, REIEF eI & fErE L
Tuote. RO k% 7oAl & o fEER 7By
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THE I N ZREBAR ORI R ERCHK TS0
TR ExRRLTW 5.

EBRFOFORFEMEICK S 50 AR oM T (Fig
2F) R FHEI oA 30 AR LT,
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D, a scanning electron micrograph of the secondary gill lamellae which are almost

X192,

DO X B Mo cBmErEEIhi. ChilER
FCMBEE LTiRd bR B TS LT\ 5.

Z DR EAIE T BME S ik (Fig. 3F) —k#E
FrAE v IR - B F I B o B E R K B DY
fF%& L, LAS g% 10 HBOBMRREEDO b 0 & sl
DR S BER LT Fh, ZREFERISOM
% EK ¥ X OBMINE ORI BB X B H A
% LR Z A LicmER /B E LTERD Bk,

i & FRGCREH Lc e, PR, BN, b, LAS
WEFE 10 H~30 HEE Tl 2 0B EGQIBLBEML L DT
Hoteh, 50 HFFEX £FNC s\ T IHEE LK o—Hic
HRGHLHEINh. BoL ThrrEHRBcbhIc > TR
OBl Xt LAS © k33 0ThAS. 0L
B EROEENEMBEOK T XA ICDOTHAS.

ZREBFOEBEOEEICHATIMEGEFMEB R LAS
BREE 10 A%, 30 A%, S0 FEOERBOLSEYR
LAS EfmoAflfe® L, S A%, 10 B, 15A%
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CHREL, “REAOBEOKT ¥HAMEN CHRE L
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HIEE LR, RECERTHEMCH > 1. = OEHEB
TR H D RFEEBACIE =4 2 VICiYed 5 iR 20 m
T8 DR IF R Ml SR L T\ 7o (Fig. 4A).

Z Ol o EERE FHEMSE 13 (Fig. 4B, C, D)
R AL R SR R BB ORI b B R B B 26 L s
iR DR, FREF BRI O i < X 5 i &
0.5~ 1.0 ym TiE DK X X DR KW /e WKL REAEED B
M. FREAR OB A IRIT LTI R LT fo Rl
HED—IBHREBE LTV B DD, ZTREFOE
W LRI EABENBHEOLDO LB L THLIZEAEED
LT AMIeh o7, LAS &FmoAcB L 10 Hk
LOV15S HRD 0T kA OMANC Bk 54
B EEE2CHE LTV,

0.5 ppm DBTOKBEIC X B AFHAmD LAS %
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KRBT T 0.5 ppm LAS Btk v ¥ = i3 10
AT kB IR i B+, 7 v e =7
(Smart, 1976) ® Zn (Matthiessen and Brafield, 1973),
Cu ¥ X O Cd (Baker, 1969; Bilinski and Jonas, 1973),
Hifk 2 7 v K8 (Wobeser, 1975), %] (SLS=Sodium
lauryl sulphate) (Abel, 1976), [Fulisgg%s (Solangi and
Overstreet, 1982) DA K\ T kB OFRIE HE
IhTwb, ZoFE2vT Skidmore and Tovell
(1972) 1%, RIEMDOKIEGE &I L, Morgan and Tovell
(1973) (IR Epr & M & ORI I 12 BT i,
BELWEPMENCRATEORGTFH L HB L
HxTwbh. AERICR O THIZE SRR BB & mE

L ORHIDIFIE L, HRPSRA LIS DD, M
IHRD D TH B OHEWIETIX

B (1974) (2 LAS 230 b RImICHRE LA
BN EY 52 52 & o R%E L. Abel (1976) X
SLS Wg§% Salmo trutta &3\~ TR E R s L OEME
DBEFEEREL TS, ARBRICE\ T LAS g% 10
A#EO KBS B O— O FBEEEPREI R, Ky
PR b o gt D B Lo fiue, BHIEHAL HRA
LicZ ExRELT 5.

LAS Ig7% 30 MR b B & e b ¥ v & 5 DL RI
W, SRERIEROMA R eRFEY T 5. £ LT
LAS 12 X » CiFild i SRR gk il o I %
B TR INGFE o F oD i o REFE ALK PN R A
ML T 52 & & BEU$ % (Solangi and Over-
street, 1982), Mi{t » F L IKERIETE D Salmo gairdneri T
KRB R OMER E X b ETE A H (Wobeser,
1975), = hix 7 v =7 (Smart, 1976) = J& il 8% 7%
(Solangi and Overstreet, 1982) DA\ THEE I L
TW5.

—75, Cd g5 S. gairdneri Tt LAS &R
WIS IR OIS LRI B T 2RSS h T
5% (Bilinski and Jonas, 1973). = Z & it fanfiiz bl
B DI ORBLOFRANILFEYE oMK L B0 B 5
TERRBLTS. Z OO AKR OBRET Y
B35 0ol BNRIGE bR BIRBH, #AZHRD
HROMEF2HI N Tk b (Hughes, 1972; Mayer
and Kramer, 1973), [mEGo—fEL dLhicT I ENT
5.

SBOMEE  LAS 1R §% ¥ v ¥ 2 OB OBFHT AN O
KB LT 10 ARICELBENBHOLDLIGEALEE
HLEIADIETCBEETS. 0O/, BHELOOH
B AR O I R Al o R EA B S h .
ZoERANRERECERIEEXFEOLDOTH B T L 25,
Weinreb (1963) i X W fifidhTwbZ &b, Al
BRI D BT 2RI T 5 LR LTV 5.
{HERr & A& 2t h b o R fafk P o B & ol L
MkTr#MEMDELALRS. FRIMBEORACK\ T
Lk R B USRS, 17 HRECERICETSC
LA BTV 5 (Solangi and Overstreet, 1982). LAS
CXhFRINIF v 2 OFOHEINIE g 5% & [
B, AT DTHDZ EHEHLY 5.
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