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ABSTRACT KEYWORDS
Gallium is one of the intermetallic elements which are increasingly being Gallium;
used for the manufacture of semiconductor devices. The purposes of this Toxicity, .
study were to investigate its oxygen consumption and liver histochemistry Oxygen consumption;
on common carp (Cyprinus carpio). Common carp were exposed to different Hepatocyte;
TUNEL.

levelsof antimony (1.0, 2.0, 4.0, and 8.0 mg/L ) over a28-day test period and
al4-day recovery period. After 30 min (acute), therewas an increasein the
amount of oxygen consumed in all exposed groups. On days 14 and 28
decreasesin oxygen consumption were significant (p < 0.05) for the higher-
exposure level groups (4.0 and 8.0 mg/L). The increased nuclei shrinkage
and cellular fragmentation of the liver were found in common carp after
using terminal deoxynucleotidyl transferase-mediated dUTP nick end-
labeling. Changes in oxygen consumption and histopathological
performances could be considered as promising clinical diagnostic tools
for assessing the toxic effects of gallium compounds on common carp.
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INTRODUCTION

Gadlium compoundssuch asGaAsandAlGaAsare
important materia sfor the manufacture of integrated
circuitsand optoe ectronic devicesin the semiconduc-
tor industry®. Manufacturing processes devoted to the
fabrication of GaA s-based semi conductor devicesgen-
eratelargevolumesof wastesthat containthetoxic metd
arsenicaswel asgdlium. Discharged wastewater from
thegallium arsenide wet polishing processcan contain
from 200 to 400 mg L* of each dissolved metal. How-
ever, galiumisnot listed as ahazardous waste under

locdl regulations(in Taiwan), but islisted ashazardous
inCdiforniainthe US®.

Gdlium caninterferewith ca cium upteke; theee-
ment isapotent inhibitor of protein synthesisand the
heme pathway enzyme aminolevulinic acid dehy-
dratasd®. Gallium also appearsto inhibit DNA syn-
thesishy itsaction on ribonucleotidereductasd . Pre-
viousreportsindicated that gallium compounds might
cause bonemarrow depression, teticul ar toxicity, and
hemorrhagic nephritisin mammal §41218, |n tel eosts,
Yang and Chen® indicated that the 96-h LC_ of gal-
lium for common carp larvaewasestimated to be 12.55
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mg/L, and showed retardation in body growth with sub-
letha concentrationsof gallium.

Many studiesexamining of oxygen consumptionhas
been widely considered asacritica factor to evaluate
the physiologicd responseand auseful variablefor early
warning monitor of aguatic organisms (Chinni et al.
2000). Likemost fish, common carp are oxygen regu-
lators, they maintain their oxygen consumption at acon-
stant level along agradient of environmental oxygen
concentrations, until acritical oxygen concentrationis
reached, and bel ow which oxygen consumption begins
tofal. Under conditionsof stress, thiscritica oxygen
concentrationislikely toincrease, reflecting the de-
creased capacity of thefishto copewith environmenta
perturbation. For common carp and trout, ashiftin criti-
cal oxygen concentration to higher oxygen concentra-
tion has been observed when exposed to low pH or
other stress®. And metabolic responseto changesin
oxygen availability may vary, depending onthe physi-
ological state of theanimal, level of activity and tem-
perature’,

Theliver isanimportant organinvolved in meta-
bolic processesand in detoxification of xenobiotics. In
somesituations, poisonous materid saccumulateinthe
liver totoxiclevelsand causepathological dterationg”.
Thetypeof liver injury is often dependent upon not
only the particular agent and its mechanism of action
but al so on the length of exposure®. The prolonged
hepati c ultrastructurd effectsof gallium need to be bet-
ter understood.

Common carp (Cyprinus carpio) isanimportant
cultured fish speciesin fishponds near semiconductor
manufacturing districtsin Taiwan, it isapotentia spe-
ciestostudy thetoxicity of semiconductor-rel ated met-
als. Thepurposes of thisstudy weretoinvestigatethe
effectsof sublethal gallium concentrationson oxygen
consumption andliver higochemicd changesinthecom-
mon carp, so that these evidences can then beused to
evaluatethe possible adverse effects of gallium. And
provide essential information which can beused to ob-
jectively ingtitute measuresto minimize pollution by gd-
[ium and itsimpacts on aquatic environment. M ean-
while, weexamined theliver injury evoked by galium
in common carp and explored the possibility that re-
|ated research may aso gpply to aguatic anima model -
inginthefuture.
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MATERIALSAND METHODS

Animal

Common carp (Cyprinus car pio) were obtained
from the Chupel Branch of the Taiwan Fisheries Re-
search Institute. Fish were transported to the glass
aquariuminour laboratory which wasequipped witha
water-cycling device; dechlorinated tap water (pH 7.4-
7.8; dissolved oxygen concentration 7.3-8.1 mg/L;
hardness 38-45 mg CaCO,/L ) was used during the
entire experiment. Thetemperature was maintained at
25.0+0.5 °C, and the photoperiod was set at 12 h of
light and 12 h of dark. Fishwereacclimated for 2 weeks
andfed aguarium fish mixturetwiceaday. Fry (4 weeks
old, 0.202 £+ 0.006 g in body weight) were used for
0Xygen consumption measurements; juvenile (12 weeks
old, 2.3+ 0.19 g in body weight) were used for his-
tochemical studiesintheinitia experiments. Galium
sulfate (purity 99.999%) was purchased fromAlfaAesar
(Ward Hill, MA). A stock solution was prepared in
deionized water (1000mg/L gdliumin0.1%nitricacid).

Oxygen consumption andysswere prepared using
the method described by Chinni et al.[*¥ with slight
modification, groupsof 20 fry wererandomly sampled
and placed in 20-L glassbeakers; fish werethen ex-
posed to test solutions of 0.0, 1.0, 2.0, 4.0, and 8.0
mg/L, respectively in triplicate. Twiceaweek 50% of
thewater wasrenewed with standard water containing
gdliumto maintaintheenvironmenta conditioninthe
entire experiment period. Exposuretimewas4 weeks
and 2-weeksrecovery period in Ga-free water.

Both control and exposed samples weretaken at
interval s of acute (after 30 min), day-14, day-28, and
day-42 for estimation of oxygen consumption. Oxygen
consumption testsare customarily measured by merely
sedingfishinarespiratory jar of 325 ml capacity with
oxygen electrode (Microprocessor Oximeter, WTW,
Germany). Kept al respiratory jarscontainupto 7 mg
O, /L beforeinitial measuring. At eachinterva, 2 fry
wereput into therespiratory jar with an acclimatization
of 30 minsasrecorded earlier, and then oxygen con-
sumption wasestimated. Allowing them to depletethe
oxygen until death occurs, and theresidual dissolved
oxygenismeasured by multiplerangetemperatureand
oxygen anayzer and recorder (Yokogawa, Japan).
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Oxygen consumption (QO,, mg/O,/kgh) werecal-
culated asfollow:
QO, =Appm X 1/BW X V x 1/t
where QO, istheamount of oxygen (Appm) consumed
intheinterva t (h). BW isthewet body weights (K g) at
the start and at the end of that testing period.

Light microscopicin situ nick end labeling

Juvenile common carp for histochemica studies
wererandomly placed in 50-L glassaquarium. Every
aquarium contained 5fish. Liver of each fishwasex-
amined at 12, 24 and 36 hr after intraperitoneal injec-
tion of 40 mg/K g gallium solution. Control fishwere
injected with samevolumeof physiologicd sdine Three
fish per group were anesthetized withM S-222 (Sigma
Chemical, MO, U.S.A) and sacrificed. Liver wasre-
moved for TUNEL assay.

Small piecesof carp liver from control and treated
gpecimenswerecollected, fixed in 4% buffered forma-
lin, and processed routindly for examination using par-
affin section. DNA fragmentsweredetectedinsituon
paraffin sections by terminal deoxynucleotidyl trans-
ferase (TdT)-mediated dUTP nick end-labeling
(TUNEL) method (Gavridi et d. 1992) wasemployed
forliver sectionswithdight modificationusnganinstu
detection kit (Oncor, Gaithersberg, Germany). Sections
(6 um) were deparaffinized, rinsed with PBS, treated
with proteinase K (20 ug ML?) to strip the nuclear
proteins, and then quenched in endogenous peroxidases
with2%H,O, in PBS. DNA 3’OH-ends were labeled
with digoxigenin-conjugated dU TP, Bound digoxigenin
was detected by incubation with peroxidase-conjugated
antibody against digoxigenin at 37!for 2 hr and then
developed with 50 mM Tri-HCI (pH 7.4)-0.1% DAB-
0.02% H,O,. After TUNEL staining, counterstainwas
donewith0.1 M sodium acetate-2% methylgreen (pH
4.0). Substitutingthe TdT enzyme solution with dis-
tilled water in thereaction step carried out anegative
control of thereaction.

Satistical analysis

All vduesof oxygen consumptionmessurementswere
andyzed gatigticdly by andyssof varianceusng SAS
datisticd software(SAS1988). Duncan’s multiple range
test was used to eval uate the mean difference among
individua groupsat the0.05 sgnificancelevd.

115

——==Jurrent Research Papser

RESULTS

Oxygen consumption

Theresultson rates oxygen consumption for con-
trol and exposed common carp were presented in Fig-
ure 1. After 30 min, therewas an increasein amount
0Xygen consumptionin exposed common carp, amaxi-
mum increase of 57.5% was observed at the highest
exposure concentration (8.0 mg/L), theincreasewas
significant (p <0.05) in exposed common carpinrela
tionto galium concentrations. On day-14, day-28, and
day-42 (recovery period), decrease in oxygen con-
sumptionwassignificant (p < 0.05) a higher exposure
level groups(4.0and 8.0 mg/L).
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Figurel: Effect of gallium on the oxygen consumption (mg
O /kg/h) of fry common car p during theexperimental period
(mean+SD, n=3).

day-42

In addition, the percent decrease in oxygen con-
sumption over their respective control sfrom acute (af -
ter 30 min) to day-42 at lower exposure levels (1.0
and 2.0 mg/L). However, theincreasein oxygen con-
sumption observed in recovery period (day-42) over
their respective samelevel groups on day-28 at higher
exposurelevels(4.0and 8.0 mg/L).

L ight microscopicobservation

Instunick end labeling study using light micros-
copy showed no positive staining inthe control and 12
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Flgurez TUNEL assay ij unwlecommon carp (Q/prlnus
carpio) exposed to gallium. The liver tissue showed weak
staining in theuntreatment and 12 hr after intraperitoneal
injection of 40 mg/L gallium. (bar =0.15 mm)
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Flgure3 TUNEL assay of j unwlecommon carp (Cyprinus

carpio) at 24 hr after intraperitoneal injection of 40 mg/L
gallium.A small number of TUNEL -positivecdlsar escattered
intheliver (black arrows). (bar =0.15mm)

hr-group (Figure2), but afew positive hepatocyteswere
scattered intheliver of fish after 24 hr antimony admin-
istration (Figure 3). Cdlular changesincreased in se-
verity withtime. On 36 hr-group, positive cdl saining,
nudd, andsmaler cdlular fragmentswerediffusdy sca-
tered around thecentrd veinintheliver of fish (Figure
4). Further, strong positive cdlsstainingwerefound on
themargin of theepithelium near theliver of fish.

DISCUSSION

Thedetermination of thecritica oxygen concentra:
tionsfor regulation of oxygen consumption provides

Figure4: TUNEL assay ofjunvnecommon carp (Cyprmus
carpio) at 36 hr after intraperitoneal injection of 40 mg/L
gallium. Srong TUNEL -positivecdll staining around thecen-
tral vein (black arrow) (CV)intheliver. (bar 0.15mm)

Flgure5 TUNEL assay ofjunvnecommon carp (Cyprmus
carpio) at 36 hr after intraperitoneal injection of 40 mg/L
gallium. Alargeamount of TUNEL -positivecell stainingis
located on the mar gin of the neighboring liver epithelium
(EP) (black arrows). (bar =0.15mm)

important information onthe phys ologica condition of
the aquatic organismi®. After 30 mins, increased oxy-
gen consumptionin exposed fishwasobservedinal
exposed groups. Murty!? indicated that exposure to
sublethal toxicant concentrationsincreasesrespiratory
activity, resultinginincreased ventilation, and increased
uptake of thetoxicant. Later, the decreasein oxygen
consumption by common carp in the presence of toxi-
cant can possibly beattributed toinjury tothegills Karan
et al.l*¥ indicated that cytological damage occursin
common carp exposed to heavy metd, and it may mani-
fest asathickening of the branchial epitheliumandin-
crease the pollutant-blood diffusion distance, causing
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impai red gaseousexchange. Thiskind of changemight
have occurred in common carp upon exposureto gal-
lium. A dight decreasein oxygen consumption wasseen
in common carp from days 0 (30 min) to 14 day of the
exposure period for higher exposurelevel groups (4.0
and 8.0 mg/L). Common carp showed oxygen con-
sumption recovery after 1-week period in antimony-
freewater. Some studiesreported that during exposure
to sublethal concentrations of heavy metal, the above
conditionwasreversed after 14 daysin common carp™
and 30 daysin Cancer pagurus” eveninthe contin-
ued presence of thetoxicant. A comparison study of
the responses of fish under minimal dissolved oxygen
and gill morphological adaption*®, mentioned that
agudiclifepossessanexcdlent regulatory ability intheir
oxygen consumption patterns. Our results suggest that
measurements of oxygen consumption can beused to
assesstheeffectsof gallium on sublethd exposurelev-
elsof common carp.

A histochemical location assay wascarried out on
aliver of gallium-treated common carp. Theresult re-
vedled alarge number of darkly stained cell nuclei in
the 36hr-exposuregroup under light microscopy. Patho-
logically, aTUNEL positivereaction can gppear in both
necrosisand apoptosis*y. Thisled ustofurther inves-
tigate ultrastructural changein positivecellsontheba-
sisof morphol ogical gppearances. Consequently, the
adverse effect was proposed usthat fish treated with
thegallium further supporting the possibility of devel-
oping fish modeling for thestudy of toxicol ogy.

All of our findingssupport galiumbengapotentia
pollutant to common carp, producing dterationsinres-
piratory effectsat higher exposure concentrations, with
more damage asthe gallium concentration increased.
Alsocanprovideimportant informationintermsof toxic
effects of aguatic pollution and be used as an early
warning system. Thisand further studiesinthesefields
will behelpful to darify how fish react to galium stress,
although no adverseeffectsfollowing industria expo-
sure have been reported to date.
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