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ABSTRACT.--The effects of aldrin, carbofuran, chl-
ordane, DDE, dasanit, diazinon, cndrin, heptachlor, ke-
pone, tindane, malathion, methoxychlor, parathion, thi-
met, sevin, and toxaphene on the oxidative phosphoryl-
ation by bliegill, lepomis wacrochirus, liver mitochon-
dria in thc presence of succinate and alpha-ketogiutar-
atc as substrates were investigatad. Tn the presence
of succinate, chlordanc, diazinon, heptachlor, kepone,
malathion, parathion, thiwet and toxaphene, severcly -
hihited oxygen uptake (57 percent malathien; 100 perce-
nt diazinon}. The other insceticides did not alter o-
xvgen uptake as severely (lindane 25 percent, endrin 49
percent} except dieldrin and carbofuran which did not
affect oxygen uptake. ALl the insccticides inhibited
oxygen uptake less in the prescnce of alpha-ketoglutar-
ate than in the presence of succinate. Phosphate upta-
ko did not appear to he altered by any of the insectic-
ides. The data supgests a specific interaction of each
insecticide with each bluegill liver oxidative cnzyme
complex.

Tnsecticides have becn widely usced for many years, and their cffects have
heen extensively investigated; however, the modcs of toxic action of most of
the insecticides have not been elucidated {O'Brien 1867). Considerable data
indicate that organochloro, organophosphate, and carbamate insccticides affect
the nervous systom (Metealf 1957, C'Brien 1967). It is of interest, howcver,
that while DDT has been shewn to affect fish und bird reproduction in addition
to having toxic affects om fish and birds, only vecently has a mechanism of
toxic actlion been sugpested which can cxplain the diverse cffects caused by
DDT {Hiltibran 1971a).

We have been investigating the effects of possible pollutants on energy
production by hluegill liver mitochondria, and have found that many derivatives
of 2,d-dichlorophenoxyacetic acid (2,4-1) affected oxyvgen and phosphate uptake
by bluegill liver mitochondria (Hiltibran 196%a, 1965b). Further, we have
found that cadmium and zinc altered oxygen uptake, whereas mangancse amd cal-
cium altered phosphate metabolism {Ililtibran 1971b).

Recently we investigated the cffect of some insecticides on the oxygen and

phosphate uptake by bluegill liver mitochendria and found that some insectic-
ides severely inhibited oxyvgen uptake. We also investigated the effects of
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insecticides on the hydrolvsis of ATP (Hiltibran 1974b).

Native wild bluegill from various bodies of water in central Illinois
were held approximately twe weeks at 25°C inaerusted laboratory aguaria prior
to use. Procedures for the preparation of the liver mitochondria, cstimuting
the rate of cxygen and phosphate wetabolism by conventional Warburg and spec-
trophotemstric techniques, respectively, estimating the rate of vrelease of
inorganic phosphate from ATP and cstimating the nitrogen content of the mito-
chondrial preparations bave been reported (Hiltibran et al. 1965). Oxygen
data were cenverted to microliter of Oy per hour per witligram of tissue nitro-
gen {ul Op/hr/mg N), and all phosphate data were converted to micromeles of
PO, pex hour per miliigram of tissuc nitrogen (micromoles PO4/hr/mg N).

AlL valucs, corrected for endogencus enzyme activity, are the average
vaiues from threc or more experiments. The standard deviztienand range of
values are aiso given., The inscoticides used in this study were obtained from
various sources :nd some werc gifits from the manufacturcrs. Hedistilled ace-
tone or cthyl alcohol was used as a splvent. The cffecis of the insecticides
were sostimatod at 1077, 10“5: and 107° gram of insecticide per mi of reac-
ticn meclivm,

Tha offects of the various insecticides on the succinate oxidase and
alpha-ketoglutarate oxidase are summarized in Tables 1 and 2 respectively,

The organochloro insecticide dieldrin and the carbamate insccticide,
curboturan, did nct zlter the oxygen or phosphate uptake in the presence of
either substrate

The remainirg eight organochlero insceticides at a level of 10-% g/ml
altored odygen uptake to vavious extents ranging from 25 percent inhibition
in the p%eseﬂco aof aldrin, to an inkibitien of X7 percent in the presence of
heptachlor. The organocHoro insecticides did not alter phosphatc uptake in
the presence of succinate (Tablc 1}.

ALl the orvganophosphate insccticides used jn this investigatien inhibited
oxygen uptake. Plasanit inhibited oxygen uptake 38 percent, whereas diazinon
completely inhibited oxygen uptake. The inhibition of the oxgven uptake by
bluegill iiver mitochondria was move severe in the presence of the orgunophos-
pate insecticides than in the presence of the organochloro insecticides.
Phosphate uptake in the presence of succinate was mot altered in the presence
of the drganophosphate insecticides.

The carbumate insecticide scvin inhibited oxygen uptake 35 percent and
was the only curbamate insecticide to alter either oxygen or phosphate untake
in the prescence of cither substratec.

The ¢rganochloro insecticides, chlordane and heptachlor, inhibited oxvgen
uptake by bluegill liver mitochondria 39 aund 29 percent, respectively in the
presence of alpha-ketoglutarate (Table 2) and did not apnear to have any cffect
on phosphate uptake. Lindane did wot alter oxygen uptake but decreased the
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uptake of phosphate, whereas, mothoxychlor increased oxygen uptake, The re-
maining organocloro insecticides did not alter either oxygen or phosphate
uptake by the bluegill liver mitochondria.

Organcophosphate insecticides, diazinon, malathion, and thimct inhihited
oxygoen uptake from 60 percent (thimet) to 88 percent (diazzinon). Dasanit
and parathion did not alter either oxygen or phosphate uptake. The carbamatc
insecticides carbofuran and sevin did not alter oxygen or phesphate uptake
in the presence of alpha-ketoglutarate.

DISCUSSLON

The results of previous investigations of the wmode of action of the in-
spoeticides discussed by Metealf (1955) and QO'Brien (1967}, indicates the or-
ganochloro, organophosphate, and carbamate insecticides interfere with nerve
function. O'Brien (1967) further suggested that cyclodiene insecticides are
not antienzymes, but indicated that definitive data are needed.

Johnson (1968), summarized the effocts of insecticides on fishes, as dam-
age to the central ncrvous system which resulted in instability, respiratory
changes, and sluggishness. The chronic effects were residue sccumulation,
effects on reproduction, reduced growth rate, and gill damage.

Mount {1562) reperted that endrin increased the oxygen consumption and
ventilation rate of bluntnose minnow, whereas Huner et al. (1967) reported
at low levels of condrin, oxygen uptake increased, whereas at higher concen-
trations, oxygen consumption decreased. DDT inhibited oxygen uptake by rat
liver mitochondris (Johnston 1951), insect flight muscle mitochondria (Sack-
tor 1958, Anderson et al, 1954}, and bluegill tiver mitochondria (Hiltibran
1871a).

Lindane stimulated respiration and incrcased the respiratory rate of in-
sects (Harvey ot al. 1951). Chlordane, heptachlor, aldrin, dieldrin, and tox-
aphene increased the respiration rate of insects. Also, most of the increased
respiratory activity was due to the hyperactivity after the application of
insecticides (Metcalf 1955, O'Bricn 1967}. Further, it was suggested that
death may be duc to suffocation cawscd by the loss of nerve function.

Van Overbeek (1964) has defined a herhicide from physiological consider-
ations ss a chemical agent that deranpes the physiology of the plant over a
period long enough to kill the plant. Most toxic agents are chemicals and it
would be reasonable to expect a chemical interaction between a toxic agent
and the biochemistry of the organism. Thus, a toxic agent could be defined
as a chemical which would alter the hiochemistry of an organism to such an
extent and for such periods of time that the physiology of the organism is
severely altered and the eorganism dies, Such a definition of a toxic agent
would also suffice to explain the chronic cffects of toxic agents as well.
The relationship between the biochemical effects of some phenoxy compounds,
which had been used as herbicides, and their toxicity to bluegill have been
discussed (Hiltibran 19698b, 1974a}.

Rotennne, which is used as a fish toxicant and as on insecticide, is not
s

a nerve poison  {('Brien 1967), increased respiratory activity in fishes,
But, as the poisoning became more severe, it redused frequency of breathing
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rate, reduced oxygen uptake, causcd loss of cquilibrium, and desath (Hiltibran
unpunlished datz). llowever, fish treated with rotenone and removed to frosh
water survived cven after loss of equilibrium and reduced breathing rate (Beuck
et al, 1965}, Rotcnonc has heen shown to rcduce oxygen uptake in fishes (Dan-
necl 1933} and grasshoppers {Tischler 1935). Later rotenone was thought

to cause destruction of the gill! tissue (Danncel 1933, Scheuring et 21, 1535)
and slock the circulationin gill tissue (Hamilton 1941), Oberg (1959) reported
that in severc rotenone poisoning, the ¢irculation in the gills was normal

amd the destruction of the gill tissue was apparently due to secondary changes.
Lindshl et al. (1961}, studying the elfect of rotenone on cellular respirvation,
reporzed that rotenonc inhibited the uptake of oxygen in the presence of py-
ruvate and glutazmate, but net in the presence of succinate. Similar results
had Seen previcusly reported by Fukami (1954), Tukami et 2l. (19563}, and Tomi-
zawa et al, [195a).

Rotenons has hkeen found to inhibit the flow of elcctrons between flavin
adenine dinuclectide (FAD} and the cytochrome chain ({Oberg 1961), and is the
only biochemical action which has been demonstrated for rotenone. This would
suggest that the specific biochemical effeet deseribed for rotenone may be of
greater jmportance in the toxic action of rotenone than the previeusly described
effecis suggested. Rotenone severely inhibited the oxygen uptake by blucgill
liver mitochondria (Hiltibran ct al. 1965).

Antimyein A, used as a fish toxicant, inhibits the flow of electrons
from substrate to oxygen, and apparently is the only known biochemical cffect
for antimycin A, Cyanide also has been used as a fish toxicant, and inhibits
the flow of electrons from substrate to oxygen. The cffects of antimycin A
and cyanidc on the uptake of oxygen by bluegill liver mitochondria has heen
discussed (Hiltibran 1965, 1967). These are the only known bicchemical offects
which have been shown for these fish toxicants, and would suggest some rela-
tienship between their inhibtien of oxygen uptake and their toxic action.

The mechanism of the toxic action of heavy metals to fishes is not known.
Previously, the death of fishes was thought to be suffocation caused by coug-
ulation of mucus on gill surfaces or damage to gill tissues (Doudovoff et al.
1953). This hypothesis was modificd by Skidmere (1970) who suggested that
tissue hypoxia was the causc of death of fishes after exposure to zinc. Data
also citod by Moudoroff et al. (1953) indicated that the breathing rates and
respiration rates of fishes increased in toxic metal solution, but oxygen con-
sumption fell gradnally until death, and the production of carben dioxide de-
clined. Other data cited by boudoroff et al. (1953) indicated that some me-
tals, which did not cause mucus to coagulate, may produce harmful effocts.

Skicmore (1970) noted the decrease in oxygen utilization, increased gill
ventilation volume, and docrease in heart rate, amnd the decline ¢f POy of
dorsal acrtic blood. Burtenm et al. (1972) reported that lactic acid accumu-
lated in fish tissues after exposure to zine and Jow oxygen levels, which would
support the tissue hypoxia hypothesis suggested by Skidmore {1970). Hilui-
bran {1971b] reported that cadmium and zinc scverely inhihited the uptake of

xygen of bluegill liver mitochondria. PRilinski et al. (1973) reported that
cadmium and copper ivnhihited the exidatien of lactate by gill tissue of the
rainbow trout,

The inhibitlon of oxygen utilization at the cellular level, as indicated
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