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Fluoroacetate (sodium fluoroacetate)

Background

Sodium fluorcacetate was sclected by sereening more
than a thousand compounds for rodenticidal action dur-
ing World War Il and introduced into use in the USA in
1946. It was, and still is, referred to as 1080, the labora-
tory reference number it was given during its assessment.
Fluorozcetic acid was isolated in 1944 from Dickopetolurn
cymosurm, a South African plant known to be poisonous
to farm animals.

Toxicokinetics

Fluorozcetate is absorbed rapidly from the gastrointesti-
nal tract and is widely distributad to tissues. Fluoroacetate
is then hydrolysed rapidly, flucroacetyl CoAis formed, a
taxicalogically significant quantity of fluorocitrate is syn-
thesized and key intraceliular processes are disrupted.
Some fluoroacertate is excreted unchanged in the urine.

Mechanisms of toxicity
The toxicity of fluoroacerate stems from its similaricy
ta acetate, which has a pivatal role in cellular metabo-
lism. Fluoroacetate combines with co-enzyme A to form
fluoroacetyl CaA, which can substitute for acetyl CoA,
in the tricarboxylic acid cycle where it reacts with citrate
synthase to produce fluaracitrate (Figure 9.5}, A meatab-
olite of one af the four possible sterecisomers of
2-fluorocitrate inhibits aconitase, thereby halting further
progression of the cycle. As a consequence, energy pro-
duction is reduced and intermediates of the tricarboxylic
acid cycle subsequent to the citrate cycle are dep'eted,

Amang these is axaglutarate, a precursar af glura-
mate which is not anly an exditatory neurotransmitter in
the central perveus system but is alse required far effi-
cient removal of ammania via the urea cyce. Increased
ammonia concentrations have been observed in exoeri
mental fluoroacetate poisoning ard may cantribute to
the incidence of seizures, Glutamate is also required
for glutamine synthesis and glutamine depletion has
been vbserved in the brains of fluorcacetate-poisoned
rodents. Reduced cellular oxidative metabolism contrib
utes 1o a lactie acidosis, Inability 1o oxidize fatty acids via
the tricarboxylic acid cycle leads to ketone body accumu-
latien and warsening acidosis while lowered ATP concen-
trations inhibit high energy-cansuming reactions such as
gluconeogenesis.

Fluoroacetate poisoning is associated with citrate
accumulation in several tissues, including the brain. This

is partly due to aconitase inhibition. for which citrate is

the normal substrate. However, fluoroacetata alzo inac-
tivates the mitochondrial membrane citrate carrier and
increazes cellular citrate concentrations thereby disnupt-
ing several enzyme systems including phosphafructoki-
nase, the key regulatory enzyme of glycolysis, This in
turn blocks glucose utilization leading to hyperglycaemia
in experimental fluoroacetate poisoning. Hypoglycaemia
may also ensue as a cansequence of glycogen depletian,
Poar glycasmic control does not appear, however, to be
a significant problem in flucroacetate paisoning in man,
Citrate and fluaroacetate are known calcium chelators,
Hypacalcaemia is therefore ta be expected in fluoroac-
etate poisoning and both animal and clinical data support
hypecalcaemia as a mechanism of flucroacetate taxic-
ity. It is possible that fluorccitrate-induced seizures are

due, at least in part, to calcium being complexad in the
spinal cord.

Clinical features

Sodium fluoroacetate poisoning is most common after
ingestion. However, systemic toxicity may also occur
after inhalation and eye exposure. |t is poorly absorbed
through intact skin, but may ke absorbed through breaks
in the skin. Skin and eys exposure may alse produce lacal
effects,

MNausea, vomiting and ahdaminal pain are cammen
within 1 hour of ingestion. Sweating, apprehansion, con-
fusion, and agitation seon follow, Both rachycardia and
hradycardia have been described. More serious arrhyth-
mias, including supraventricular tachycardia, atrial fibril-
lation, ventricular tachycardia, ventricular fibrillation,
and asysrole, have been reparted, Nan-specific 5T and
T-weave changes are comman, the QT may be pralonged
and hypatension may develop,

Seizures are the main neurclogical feawre and may
recur, accasicnally over a period of days, Consciousness
becomes progressively impaired within a few hours of
poisoning leading o coma that may persist for several
days. Cerebellar dysfunction has been observed,

* Serurmn calcium concentrations have been measured in
relatively few cases of human polsoning. In one study,
the initial mean tota' serum ca'cium concentrations did
not differ significanty between seven fatalities and 31
survivors of poisoning. However, later in the course of
their hospital stay, 57% of those who died were hypocal-
caemic campared with only 36% of survivors (p < 0.01).

Less commen features of fluoroacetate poisoning
include nystagmus. chewing movernents of the jaws, car-
popedal spasms, raversible oliguric or non-oliguric renal
failure in the absence of hypotensicn, metabolic acidosis,
and increased transaminase activicy,

Long-term sequelae have been reported. Cerebellar
ataxia lasting for at least 18 months was reported in cne
patient; memory disturbances and depressive behaviour
which resolved were zlso seen in this patient. Tetraplegiz,
cagwhael rigidity, grand mal epilepsy, cortical blindness,
and divergent strahismus were sean in another patient
9 years after exposure; these features were attributed to
cerebral hypoxia at the time of ingestion,

Hypotensian, acidaemia, and raised serum creatinine
cencentrations have been identified as the most sensi-
tive predictars of a fatal outceme, though ventricular
arrhythmias, refractery hypotension and secandary fung
infectians are the main causes of dearh,

The lethal dose for humans is estimated ta be
2-10 mglkg,

Management

If the patient presents within 1 hour of ingestien ef a

patentially toxic amount of flueroacetate, gastric lavage

may be perfermed, ar acuvated charcoal may be given as
it binds flucroacetate, theugh there is na evidence that
lavage or charcoal alters the dinical course.

» The plasma/hload glucose cancentratian should be
measured urgently and hypoglycaemia corrected if
found with 10% dextrose,

s |f severe hypotension supervenes, rapid administration
of intravenous siline 0.9% and a vasopressor such as
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norepinephrine 40 micrograms [base]/mlL by intrave-
nous infusicn at an initial rate of 0.16-0.33 mLs/min-
ute, (for children 1 month—18 years give anintravenous
infusion at a rate of 20-100 nanograms [base)/kg/
minute; max ‘1 microgram [base]/ka/minute), adjusted
according to respanse, may he necessary.

s Contrel of convulsions using ar intravenous benzo
diazepine is clearly vital, as is the establishment and
maintenance of a clear airway and adeguate ventia-
tion. Give intravenous diazeparn 10 mg (child 300-400
micrograms/kg) or lorazepam 4 mg (child 100 micro-
grams k). If repeated convulsions coeur, phenytain
20 mg/kg (max. 2 g) by slow intravenous injection or
infusicn {with bload pressure and ECG maonitoring), at
a rate not exceeding 1 mg/kg/ minute {max, 50 mg per
minute); far a child 1 month—12 yearz, 20 mg/kg at a
rate ot excesding 1 mgdkg/ minute (max. 50 mg per
minute) as a loading dese.

Metabolic acidosis that is not secondary to hypoxia
during seizures requires correction with intravenous
sodium bicarbonate. Arrhythmias other than ventricu-
lar fibrillation should only be treated if causing periph-
eral circulatory failure. Renal failure should be managed
conventionally.

Though the importance of calcium concentrations
in flucroacetate paisoning is uncertain, the serum cal-
cium should be measured in any patient with severe
paisoning and hypocalcaemia should be carrected if it
is found.

A numher of substances, including echanal {which
inhibits fluorecitrate production), acetate (which is
thought to supplement the tricarboxylic acid cycle and
ta enter cells readily and compete with flusroacerate for
binding to acetyl CoA) and sodium succinate (which is
thought ta supplement the tricarhoxylic acid cycle), alone
and in combination, have heen assessed experimentally
but rone has yet been ernplayed in man,
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