_Toxicology Brief

managing common poisonings in companion animals

PEER-REVIEWED

Helping animals exposed
to the herbicide paraquat

R.B. Cope, BSc, BVSc, PhD .
an
ast summer, an epizootic of @ t @W QOIIl
L paraquat poisoning caused the WEINESIR h e
deaths of at least seven dogs in — e
Portland, Ore.! This epizootic is evi- —
dence that this type of poisoning re-
mains a current problem in companion-
animal practice in North America.
Paraquat, a poisonous dipyridilium
compound, is one of the few nonselec-
tive herbicides still available in the
United States. Because paraquat is fast-
acting, can be effectively used in wet
environments, and has limited potential
for environmental contamination and
low rates of weed resistance, it is still

e

widely used in various crop production
systems. However, paraquat is highly
toxic to domestic animals if ingested.*?

Sources

Within the United States, paraquat is a
restricted-use herbicide with the excep-
tion of pressurized spray formulations
that contain no more than 0.44%
paraquat bis (methyl sulfate) and liquid
fertilizer formulations that contain no
more than 0.04% paraquat dichloride.
Current active U.S. registered brand
names include Gramoxone Super (Syn-
genta), Gramoxone Max (Syngenta), Cy-
clone Max (Syngenta Crop Protection),
Marman Herbiquat Herbicide (Marman
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This article from The Oregonian on Aug. 18, 2004, describes the discovery of meat and raw chicken that
may have been planted to harm dogs in a Portland, Ore., public park. As of Sept. 2, officials ruled out
paraquat poisoning in this case, and test results for other toxins are pending. Portland residents are wary
because of last year's incidents of paraquat poisoning in an off-leash dog park that resulted in the

deaths of at least seven animals.

USA), and Surefire Herbicide (UAP-
Loveland Products). Because paraquat
has been available for agricultural use
since 1962, outdated stocks are relatively
easy to obtain.? Older, outdated domes-
tic garden herbicides often contained a
50:50 (Wt:wt) mixture of diquat and
paraquat, and supplies of this mixture
can still be found in the United States.
Despite paraquat’s restricted-use status,
intentional paraquat poisoning of ani-
mals remains a problem.3

Exposure and toxicokinetics

Most cases of paraquat poisoning in
people and animals involve ingestion of
concentrated formulations.*® In dogs,
only about 25% to 28% of orally admin-
istered paraquat is absorbed; the remain-
der is excreted unchanged in the feces.?
In experiments in rodents, paraquat was

detected in the feces up to seven days
after exposure.” The oral LD, of para-
quat in cats is 35 to 50 mg/kg. The oral
LDy, in dogs is unknown but is higher
than that in cats, and the intravenous
LD, in dogs is 7.48 mg/kg.

Many of the current commercial
paraquat preparations (e.g. Gramoxone)
deliberately incorporate emetics and bit-
ters in their concentrate formulations to
reduce the dose absorbed after suicide-
related oral poisoning in people.?? This
protective measure causes fasting and
nonfasting dogs to vomit 61% to 86% of
an orally administered dose and re-
duces blood paraquat concentrations by
about 170 times.” Unfortunately, older
concentrates are less likely to incorpo-
rate this key safety feature.

Irrespective of the administration
route, absorbed and circulating para-
quat is rapidly, selectively, and actively
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sequestered in type T and type 1I alveo-
lar cells and Clara cells by an energy-
dependent diamine/polyamine trans-
port mechanism that follows saturation
kinetics.! The lungs have the greatest
paraquat retention and, thus, the high-
est concentration of paraquat of any of

cycling produces oxygen and hydroxyl,
and the ensuing free-radical-mediated
damage to cellular macromolecules,
particularly membrane lipids, is primar-
ily responsible for paraquat’s toxic ef-
fects.? Tissue damage is typically con-
fined to selective paraquat accumulation

Death is typically caused by an
insidious and irreversible form
of respiratory failure.

the tissues four hours after ingestion.?
At four hours, the paraquat concentra-
tion in the lungs is about 10 times
higher than at other selective accretion
sites (e.g. kidneys, brain, adrenal
glands).? By four to 10 days after expo-
sure, the paraquat concentration in the
lungs is about 30 to 80 times higher
than in plasma. The half-life of para-
quat in the lungs is about 24 hours. Be-
cause of paraquat’s rapid excretion, the
paraquat concentration in the lungs
and other tissues may fall below de-
tectable limits in animals that die of this
agent’s delayed effects.>>!!

Systemically circulating paraquat is
actively excreted by renal proximal
tubules by using a divalent/polyvalent
organic cation/hydrogen ion exchanger
mechanism.>'>13 In rodents, urine para-
quat concentrations rapidly decrease
over the first 24 hours after ingestion.
But paraquat can be detected in rodent
urine up to 15 days after ingestion, de-
spite the absence of detectable para-
quat concentrations in the serum.?

Mechanism of action

Although paraquat is excreted largely
unchanged, it undergoes extensive
cyclic oxidation-reduction reactions in
mammalian tissues in vivo. This redox

sites (e.g. type I and type 1T alveolar
cells, Clara cells, renal proximal tubular
epithelia). Contact of mucosal surfaces
and skin with concentrated paraquat so-
lutions may also result in marked tissue
damage.

(linical signs and diagnostic tests

Single-dose paraquat poisoning has
been classified into three dose-related
syndromes?:

1. High-dose, fulminant, systemic
poisoning with death occurring
one to four days after ingestion
due to a combination of acute
pulmonary edema, renal failure,
hepatocellular damage, necrosis
of both intrahepatic and extra-
hepatic bile ducts and the gall-
bladder, adrenal failure, and bio-
chemical disturbances;

2. Subacute poisoning with a slow-
er onset of organ failure and
eventual death from pulmonary
edema and respiratory failure;

3. A low-dose, late, irreversible pul-
monary fibrosis syndrome with
death ensuing several days to
several weeks after exposure.

Typically, early clinical signs of
paraquat toxicosis involve acute gas-

trointestinal upset, particularly vomit-
ing, since paraquat is a gastrointestinal
irritant.>%% Other common clinical signs
include anorexia, inappetence, and
lethargy. These clinical signs, frequently
combined with a history of consump-
tion of unknown food items, often lead
to an initial misdiagnosis of acute gas-
troenteritis. The inclusion of emetics in
concentrated paraquat formulations
may increase the risk of misdiagnosis.

Clinical experience gained during
the recent outbreak in Portland demon-
strates that elevated serum lipase activi-
ties are common at presentation. This
elevation may lead to an initial pre-
sumptive diagnosis of acute pancreatitis.
Stasis of the pancreatic duct, pancreatic
failure, and elevated serum amylase ac-
tivities have been detected in cases of
paraquat poisoning in people.'*1° In
people, the severity of pancreatic injury
at the time of initial treatment helps to
predict survival from acute paraquat
poisoning.’® However, serum lipase ac-
tivities are also commonly increased in
dogs with compromised renal
function.’” Thus, hyperlipasemia may
be a secondary consequence of
paraquat-induced acute renal failure
rather than the result of direct damage
to the exocrine pancreas.

Concentrated paraquat solutions
cause severe irritation to the skin and
mucous membranes; oropharyngeal
pain and swelling followed by ulcera-
tion and mucosal sloughing a few days
later are common.? In extreme cases,
complete sloughing and perforation of
the esophagus can occur.

Evidence of compromised renal
function (i.e. increased blood urea ni-
trogen and creatinine concentrations)
and mild systemic hypertension are
also often present at admission. Death
after paraquat ingestion is typically
caused by an insidious and irreversible
form of respiratory failure. The time of
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onset of the respiratory syndrome
after paraquat poisoning is dose-
related and may occur a few days to
more than a week after exposure.?

It is uncommon to detect abnormal-
ities by thoracic radiographic examina-
tion at the early stages of the paraquat-
induced respiratory syndrome;
however, thoracic radiographs may
provide useful information during the
later stages. In people, thoracic abnor-
malities that are detectable by radiogra-
phy the first week after paraquat inges-
tion include a bilateral ground-glass
pulmonary shadow, diffuse consolida-
tion, pneumomediastinum with or
without pneumothorax, and car-
diomegaly with widening of the supe-
rior mediastinum 1%

Histopathologic lesions

Histologic evidence of widespread
pulmonary alveolar damage, hemor-
rhage, and edema are typical of the
early stages of paraquat poisoning in
dogs.?? The classic progression of lung
changes in people starts with detach-
ment or necrosis of alveolar type I and
type 1I cells, edema, and hemorrhage.
These changes are followed by the
proliferation of fibroblasts and poly-
morphic cells, the loss of surfactant se-
cretion, attempts at re-epithelialization
of the alveolar surface, and eventual
thickening of the alveolar septa from
interstitial fibrosis. In people that sur-
vive the acute phases of paraquat tox-
icosis, marked pulmonary fibrosis
usually develops two or three weeks
after ingestion.?

Selective accumulation in the kid-
neys is associated with dose-related
damage to the renal proximal
tubules.>*112! Evidence of tubular re-
generation is often present if a patient
survives the initial stages of paraquat
toxicosis. #1121

Diagnosis

Paraquat toxicosis is usually diagnosed
through a combination of clinical his-
tory, the results of a histologic exami-
nation of affected tissues, and detec-
tion of paraquat in tissue or bait
samples. Spectrophotometry, gas and
liquid chromatography, and radioim-
munoassay have all been used to mea-
sure paraquat concentrations in bio-
logic fluids; however, because prompt
recognition of paraquat poisoning is a
key factor in its treatment, using fast
qualitative tests based on the dithionite
reaction (Z.e. dithionite spot test) may
offer an important advantage.® In the
acute stages of paraquat poisoning,
vomitus, gastric contents, bait or con-
centrate samples, feces, and lung and
renal tissue are ideal samples. Blood
or plasma may be tested, but circulat-
ing paraquat concentrations are much
lower in blood and plasma than con-
centrations in the lungs.

Treatment

Currently, no specific antidote for
paraquat poisoning is available. The
most important determinant of survival
after ingestion is early treatment.?
Treatment must be instituted within
hours of exposure to be effective. The
initial treatment priorities for paraquat
poisoning are administering an adsor-
bent to neutralize ingested paraquat
and removing the poison by emesis or
gastric lavage. Traditionally, fuller’s
earth (i.e. attapulgite clay, calcium
montmorillonite) or bentonite (7.e.
sodium montmorillonite) adsorbents
have been used. Keep in mind that the
adsorbent capacity of fuller’s earth
varies among manufacturers and that
only highly adsorbent, pharmaceutical-
grade preparations should be used.?
Experimental studies have demon-
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strated that activated charcoal is an ef-
fective in vivo paraquat adsorbent. Ac-
tivated charcoal’s in vitro binding of
paraquat is equivalent to that of
fuller’s earth.?3 Thirty percent activated
charcoal administered as an aqueous
oral slurry is as effective as 30%
fuller’s earth administered as an aque-
ous oral slurry in reducing the sys-
temic absorption of paraquat up to
one hour after ingestion.* In cases of
experimental paraquat poisoning in
rodents, concomitantly administering
activated charcoal and magnesium cit-
rate improved the survival rate.” Since
fuller’s earth and bentonite are usually
not on hand, it’s better to go ahead
and administer activated charcoal.® In
an emergency, pulverized clay-based
cat litter has also been suggested as
an alternative adsorbent.” Cation ex-
change resins, such as sodium poly-
styrene sulfonate (Kayexalate—Sanofi-
Synthelabo), have much higher
paraquat-binding capacities than other
adsorbents, increase the LD, up to 2.1
times in rats, and improve survival
rates in people.”® Unfortunately, these
materials are not routinely available in
veterinary practice. Because of the risk
of esophageal perforation, use ex-
treme care when administering adsor-
bents through a stomach tube.
Because systemically absorbed
paraquat is eliminated primarily
through renal excretion and the pres-
ence of oliguric renal failure markedly
contributes to paraquat accumulation
in the lungs, maintaining urine produc-
tion is critical when treating an animal
with paraquat toxicosis.? Forced diure-
sis can remove large quantities of circu-
lating paraquat if it is initiated within a
day or so of ingestion.>** However,
forced diuresis carries with it the risks
of electrolyte disturbances and exacer-
bation of paraquat-induced pulmonary
edema. Particular caution is required

during the first 24 hours after ingestion,
especially if oliguria is present.?

Antioxidant therapy has been ex-
tensively studied in experimental
models and cases involving people
with paraquat toxicosis with variable
results.®! Recent studies using
trimetazidine (an anti-ischemic),
S-carboxymethylcysteine (a respiratory
drug), propofol, and epigallocatechin
gallate (from green tea) have shown
promising results, but clinical experi-
ence with these agents is limited, and
little controlled clinical trial data are
available ' Because of the risk of
enhanced oxidative effects, oxygen
administration in patients with
paraquat toxicosis should be avoided
except when necessary for comfort
(e.g. patients in respiratory distress).
Hypoxic ventilation has been used in
paraquat poisoning cases in people,
but its effectiveness has not been ex-
tensively studied.>3 Collagen synthe-
sis inhibitors may offer some control
or prevention of pulmonary fibrosis,
but their use has not been extensively
studied in field conditions.?” Cortico-
steroids, immunosuppressants, vita-
mins, B-blockers, alkylating agents,
chlorpromazine hydrochloride, o-
tocopherol, superoxide dismutase, glu-
tathione peroxidase, and nitric oxide
inhalation have all been used to treat
paraquat toxicosis with little clearly
documented effectiveness.>!%33 Cur-
rently available immuno-antidotes are
ineffective.®

Prognosis and prevention

Despite treatment, the overall progno-
sis for paraquat toxicosis is poor. Dis-
appointingly, survival from paraquat
poisoning may be more strongly asso-
ciated with the circumstances of the
poisoning rather than any treatment
administered.® Situational factors as-
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sociated with higher survival rates in
people include inhalation or dermal ex-
posure, ingestion of less than 35
mg/kg, a young age at the time of poi-
soning, the time between paraquat in-
gestion and the last meal (because
paraquat is adsorbed and neutralized
by foodstuffs), accidental ingestion
rather than homicidal intention, inges-
tion of diluted materials rather than lig-
uid concentrates or granular formula-
tions, and aggressive treatment within
two to five hours of ingestion.?!>%3 In
people, a lack of caustic gastric lesions;
lower urine and plasma paraquat con-
centrations; lesser degrees of leukocy-
tosis, acidosis, and respiratory distress;
and absence of renal, hepatic, and pan-
creatic failure at the time of admission
are all considered to be good predic-
tors of survival.1>%35

Because of the severe conse-
quences of paraquat toxicosis, early di-
agnosis and aggressive treatment are
paramount if the survival prospects of a
severely poisoned patient are to be im-
proved. Given the limited effectiveness
of current treatment modalities, the
best solution to the problem of para-
quat poisoning in companion animals
is to prevent exposure.
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