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Introduction

Bialaphos is a non-selective natural herbicide
produced by streptomyces viridochromogenes,
and was discovered in 1984 by Meiji Seika
Kaisha in Japanz’ The active phytotoxic
component in bialaphos is phosphinothricin
(PPT), which is an irreversible inhibitor of
glutamine synthetase. PPT was first synthesized
by Hoechst AG in Frankfurt, and is commonly
called glufosinate ammonium (GLA, BASTA®).
The clinical manifestations of acute GLA
intoxication are unconsciousness, convulsions,
amnesia, respiratory failure, nausea, vomiting
and hypotensionH.

This report describes two cases of acute

glufosinate ammonium with disparate outcomes.

Case reports

Case |

62-year-old male was transferred to an
emergency room accompanied byhis wife and
colleagues. He had a medical history of
hypertension and previous stroke. According to
his wife, he had consumed about 200ml of
glufosinate ammonium herbicide. Chief complaints
were not obtained, because his mental status
was not clear. His initial vital signs were;
blood pressure 130/80mmHg, pulse rate 82
beats per minute, respiration rate 20 breaths
per minute, body temperature 383°C. The
routine biochemistry and complete blood cell
count(CBC) were within normal limits, but
ammonia was elevated (105 wug/dl, normal
range 30-86 ug/dl). Chest X-ray and EKG
findings were normal. Arterial blood analysis
findings were;, pH 7.210, pCO2 374 mmHg,
pO2 727 mmHg, HCO3 146 mmol/L, base
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excess —12.4 mmol/L, and O2 saturation 89.5%.
Lactate was elevated at 2.50 mmol/L (normal
range 0.5-2mmol/L). The patient had attempted
suicide attempt by herbicide ingestion about 30
years previouslyand had fully recovered after
gastric lavage.

On this occasion, gastric lavage was also
performed (a nasogastric tube had been placed
in situon arrived at our hospital), andhe was
subsequently kept under close observation in
an emergency room. At around 6 hours later
and after hydration, his mental status recovered
to one of confusion. The patient and his family
then refused further evaluation, neuropsychiatric
consultation, or admittance to our hospital, and
requested transfer to another hospital. Despite
being warned of the risksassociated with transfer
in the acute stage, they insisted. During transfer
to other hospital with emergency medical staff,
respiratory arrest occurred, and although
cardiopulmonary resuscitation was performed, the

patient failed to recover.

Case Il

A S4-year-old male was transferred to our
emergency room in a stuporous state. He had
a medical history of diabetes mellitus and
hypertension, andsmall toe of his Rt. foot had
been previously amputated due to diabetic foot.
He had been diagnosed as having major
depressive disorder 1 month before this incidentat
a psychiatry clinic,c and had maintained his
medication for months. At the time of this
incident he telephonedhis wife and told her of
his suicide attempt, and was later found at
home after ingesting around 150 ml of
glufosinate ammonium herbicide. Gastric lavage
was performed on arrival at our hospital and a
nasogastric tube was inserted. His initial vital

signs were stable and his blood oxygen level
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3 Two Case with GLA Intoxication with Disparate Outcomes

was normal. Baseline chest X-ray and EKG
showed no abnormality. His WBC(white blood
cell) count was 19.06 x 1000/mm3,

creatinine was elevated at 1.79 mg/dl, andinitial

serum

arterial blood analysis findings were; pH 7.268,
pCO2 31 mmHg, pO2 103 mmHg, HCO3 12.6
mmol/L, base excess -13.0 mmol/L, and O2
saturation 96.8%. Lactate was within the
normal range. Several hours after presentation
at our hospital, his vital signs became unstable
(BP 170/100, pulse rate 114 beats per min,
respiration rate 18 breaths per minute, body
temperature 33C)and the patient complained of
dizziness. Brain computed tomography was
then performed and revealed no significant
acute lesion. His respiration rate increased, and
thus, we decide on intubation and a continuous
infusion of sedative. Mechanical ventilation
was performed and he was admitted to the
ICU (intensive care unit).

On the second day of admission, generalized
tonic—clonic type seizure occurred, but responded
promptly to intravenous lorazepam. Laboratory
findings were improved, but his mental status
remained stuporous, and thus we consulted the
neurology department. On the third day, his
family requested transfer to another hospital,
but when a second seizure occurred in the
ambulance they decided against transfer. On
the fourth day, EEG (electroencephalography)
revealed no epileptiform discharge and moderate
cerebral dysfunction, and the dosage of the
anticonvulsant Keppra® was 500mg bid to
1000mg bid. On the seventh day, his mentality
had improved to a near alert state. Brain
magnetic resonance imaging (1.5-TSIEMENS
MAGNETOM  Avanto,

performed on the 10" day revealed high signal

Erlangen, Germany)

intensity of corpus callosum and posterior

commissure on diffusion-weighted images (Fig.1).

In addition, laboratory findings were all within
mild

hemoglobindecrease, and hewas transferred to

normal limits other than a
a general ward. He was discharged on the

13"daywithout complication.

Discussion

Glufosinate ammonium (GLA) is a non-selective
herbicide and is used as such worldwide * *.
In Korea, GLA was introduced in 1994, and
subsequently, its usage increased substantially
as it replaced paraquat. The herbicidal action
of GLAIis related to its inhibition of glutamine
synthetase, which is important for ammonia
detoxification and amino acidhomeostasis in
plants andanimals” * ' ™. Commercial GLA
consists of 185% GLA and surfactant (sodium
polyxyethylenealkylethe rsulfate; AES), and the
incidence of GLA

steadily increase. Reported neurological symptoms

intoxication continues to

vary and include mental status change,
convulsions, seizures, and amnesia” * ®

In animal studies, GLA is known to produce
convulsions by stimulating nitric oxide via
N-methyl-D-aspartate (NMDA) receptor™ .
Nakaki et al'® reported GLA administration
increased nitric oxide production in rat cerebellum,
and several reports have claimed chronic
exposure to GLA induces structural damage in
mouse brains, including cerebral cortex, striatum,
and hippocampusg’ 1518, Furthermore, the AES
in BASTA is known to induce nitric oxide
production and increase blood vessel permeability
leading to body edema, diminished cardiac
function, pulmonary edema, and shock.

The oral LD50 of GLA in rats is relatively
low at 2000mg/kgand acute dermal toxicity
(LD50) and (LC50) are

1,380mg/kg and 3.22mg/], respectively, for an

inhalation toxicity
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exposure time of 4 hours'” #. The acute oral

toxicity of GLA in man is 1.6 to 1.8ml/kg”.
Pure GLA is less toxic to mammals than
plants because its ability to cross the blood
brain barrier and glial cells is limited by its
high polarity. However, the internal absorption
rate of GLA in the presence of AES is
25-30% higher than for GLA alone, and thus,
even small doses of BASTA can affect the
central nervous system4.

Our patients both
exceeded the acute oral toxicity of GLA. The
patient that ingested ~200cc of GLA went into

ingested volumesthat

cardiac arrest, and the other conservatively
ingested about 150cc experiencedneurological
deterioration. At arrival, both exhibited slight
respiratory rate elevation, fever, and metabolic
acidosis, and moderate neurological symptoms.
However, clinical and neurological symptoms
and signs deteriorated rapidly over the first 24
hrs of hospitalization, and eventually, one of
the two expired after cardiacarrest. A report
issued by Hirose et al. “lon GLA intoxication
mentioned delayed onset of central nervous
systemsymptoms, convulsion with cyanosis,
fever, and high blood pressure after 23 hours,

which cautions medical staff to be aware of

Figure 1.
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delayed symptoms and signs in GLA intoxication
cases.
contains the highest

density of NMDA receptor in the rat brain,

The hippocampus

where they play a crucial role in spatial
memory and memory acquisition. Mice chronically
treated with GLA were reported to spent more
time than controls in the Elevated Plus-Maze
(EPM) test, indicating hippocampal deficiency,
but to have normal locomotoractivities'. Youn
et al® reported anterograde ammnesia and a
lesion of bilateral hippocampus as determined
by MRI in male patientand Oh et all® reported
a case of bilateral basal ganglia lesionin male
patient after GLA intoxication.Brain imaging
studies in mouse revealed signal abnormalities
usually occur in Thippocampus after GLA
intoxication'™. And the activity of glutamine
synthetase inhibition significantly increased in
the hippocampus mouse treated with GLA™,
MRI findings of Case II revealedhigh signal
callosum. A

intensity in posterior corpus

transient  splenial lesion in the corpus

callosumobserved 6 daysafter GLA ingestion,
spontaneously

was also reported to have

disappeared four weeks later™.

Brain magnetic resonanceimages of Case Ion hospital day 11. Apparent diffusion coefficient (ADC) image
showing a focal low signal intensity lesion was observed in the splenium of the corpus callosum(A). The
lesion corresponded to a region of subtle high signal intensity on this diffusion weighted image(B).
T2-weighted(C) and fluidattenuated inversion recovery(D) imagesof the same lesion.
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5 Two Case with GLA Intoxication with Disparate Outcomes

Conclusion

Acute glufosinate ammonium intoxication has

varied clinical features and outcomes, as
demonstrate by this case report. Despite a
stable initial state, delayed deteriorations of
clinical and/or neurological manifestations can
occur and lead to death. Cases of GLA
intoxication should be properly managed after

prompt and accurate diagnosis.
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